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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RE SEARCH AND DEVELOPMENT 

GENERAL STATEMENT 

The National  Aeronautics and Space Administration program of research  and 
development and supporting ac t iv i t ies  is d i r e c t e d  toward maintaining Ithe 
United S t a t e s  i n  a pos i t i on  of world leadersh ip  i n  ae ronau t i c s  and sprice. 
The major programs f o r  aahieving t h i s  ob jec t ive  a re :  

MANNED S P A S  FLIGHT: A program f o r  the  development of a Capabi l i ty  
f o r  peaceful manned space opera t ions  and the  u t i l i z a t i o n  of t h a t  
capab i l i t y  f o r  e a r t h  o r b i t  and lunar  missions. 

SPACE SCIENCE AND APPLICATIONS: An unmanned space f l i g h t  program 
d i r ec t ed  toward s c i e n t i f i c  i nves t iga t ions  of the  e a r t h ,  moon, sun, 
p lane ts ,  s t a r s  and in t e rp l ane ta ry  space; and the  development of 
technology and spacecraf t  systems which can be u t i l i z e d  f o r  mete-' 
orology, communications and geodet ic  observat ions.  

ADVANCED RESEARCH AND TECHNOLOGY: An e f f o r t  required t o  provfde 
the  fundaatental knowledge and the  technological  base f o r  f u t u r e  
aeronaut ic  s and space programs. 

---- TRACKING AND DATA ACQUISITEN: 
t o  support t he  NASA manned and unmanned f l i g h t  programs. 

The world wide a c t i v i t y  required 

MANNED SPACE FLIGHT 

The larges , t  por t ion  of the FY 1968 budget reques t  i s  f o r  support O E  the  
Manned Space F l i g h t  program. The bas i c  ob jec t ives  of t h i s  program reinain 
unchanged. They include the  development of a c a p a b i l i t y  f o r  manned slpace 
opera t ions  and explora t ion  and the  supporting engineering, science,  produc- 
t i on ,  and launch and f l i g h t  opera t ions  capab i l i t y .  In  t h i s  decade a s p e c i f i c  
ob jec t ive  is landing men on the  lunar  sur face  f o r  l imi ted  lunar  exp lo ta t ion  
and returning, them s a f e l y  t o  ea r th .  
f u l l y  i n  1966. P ro jec t  Apollo cont inues t o  be the  hard core of the  present  
f l i g h t  and gzound test, and development e f f o r t .  The Apollo Applicatilons 
program, d i r ec t ed  a t  f u l l e r  development of manned f l i g h t  c a p a b i l i t y  i l n  terms 
of long dura t ion  f l i g h t s  and extended opera t ions  i n  space f o r  technollogical, 
s c i e n t i f i c  arid appl ied s tud ie s ,  i s  being amplif ied i n  FY 1968. I t  w i l l  take 
f u l l  advantage of c a p a b i l i t i e s  developed i n  the  Apollo program. 

P ro jec t  Gemini was completed 8ucIcess- 

In  add i t ion  t o  cont inuat ion of the  ground test  a c t i v i t i e s ,  FY 1968 Apollo 
e f f o r t s  w i l l  continue the  manned spacecraf t  development f l i g h t  tests with the  
uprated Satuxn I launch vehic le ,  and the  development f l i g h t s  of the  Saturn V 
launch veh ic l e  and lunar  mission conf igura t ion  of the  spacec ra f t .  The Apollo 
App1icat:ionc program e f f o r t  w i l l  concentrate  on the  d e f i n i t i o n  and develop- 
ment of experialents and extended spacecraf t  c a p a b i l i t y ,  and support  t h e  
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procurement of f l i g h t  hardware and the  prepara t ion  f o r  f l i g h t s .  F l i # h t s  
being supported include a l t e r n a t e  f l i g h t s  on Apollo uprated Saturn I launch 
veh ic l e s  anld s*pacecraft  i n  the  event  Apollo development proceeds smoc~thly 
and successfu l ly  i n  FY 1967 and 1968. 

In  the  a rea  of advanced f l i g h t  missions,  s t u d i e s  and advanced component 
development w i l l  be continued. The aim of t h i s  e f f o r t  w i l l  be eo e x p l o i t  
and extend the c a p a b i l i t i e s  of Apollo and Apollo Applicat ion f l i g h t  (eystems. 

SPACE SCIENCLAND APPLICATIONS 

In the  FY 1968 budget reques t  the  second l a r g e s t  program i s  t h a t  of Space 
Science and Applications.  A major p a r t  of the  s c i e n t i f i c  program involves  
unmanned space f l i g h t s  f o r  the  study of t he  e a r t h ,  moon, and p l ane t s , ,  a s  w e l l .  
a s  t h e i r  space environment. The f l i g h t  p r o j e c t s  concerned with these  objec- 
t i v e s  include sounding rockets ,  Explorer,  Pioneer,  Mariner, Surveyor and 
Voyager. F u l l  s ca l e  design and development of the  Voyager w i l l  begin i n  
FY 1968, aimed a t  a poss ib le  1973 f l i g h t  t o  liars. The s p e c i f i c  spacnxraf t  
involved wi th  the study of the  sun i s  the  Orbi t ing  Solar  Observatory,  The 
Orbi t ing  Astronomical Observatory i s  used i n  the  study of t he  s t a r s .  The 
B i o s a t e l l i t e  program w i l l  cont inue i t s  f l i g h t s  i n  1967 and 1968, In  the  
a rea  of app l i ca t ions  p ro jec t  Nimbus w i l l  cont inue to  support  p resent  and 
f u t u r e  sensor development requirements f o r  opera t iona l  weather s a t e l l i t e  
systems f o r  the  Weather Bureau. E f f o r t  w i l l  continue on the  Geophystcal 
family of spacecraf t .  E f f o r t  w i l l  a l s o  continue i n  the  a rea  of Appltcat ions 
Technology S a t e l l i t e s  f o r  the  development of information f o r  fu tu re  <irpplied 
and s c i e n t i f i c  spacecraf t ,  and sensor systems. 

ADVANCED RESEARCH AND TECHNOLOGY 

The Advanced Research and Technology e f f o r t  i s  a cont inuing progrtinm aimed 
a t  providing the  technological  base f o r  s i g n i f i c a n t  f u t u r e  aero- spacc? m i s -  
s ions.  This  e f f o r t  covers the  spectrum of a c t i v i t y  from bas i c  research  t o  
improve our fundamental s c i e n t i f i c  knowledge, through appl ied  technology t o  
improve our p r a c t i c a l  c a p a b i l i t y  f o r  developing advanced systems appl icable  
t o  space and ae ronau t i ca l  a c t i v i t y .  The s p e c i f i c  a r e a s  of e f f o r t  i n  the 
program a r e  Basic Research, Biotechnology and Human Research, E lec t rvn ic s  
and Control,  Nuclear Systems and Space Power, Chemical Propulsion, SI3ace 
Vehicle Research and Technology, and Aeronautics. 

TRACKING ANEJATA ACQUISITION 

\ The t racking  and da ta  a c q u i s i t i o n  e f f o r t  i s  d i r ec t ed  toward p r w i d i n g  the  
support required by the  NASA space f l i g h t  programs. During FY 1968 the num- 
ber  of launches scheduled f o r  both the  manned and unmanned space f l i g h t  
programs a r e  approximately the  same a s  f o r  the  cu r ren t  f i s c a l  year .  However,, 
the  l i f e t i m e s  of the  spacecraf t  a r e  longer,  thus  r equ i r ing  a d d i t i o n a l  e f f o r t  
by the  world-wide network of t racking  s t a t i o n s .  
f o r  supplementing and maintaining the  t r ack ing  and da ta  a c q u i s i t i o n  icapabil- 
i t y  of the  nstwork. 

The program a l s o  prlwides 
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TECHNOLOGY IP;En,IZATION 

The technology utilization program covers the dissemination of the1 scien- 
tif ic, technological and engineering information and concepts resulting from 
NASA prograoiii so as to assist in the fullest use of this information for the 
benefit of t:he nation. In order to assure fulfillment of this objective, 
the program provides not only for the collection and dissemination of these 
data but aleo for: (a) establishing effective mechanisms and systems; for 
assuring thatt all new knowledge is identified, collected and evaluated; and, 
(b) establishing effective mechanisms for announcing and disseminating this 
new knowledge i.n order to assure its wide application and utilization. 

FINANCING 

The FY 1968 Research and Development program plan, discussed in this 
volume, requ.ires an estimated $4,384,500,000. Of this amount $60,000,000 
will be made available from the FY 1967 appropriations held in reserve, thus 
requiring $4,324,500,000 of new FT 1968 authority. 
program of $4,175,100,000 for FY 1967. 

This compares with a 

Research and Development expenditures for the current fiscal year nre 
estimated at $4,680,800,000 and at $4,470,000,000 for FY 1968. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1968 ESTIMATES 

SlUWARY QF RESEARCH AND DEVE-NT BUDGET PIAN BY BUDGET 
ACTIVITY AND RELATED FINANCING 

Fiscal Year Fiscal Year Fiscrtl Year 
11.968 

-I 
1966 1967 

I Budget ActivL9: 
I 

I 1. Manned Space Flight: 
(a) (Gemini.. . . . . . . . . $197,275,000 $21,600,000 --- 
(c) Apollo 

I 

I (b) Apollo .......... 2,940,985,000 2 , 916 , 200,000 i $2 606 ,500 , 000.k 
applications.. 51,247,000 80,000,000 454 ,700 000 

(d) Advanced mission 
studies. . . . . . 8 ,, 000 , 000 10,000,000 6 , 200 , 000 

2, Scientific Investigations 
in Space: 

(a) Physics and 
astronany.. . . . 176,553,000 171,400,000 199,958,000 

(b) Lunar and planetary 
exploration.. . 294,596,700 207,350,000 235,158,000 

(c) Blioscience.. . . . . 43,900,000 41,550,000 48,800,000 
(d) Launch vehicle 

development ... 93,790,000 55,200,000 32,400,000 

3. Space Aqplication8 .... 102,853,000 99,000,000 147,284,000 

4. Space Technology ...... 248,500,000 233,850,000 262,200,000 

5. Aircraft Technology.. . 41,496,000 35,900,000 66,800,000 

6. Supporting Activities: 
(a) Tracking and data 

(b) Sustaining 
acquisition ... 231,065,000 270,850,000 297,700,000 

university 
program.... ... 46,000,000 31,000,000 20,000,000 

(c) Technology 
utilization ... 4 . 750 .OOO 5 * 000 .ooo 5,.000 . 000 

Total Budget Plan... $4,483.010.700 ~4.175.100.000 .~4,384p500,000* 

*Includes; $60 mi l l i on  of prior year funds a p p l i e d  to FY 1968 budget plan. 



NATIONAL AERONAU'MCS AND SPACE ADMINISTRATION 

FISCAL YEAR 1968 ESTIMATES 

g 3 M A R Y  OF RESEARCH AND DEVEIIlPMENT BUDGET PIAN BY BUDGE:: 
ACTIVITY AND RELATED FINANCING 

Fiscal Year Fiscal Year Fiscal Year 
1968 .- 1966 1967 

Financ in%: 

Appropriait Lola. ............. $4,531,000,000 $4,245,000,000 $4,324 . 500,OOOt 
Transferred lto (79 Stat .  5.34 

and 80 Stat .  676) - 
"Coastnrct:ion of 

"Adminirs t r a t  ive 
- - .. f ac i1:t t id38".  ............ -940,300 -2,000,000 

operat iotis". ............ -27,895,850 -7,900,000 - - .. 
Appmpxiat ion 

(mi jiisted) .......... 4,502 . 163,850 4,235,100,000 4,32h,500,000 

Unobligattcd balance, s t a r t  
of year - trvailable t o  

Reprogrrmraiqj t o  o r  from 

Unob1:Lgatccd balance, end of 

--- 6Ct,OOO,OOO finance imev budget plans. I# 

p r ior  year budget plans.. <. -19,153,150 - - -  - - .. 

new budget plans.. ........ --- -60,000,000 - - .. 

--- 

year - rrvailable t o  finance 

Total Eiiiancing of the 
budjget plan. ........... !j4.483.010.700 Q4.175,100.000 $4.38~~,500,000 

PI 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1968 ESTIMATES 

SUMMARY OF RESEARCH AND DEVEM)PE(ENT BUDGET PIAN BY PROGRAM BY COGNIZANT OFFICE 

BUDGET F l r ca l  Year Fiscal  Year Fiscal  'Pear 
ACTIVITY OFFICE/ PRmRAM 1966 1967 1968- 

MANNED SPACE FLIGHT......... $3,199,507,000 $3,024,000,000 - $3,069 , 200,000 

197,275,000 2 1,600,000 .. - la  Cemini......,............. 
lb Apollo. ................... 2,940,985,000 2,916,200,000 2,606,500,000* 
IC Apollo applSc8tions.. ..... 51,247,000 80,000,000 454,700,000 
Id Advanced mirslon s t u d i e r .  10,000,000 6,200,000 8 ,000 ,000 

759,092 , 700 607 , 100,OO~ 694,600,000 

Physics and astronomy. .... 
Lunar a n d  planetary 

exploraition. ............ 
Vqyager.. . . . . . . . . . . . . . . . . .  
Sustaining university 

prograni. ................ 
Launch vehicle development 
Launch w h l  c le procurement 
Bioscienc:e... . . . . . . . . . . . . .  
Space applications. ....... 

142,753,000 129,800,000 147,500,000 

169,400,000 
10,450,000 

142,000,000 
71,500,000 

204,300,000 
17,096,700 

46,000,000 
57,790,000 

178,700,000 
34,400,000 
78,053,000 

31,000,000 
31,200,000 

122,400,000 
41,550,000 
71,300,000 

20,000,000 

44,3'00,000 

- -- 
165,100,000 

104,200,000 

I 318.000,OOO 268,150,000 288,596,000 i 

Baric retieairch. ........... 
Space vehic: le syetems. .... 
Electronicsi systems. ...... 
Human fstctor systemr. ..... 
Space pcwer' and e l e c t r i c  

propullalon systems. ..... 
Nuclear rockets. .......... 
Chemical1 pcopulsion. ...... 
Aeronautitc $1. .............. 

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

21,465,000 
33,935,000 
33,59 7,000 
16,175,000 

23,500,000 
37,000,000 
40,200,000 
2 1,600,000 

45,000,000 
46,500,000 
38, CIOO ,000 
66, ZlO0,OOO 

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

40,440,000 
53,000,000 
33,638,000 
35,900,000 

1 
I 

6a TRACKING AND -- MTA ACQUISITION 29 7 ,  ;loo, 000 231,065,000 270,850.000 
\ . 6c TECHNOLOGI! UTILIZATION. ..... 4,750,000 5,000,000 A 5 000,000 ---- 

TOTAL BUIDGIIT PUN. ........ S4,483.010,200 94-175-L 00.000 Q4.384.500.000* 

*Funds for the pirocurement of launch vehicles are  s t a t i s t i c a l l y  dis t r ihuted t o  un- 
manned f l i g h t  .programs (cog. Physics and Astronomy, Space Vehicle Systems). 
+*Includes $60 m i l l i o n  of prior  year funds applied t o  FY 1968 budget plan. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1968 ESTIMATES 

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

(In thousands of dollars) 

J. F. KENNFOY MANNFO MARSHALL Connrnn ! F T  A V F S  E L  m T R n + i  !cs FLIGHT LANGLEY L E W I S  SPACE NUCLEAR 
PROGRAM OFFICE T O T A L  SPACE CENTER, SPACECRAFT SPACE FL ICHT SPACE FLIGHT RESEARCH RESEARCH PROPULSION HEAt RES E ARCH RESEARCH RESEARCH WALLOPS PROWS I ON 

- -  ~~ - & S A !  CENTER CENTFR CENTER ABpBbTORY STAT ION CENTER CENTER CENTER OFFICE CENTER CENTER 

1966....................... 
1967. . . . . . . . . . . . . . . . . . . . . . .  
1968....................... 

3,199,507 
3,024,000 
3,069,200 

759,093 
607,100 
694,600 

288,596 
268,150 
318,000 

231,065 
270,850 
297,700 

4,750 
5,000 
5.000 

128,859 1,506,278 1,517,982 1,986 - 200 1,721 - 2,140 - - 
224,050 1,407,527 1,354,141 93 125 - - 1,070 - - 
232,200 1,392,000 1,390,800 100 - - - - - - - - 

- - 

Office of Space Science and 
Applications 

18 8,500 184,181 
- 2,295 173,373 

5,000 23,820 215,171 

149,767 2,050 40,414 1,335 5 75,436 183,755 
139,675 1,148 41,493 1,715 10 42,607 118,213 

49,469 110,233 154,400 2,173 42,200 1,995 25 

1966....................... 
1967....................... 
1968....................... 

4,647 
3,987 
3,332 

Office of Advanced Research and 
Techno logy 

193 

100 
- 3,011 20,010 9,676 

4,040 15,910 10,166 
4,925 21,942 10,115 

20,788 - 19,454 7,325 15,828 43,431 68,023 
18,344 - 20,531 12,694 8,011 46,460 51,946 
21,840 - 25,788 20,375 23,590 56,095 59,770 

50,431 
47,985 
39,350 

1966....................... 
1967....................... 
1968....................... 

Office of Tracking and Data 
Acquisition 

1,271 1,627 155,425 
- 800 191,400 - 800 213,100 

52,629 5,300 
55,800 6,600 
60,400 7,100 

- 1,900 1,800 - - 1,900 2,450 - 
- 2 , 000 2,000 - 

1966....................... 
1967....................... 
1968....................... 

Office of Technology Utilization 
and Policy Planning 

1966....................... 
1967....................... 
1968....................... 

Total Budget Plan 0 

4.483.011 133.699 1,510,578 1,548,119 351,268 223,184 7,550 61,589 8,660 17,733 122.807 251.778 50.431 I 1966....................... 
1867....................... 
1968....................... 

'i, 175,lOC ??8;037 l,4??,507 2,373,146 a, 171; 2, 1\19 "&* 213,819 ?,?48 62,140 14,409 9,921, 92; 58? I?@; 159 47,985 1 
4.384.500 2' 235,632 1,401,925 1.437.362 438,486 39 350 - I 67 988 22 370 25 615 107,564 170,003 , 236.640 9,273 , , , 

--__c______ 

- l! Includes $60 millian unobligated balance available to finance new program plan. 
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DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

( In  thousands of do l l a r s )  
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STATIOU NASA CENTER CENTER CENTER L A W T O R Y  

f Manned Space Flight 

Space Science and 
i t ions 

1966 ....................... 
1967...................... . 
1968....................... 

Advanced Research and 
2aY 

1966 ....................... 
1967....................... 
1968....................... 

- Tracking and Data 
t ion  - 

1 9 6 6 . . . . . . . . . . . . . . . . . . . . . . .  
1967....................... 
1968... .................... 
Technology Ut i l i za t ion  

icy  Planning 

1966....................... 
l?t?....................... 
1958 ....................... 

get Plan 

1966....................... 
1967............. .......... 
1968....................... 

3,149,5Q? 
3,024,000 
3,069,200 

759,093 
607,100 
694,600 

288,596 
268,150 
3 18,000 

231,065 
270,850 
297,700 

4,750 
5,000 
e nnn > . vvv 

1 C . ~ T  -7-  
A , >)VU, L. l o  -.-IO o c n  

i i i i , i i 2 5  

224,050 1,407,527 
232,200 1,392,000 

4,647 18 
3,987 - 
3,332 5,000 

193 

LOO 
- 3,011 

4,040 
4,925 

1 , 2 7 1  - - 

. -I-. 
i, 3i i ,?ai 
1,354,141 
1,390,800 

8,500 
2,295 

23,820 

20,010 

21,942 
15,910 

1,627 
800 
800 

- 
- 
- 

-i , . y o  

93 
100 

184,181 
173,373 
215,171 

9,676 
10,166 
10,115 

155,425 
191,400 
213 , 100 

- 
- 
- 

- 
- 
- 

149,767 
139,675 
154,400 

20,788 
18,344 
21,840 

52,629 
55,800 
60,400 

- 
- 
- 

200 - 
- 

2,050 
1,148 
2,173 

- 
- - 

5,300 
6,600 
7,100 

- 
- 
- 

1 , 7 2 1  
125 - 

40,414 
41,493 
42,200 

19,454 
20,531 
25,788 

- - - 

1,335 
1,715 
1,995 

7,325 
12,694 
20,375 

- - - 

- 
- 
- 

- 
- 
- 

5 
10 
25 

15,828 
8,011 

23,590 

1,900 
1,900 
2,000 

- 
- 
- 

2,140 
1,070 - 

75,436 
42,607 
49,469 

43,431 
46,460 
56,095 

1,800 
2,450 
2,000 

- 
- 
- 

- 
- 

183,755 
118,213 
110,233 

68,023 
51,946 
59,770 

- 
- 

- 
- 
- 

36,631 
36,794 
54,100 

100,201 
74,659 
72,417 

22,432 
24,324 
29,410 

11,113 
11,900 
12,300 

1. 7 c n  
-7, I 2 W  

5 .  nnn 
- ) - - -  

3,710 
200 - 

8,784 
7,925 

14,365 

7,994 
7,739 
4,700 z 

- 5,000 

4,483,011 133,699 1,510,578 1,548,119 351,268 223,184 7,550 61,589 8,660 17,733 122,807 251,778 50,431 175,127 20,488 
4,175,100 228,037 1,411,567 1,373,146 375,032 213,819 7,748 62,149 14,409 9,921 92,587 170,159 47,985 152,677 15,864 
4,384.500 .?I 235.632 1,401,925 1,437,362 438.486 236.640 9.273 67,988 22,370 25,615 107.564 170,003 39,350 173,227 19,065 - 

ies $60 mi l l ian  unobligated balance ava i lab le  t o  finance new program plan. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

OFFICE OF MA;NblD SPACE FLIGHT APOILO PILOGRAM 

PROGRAM OBJECEVES AND JUSTIFICATION: 

The prograam goal  f o r  Apollo i s  t o  create a viable  manned space fli8;ht 
capab i l i t y ,  iwhich w i l l  achieve and maintain a pos i t i on  of leadership :I.n space 
for the United S ta tes .  An immediate objec t ive  i n  acquir ing t h i s  capah i l i t y  
i s  landing men ton the moon and re turn ing  them s a f e l y  t o  e a r t h  within t h i s  
decade. The Aplollo program, as p a r t  of the overall manned space f l i g l ~ t  
program, w i l l  not only meet the near-term objec t ive ,  but  w i l l  also bu:l.ld a 
broad base O E  qperat ional  capab i l i t y  i n  manned space f l i g h t  and assoc:i.ated 
s k i l l s  and technology; a valuable complex of development, manufacturiiig, t e s t ,  
and operat ional  f a c i l i t i e s ;  and an experienced Government and i n d u s t r i a l  team, 
I n  a real sense,  the operat ional  s k i l l s ,  resources,  and technology thirt have 
been developed €or Apollo br ing  the Nation t o  the threshold of a vers i i t i l e  
and vigorous space program. 

To accomp'lisli the  imnediate goal of lunar landing and r e tu rn ,  the Apollo 
program has focused on the development of a highly r e l i a b l e  spacecraf l:, which 
i s  capable of supporting three  men i n  space f o r  periods up t o  two weeks, dock-. 
ing i n  space, landing on and re turn ing  from the lunar surface,  and sa fe ly  re- 
en ter ing  the leaicth's atmosphere. The program includes three  la rge  larmch 
vehicles-- the Saturn I, which completed i t s  f l i g h t  series i n  1965; thc! Up- 
r a t ed  Saturn I; and the Saturn V. 

The Apollo pxogram is divided i n t o  unmanned f l i g h t s ,  manned ea r th  o r b i t a l  
f l i g h t s ,  and inaimed lunar f l i g h t s .  Unmanned A p o l l o  Uprated Saturn I f l i g h t s  
have demonstrett?d the  s t r u c t u r a l  i n t e g r i t y  and the  compatibi l i ty  of the  
spacecraEt and adapter with the launch vehicle;  the f i r i n g  and restarfing of 
the spacecraf t  engines; the a b i l i t y  of the command module hea tsh ie ld  I o with- 
stand high speed re-entry;  and the operat ional  readiness  of the  ground 
support  and recovery crews. 'fie three  unmanned f l i g h t s  conducted during 
1966 have quiaLiEied the Uprated Saturn I f o r  manned missions. 

Manned e a r t h  o r b i t a l  f l i g h t s  on the Uprated Saturn I, scheduled to  begin 
i n  1967, w i l l  include operat ions with the cornnand and service modules and 
the lunar modtilt!. The connuand module w i l l  be manned i n  long-duration missionti 
l a s t i n g  rip t o  14 days. An unmanned lunar module w i l l  be remotely conf.rolled 
and evaluated f o r  the purpose of checking the r e l i a b i l i t y  of i t s  systems and 
the performance of the descent and ascent  engines i n  the space envirorunent. 
Rendezvous and docking of the command and serv ice  modules with a separa te ly  
launched luntrir taodule w i l l  a l s o  be accomplished. Rendezvous, docking, and 
post-docking tnaneuvering w i l l  be re f ined ,  and the guidance and navigation 
system, xenda zvous t r a j e c t o r i e s  and ground s u p p o r t  network w i l l  be vall idated 

' i n  subsequent e a r t h  o r b i t a l  f l i g h t s .  
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The Saturn V w i l l  be used i n i t i a l l y  f o r  unmanned e a r t h  o r b i t a l  qua l i f i ca -  
t:ion f l i g h t s .  
second w i l l  be demonstrated t o  qua l i fy  the heat  sh ie ld  f o r  re -en t ry  conditions 
t h a t  will be encountered on the  r e tu rn  t o  e a r t h  from a lunar mission. 

Unmanned re-entry of the  counuand module at 36,000 f e e t  per 

During 1968, manned ea r th  o r b i t a l  f l i g h t s ,  using the  Saturn V launlch 
vehicle ,  w i l l  be conducted w i t h  a f u l l y  loaded space vehicle t o  quali4y the  
Apollo spacecraf t  f o r  lunar f l i g h t  and t o  simulate the lunar mission. 
phases of crew operations and equipment performance w i l l  be velidated during 
t:hese Apollo Saturn V f l i g h t s .  
and of t h i s  decade. 

A l l  

Manned luqar f l i g h t  is planned before the 

Funds f o r  FY 1968 are required t o  support a period of in tens ive  f1:ight 
a c t i v i t y .  Manned e a r t h  o r b i t a l  rendezvous operations will be conducted 
using t h e  Uprated Saturn I launch vehicles. In addi t ion,  heavy emphanis 
w i l l  be placed on Apollo Saturn V f l i g h t  qua l i f i ca t ion  t o  demonstrate the 
e f f ic iency  of t h e  ground support network and t o  va l ida te  the operational 
r e l i a b i l i t y  of the spacecraft  and launch vehicle systems. These steper lead 
to the  complex lunar mission simulations which precede manned lunar h n d i n g  
and re turn.  

SUMMARY OF RSEURCES REQUIREMENTS: 

1966 

Spacecraft........ ......... $1,233,800,000 
Uprated Saturn I.......... 2 74,786,000 
Saturn V.................. 1,134,871,000 
Engine d e w  lopment ........ 133,200,000 
Mission support.. ......... , 164,328.000 

Total program plan..,... $2,940,985,000 

1967 

$1,250,300,000 
236,600,000 

1,135,600,000 
49,800,000 

243,900,000 

$2,916.200.000 

Unobligateld balance ava i lab le  to  finance new program plan 

Total  new au thor i ty  requested....................... ... 
D i s t r i b u t i o n o f  Program Amount by Ins t a l l a t ion :  

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

Manned Spacecraft 
Center................ 

Marshall Space F l igh t  
Center.. .............. 

Goddard Space F l ight  
Center................ 

Ames Research Center .... 
Langley Res earch Center. 
NASA Headquarters.. ..... 
Western Support Office., 

$128,109,000 

1,279,394,000 

1,506,935,000 

425,000 
230,000 

23,022,000 
2,870,000 

-0- 

$223,450,000 

1,350,073,000 

1,314,096,000 

93,000 

170,000 
28,118,000 

-0- 

200,000 

19+8 

$1,036,300,000 
156, LOO ,000 

1 Ip 108, '500,000 
24, 'iO0,OOO - 281,000.000 

$2,606,IiOO,OOO 

- -60 ,000 

$2.546,1iOO ,000 
-7, 

$228, .!io0 ,000 

1 I 160,400,000 

1,188,100,000 



BASIS OF FUND -- REQUIREMENTS: 

Spacecraft  

196 8 
-PI 

1966 196 7 

Command andl s e rv i ce  
modules.. ................ $612,799,000 $560,400,000 $494,000,000 

Lunar rnodu1.c .............. 362,615,000 472,500,000 373,100,000 
Guidance and navigation.. . 137,169,000 76,654,000 55,4OO,OOO 

Space c r a f t  (1 upp o r  t ........ 88,883,000 110,771,000 - 90,0~00,000 

In t eg ra t ion ,  re l i a b i l i t y ,  
and checkout: ............ 32,334,000 29,975,000 23,2:00,000 

Total.. .  .................. $1,233,800,000 $1,250,300,000 $1.036.3W,OOO 

The Apollo spacec ra f t ,  which s tands  54 f e e t  high (excluding the  1ai)inch 
escape system:) and weighs approximately 95,000 pounds, i s  composed of three 
modules: the  command module, the se rv i ce  module, and the  lunar module. 

The coonnand module, which is the recoverable por t ion  of the Apollo space- 
c r a f t ,  houses the three  as t ronauts  i n  a cont ro l led  environment. The (:one- 
shaped canmais3 inodule is approximately 11 f e e t  high and 13 f e e t  i n  dictmeter 
a t  the l a rge r  end. Li fe  support and colnmunications systems, as w e l l  ais 
con t ro l  s y s t e m  f o r  i n - f l i g h t  and re -en t ry  maneuvers, are contained i n  t h i s  
module. 

The se rv ice  imodule, which is 14 f e e t  high and 13 f e e t  i n  diameter,  contains 
the propulsion system used f o r  mid-course cor rec t ions  on the way t o  the  moon, 
i n j e c t i o n  i n t o  lunar o r b i t ,  and e j e c t i o n  from lunar o r b i t  fo r  the  r e t u r n  t r i p  
t o  e a r t h .  Additional u t i l i t i e s  are a l s o  ca r r i ed  i n  the  se rv ice  module. The 
un i t  is j e t t i soned  on the r e t u r n  t r i p  a f t e r  i t  has performed mid-course 
cor rec t ions  required t o  place the command module i n t o  the proper moon -to-earth 
1: raj e c t ory . 

The lunar module, which is  20 f e e t  high and 19 feet i n  diameter, i , s  a s e l f -  
contained vehicle comprised of a descent stage with landing legs and an ascent 
s t age  with a habi tab le  two-man cabin. During the  launch phase, the  lunar 
rnodule i s  enc.loeed i n  an adapter ,  which a l s o  serves as a s t r u c t u r a l  support 
to j o i n  the P,polllo spacecraft  and the Saturn launch vehicle.  

This spacec ra f t ,  launched by a Saturn V ,  w i l l  be used f o r  manned lunar 
landing and r e t u r n  before the end of t h i s  decade. The mission p lan  f o r  
;achieving t h i s  na t iona l  goa l  is based on a step-by-step progression from one 
checkpoint t o  the next. After launch from the  John F. Kennedy Space Center 
(KSC), the  Apollo spacec ra f t ,  with the  Saturn V 3rd Stage s t i l l  attached, 
will be insertebd i n t o  a 100 nau t i ca l  m i l e  earth-parking o r b i t ,  and tracked 
by the worldl-wide Manned Space F l i g h t  Network stations. As the  spacecraf t  
o r b i t s  the e a r t h ,  a thorough crew and equipment checkout w i l l  be conducted t o  
ver i fy  t h a t  the systems are operating e f f e c t i v e l y  and a re  ready fo r  the lunar 
imission., When the crew and systems readiness have been confirmed and the 
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prec ise  tram 1Limnr i n j e c t  ion window has been determined, the Saturn V 3rd 
Stage (the S-IC'VB) w i l l  be r e s t a r t ed .  The S-IVB w i l l  accelerate the  spaae- 
c r a f t  t o  the isevenmile-a-second ve loc i ty  required t o  escape the e a r t h ' s  
g rav i ty ,  and imve i n t o  a t ranslunar  path. After  a de t a i l ed  checkout pro- 
cedure, the a ~ t r c m a u t s  w i l l  separate  the connnend and se rv ice  module f r m  the 
cambination oE the  lunar module, S-IVB, and instrument u n i t ,  t u rn  t h e i r  c r a f t  
around, and dock with the lunar module. The adapter  s ec t ion ,  S-IVB, and 
instrument unLt, w i l l  be j e t t i soned  a f t e r  t h i s  docking maneuver is coml,leted. 
Th,e next s t e p  w i l l  involve mid-course correct ions using the se rv ice  moclule 
propulsion t o  keep the spacecraf t  on the r i g h t  path t o  the moon. A t  the  
proper t i m e ,  the serv ice  module propulsion system w i l l  again be f i r e d  to s l o w  
down the  spacecraf t  and i n j e c t  i t  i n t o  o r b i t  around the moon.  The as t ronauts ,  
i n  cammunication with the ground stations on e a r t h ,  w i l l  conduct a thoi:ough 
checkout of a l l  systems. Provided t h a t  the outlook i s  favorable,  t w o  (of the 
three  Apollo ast ronauts  w i l l  t r a n s f e r  from the  caamand module t o  the liinar 
module, separate  from the comand c r a f t  (which remains i n  lunar  o r b i t )  and 
prepare t o  land on the moon. The lunar module's descent engine w i l l  blo f i r e d  
t o  provide the dece lera t ion  required t o  escape from lunar o r b i t  and descend 
to  the surface of the moon. After  co l l ec t ing  lunar samples and implanting 
experiment equipment and instrumentation, the t w o  Apollo as tronaurs w i l l  
r e tu rn  t a  the lunar module and perform an extensive systems checkout i n  prep- 
a ra t ion  fo r  the c r i t i c a l  take-off from the  moon's surface.  The descent s t age  
w i l l  serve as a launching pad f o r  the ascent  s tage  and cabin. Once the  two 
arstronaut:~ s a f e l y  rendezvous with the o rb i t i ng  canmand module and re -en ter  
i t ,  the ascent  s tage  w i l l  be je t t i soned .  The ascent  s tage  w i l l  be l e f t  i n  
lunar o r b i t  t.o r e l ay  Informatian on the systems l i fe t ime back t o  earth.  
board guidance and navigation d a t a ,  combined with deep-space t racking da ta  
t ransmit ted fi:oni e a r t h ,  w i l l  provide the crew with the references necessary 
t o  determine the  r e t u r n  trajectory, .  
w i l l  be used to escape fram lunar o rb i t .  Following a coast ing per iod,  the 
se rv i ce  modull~: propulsion system w i l l  be ign i ted  f o r  the f i n a l  time t o  per-  
form any mid-course corrections required t o  place the capmand module i n t o  
the correct i:e-ttntry cor r idor .  
e a r t h ' s  atmoiiphare at  speeds up t o  36,000 f e e t  a second. 
as t ronauts  w i l l  be aiming at a narrow re-en t ry  cor r idor  about 26 miles wide. 
This b r i e f  desc r ip t ion  of the plan f o r  manned lunar landing and r e t u r n  out- 
l i nes  the bas i c  mission p r o f i l e ,  bu t  g r e a t l y  s impl i f i e s  the  painstaking 
procedures t h a t  w i l l  be observed t o  maximize crew s a f e t y  and mission vuccess. 

On- 

The s e r v i c e  module propulsion system 

The conmrand module w i l l  come back i n t o  the 
The re turn ing  

The Apolllo Spacecraft  has been undergoing extensive development and 
qua l i f i ca t ion  t e s t i n g  on the ground and on unmanned Uprated Saturn I f l i gh t s .  
These ground and f l i g h t  tests are conducted t o  d e t e c t  procedural or tctchnical 
problems before manned f l i g h t s  are attempted. As an example, t h i s  type of 
t.est w a s  being conducted on October 25, 1966, when the propellant: tanks f a i l e d  
i n  the se rv ice  module t h a t  was t o  be launched on the f i r s t  Saturn V mission. 
The f a i l u r e  was traced t o  the loss of s t r u c t u r a l  i n t e g r i t y  of the strliissed 
t i tanium tank a f t e r  prolonged exposure under pressure t o  the methyl a lcohol  
used i n  cold flow testing, and led t o  a change i n  the procedural apprtbach. 
Ground q u a l i f i c a t i o n  tests on the  environmental cont ro l  u n i t  revealed 
technical  problems i n  operating the cr i t ical  water b o i l e r  and resulteid i n  
modifications to the  i n j e c t o r  design. These experiences have confirmed the 
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value of rigorous ground t e s t i n g  and have i l l u s t r a t e d  the  d i f f i c u l t i e s  i n -  
volved i n  deve!Loping a spacecraft  as complex as Apollo. 
hame the point: t h a t  the Apollo spacecraf t  must achieve a higher l eve l  of 
operational re!:Liability and maturity than w a s  required of the highly success- 
f u l  Gemini spacecraf t ,  and r e f l e c t  the  s ign i f i can t  d i f fe rences  between the 
requirements f o r  systems operating i n  low e a r t h  o r b i t  and those operating 
almost 240,000 m i l e s  from ear th .  

The problems bring 

Manned ea r th  o r b i t a l  missions on Uprated Saturn I launch vehic les  will 
begin i n  1967. The manned missions are designed to demonstrate the e f f e c t i v e  
operation of the spacecraf t  and the ground and f l i g h t  crews f o r  periods; of up 
t o  14 days, arid Eo develop Apol lo  e a r t h  o r b i t a l  rendezvous and docking 
techniques. 
Uprated Saturn I i n  e a r l y  1967. Current plans ca l l  f o r  an unmanned lunar 
module developrent f l i g h t  (designated AS-206) a f t e r  the f i r s t  manned e a r t h  
orb1 t mission.. 

lhe f i r s t  manned conmand and service module w i l l  be flown on an 

Unmanned ApolIlo spacecraf t  w i l l  be flown on Saturn V launch vehicle&, 
during 1967. 'Chs objec t ives  of the unmanned f l i g h t  phase are to qualify 
the space vehicle fo r  manned f l i g h t  and to demonstrate the hea t  sh ie ld  
r e l i a b i l i t y  dwriiig high speed re-entry.  Manned Apollo spacecraf t ,  lawitched 
by the Saturn V, are scheduled to be flown i n  1968. 
t h e s e  missions w i l l  be capable of lunar landing and r e tu rn  and w i l l  be used 
f o r  e a r t h  orbt ta ' l  simulation of the lunar mission. 

The spacecraf t  flcwn on 

Coaunand and Service Modules (CSM) 

I n  December 1961, the  Space and Information Systems Division of the North 
American Aviation Corporation, D m e y ,  Cal i forn ia ,  was se lec ted  as p r i m  
cantractor  t o  Idesign, develop, and f ab r i ca t e  the camnand and se rv ice  mtdules 
of the Apollo spacecraft. North American w a s  a l s o  assigned responsibil . i ty 
f a r  design and f4abricat ion of the spacecraft/launch vehicle adapter; integra- 
t i on  of test, s c i e n t i f i c ,  and government-furnished equipment i n t o  the ripace- 
c r a f t ;  a s s e m b l y  and test of the spacecraf t ;  and support of spacecraft  prepara- 
t i o n  for f l i g h t .  I n  addition t o  the  work of North American as the  pririle 
can t rac tor ,  fundlng i n  t h i s  l i n e  i t e m  includes the e f f o r t  f o r  developmcnt, 
procurement, in tegra t ion ,  and i n s t a l l a t i o n  of Apollo f l i g h t  experimentr; and 
experimental lhardware i n t o  the  CSM. 

The cornnand and service modules are produced and checked out at  Nor4:h 
Anrerican's Dauney p lan t  and then shipped t o  various ground test locat ions or 
d i r e c t l y  t o  tlhe Kennedy Space Center for pre-launch preparations,  incliiding 
a l t i t u d e  chamber tes t  runs i n  the Manned Spacecraft Operations Building. 
The adapter ,  which surrounds the lunar  module and connects i t  with the 
camnand and serv ice  module, i s  b u i l t  at North American's Tulsa, Oklahana 
Di.vision, as is some of the  spacecraft  ground support equipment. 

The coonnand and serv ice  modules are b u i l t  i n  three configurations: bo i l e r -  
p l a t e  models: Block I models; and Block 11 models. The bo i l e rp l a t e  versions 
are o u t f i t t e d  o r  weighted for unmanned ground and f l i g h t  qua l i f i ca t ion  
t e s t i n g ,  including v e r i f i c a t i o n  of the launch abort  and landing systems, and 
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compatibi l i ty  mong the complex systems. Block I versions are the e a r l y  
configurat ion of the  spacecraf t  which are also used f o r  unmanned and m*anned 
ground and f lLght  q u a l i f i c a t i o n  of the  systems and assessment of dynamic 
c h a r a c t e r i s t i c s ,  such as high speed hea tsh ie ld  re-entry.  
do  not have the capab i l i t y  f o r  rendezvous and docking; however, they are 
capable of 1c)rig-duration missions i n  e a r t h  o rb i t .  The Block 11 versions 
are equipped with a mechanism t o  permit the  command module t o  dock w i t h  the  
lunar module r ind are equipped f o r  lunar missions. 

The Block I inodels 

In l i n e  with the ove ra l l  Apollo test philosophy, the  caumand and serv ice  
modules have been undergoing an exact ing series of ground tests leading t o  
c e r t i f  icat ior i  for manned missions. During 1964 and 1965, b o i l e r p l a t e  
versions w e r e  subjected t o  a va r i e ty  of dynamic, s t r u c t u r a l ,  and environmental 
t e s t s  to  support: Block I and I1 design and development. One bo i l e rp l a t e  
s e rve4  as a giround test vehicle  at North American t o  va l ida t e  the e f f ec t ive -  
ness of f l i g h t  systems. An addi t iona l  b o i l e r p l a t e  w a s  used f o r  Apollci 
Saturn I dyniunic t e s t i n g  a t  the Marshall Space F l igh t  Center t o  assess i ts  
s t r u c t u r a l  itiitegrity under simulated launch and f l i g h t  condi t ions.  Leinding 
impact, parad iu te ,  and f l o t a t i o n  tests were a l s o  conducted. In  addi t ion  t o  
the  ac t ive  girlourid test e f f o r t ,  b o i l e r p l a t e  vers ions of the  command andl 
s e rv i ce  modules were del ivered f o r  f l i g h t  t e s t ing .  Abort tests were con- 
ducted a t  White Sands, New Mexico, aiming at q u a l i f i c a t i o n  of the laurich 
escape system. 
Center and launched on the Saturn I Pegasus missions. Service module pro- 
puls ion testis began at White Sands i n  February 1965. 

Three b o i l e r p l a t e s  were de l ivered  t o  the Kennedy Space 

Ac t iv i ty  i r i  EY 1966 was highl ighted by a cont inuat ion of the ground tes t  
e f f o r t ,  peak trct.ivity i n  production of Block I command and service modules, 
de l ivery  of t:he f i r s t  f l i g h t  a r t i c l e  (CSM 009) t o  the Kennedy Space Center, 
and i n i t i a t i o n  of f ab r i ca t ion  of the f i r s t  Block I1 lunar-configured space- 
c r a f t .  Acour;l:ic: tests, using a Block I command module, were completed i n  
September, lW6, and Block I f l o t a t i o n  and water impact tes ts  were i n i t i a t e d .  
The  launch escape system was qua l i f i ed  fo r  manned f l i g h t  on January 2 0 ,  1966, 
when the L i t t l e  Joe  11 series was concluded a t  the White Sands T e s t  Fac i l i t y .  
The f i r s t  f l f g h t  command and service module (CSM 009) was flown on a sub- 
o r b i t a l ,  unmiiiined Uprated Saturn I mission on February 26, 1966. 

F i sca l  yetair ‘1967 has  been marked by extensive ground and f l i g h t  q u a l i f i -  
ca t ion  t e s t ing .  On August 25, 1966, a second Block I model (CSM 011) was 
successfu l ly  launched, orb i ted  three-quar te rs  of the way around the wclrld, 
and recovered a f t e r  withstanding high speed re-entry.  The Block I spacecraf t  
was qua l i f i ed  f o r  manned f l i g h t  a s  a r e s u l t  of t h i s  mission. The f i r r # t  
comand <and service module (CSM 012) f o r  manned f l i g h t  on an Uprated :,aturn I 
vehic le  was del ivered t o  Kennedy Space Center f o r  checkout i n  August. In  the 
same month tlierinal vacuum tests,  simulating space condi t ions i n  suppoi.t of 
the f i r s t  manned f l i g h t ,  were completed a t  the  Manned Spacecraft  Centc:r. 
The f i r s t  Block I command and serv ice  module f o r  the Saturn V f l i g h t  i;eries 
(CSM 017) was accepted a t  Downey and del ivered t o  Kennedy Space Centel. i n  
December, 1966. 
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The tempo of Block 11 a c t i v i t y  i s  increasing and production has reached 
i t s  peak. Tbro Block I1 f l i g h t  a r t i c l e s ,  capable of rendezvous and docking, 
a r e  scheduled for de l ivery  t o  the Kennedy Space Center i n  l a t e  FY 1967, and 
nine additiclrral Block I1 f l i g h t  CSM w i l l  be undergoing assembly, systems 
:Lnstallationi, and checkout a t  North American. 

Act iv i ty  i n  FY 1968 w i l l  focus on manned conrmand and service module 
Elights on Llpralted Saturn I vehic les  t o  develop Apollo ea r th  orbLtal  ren- 
dezvous and docking techniques. F l igh t  q u a l i f i c a t i o n  of lunar-capable CSM 
w i l l  be emphiisized on the Apollo Saturn V f l i g h t s .  Six Block I1 CSM a r e  
scheduled fat' de l ivery  t o  the Kennedy Space Center i n  FY 1968. These space- 
c r a f t ,  p lus  the two del ivered i n  l a t e  FY 1967, w i l l  undergo checkout i n  
preparat ion for Uprated Saturn I and Saturn V f l i g h t s .  
Block I1 CSN w i l l  be i n  var ious phases of assembly, systems i n s t a l l a t i o n ,  
and in- plant: checkout. 

The remaining, seven 

Lunar Module (LM) 

Study and design e f f o r t  f o r  the lunar  module was i n i t i a t e d  by Grmnan 
Aircraf t  Engineering Corporation, Bethpage, New York, i n  early 1963. The 
funding i n  t h i s  l i n e  i tem provides f o r  the Grumman e f f o r t  and r e l a t ed  ex- 
periments and hardware t h a t  w i l l  be ca r r i ed  i n  the lunar module. 

Since 1963, preliminary designs have been es tab l i shed  and mock-up reviews 
were held.  Subsystem development w a s  s t a r t e d .  The lunar  module development 
program follcws the comnand and se rv ice  modules by roughly a year. The 
ground test program, which involves mock-ups, engineering test  models, 
propulsion t e s t  r i g s ,  and lunar  module test  articles, was i n i t i a t e d .  A 
mock-up version has been used t o  determine the b e s t  loca t ion  f o r  equiipment 
and t o  evaluate  crew performance capab i l i t i e s .  T e s t  models are required f o r  
fu r the r  evaluat ion of crew mobil i ty  and v i s i b i l i t y ,  thermal vacuum t e i s t s  i n  
the environmental test laboratory at the  Manned Spacecraft  Center, assess- 
ment of the descent and ascent  s t age  in t e r f aces  and separa t ion  character-  
i s t ics ,  and f u l l  s ca l e  drop tests t o  demonstrate the landing gear capabi l i ty .  
I?ropulsion t e s t  rigs are used t o  conduct tests on the lunar  modu:le propulsion 
system at the White Sands T e s t  F a c i l i t y ,  During these test  f i r i n g s ,  the 
mission condi,tions, such as starts,  s tops ,  and t h r o t t l i n g ,  are simulated t o  
provide infaamation on the subsystems performance. 
t e s t  a r t i c l e  is used at the Grumman p lan t  f o r  i n s t a l l a t i o n ,  funct ional  
testing, and e l e c t r i c a l  i n t eg ra t ion  of the subsystems, as w e l l  as f o r  eva l -  
uat ion of equipment compatibi l i ty  and performance, development O E  operations 
iand procedures, and support  of f l i g h t  tests. Descent engine f i r i n g s  began, 
and heavy weight propulsion r i g s  f o r  use i n  the test  program were assembled 
and del ivered.  A lunar module test  art icle w a s  manufactured and used f o r  
s t r u c t u r a l  tests with the LM/S-IVB stage adapter ,  and a second test a r t i c l e  
was used i n  the spacec ra f thp ra t ed  Saturn I dynamic tests conducted a t  the 
Marshall. Spaxe F l igh t  Center,  

A %ouse" lunar  module 

Act iv i ty  i n  FY 1966 included establishment of the  f i n a l  lunar module 
design follcndng de ta i l ed  review of a mock-up version at  the Grunman plant .  
The f i n a l  si.(;ni.ficant design dec is ion  involved use of a radar r a t h e r  than an 
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o p t i c a l  t rack ing  system fo r  rendezvous i n  lunar o rb i t .  Major subsystem 
development, f ab r i ca t ion ,  and t e s t i n g  continued during t h i s  period. Ascent 
and descent propulsion system tests were i n  progress at  the  White Sands T e s t  
F a c i l i t y *  1nl:ei:face tests with the Apollo spacecraf t  adapter  were coriducted 
a t  Tulsa,  O k I . i h < t , ~ .  

I n  FY 1967, the test a r t i c l e  which had been used i n  the adapter  tes ' t s  
w a s  refurbished f o r  f l i g h t  on a Saturn V. The t e s t  art icle used i n  the 
spacecraf t / lmnch vehicle  dynamic test  w i l l  a l s o  be refurbished and prepared 
f o r  f l i g h t .  Three lunar modules a r e  scheduled fo r  de l ivery  to  the Kerinedy 
Space Cen te r ,  and s i x  o the r s  w i l l  be undergoing s t r u c t u r a l  assembly, 13ub- 
system i n s t a l l a t i o n  and fac tory  checkout. The f i r s t  f l i g h t  a r t i c l e ,  tlesig- 
nated LM-1, is being completed a t  Grunmran. LM-1, launched by an Upral:ed 
Saturn I, is scheduled f o r  unmanned development mission to  v e r i f y  the 
operat ional  r e l i a b i l i t y  of the systems. This  key mission w i l l  be one of 
the most ambitious undertaken to  date .  In  addi t ion  t o  ve r i fy ing  the ttquip- 
rrient r e l i a b i l i t y ,  t h e  propulsion system w i l l  be ign i ted  to  demonstrate s t a r t  
and s top c a p a b i l i t i e s  during f l i g h t .  A test  a r t i c l e  w i l l  be flown on the 
f i r s t  Apollo Saturn V mission a s  p a r t  of the unmanned f l i g h t  qual i f ic ,a t ion 
t e s t program . 

In  FY 1966, the refurbished lunar  module test  a r t i c l e  w i l l  be launlched 
on a Saturn 'V ea r th  o r b i t a l  f l i g h t .  Five lunar modules a r e  scheduled t o  be 
del ivered to the Kennedy Space Center, and the remaining seven will be! under- 
g;oing s t r u c t u r a l  assembly, subsystem i n s t a l l a t i o n  and fac tory  checkoult. 

Guidance and Navigation ( G&N) 

The guidance and navigation s y s t e m  un i t s  f o r  the Apollo spacecraf t  were 
designed by the Massachusetts I n s t i t u t e  of Technology. The General Motors/ 
A..C. Electronico Division i n  Milwaukee, Wisconsin, i s  the prime contrilctor 
f o r  fabr ica t ing  the i n e r t i a l  guidance, including the associated electironics,  
ground support ,  and checkout systems, and f o r  assembling and t e s t i n g  ,111 
components of the  sys  tern. The onboard navigat ional  computer i s  bein); 
manufactured by the Raytheon Company, Waltham, Massachusetts, under a sub- 
cont rac t ;  the o p t i c a l  subsystem, including a space sex tan t  , sunfinder:, , and 
navigation d isp lay  equipment , i s  being b u i l t  by the Kollsman Instrument 
Corporation, Elmhurst, New York, a l s o  under a subcontract.  Ground q u d i f i c a -  
t i o n  t e s t i n g  and de l ivery  of f l i g h t  un i t s  f o r  Block I command modules w a s  
c:ompleted during FY 1966. I n i t i a l  f l i g h t  test occurred on February 2 h ,  1966. 

Design a n d  development of l i g h t e r  weight G6rN un i t s  f o r  the Block IC 
c:ormnand module and the lunar module w a s  completed i n  FY 1966. G&N un i t s  f o r  
t.wo Block I1 command modules and two lunar module ground test art.icles% were 
dlelivered f o r  environmental and qua l i f i ca t ion  tes t ing .  

Nine Block I1 command module and seven lunar module G&N un i t s  a r e  :sched- 
uled f o r  de l ivery  i n  FY 1967. The in tens ive  ground t e s t  program, lealiling 
to sys tem q u a l i f i c a t i o n  and demonstration of r e l i a b i l i t y ,  w i l l  continlie. 
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I n  FY 1968, s i x  Block I1 camnand module and s i x  lunar  module G&N un i t s  
w i l l  be del ivered.  By the end of the  year ,  a l l  but th ree  G&N un i t s  w i l l 1  be 
undergoing mainuf,acturing, subsystems i n s t a l l a t i o n ,  o r  checkout. 

In t eg ra t ion ,  R e l i a b i l i t y ,  and Checkout 

In tegra t ion ,  r e l i a b i l i t y ,  and checkout funding provides f o r  the engineer- 
i ng  support required f o r  spacecraf t  spec i f i ca t ion  maintenance and review; 
systems performance analysis ;  r e l i a b i l i t y  and qua l i ty  assurance; trend anal-  
ysis of f a i l u r e  repor t s ;  c r i t i c a l  parameter s tud ie s  and technica l  prob Item 
ana lys i s ;  mis i s io in  planning and ana lys i s ;  post-f l i g h t  d a t a  p r o c e s s h g  G d  
ana lys i s  documentation; s imulat ion and t r a in ing ;  and i n t e r f a c e  cont ro l , .  As 
the  program progresses,  emphasis is s h i f t i n g  t o  support  of hardware vel- i f ica-  
t i on ,  mission accomplishment and ana lys i s  of f l i g h t  results. Funding fo r  
FY 1968 continuers t h i s  e f f o r t  a t  a l eve l  cons is ten t  with the increased rate 
of hardware de l ive r i e s  and frequency of Apollo missions. 

The in t eg ra t ion ,  r e l i a b i l i t y ,  and checkout funding a l s o  provides fo r  auto- 
ma,tic checkout equipment (ACE) stations, including design,  development , 
fabr ica t ion ,  i n s t a l l a t i o n  and operation. The spacecraf t  ACE is used at: the 
contractor  plantis and at NASA test and launch sites f o r  separa te  and combined 
checkout of the  spacecraf t  systems. 
f a r  each of the  rnajor elements of the  program w a s  completed i n  FY 1964, 
Five statLon8 became operat ional  during FY 1965: th ree  a t  North American 
Aviation; one a t  the Manned Spacecraft  Center; and one at the  Kennedy !;pace 
Center, During 17Y 1966, f i v e  more s t a t i o n s  became operat ional :  t w o  at: 
Grumnan; t w o  at the  Kennedy Space Center; and one at  the Manned Spaceci-aft 
Center. ‘bo Einal s t a t i o n s ,  one at  Grumnan and one at  the  Kennedy Space 
Center, became operat ional  i n  FY 1967. I n  FY 1968, funding provides f o r  
operation of a l l  the  s t a t i o n s ,  as w e l l  as r e l a t ed  engineering changes itnd 
spare p a r t s  t o  maintain the operat ional  equipment. 

The bas i c  design of ACE ground stcitions 

Spacecraf t  Support 

Spacecraft  support funds provide f o r  the requirements f o r  test operiitions, 
crew equipment iizcluding space s u i t s ,  l o g i s t i c s ,  instrumentation, and r,cien- 
t i f i c  equipment. 

Funds for  t e s t  operations are required t o  conduct spacecraf t  development 
t e s t s  at the lvlanned Spacecraft  Center, the White Sands Test F a c i l i t y ,  b i n d  

other  government test labora tor ies .  Testing a t  the Manned Spacecraft  (:enter 
f a c i l i t i e s  includes unmanned and manned thermal-vacuum t e s t i n g  i n  the rmviron- 
mental t e s t  lidoo;ratory, docking s imulat ion tests, component and subsys t:em 
q u a l i f i c a t i o n ,  r e l i a b i l i t y  and v e r i f i c a t i o n  t e s t i n g ,  and e l e c t r o n i c  syr,tems 
compa t i b  i I i t y  tes ts . 

Spacecraft  launch escape systems tests, using L i t t l e  Joe I1 vehic les ,  
were completed at  the White Sands T e s t  F a c i l i t y  on January 20, 1966. Service 
module propulsion system t e s t i n g  and lunar module ascent  and descent engine 
t e s t i n g  were emphasized at White Sands during FY 1966 and 1967. The liinar 
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module propullsion system and reac t ion  cont ro l  system t e s t i n g ,  which is; con- 
ducted i n  s p e c i a l  test  cells a t  the  Arnold Engineering Development Center,  
Tullahoma, Tt!im!ssee, is  scheduled fo r  completion during FY 1968. 

Spacecraft  support  funding a l s o  provides f o r  development and procuxement 
of spacesui t r ;  and r e l a t ed  crew equipment, su rv iva l  equipment, food , ex t r a -  
vehicular aci::iv:ity umbil icals ,  personal hygiene systems , and bioinstrumenta- 
t ion .  Major e f f o r t  i n  FY 1968 relates t o  manufacture and test  of a spacesui t  
and portable  Life support  system, which is  required on the lunar surfzice. 

Logis t ic  :Eunding f o r  FY 1968 is required f o r  t ranspor ta t ion  of spa<.ecraf t  
between instal l tnt ions , reimbursement t o  the  Department of Defense f o r  inspec- 
t i on  se rv ices ,  and procurement of spacecraf t  f u e l s  and propel lants  useid i n  
the  t e s t  programs at  the Manned Spacecraft  Center, the White Sands Tesit 
F a c i l i t y ,  the Kennedy Space Center, the Arnold Engineering Developmenr. 
Center, and cont rac tor  s i t e s .  

Instrumentation and s c i e n t i f i c  equipment funding f o r  FY 1968 provides fo r  
development and procurement of spec ia l ized  f l i g h t  research and t e s t  i r i s  t r u -  
mentation f o r  spacecraf t  development f l i g h t  tes t ing .  Typical equipmerit 
includes s igna l  condi t ioners ,  sensors ,  t ransmi t te rs ,  antennas,  ground 
support  equipment, cameras, and r ad ia t ion  measuring devices.  

Uprated Saturn I 

19b8 -- 1966 1967 

1st s tage  (S-LB) ......... $51,580,000 $43,100,000 $30 , ! iOO,OOO 
2nd s tage  (S-KVB) ........ 63,999,000 56,900,000 37, loo ,000 
Instrument unit.......... 47,660,000 40,600,000 22 , f l00,000 

H-1 engines........ ...... 10,150,000 8,050,000 5 ,  :!oo ,000 
5-2 engines .............. 13,500,000 6,716,000 ‘)OO ,000 
Vehicle support.......... 6 1,322,000 69,734,000 53 .‘do ,000 

Ground support  equipment, 26,575,000 11,500,000 6 ,!lo0 ,000 

Total......*........... $274,786,000 $236,600,000 $156, :(!OO ,000 

The Upratled Saturn I is an improved vers ion of the  o r i g i n a l  launch vehic le  
i n  t h i s  c l a s s  - the  Saturn I. The Saturn I demonstrated the f e a s i b i l t t y  of 
la rge  launch vehicle  systems and, i n  July of 1965, completed a highly success- 
f u l  series of ten f l i g h t s .  The f ab r i ca t ion  techniques, test  concepts ,  t rans-  
por ta t ion  modes, and ground operat ional  experience gained i n  the Saturn I 
s e r i e s  contr ibuted s ign i f i can t ly  t o  the production progress and fl ighlt  success; 
of the uprated version. 

The two-stage Uprated Saturn I stands 142 f e e t  ta l l ,  excluding the Apollo 
spacecraf t ,  and has a diameter of 22 fee t .  The 1st stage i s  80 f e e t  high; 
t.he 2nd s tage  - 59 f ee t ;  and the instrument un i t  - 3 f e e t .  The 1st slrage, 
which is powered by e i g h t  H-1  engines y ie ld ing  about 1.6 mi l l ion  poumla of 
t h r u s t ,  is an uprated version of the 1st stage used successfu l ly  on the 
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Saturn I. The 2nd stage, which has the same bas i c  design as the  3rd ritage of 
the Saturn V, i s  powered by a single hydrogen-fueled J-2 engine capab1.e of 
over 200,000 pounds of t h rus t  . 

The Upratled Saturn I can place about 20 tons of payload i n t o  a low earth 
o r b i t  and i s  used f o r  m a n n e d ,  manned, long dura t ion ,  and rendezvous f l i g h t s  
i n  the development of the Apollo spacecraf t .  This payload c a p a b i l i t y ,  as 
compared w i t h  t h e  l l - t on  capab i l i t y  of the pioneer Saturn I, represenix a 
major addi t ion  t o  the nat ion 's  inventory of la rge  launch vehicles  and o f fe r s  
i i  v e r s a t i l e  means f o r  carrying out  a v a r i e t y  of operations i n  e a r t h  o rb i t .  
lilhe Uprated Saturn I w i l l  be u t i l i z e d  f o r  Apollo appl ica t ions  missions, as 
described under  the Apollo Applications por t ion  of the budget estimates. 

The Apollcl program includes a t o t a l  of twelve Uprated Saturn X f l i13ht  
vehicles (AS-201 through 212). This series is designed t o  ve r i fy  the relia- 
b i l i t y  of the systems which w i l l  be incorporated i n t o  the Saturn V 3re3 s tage  
rind instrument un i t ,  and to  provide a launch capab i l i t y  f o r  manned ea r th -  
o r b i t a l  rendezvous missions with Apollo spacecraf t  modules. 
Saturn I w a s  qua l i f ied  f o r  manned f l i g h t  a f t e r  three missions. The f l i g h t  
series began on February 26, 1966, with the successfu l  launch of Apollo 
Saturn 201 (PS-201)  from Launch Complex 34 at  the  Kennedy Space Center. An 
iJnmanned suborb i t a l  f l i g h t ,  AS-201, demonstrated the s t r u c t u r a l  s t a b i l i t y  and 
operat ional  c:ha.racteristics of the launch vehicle  systems, provided p a r t i a l  
q u a l i f i c a t i o n  of the spacecraf t ,  and paved the way f o r  the second unmanned 
cqualificatiori f l i g h t .  

The Uprated 

An Uprated Saturn I f l i g h t ,  designated AS-203, occurred on Ju ly  5 ,  1966, 
and provided vailuable s c i e n t i f i c  and engineering d a t a  on the operat ional  
lcharacterist ics of the l iqu id  hydrogen fueled upper stage and the guidance 
and control subsystems contained i n  the instrument un i t .  I n  addi t ion ,  the 
restart capahil . i ty of the upper stage 5-2 engine, which w i l l  also be used on 
the Saturn V<, was tes ted.  The l iqu id  hydrogen experiment conducted during 
the mission furnished c r i t i c a l  f l i g h t  test  d a t a  on the storage and behavioral  
characterist:iLcsI of cryogenic f u e l  under zero-gravity conditions.  A t h i r d  
launch (AS-;!02) --the second q u a l i f i c a t i o n  f l i g h t  of an unmanned spacecraf t -  
occurred on Aug;ust 25, 1966. The launch vehicle  was qua l i f i ed  f o r  manned 
f l i g h t  (rn t h i s  mission. 

An Uprated Saturn I is scheduled t o  launch the f i r s t  manned Apollci space- 
c r a f t  i n  e a r l y  1967. Following t h i s  i n i t i a l  manned Apollo f l i g h t ,  ariother 
Uprated Saturn I w i l l  launch the  f i r s t  unmanned lunar module i n t o  ea r th  
o r b i t  for  development tes t ing .  The next two vehicles  w i l l  be used f o r  a dual. 
launch, designated Apollo Saturn 205/208. 
a manned ApoLlo comand and se rv ice  module w i l l  be orb i ted  by an Uprated 
Saturn I. Appi:oximately one day later, an unmanned lunar module w i l l  be 
orbi ted by iu;loi:her Uprated Saturn I t o  support  the  development e f fo r t  on the 
CSM/LM and provide experience i n  rendezvous maneuvers. 

I n  the f i r s t  phase of thisl  mission, 

By the end of 1966, f i v e  Uprated Saturn I launch veh ic l e s  had been 
del ivered tlo t ' he  Kennedy Space Center i n  support of the f l i g h t  schedule. 
Five a d d i t b n a l  vehic les  a r e  scheduled f o r  de l ivery  during 1967, and two 
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a r e  being fa 'bricated and checked out  f o r  de l ivery  during 1968. 1'rocwi:ement 
of follow-on vehic les  w i l l  be financed from the Apol lo  Applications program. 
These requirements a r e  discussed i n  the Apollo Applications program pcirtion 
of the budget estimates. 

1st Stage (S-IB) 

The Chrys Ler Corporation Space Divis ion is producing, assembling, checking 
out ,  and t e s t i n g  the S-IB stages. Production, assembly, and i n i t i a l  checkout 
are conducted at the government-owned Michoud Assembly F a c i l i t y  near  New 
Ctrleans, Louisiana. The s t age  is then barged t o  the Marshall Space Fl.ight 
Center,  HuntsviLle, Alabama, f o r  s t a t i c  t e s t ing .  After  t e s t i n g ,  the titage is  
returned t o  IYiclnoud fo r  p o s t - s t a t i c  checkout. The completed stage is then 
shipped t o  the Kennedy Space Center f o r  pre-launch checkout. 

I n  FY 19616, the 1st stage of the Uprated Saturn I entered a period of 
in tens ive  grounld test qua l i f i ca t ion .  Emphasis w a s  placed on the q u a l i f i c a t i o n  
of f l i g h t - c r i t i c a l  components i n  preparat ion f o r  i n i t i a t i o n  of the launch 
aeries.  The f i r s t  three f l i g h t  stages were del ivered t o  the Kennedy :Space 
Center. Seven f l i g h t  stages were i n  production, assembly, or checkout, and 
t:he long lead procurement began f o r  the last t w o  stages. 

FY 1967 has been marked by an in tens ive  production, checkout, test and 
de l ivery  schedule. The four th  f l i g h t  stage w a s  del ivered t o  the Kennedy 
Space Center f o r  pre-launch checkout. Three add i t iona l  f l i g h t  s tages  a r e  
naw scheduled f o r  acceptance t e s t i n g ,  p o s t - s t a t i c  checkout? and delivlery 
t o  the  Kennedy Space Center by the  end of t h i s  f i s c a l  year. 

During FY 1968, the remaining f i v e  stages f o r  Apollo Uprated Saturn I 
vehic les ,  which are cur ren t ly  phased i n t o  f ab r i ca t ion ,  assembly, and in-plant 
checkout, are  scheduled f o r  completion of acceptance t e s t i n g ,  pos t - s t a t i c  
checkout, and shipment t o  the Kennedy Space Center. Funds requested support 
de l ivery  and pre-launch checkout of the e ighth  and n in th  f l i g h t  s tages ;  accept- 
ance tes t ,  and shipment of the ten th  and eleventh stages t o  Kennedy Space 
Center; and f ' i n a l  assembly, in-factory checkout acceptance test ,  and de l ivery  
of the last s tage.  Also covered are s p e c i f i c  s t age  support  a c t i v i t i e s ,  which 
encanpass e l e c t r i c a l  and f l i g h t  d a t a  measuring equipment, as w e l l  as propel- 
l a n t s  and spc cia1 test  equipment required f o r  acceptance f i r i n g s .  Field 
support  se rv ices  f o r  grourrl and f l i g h t  test evaluat ions of the s t age  are 
also included. 

2nd Stage (S-IVB) 

Basic development cos ts  f o r  t h i s  stage are funded i n  the  Saturn V p ro jec t .  
Procurement imd engineering design e f f o r t  and modifications t o  adapt the  
:stage t o  Uprated Saturn I requirements are funded i n  t h i s  budget l i n e  item. 
'l'he stage, which is  produced by the Douglas Ai rc ra f t  Company, Missi les  and 
Space Divis ion,  has the same bas i c  design as the  S-IV used i n  the Saturn X: 
series. Hmn!v€!r, a s ing le  5-2 engine developing about 200,000 pounds' of 
t h rus t  has rc!pl.aced the s i x  RL-10 engines y ie ld ing  90,000 pounds of t h rus t .  
The Uprated !iat:urn I provides e a r l y  experience with the S-IVB s t age ,  which 
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w i l l  be used as the 3rd stage of the  Saturn V. The S-IVB is tnanufactrired, 
assembled, and checked out at  the Douglas Huntington Beach, Californii i ,  
f a c i l i t i e s .  Hydrostatic tests t o  assess dynamic pressures  are conducted a t  
Huntington Beach. The f l i g h t  stages undergo acceptance t e s t i n g  t o  ve r i fy  
performance spec i f i ca t ions  and launch readiness  at  the Sacramento Tesii: 
Cperatims (SACTO) si te .  

Design am3 production of t h i s  s t age  began i n  the f a l l  of 1963. During 
1965, a dynamic test program w a s  conducted t o  va l ida t e  the ove ra l l  s t r u c -  
t u r a l  design under simulated stresses of launch and m a x i m u m  aerodynam1.c 
pressure.  Tine stage ground t e s t i n g  w a s  e s s e n t i a l l y  completed i n  FY 1966. 
The S-IVB s t age  assemblies were subjected t o  loads i n  excess of design 
l i m i t s  t o  va l ida t e  s t r u c t u r a l  i n t eg r i ty ;  over 2,500 seconds of bat t le t ihip 
test f i r i n g s  were conducted t o  ve r i fy  the operat ional  r e l i a b i l i t y  of i:he 
systems; and i n  excess of 15,000 tests were conducted t o  qua l i fy  individual  
f l i g h t - c r i t i c a l  components. I n  addi t ion ,  the f i r s t  th ree  S-IVB flighl: s tages  
were shipped t o  the Kennedy Space Center and long lead procurement w a ;  
i n i t i a t e d  on the last f l i g h t  s t age  (AS-212). The b a s i c  design of the  S-IVB 
s t age  w a s  ve r i f i ed  on Uprated Saturn I f l i g h t s  and the s t age  was qual i f ied 
f o r  manned f l i g h t .  

The four th  f l i g h t  stage was del ivered t o  the Kennedy Space Center Eor 
pre-launch checkout e a r l y  i n  FY 1967. 
s , t a t i c  t e s t ed  at SACTO and shipped t o  the Kennedy Space Center by the end 
of t h i s  f i s c a l  year. The remaining f i v e  f l i g h t  s tages  w i l l  be i n  various 
phases of f ab r i ca t ion ,  tes t ,  and checkout by the close of FY 1967. 

Three addi t iona l  s t ages  will be? 

The FY 1968 funding supports de l ivery  of the last f i v e  S-IVB flighik s tages  
f o r  Apollo t o  the  Kennedy Space Center. 
z i t  the  Center and undergo pre-launch checkout; the  tenth and eleventh 
w i l l  complete acceptance testing at Sacramento and w i l l  subsequently Ibe 
shipped t o  the Kennedy Space Center. The twelf th  f l i g h t  s tage  is schizduled 
to be through assembly, in-plant  checkout, acceptance t e s t i n g ,  arid polst- 
si ta t ic  checkout i n  preparat ion f o r  shipment. 

The e ighth  and n in th  w i l l  aricive 

Instrument Unit ( I U )  

The instrument u n i t  i s  the "nerve center" of the  vehicle.  It cont'sins 
the all- important primary guidance, cont ro l ,  measuring, and telemetry systems 
which govern the engine gimballing, i n - f l i gh t  sequencing of the engine pro- 
pulsion system, s tag ing  operat ions,  and primary timing s igna l s .  Theslz un i t s  
are being assembled and t e s t ed  by the  In t e rna t iona l  Business Machines 
Corporation i n  Huntsvi l le ,  Alabama. The components and configurat ion a re  
e s s e n t i a l l y  the same as those used f o r  the Saturn V. 

During FY 1966, the  instrument unit  design w a s  ve r i f i ed  by extensive 
s t r u c t u r a l ,  dynamic, and v ibra t ion  t e s t ing .  Component q u a l i f i c a t i o n  was 
also achieved. during FY 1966 and Guidance and Control Laboratories were s e t  
up f o r  f i e l d  support at  the Kennedy Space Center. Three f l i g h t  u n i t s  were 
completed, del ivered t o  the Center,  and flown on Uprated Saturn L missions. 
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Fisca l  yesir 1967 a c t i v i t y  has concentrated on completion of f i n a l  ,lissembly, 
c:heckout and shipment of f l i g h t  un i t s .  Three instrument un i t s  have performed 
successfu l ly  on Uprated Saturn I missions and the  u n i t  has been qua l i f i ed  
for  manned f l i g h t .  The four th  f l i g h t  I U  has been del ivered t o  the  Kennedy 
Space Center f o r  the f i r s t  manned Apollo mission. By the  end of FY 1967, 
seven instrument un i t s  w i l l  have been del ivered and the remaining f i v e  u n i t s  
w i l l  be i n  process. 

Funding i n  FY 1968 supports completion of assembly and checkout, aft w e l l  
as del ivery  of the remaining f i v e  f l i g h t  instrument uni t s .  I n  addititon, the 
funds provide f o r  IBM launch support  a t  the Kennedy Space Center, 

Ground Support Equipment (GSE) 

The automatic ground support equipment used t o  checkout the Uprated 
Saturn I provides a t r a n s i t i o n a l  s t e p  t o  the  even more complex pi-ocedliires 
required f o r  the Saturn V. This category includes e l e c t r i c a l  support equip- 
ment which i s  provided by the General E l e c t r i c  Corporation, and mechanical 
support equipment, which is  provided by the Chrysler Corporation Space 
Division. A u t o m a t i c  ground checkout s t a t i o n s  provide a means of pro tec t ing  
t:he investment i n  f l i g h t  hardware and reducing the length of t i m e  and cost  
of manual checkout. Vehicle hardware is subjected t o  extensive checkcmt on 
t:he ground t o  ve r i fy  systems r e l i a b i l i t y  a f t e r  assembly and s ta t ic  fiiring 
and during t h e  pre-launch period a t  the Kennedy Space Center. I n  addi t ion  
t:o these checkout s t a t i o n s ,  a GSE development system or breadboard is operated 
z i t  the k r s h a 1 1  Space F l igh t  Center t o  provide the capab i l i t y  t o  va l ida t e  
the  computer programs used at the Kennedy Space Center. The bas i c  computer 
is the RCA l l O A .  

During FY 1966 , e l e c t r i c a l  and mechanical support equipment f o r  vehicle-  
or iented requirements at Launch Complexes 34 and 37 w a s  i n s t a l l e d  i n  Iprepara- 
t i o n  f o r  Uprated Saturn I launches. An automatic checkout s t a t i o n  operates 
a t  each complex t o  ve r i fy  the f l i g h t  worthiness of the launch vehic le ,  
Act iv i ty  i n  FY 1967 w a s  highlighted by the ac t iva t ion  of t h i s  equipment i n  
support  of Uprated Saturn I launches. 

The FY 1968 funds support  operat ion and updating of stage and vehi1:le 
ground support equipment, including mechanical and electrical  support  equip- 
ment, to  s a t i s f y  the s p e c i f i c  mission requirements f o r  the scheduled IJprated 
Saturn I launches. Included are the  checkout operations f o r  the s t ages ,  
instrument u n i t s ,  and assembled launch vehicles  used f o r  the  e a r t h  orI)ital 
and rendezvous missions planned during t h i s  period. 

H - 1  Engines 

The H - 1  engine, developed and produced by the Rocketdyne Division (of 
North American Aviation Incorporated, is  used i n  c l u s t e r s  of e igh t  t o  propel 
the f i r s t  s tage  of the Uprated Saturn I. Development of the H - 1  engiiie w a s  
i n i t i a t e d  by the Department of Defense i n  September 1958 as a 16!i,OOO 
pound t h r u s t ,  improved vers ion of the  Thor-Jupiter engine. The respoiasibi l i ty  
f o r  development of the  engine w a s  t ransfer red  t o  NASA i n  1960. The lij5,OOO 
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pound t h r u s t  engine w a s  used successfu l ly  i n  the f i r s t  four Saturn I :Launches, 
and a 188,000 pound th rus t  vers ion of the  engine w a s  used on the  remaining 
s i x  Saturn I wlhicles. 
increased t o  200,000 pounds f o r  the Apollo Saturn 201 through 205. Beginning 
with the Apollo Saturn 206 mission, the th rus t  capab i l i t y  w i l l  be inc:i:eased 
t.o 205,000 pounds per  engine. 

The t h r u s t  of each l iqu id  oxygen/kerosene H-1 was 

I n  FY 1966, the f i r s t  of these 205,000 pound th rus t  H - 1  engines w a r  
dleliwred and passed a series of ground tests t o  assess operat ional  rcizlia- 
b i l i t y  a t  the increased t h r u s t  level .  I n  June 1966, the uprated vers,Lon 
completed the necessary r equa l i f i ca t ion  tests, including funct ional  s'isfety, 
and ca l ib ra t ion  tests of the components. The readiness of the engine f o r  
manned f l i g h t  w a s  a l s o  ver i f ied .  

F i sca l  year 1966 was the las t  f u l l  year of funding the contractor  1i:ffort 
of the H - 1  under the pro jec t  l i n e  "engine development". Following completion 
of H - 1  q u a l i f i c a t i o n  i n  June 1966, the funding of cont rac tor  e f f o r t  rcalating 
t o  f i e l d  and engineering support fo r  f l i g h t  evaluat ion and problem so lv ing ,  
maintenance of test engines i n  a configurat ion f o r  rapid so lu t ion  of Iproblems:, 
component and engine system t e s t i n g ,  and per iodic  v e r i f i c a t i o n  of f l i g h t  
worthiness wa1s t r a b f e r r e d  t o  t h i s  account. 

F i sca l  year 1967 marked the del ivery of the twelf th  and f i n a l  s e t  of H - 1  
engines. A t o t a l  of 114 H - 1  engines has been del ivered t o  meet 1Jpratled 
!Saturn I. requirements, including f l i g h t  un i t s ,  test un i t s ,  and spares ,  

Funds for FY 1968 w i l l  provide f o r  continued support of the f l i g h t  
program and for evaluat ion of f l i g h t  d a t a  f o r  use i n  subsequent inissions. 

5-2 Engines 

The 5-2 erigi.ne, which was developed and produced by the Rocketdyne 
IDivision of North American Aviation, is used i n  the upper s tages  of both the 
'Uprated Saturn I and the Saturn V. 
of the IJprat:c!d Saturn I. This vers ion of the  5-2 engine u t i l i z e s  l iqu id  
hydrogen and 1i.quid oxygen as propel lants  and de l ive r s  up t o  200,000 pounds 
of t h rus t  . 

A s ing le  5-2 is used i n  the  .2nd stage 

The f l i g h t  r a t i n g  tests of the 200,000 pound t h r u s t  engine were cclmpleted 
i n  J u l y ,  196!i. The 5-2 engine w a s  subjected t o  25 tests f o r  a t o t a l  of 
2,750 seconcl:; of accumulated f i r i n g  time. These f l i g h t  r a t i n g  t e s t s  were 
conducted t o  demonstrate engine r e l i a b i l i t y  f o r  i n i t i a t i o n  of the f l i g h t  
s e r i e s .  I n  December, 1966, the  200,000 pound t h r u s t  vers ion completed the 
qua l i f i ca t ion  t:est program which w a s  a p re requ i s i t e  t o  ce r t i fy ing  the 
configuration for  manned f l i g h t .  

By the end of FY 1966, a total  of t h i r t e e n  5-2 engines were del ivered 
for  use i n  the Uprated Saturn I 2nd s tage.  The t o t a l  included three ground 
test engines,  one spare ,  and nine f l i g h t  engines. 

244-3114 0 - 67 - I 
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By the  e n d  of the  cur ren t  f i s c a l  year ,  a l l  of the nineteen 5-2 engiines 
required f o r  the  Apollo Uprated Sa turn  I series w i l l  have been de l ivered .  

I n  FY 1968, funds w i l l  cover 3-2 f i e l d  support ,  which provides f o r  rap id  
response to any problems encountered i n  the  f l i g h t  series. 

Vehicle Support 

Vehicle support includes funds f o r  s t u d i e s ,  s e r v i c e s ,  and equipment camon 
to more than one s t age  of the Uprated Saturn I. Funding provides f o r  engineer- 
ing serv ices ;  r e l i a b i l i t y  tests; f a b r i c a t i o n  serv ices ;  t r anspor t a t ion ;  pro- 
p e l l a n t s ;  expendable suppl ies  and equipment; and launch pad refurbishment. 
"his funding a l s o  covers cont rac t  adminis t ra t ion ,  a u d i t ,  q u a l i t y  assurance 
tind inspecticln se rv i ces  performed on a reimbursable b a s i s  by the Department 
of Defense. 

During FY 1968, heavy emphasis w i l l  be placed on pre-launch and launch 
aupport a t  t h , e  Kennedy Space Center i n  prepara t ion  f o r  highly complex dua l  
launches from Complexes No. 34 and No. 37. The a b i l i t y  of the  complete 
:Launch vehicle t o  func t ion  as an in t eg ra t ed ,  r e l i a b l e  system w i l l  be validated 
on t h e  ground1 before t h e  prec is ion  timed dual launches are attempted, Activ- 
:Lties wi.11 include component and subsystem t e s t i n g ,  ana lys i s  and co r rec t ion  
of pre-launch problems, incorporation of f l i g h t  d a t a  i n t o  r e l i a b i l i t y  assess -  
inents, and development of an in t eg ra t ed  r e l i a b i l i t y  repor t  f o r  each mission. 
Guidance and. con t ro l  system s t u d i e s  w i l l  be conducted. I n  addi t ion ,  the 
requirements cctver refurbishment of the  launch pad i n  prepara t ion  f o r  the  
next missiorl,. The FY 1968 vehic le  support  funds also include t r anspor t a t ion  
of the  flighit: s t ages  and instrument u n i t s ,  Barges, sea-going vesse l s ,  and 
s p e c i a l l y  designed a i r c r a f t  are used t o  c a r r y  the ou t s i ze  s t ages  and 
components. 

Sa turn  V 

1s t s t a g e  I(S-1C) . . . . , . , . . 
2nd s t age  '(S-11). . . . . . . . 
3rd s t age  (S-IVB).., ..... 
Instrument: unit . .  . . . . . 
Ground support equipment. 
F-1 engine15 , ,, . . , . . . . . . . . . 
5-2 engineo , *,. . . . . . . . . . . . 
Vehicle siipport , . . . . . . . , 

Total, .  ,, . , ,,.. . . . . . . . . . . . 

1966 

$191,906,000 
256,164,000 
162,016,000 
6 7,760,000 

107,572,000 
66,200,000 
67,200,000 

216,053,000 

1967 

$184,900,000 
248,600,000 
154,000,000 

72,900,000 
60,900,000 
92,u) 7,000 
83,493,000 

238,500.000 

1968 
-PI 

$174,700,000 
245,900,000 
151,200,000 

75,100,000 
35,800,000 

105,300,000 
78,500,000 

242 I 000 000 

The Satrum V, which is t h e  most pcwerful member of t h e  Saturn family of 
launch vehic les ,  is composed of th ree  propulsion s t ages  and an instrument 
un i t .  This vehic le  is  designed t o  boost payloads up to 140 ton8 i n t o  a low 
e a r t h  o r b i t  and t o  accelerate payloads up t o  48 tons t o  the seven-mille-a- 
second ve loc i ty  required t o  escape the e a r t h ' s  g r a v i t a t i o n a l  f i e l d  arid 
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accomplish lunar or  deep space missions. 
vehic le  w i l l  provide a broad c a p a b i l i t y  f o r  manned space operations.  D e v e l -  
opment of t he  v e r s a t i l e  Saturn V began i n  January 1962 when managemenl: 
r e s p o n s i b i l i t y  was assigned t o  the  Marshall Space F l i g h t  Center. The dec is ion  
to develop t h i s  version of t he  Saturn class vehicles w a s  preceded by czxhaus- 
t:ive s t u d i e s  on the  most f e a s i b l e  conf igura t ion  f o r  a la rge  launch vehicle 
with high performance and payload c a p a b i l i t y  f o r  e a r t h  o r b i t a l  arld lunar 
oiissions. 

I n  its present  conf igura t ion ,  the 

The physical c h a r a c t e r i s t i c s  of the Saturn V are as impressive as Lts 
mission. The assembled launch vehic le  is 282 f e e t  high. The 1st and 2nd 
s t ages  (S-IC and S-11) measure 33 f e e t  i n  diameter and s tand ,  r e spec t lve ly ,  
138 and 82 f e e t  high; the 3rd stage (S-IVB) is 22 f e e t  i n  diameter and 59  
f e e t  high; and the  instrument un i t  is three  f e e t  high. A t  l i f t - o f f ,  ithe 
Saturn V will weigh 6 mi l l i on  pounds. 
the Saturn V 1st stage y ie lds  about 7.5 mil l ion  pounds of t h r u s t  i n  clmparison 
with t h e  1.6 mi l l i on  pounds generated by the  1st s t age  of i ts  predece13sor, 
the Uprated Saturn I. 

As an ind ica t ion  of the  booster power, 

Consistent. with the  ove ra l l  Apollo test philosophy, t he  Saturn V hardware 
c~nd systems axe subjected t o  rigorous t e s t i n g  on the ground before thiey are 
flown. As int the case of the  Uprated Saturn I, t h i s  exhaustive grounld test 
e f f o r t  is necessary t o  p ro tec t  the  hardware investment and t o  maximize 
s a f e t y  and r e l i a b i l i t y .  Since no s u b s t i t u t e  s t ages  w i l l  be ava i l ab le ,  the 
operational readiness of each of t he  hundreds of thousands of canponents 
must be proven i n  advance of a launch. The ground test series leading t o  
unmanned and ma.nned Saturn V launches has been progressing s t e a d i l y .  
the  108s of two S-I1 development stages over the  pas t  two years i l l u s t r a t e s  
the  d i f  fiicul t.ies inherent i n  accomplishing t h i s  highly complex R W  e f f o r t  . 

However, 

During FY' 19166, an extensive ground test e f f o r t  w a s  ca r r i ed  on a t  numerous 
locations ac:ross the  country. The th ree  Saturn V s t ages  and i n s t r u m e n t  u n i t  
underwent a s e r i e s  of cr i t ical  tests t o  assess s t r u c t u r a l  i n t e g r i t y ,  systems 
r e l i a b i l i t y ,  and simulated opera t iona l  c h a r a c t e r i s t i c s  . For example, a l l  
three stages were subjected to b a t t l e s h i p  t e s t i n g ,  which i s  conducted t o  
v e r i f y  t:he operational r e l i a b i l i t y  of the  propulsion system, and s t r u c t u r a l  
t e s t ing ,  which is required t o  evaluate the soundness of t h e  design c r i t e r i a .  
A411 design 9 tartdards were achieved, a1 though the  S-I1 s t r u c t u r a l  stage 
ruptured above t h i s  l eve l .  The instrument u n i t  a l s o  passed i t s  s t r u c t u r a l  
tests during t h i s  period. A l l  systems t e s t i n g  on the Saturn V 1st s t age  
(S-IC) was s m x e s s f u l l y  completed a t  the  Marshall Space F l i g h t  Center i n  
]December, 1905. A t o t a l  of 842 seconds of s ta t ic  test f i r i n g  was accomplished. 
The f i r s t  2rid sbtage test stand-the A-2 pos i t i on  test stand f o r  the 2nd s tage  
--was activir1:ecl a t  the  Miss i ss ippi  T e s t  F a c i l i t y  i n  e a r l y  1966. A l l  systems 
f i r i n g s  with the  2nd stage were then conducted through the  f u l l  du ra t ion  
f l i g h t  requiirenlents. However, the a l l  systems test  s t age  later f a i l e d  when 
the l i qu id  hydrogen tank was inadver ten t ly  overpressurized. The loss  of 
t h i s  s tage  before the canpletion of ground development t e s t i n g  required 
adjustments wit:hin the  ground test program. Af te r  the damaged stand a t  the  
Mississippi Test F a c i l i t y  was repa i red ,  the  f i r s t  S-I1 f l i g h t  s t age  tias 
placed i n  the  s t and ,  fue led ,  and checked out f o r  a f u l l - d u r a t i o n  acceptance 
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firing, which w a s  successfu l ly  conducted on December 1, 1966. An add:litional 
f u l l  durat ion f i r i n g  w a s  conducted on December 30, 1966. The f l i g h t  trtage 
has been shipped t o  the Kennedy Space Center f o r  the f i r s t  Saturn V liltunch. 

A major A p o l l o  milestone w a s  accomplished on May 25, 1966--five years  t o  
the day tha t  the goal of manned lunar landing and re turn  within rh i s  decade 
w a s  es tabl ished.  The crawler t r anspor t e r ,  which has a platform 1arge:i: than 
ii basebal l  diamond, moved the 365-foot Apollo Saturn V f a c i l i t i e s  chelckout 
vehicle  ( the "500-F") and mated spacecraf t  from the Kennedy Space Cenl:er 
Vehicle Assembly Building a t  Launch Complex No. 39 along three  m i l e s  of 
spec ia l ly  constructed roadway t o  the launch pad. This 500-F vehicle  i , sas  
required t o  complete a var i e ty  of tasks  leading t o  the f i r s t  Saturn V f l i g h t  
i n  1967. It was used t o  a c t i v a t e  the f i r s t  set of f a c i l i t i e s  a t  Launc:h 
Complex No. 39, proving out  the de l ivery ,  handling, checkout, v e r t i c a l  
assembly, and  t ranspor t  procedures. It w a s  used t o  v e r i f y  the physic(i1 and 
e l e c t r i c a l  ccmpat ibi l i ty  of the vehic le  s tages  with each other arid wiI:h the 
launch f a c i l i t y ,  to  develop the  automatic checkout procedures t h a t  w i  11 
precede each launch, and t o  demonstrate the propel lant  loading technicpes . 
It a l s o  provided ac tua l  test  d a t a  on the a b i l i t y  of Saturn V t o  withs1:and 
high winds. This test s e r i e s  came t o  a c lose  i n  November, 1966,wtien tllie 500-F 
was ro l l ed  back from the pad t o  the vehic le  assembly bui ld ing ,  c lear ing  the 
way for  the f irst  Saturn V mission. 

The component qua l i f i ca t ion  test program, which w a s  undertaken t o  (cer t i fy  
through ground t e s t i n g  the f l i g h t  readiness of some 3,500 d i f f e r e n t  c ~ m -  
ponents , is  a.lso progressing. Approximately 2,500 components were qu(n1ified 
on the bas i s  of r e l i a b l e  performance on previous systems; of the  remalning 
1,000, over 950 had been c e r t i f i e d  by December, 1966. An in tens ive  d r ive  t o  
qual i fy  the remaining components is  i n  progress. 

Saturn V dynamic t e s t i n g  or  "shaking", which is  conducted t o  roonitor the 
reac t ions  of the vehicle  under simulated f l i g h t  condi t ions,  such as launch, 
maximum aerodynamic loading, and s t age  separa t ion ,  is  conducted at thie 
Marshall Space F l igh t  Center. Dynamic tests i n  support of the f l r s t  unmanned 
!Saturn V launch a r e  scheduled f o r  completion i n  e a r l y  1967. 
dynamic t e s t ing  w i l l  be conducted a t  Marshall during the year to  support the 
i n i t i a t i o n  o f  manned Saturn V launches. 

Additional 

The Saturn V' schedule provides f o r  f i f t e e n  launch vehicles  i n  support  of 
Apollo unmanned q u a l i f i c a t i o n  f l i g h t s ,  manned lunar  mission s imulat ions,  and 
manned lunar missions. Saturn V hardware production and de l ive r i e s  are 
rap id ly  bui1dlin.g up t o  meet the mission requirements. Peak production 
a c t i v i t y ,  based on hardware i n  process, w i l l  be reached during 1967. Work 
its already underway on a l l  the f i f t e e n  Saturn V launch vehicles .  Manufacture 
of the f i r s t  f i v e  has been completed and long leadtime components f o r  the 
l a s t  launch vehic les  a r e  being fabricated.  By the end of the year, assembly 
of the f i f t e e n t h  launch vehic le  w i l l  be underway, 

The f i rs t  launch of a Saturn V vehic le  from Complex No. 39 a t  the Kennedy 
Space Center w i l l  be i n  1967. This  mission, designated AS-501, w i l l  b e  an 
unmanned o r b i t a l  f l i g h t  t o  test  the v e h i c l e ' s  dynamic c h a r a c t e r i s t i c s ,  the 
r e l i a b i l i t y  of the propulsion systems, and the accuracy of the guidance and 
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cont ro l  sequencing system, a s  w e l l  as  a spacecraf t  hea tsh ie ld  qualificnit ion 
test. The second unmanned q u a l i f i c a t i o n  f l i g h t ,  AS-502, is a l s o  scheduled 
f o r  1967. Again, the operat ional  r e l i a b i l i t y  and performance c h a r a c t e r i s t i c s  
of the  vehic le  w i l l  be val idated.  
demonstrate t h a t  the 3rd s tage has the capab i l i t y  t o  provide the propulsion 
to eject the Apollo spacecraf t  out  of e a r t h  o r b i t  and on t o  the moon. Major 
emphasis during 1967 w i l l  be on f l i g h t  q u a l i f i c a t i o n  of the  Saturn V. 
irig success with the i n i t i a l  f l i g h t  tests, manned missions a r e  planned f o r  
1968. 

The mission w i l l  a l s o  be designed t l o  

Assum- 

1st Stage (S-IC) 

The Saturn V 1st s t age ,  which generates approximately 7.5 mil l ion  pounds 
of t h r u s t ,  i s  t h e  m o s t  powerful developed by t h i s  country t o  da t e .  The s t age  
i s  powered by f i v e  l iqu id  oxygen-kerosene F-1 engines,  each developing about 
1.5 mil l ion pounds of th rus t .  This l a rge  cy l ind r i ca l  s tage  i s  138 f e e t  high 
and 33 f e e t  i n  d i a m e t e r ;  i ts  dry weight i s  approximately 290,000 pounds. 
The f u e l  tank has a capacity of 210,000 gal lons of RP-1 (kerosene), while 
the oxidizer  1:an.k can hold 327,000 gal lons of l iqu id  oxygen. A t  launch, the 
S-IC wi l l  be l i f t i n g  a total space vehicle  weight of s i x  mi l l ion  pounds. 
During f l i g h t  the s t age  burns fo r  two and a ha l f  minutes, consuming about 
15 tons of propel lant  a second. 

Development: began i n  e a r l y  1962. The Marshall Space F l igh t  Center,  with 
the assistanc:c! of the B o e i n g  Corporation, manufactured the  s t r u c t u r a l  test  
components, the f i r s t  ground t e s t  s t age ,  and the f i r s t  two f l i g h t  s tages  at 
Huntsvi l le ,  P h t m n a .  Manufacturing of the f i r s t  f l i g h t  s t age  began at 
Huntsvi l le  in July, 1964. Boeing w a s  awarded the cont rac t  t o  manufactuire t w o  
other  ground 1:es t s tages  (dynamic and f a c i l i t i e s  checkout) and t h i r t e e n  
f l i g h t  s tages  at. the government-owned Michoud Assembly F a c i l i t y  near New 
Orleans, Louiaisma. 

During FY 1.966, the all-systems test runs reached f u l l  dura t ion  s t a t u s .  
Five-engine, aut:amated test f i r i n g s  were completed a t  Marshall i n  December, 
1965. This g:ro~tnd test program, cons is t ing  of 15 capt ive f i r i n g s  f o r  a 
t o t a l  of 842 r;ec:onds, v e r i f i e d  the  bas i c  propulsion system. S t r u c t u r a l  
t e s t i n g  w a s  a:lso conducted. The dynamic test stage and f a c i l i t i e s  checkout 
s tage  were ctxnp1.eted. The f a c i l i t i e s  checkout s t a g e  was shipped from 
Michoud t o  the  Kennedy Space Center i n  January, 1966. The f i r s t  f l i g h t  stage 
(S-IC-1) went: through manufacturing, assembly, and acceptance t e s t i n g ,  and 
pos t - s t a t i c  checkout a t  Marshall; and the  second (and f i n a l  Marshall- 
manufactured .€ l igh t  stage) completed acceptance t e s t ing .  By the  end clf 
FY 1966, f i v e  S-IC f l i g h t  stages were undergoing manufacturing, assembly, 
or in-plant  checkout a t  Michoud. 

Act iv i ty  iin FY 1967 has been highl ighted by the de l ivery  of the f i r s t  
f l i g h t  s tage  to the Kennedy Space Center. The s tage  is undergoing prcl- 
launch preparat ions i n  the vehicle  assembly bui lding a t  Launch Complex. No. 3 9 ,  
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The second1 f l i g h t  a r t i c l e  completed pos t - s t a t i c  checkout and the thlird 
passed i ts  acceptance test f i r i n g  at Marshall. The four th  f l i g h t  stage w i l l  
be completed m c l  del ivered t o  the  Mississ ippi  Test  F a c i l i t y  t o  inaugurate 
acceptance t e s t i n g  a t  t h i s  locat ion.  The f i f t h  and s i x t h  are scheduled t o  
complete manufacturing, and the remaining nine w i l l  be phased i n t o  marlufactur-. 
i n g  or 10ng-l.c~acl procurement. 

The FY 196l3 funds support  completion of the  S-IC s t r u c t u r a l  test  program 
and cont inuat ion of assembly, in-plant checkout, acceptance t e s t i n g ,  end 
shipment of fLig;ht stages t o  the Kennedy Space Center. The four th ,  f i f t h ,  and 
s i x t h  s tages  isi;11 be put  through pos t - s t a t i c  checkout a t  Michoud, del ivered 
t o  the Kennecby Space Center, and prepared f o r  f l i g h t .  The seventh andl e ighth  
1st s tages  am scheduled t o  complete assembly, in-plant checkout, and s t a t i c  
t e s t ing ;  and the ninth and tenth are scheduled t o  be through manufacttiring 
and checkout a t  Michoud. The f i v e  remaining s tages  are planned t o  be i n  
manufacturinls during FY 1968. 

2nd Stage (S-11) 

The 2nd stage of the Saturn V is powered by a c l u s t e r  of f i v e  l iqu id  
oxygen-1 Lquid hydrogen 5-2 engines,  producing a t o t a l  t h r u s t  of approximately 
1 mi l l ion  pounds a t  a l t i t u d e .  It i s  the  nat ion 's  l a r g e s t  liqutd-hydrogen 
powered stage. The cy l ind r i ca l  s t age  is approximately 82 f e e t  high aiid 33 
feet i n  diameter. The aluminum a l l o y  sk in  on the i n i t i a l  stages is  only 
,153 inches thick and w i l l  be reduced t o  .128 inches i n  subsequent stciges. 
The s t r u c t u r e  contains two propel lant  tanks separated by an insulated common 
bulkhead, Tlne top tank holds almost 290,000 ga l lons  of l iqu id  hydrogcm; 
the lower tank, located below the common bulkhead, holds almost 94,000 gallon!; 
of l iqu id  ox:ygen. S t a r t i n g  off  on the launch pad, its gross  weight, :l.ncludinp; 
engines,  is about one mi l l ion  pounds - 90% of which cons is t s  of prope t lan ts .  
During f l i g h t  the stage burns f o r  s i x  and a ha l f  minutes and withstands 
temperatures ranging from about +400 t o  -400 degrees Fahrenheit .  The com- 
ponent qua l i f i ca t ion  requirements f o r  the S-I1 are p a r t i c u l a r l y  s t r i n g e n t  
blecause the s tage s t r e t ches  t o  the  utmost e x i s t i n g  hydrogen propulsion tech- 
nology and rlelated manufacturing techniques. 

Design, production, and ground test  of t h i s  s tage  are performed by the 
North American Aviation Space and Informations Systems Division. 
ing ,  assembly, and fac tory  checkout are accomplished a t  governmerit-wised 
f a c i l i t i e s  a t  Seal  Beach, Cal i forn ia ,  North American conducts developmental 
ground t e s t i n g  a t  i t s  Santa Susana S t a t i c  Test Laboratory. F l igh t  st,ages are 
shipped through the Panama Canal t o  the Mississ ippi  Test F a c i l i t y  t o  iindergo 
acceptance f i r i n g  before being del ivered t o  the Kennedy Space Center. 

Maniifactur- 

Deve1opmen.t of the 2nd s tage  began i n  January, 1962. The e a r l y  t e s  t s tages  , 
lincluding an electro-mechanical mock-up, a6 w e l l  as a b a t t l e s h i p ,  a 
structural/dynamic,  and a f a c i l i t i e s  checkout ground test s t age ,  were a l l  
in progress during 1963 and 1964. 
i.n August, 1964. 

The f i r s t  f l i g h t  s tage  entered f ab r i ca t ion  



During F'Y 1966, t he  production and ground development test e f f o r t s  were 
bui lding up a t  a rap id  rate. 
assembly a t  the North American Seal Beach f a c i l i t i e s .  
t o  check out the propulsion system w a s  a lso conducted a t  the company's Santa 
Iiusana S t a t i c  T e s t  Laboratory. These ground tests consis ted of repeated 
f i r i n g s  of thle c l u s t e r  of f i v e  200,000 pound th rus t  5-2  engines to  demon- 
s t r a t e  the performance c a p a b i l i t i e s  of the propulsion system. In addi t ion,  
u series of s t r u c t u r a l  tests was performed to c e r t i f y  the  design c r i t e r i a .  
On September 29, 1965, the S - I 1  s t r u c t u r a l  s tage  f a i l e d  while undergoing i t s  
f i n a l  major t e s t  a t  Seal Beach. The stage had withstood pressure and temper- 
a tu re  s t r e s s e s  i n  excess of design requirements, and had demonstrated s t ruc-  
t u r a l  i n t e g r i t y  under simulated f l i g h t  condi t ions before i t  ruptured. 

S ix  f l i g h t  stages were i n  f ab r i ca t ion  and 
Bat t lesh ip  t e s t i n g  

During FY 1967, the development and q u a l i f i c a t i o n  ground test  program has 
been continuing,. The f a c i l i t i e s  checkout s tage  was used fo r  ac t iva t i im  of 
the f i r s t  set: of f a c i l i t i e s  a t  Launch Complex No. 39 and shipped t o  the 
Marshall Spac:e F l igh t  Center fo r  use i n  the Apollo Saturn V dynamic t e s t  
program. The: al l -systems test s tage was used t o  check out  the f i r s t  S-11 
test stand at :  the  Mississ ippi  T e s t  Fac i l i t y .  S t a t i c  tests had progressed 
through the point  of a fu l l -du ra t ion  f i r i n g  of approximately 390 seconds. 
'fie s tage f a i l e d  when the l i qu id  hydrogen tank was inadvertent ly  over- 
pressurized, as; tests leading t o  a second fu l l -dura t ion  f i r i n g  were being 
conducted . 

A key milestone was passed on December 1, 1966, when the f i r s t  f l i g h t  
:stage (S-11-1.) was successful ly  s t a t i c  f i r e d  a t  the Mississ ippi  T e s t  Fac i l i t y .  
The s tage,  which w i l l  f l y  on the f i r s t  Saturn V mission, was s t a t i c  t e s t ed  
€or 384 secondsi--approximately the length of time required to  operate  i n  
€ l igh t .  The t e s t  yielded about 800 c r i t i c a l  measurements on the s tage 
performance, including tank temperatures and pressures,  propel lant  flow 
r a t e s ,  and v ibra t ions .  The s tage w i l l  be refurbished and shipped to  the 
Kennedy Spac:c! C:enter i n  e a r l y  1967. 
:Saturn V f l ight :  vehicle ,  an S - I 1  spacer was furnished to  the Kennedy Space 
Center. The! spacer i s  a s u b s t i t u t e  s t ruc tu re  fo r  the s tage which pe rmi t s  
the balance of the vehic le  t o  be stacked and checked out.  

To avoid delay i n  checking out  t h e  f i r s t  

The production of f l i g h t  hardware has  increased during FY 1967. By the  
end of t h i s  fiaical year,  the f i r s t  t w o  f l i g h t  s tages  a r e  scheduled folr 
completion of acceptance t e s t ing ,  p o s t - s t a t i c  checkout, and de l ivery  to  the 
Kennedy Spacx! Center. 
operat ional  a t  the Mississ ippi  T e s t  Fac i l i t y .  Manufacturing or procoirement 
, ac t iv i ty  f o r  the remaining s tages  w i l l  be underway. 

The second S - I 1  test stand (designated A - 1 )  w i l l  be 

F i sca l  yecar 1968 a c t i v i t y  w i l l  continue to  emphasize production of hardware 
i n  support of the  Apollo Saturn V f l i g h t  requirements. The th i rd ,  fclurth, 
f i f t h ,  and s i x t h  f l i g h t  s tages  are scheduled f o r  completion of acceptance 
test, post- s1:at:ic checkout, and shipment to the Kennedy Space Center. 
;Exhaustive pire-Launch checkout procedures w i l l  be conducted a t  Kennedy to  
assure t h a t  these s tages  measure up to  the s t r ingen t  performance standards 
establ ished :Eor manned f l i g h t .  
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The tempo olf hardware production f o r  the following f l i g h t s  must a l s o  be 
sustained. 
be i n  an in tens ive  period of manufacturing, assembly, in -p lan t  checkout, o r  
acceptance f i r i n g  to  support the planned launch r a t e .  
ment a c t i v i t y  w i l l  be underway on the three remaining f l i g h t  stages.  

T h e  s tages  f o r  the seventh through twelf th  Saturn V vehiclles w i l l  

In  addi t ion ,  procure- 

3rd Stage (S-IVB) 

Basic development cos t  fo r  t h i s  s tage ,  which is  also used on the Uprated 
Saturn I,  a re  funded i n  t h i s  l i n e  i t e m .  
and t e s t ed  by t h e  Douglas A i r c r a f t  Company, Missile and Space Systems Division, 
which a l so  prclduced the upper s tage  of the Uprated Saturn I. 
manufactured e n d  t e s t e d  a t  the Douglas Space Center, Huntington Beach, Cal i for-  
n i a ,  and acceptance t e s t i n g  is  conducted a t  the Sacramento T e s t  Operations S i t e .  

The S-IVB i s  being developed, produced, 

The s tages  a r e  

I n  additioln to  furnishing the f i n a l  increment of ve loc i ty  t o  put the 
Saturn V payload i n t o  o r b i t  around the ea r th ,  t h i s  s tage  provides the s tab i -  
l i z a t i o n  f o r  t:he spacecraf t  during the  e a r t h  o r b i t a l  coast  period. During 
t h i s  time, t h e  s tage has  t o  provide r o l l ,  p i t ch  and yaw cont ro l .  The s tage 
a t t i t u d e  control  system is a l s o  used t o  pos i t ion  the s tage  and spacecraf t  
f o r  the  second burn of the s ing le  5-2  engine t h a t  i n j e c t s  the Apollo space- 
c r a f t  i n t o  a I.unlar t r a j ec to ry .  Once out  of the  e a r t h  o r b i t ,  the  S-IVB 
s t a b i l i z e s  t h e  apacecraf t  u n t i l  the  accuracy of the  lunar t r a j e c t o r y  is 
confirmed and, maintains the s t a b i l i t y  of the lunar  module while the as t ronauts  
perform separaition, turn-around, and docking maneuvers with the Apollo conmand 
and service aKbdude s. 

During 19613 and 1964 production of the  ground test  development s tages  was 
. .  

underway. 
1064. 
O E  technology ca r r i ed  over from the previous Saturn pro jec ts .  
the S - N R  has already demonstrated i t s  operat ional  r e l i a b i l i t y  on Uprated 
Sinturn I f l i g h t s .  

Bat t lesh tp  te!r#t8 to  v e r i f y  the operat ional  r e l i a b i l i t y  of the s tage  propul- 
sfon system w r e  conducted a t  the Sacramento Test  Operations S i t e .  The re- 
s t a r t  capabilllty of the 5-2 engine, burning l i qu id  hydrogen and liquid1 oxygen, 
was demonstrated during these tests. The s tage used f o r  Uprated Saturn I 
dynamic t e s t i n g  was modified to add a f l a i r e d  in t e r s t age  sec t ion  and readied 
fo r  the Saturn V dynamic test program. The f a c i l i t i e s  checkout stage was 
a l s o  ready fo i -  use i n  the ac t iva t ion  of the f i r s t  set of f a c i l i t i e s  a t  Launch 
Complex No. 3 ! J .  
tur ing,  assembly, or acceptance test. 

Th~e f i rs t  f l i g h t  S - N B  stage entered f ab r i ca t ion  i n  the f a l l  of 
The steadky progress on t h i s  s tage  can be t raced i n  a sense t o  the  bank 

For example, 

F i sca l  yeair. 1966 a c t i v i t y  focused on the ground development test program. 

The f i r s t  f i v e  f l i g h t  S-NB s t ages  were undergoing mainufac- 

During Fp '1907, these ground test s tages  w i l l  be used f o r  Saturn V dynamic 
t e s t i n g  a t  Mzirshall and f o r  checking out  Pad B i n  the second set of feicil i t iez;  
a t  Launch Cmq,lc!x No. 39. The second and t h i r d  f l i g h t  s tages  a r e  schaiduled 
fo r  completion rind de l ivery  t o  the Kennedy Space Center. The four th  w i l l  com- 
p l e t e  checkout a t  Huntington Beach and w i l l  undergo acceptance tes t ing,  a t  the 
Sacramento T e s t  Operations S i t e ;  and the remaining f i v e  f l i g h t  s tages  w i l l  be 
phased in to  f i ibr icat ion and assembly t o  meet f l i g h t  schedule requirements. 



Fisca l  year 1968 a c t i v i t y  w i l l  focus on continued production and de l ivery  
of f l i g h t  s tages  t o  support the Apollo Saturn V schedule. The four th  f l i g h t  
s tage w i l l  be shipped from the West Coast t o  the  Kennedy Space Center f o r  
pre-launch checkout. The next two f l i g h t  stages are scheduled to  be through 
f ab r i ca t ion  and in-p lan t  checkout a t  Huntington Beach, a s  w e l l  as acceptance 
t e s t i n g  and p o s t - s t a t i c  checkout a t  the Sacramento T e s t  Operations S i te ;  
these s tages  are a l s o  scheduled f o r  de l ivery  t o  the  Kennedy Space Center by 
the end of FY' 1968. Fabricat ion,  assembly, in -p lan t  checkout, and acceptance 
t e s t i n g  of the  seventh and e ighth  f l i g h t  s tages  a r e  planned, and the ninth 
and t en th  w i l l  be through f ab r i ca t ion  and assembly i n  preparat ion fo r  accept- 
ance f i r i n g  a t  Sacramento. The remaining f i v e  s tages  w i l l  be i n  var ious  
phases of ma,rruf ac tu re  and assembly. 

Instrument Unit (XU) 

The Saturn V' instrument u n i t  i s  e s s e n t i a l l y  the same a s  the one used on 
the Uprated !iat:urn I. 
system t h a t  lisnues commands to the  a t t i t u d e  cont ro l  devices  of each s8tage 
during powered f l i g h t  t o  guide the Apollo Saturn V. A major componenlt of 
the I U  guidance! and cont ro l  system i s  the  launch vehic le  d i g i t a l  compluter. 
This  computer j.8 a micro-miniaturized l iqu id-  cooled e l ec t ron ic  device which 
performs a v e r i e t y  of operat ions during pre- launch checkout, launch, e a r t h  
'o rb i ta l  operat ions,  i n j ec t ion  i n t o  a t ranslunar  path, and spacecraf t  separa- 
t ion.  Anothtrr key component of the IU i s  the instrumentation system, which 
includes the  measurement sensors,  telemetry,  and communications systems. 

The instrument u n i t  conta ins  the guidance and cont ro l  

The insti:im!nt u n i t s  are assembled and checked out' by the  In te rna t iona l  
Business Machines Corporation i n  Huntsvi l le ,  Alabama. During 1965, tin inten-  
sive ground t e s t  program was underway t o  demonstrate i t s  r e l i a b i l i t y  f o r  
Saturn Y f1:L:jhts. S t ruc tu ra l  and dynamic t e s t i n g  was conducted. Procurement 
a c t i v i t y  f o r  tlie f i r s t  f l i g h t  u n i t  (S-IU-501) was s t a r t e d  i n  January 1965. 

During Flt 1!)66, the development test e f f o r t  was in t ens i f i ed .  The systems 
test u n i t  wais subjected t o  a series of development tests t o  v a l i d a t e  the 
guidance and cont ro l ,  instrumentation, and electrical power equipment.. The 
f a c i l i t i e s  checkout u n i t  was shipped t o  the Kennedy Space Center and used 
f o r  checkout and ac t iva t ion  of Launch Complex No. 39. Procurement ac . t iv i ty  
fo r  the second, t h i rd ,  and four th  f l i g h t  u n i t s  began. 

E f fo r t  In PI 1967 has  focused on assembly and inspect ion of f l ight :  u n i t s  
t o  meet the (de'livery schedule. The I U  f o r  the  f i r s t  Saturn V f l i g h t  was 
del ivered t o  tlie Kennedy Space Center i n  August,1966. 
f l i g h t  u n i t  was completed a t  IBM, Huntsvil le,  f o r  de l ivery  to  Kennedy i n  
e a r l y  1967. Assembly and f ac to ry  inspect ion of the t h i r d  f l i g h t  I U  has  been 
completed, and checkout i s  underway. By the end of FY 1967, the thi1.d flight: 
u n i t  w i l l  be ready fo r  de l ivery  t o  KSC. 

Checkout of the  second 

F i sca l  year 1968 w i l l  a lso be marked by a steady de l ivery  rat:e i n  support 
of the scheduled Apollo Saturn V missions. The fourth,  f i f t h  and s i x t h  
f l i g h t  u n i t s  w i l l  be checked out  and del ivered t o  the Kennedy Space (:enter. 
Assembly, impsection and checkout of the  seventh f l i g h t  u n i t  w i l l  be completed. 
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Ground Support Equipment (GSE) 

The Saturn V ground support equipment consists of electrical and mechan- 
i c a l  support equipment required to  test and check out  the s tages ,  instrument 
u n i t s  and associated hardware. The checkout procedures developed f o r  the 
Saturn V a re  based on the concept t h a t  improved vehic le  r e l i a b i l i t y  and 
minimum time a t  the launch si te can be a t t a ined  by using a computer-controlled 
system i n  which the operat ional  soundness of components i s  automatical ly  
ve r i f i ed .  Automatic checkout equipment i s  used a t  the manufacturing, s t a t i c  
test ,  and launch sites. 

The General E l e c t r i c  Company i s  under cont rac t  f o r  design, fabr ica t ion ,  
checkout, ancl l o g i s t i c  support of the Saturn V e l e c t r i c a l  support equipment. 
The Boeing Ccnnpany i s  contractor  f o r  a Saturn V equipment management system, 
which provides a master record f o r  a l l  vehic le  ground support equipment. 
13oeing i.s a l s o  responsible  f o r  the in t eg ra t ion  and l o g i s t i c  support of a l l  
mechanical support equipment. The Radio Corporation of America Ls providing 
the computer systems and Sanders Associates  the d i sp lay  systems far u s e  a t  
Launch Complex No. 39. 

F i sca l  year 1964 and 1965 funds were used f o r  design and i n i t i a t i o n  of 
'Long leadtiine procurement of electrical  and mechanical checkout equipment 
f o r  use a t  Launch Complex No. 39. I n  addi t ion,  i n s t a l l a t i o n  and t e s t i n g  of 
ipn e l ec t r i ca l .  checkout equipment and f l i g h t  hardware simulator (breadboard) 
was i n  progress a t  the Marshall Space F l ight  Center. Funds were a l s o  used 
to develop arid procure spec ia l  test equipment and components, such a s  hard- 
ware f o r  the uuibilical/swing arm test f a c i l i t y .  

During ET 1966, i n s t a l l a t i o n  and checkout of the equipment f o r  the 
Saturn V brertdboard was completed a t  Marshall. 
develop and 1:es;t operat ing procedures f o r  the electrical ground support 
equipment. I n  addi t ion,  de l ivery ,  i n s t a l l a t i o n  and checkout of the  vehicle-  
or iented GSE f o r  use on the f i r s t  launch umbilical  tower, the f i r s t  high-bay 
;and the low-hay of the vehicle  assembly bui lding,  the f i r s t  f i r i n g  rolom of 
the launch cont ro l  center, the f i r s t  launch pad and the necessary support 
a r eas  wexe cctmpleted. Saturn V -  or ien ted  GSE f o r  the second launch uimbilical 
tower, high-bay area,  f i r i n g  room, and launch pad was a l s o  procured. 

This  equipment was used to  

Act iv i ty  i n  FY 1967 includes preparat ion and v e r i f i c a t i o n  of compuiter 
tapes  f o r  t h l e  i n i t i a l  Saturn V f l i g h t  missions. I n  addi t ion,  the vehicle 
(;SE f o r  the  second set of f a c i l i t i e s  a t  Launch Complex No. 39 w i l l  be 
i n s t a l l e d  arid checked out  to support the si te ac t iva t ion  and f l i g h t  schedule, 
1i)elivery and! i n s t a l l a t i o n  of vehicle-associated GSE f o r  the t h i r d  lacinch 
umbilical  tcwer, high-bay, and f i r i n g  room w i l l  a l s o  be underway during the  
year. 

Funds i n  IY 1968 support preparat ion and v e r i f i c a t i o n  of computer tapes  
f o r  the manned Saturn V missions and also provide f o r  completion of Siaturn V - 
r e l a t e d  GSE for. the  th i rd  launch umbilical  tower, high-bay, and f i r i n g  room 
i n t  Launc:h Ccmplex No. 39. 



F-1 Engines 

The F-1 engine i s  being developed and produced by North American Aviation/ 
Rocketdyne Division a t  Canoga Park, Cal i fornia .  
a t  Edwards A i . r  Force Base, Cal i forn ia .  
engines a r e  c lus te red  i n  the f i r s t  s tage  of the Saturn V. Each engine 
generates  approximately 1.5 mi l l ion  pounds of t h r u s t ,  f o r  a t o t a l  t h r u s t  of 
approximately 7.5 mil l ion  pounds. 

Engine t e s t i n g  is conducted 
Five l i q u i d  oxygen/kerosene F - 1  

The i n i t i a l  cont rac t  f o r  the F-1 was awarded to  Rocketdyne i n  January, 
1959. The f i r s t  f u l l  t h rus t ,  f u l l  durat ion f i r i n g  w a s  conducted a t  Edwards 
i n  Junq1962. I n  December,1964, the  engine was c e r t i f i e d  f o r  f l i g h t .  The 
f i r s t  c lus te red  engine f i r i n g  was conducted i n  April,l965,and w a s  followed 
kn May by the de l ivery  of the f i r s t  set of f l i g h t  engines. 

By the end of FY 1966, a t o t a l  of f o r t y  F-1 engines had been del ivered 
t o  support Saturn V requirements. This t o t a l  included spares,  s tage  test, 
trnd f l i g h t  engines. 
contractor  development of the  F-1 under the p ro jec t  l i n e  "Engine Development." 
Following completion of q u a l i f i c a t i o n  i n  September,l966, the funding of 
contractor  e f f o r t s  f o r  f i e l d  and engineering support w a s  t ransfer red  to  t h i s  
account. 
solving, maintenance of test  engines i n  a configurat ion f o r  rap id  solut ion 
of problems, component and engine system t e s t ing ,  and per iodic  v e r i f i c a t i o n  
of f l i g h t  worthiness a r e  included i n  t h i s  category. 

F i s c a l  year 1966 was the l a s t  f u l l  year of funding the 

F ie ld  and engineering support f o r  f l i g h t  evaluat ion and problem 

Act iv i ty  i n  FY 1967 has  a l s o  emphasized the de l ivery  of f l i g h t  engines t o  
n e e t  the  Apollo Saturn V schedule. 
t:wenty-three add i t iona l  F-1 engines w i l l  have been del ivered f o r  the ground 
test and f l i g h t  program. 

By the end of the cur ren t  f i s c a l  year, 

Funds i n  FY 1968 provide f o r  continued engine deliveries t o  meet f l i g h t  
Thirty-four F-1 engines a r e  scheduled f o r  de l ivery  durfng 

The funds a l s o  cover quick response t o  any F-1 problems en- 
requirements. 
t:hfs period. 
countered i n  the f l i g h t  missions. 

J- 2 Engines 

The 5-2, ?which was developed and i s  being produced by North Amerimn 
Aviation, Rocketdyne Division, i s  used i n  the  two upper stages of the  Saturn 'W. 
The second s tage i s  powered by f i v e  5-2 engines, each producing over 200,000 
pounds of thrus t .  The t h i r d  s tage i s  powered by a s ing le  5-2 engine with 
r e s t a r t  capabi l i ty .  

The 5 - 2  entered development i n  September,1960,and the f i r s t  f l i g h t  demon- 
s t r a t i o n  was achieved i n  February,l966. 
t h r u s t  l e v e l  of 230,000 pounds w a s  r ecen t ly  completed i n  support of the 
Saturn V f l i g h t  missions. 

Qual i f ica t ion  of t h i s  engine a t  a 
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The l a s t  ful.1 year of funding f o r  the contractor  e f f o r t  under the pro jec t  
l i n e  i t e m  "EE:ng.l.ne Development" w a s  i n  FY 1966. Following completion of 
engine qua1ific:ation a t  the 230,000 pound th rus t  l eve l ,  the  funding o f  con- 
t r ac to r  fie1.d and engineering support was t ransfer red  t o  t h i s  account. The 
f i e l d  and engineering support a c t i v i t y  includes f l i g h t  evaluat ion and problem 
solving, maintenance of t e s t  engines i n  a configurat ion fo r  rapid so lu t ion  of 
!problems, ccmponent and system t e s t ing ,  and per iodic  v e r i f i c a t i o n  of f l i g h t  
worthiness. 

During Fy' 1966, the engine de l ivery  r a t e  i n t ens i f i ed  t o  meet the schedule 
requirements. By the end of t h a t  f i s c a l  year a t o t a l  of 57 5 - 2  engines, 
including ground test and f l i g h t  a r t i c l e s ,  had been delivered. 

During FY' 19167, an add i t iona l  39 engines a r e  scheduled fo r  del ivery.  

The funds in1 FY 1968 w i l l  p r w i d e  f o r  de l ivery  of 36 more engines and f o r  
rapid response to  any problems encountered during the Saturn V f l i g h t s .  

Vehicle Support 

Vehicle support funds a r e  required t o  provide serv ices  and equipment t h a t  
a r e  cormon t o  more than one s tage  of the vehicle .  Funding i n  FY 1966 and 
I?Y 1967 included instrumentation, recording and data  reduction equipment f o r  
the Saturn V dynamic test stand a t  Marshall Space F l igh t  Center; t ransporta-  
t i on  cos ts ,  which include use of marine vessels and a i r c r a f t  f o r  mwement of 
s tages ,  engines and components; ac t iva t ion  and operat ion of the  Mississ ippi  
T e s t  F a c i l i t y ;  operation of the S l i d e l l  F a c i l i t y ;  range sa fe ty  and t racking 
devices;  pralpellants; systems in t eg ra t ion ;  and computation services ,  engineer- 
ing serv ices ,  qua l i t y  cont ro l  and inspect ion,  cont rac t  adminis t ra t ion,  a u d i t  
and property adminis t ra t ion services by o ther  government agencies. In FY 
1968, emphasis w i l l  be placed on s t a t i c  test act ivi t ies  a t  the Mississ ippi  
Test F a c i l i t y  and vehic le  support a t  the Kennedy Space Center. 
in tegra t ion  w i l l  continue t o  insure proper in t e r f ace  cont ro l  of a l l  s tages ,  
systems, and s t ruc tu res  and r e l i a b i l i t y  and f l i g h t  evaluat ion programs w i l l  
also be funded. 

Systems 

Engine Development 

1968 --- 1966 1967 

Engine development.. . . . . . . . $133,200,000 $49,800,000 ~24,500,000 

Total.................... $133,200,000 $49,800,000 ~ 2 4 , 5 0 ~ 0 , 0 0 0  --- 
Development e f f o r t  on the family of engines used i n  the Saturn launch 

vehic les  was i n i t i a t e d  i n  September,l958,by the Department of Defense under 
ii cont rac t  with the Rocketdyne Division of North American Aviation t o  develop 
an improved vers ion of the  Thor-Jupiter engine. Responsibi l i ty  f o r  t ' h i s  
development a c t i v i t y  was t r ans fe r r ed  t o  NASA i n  1960. The improved vlersion, 
designated t h e  H - 1 ,  was the 165,000 pound t h r u s t  l i q u i d  oxygen/kc arose ne 
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engine t h a t  was used on the  f i r s t  Saturn I development f l i g h t s .  This engine 
was successively uprated t o  188,000 pounds; t o  200,000 pounds; and f i n a l l y  
to the  205,000 pound t h r u s t  engine t h a t  w i l l  be used i n  c l u s t e r s  of e l g h t  i n  
the  f i r s t  stage of Uprated Saturn I launch veh ic l e s  a f t e r  AS-205* Qu(a1ifica- 
t i o n  of the 205,000 pound t h r u s t  vers ion  of the  H-1  was accomplished in June ,  
1966. 

The dewlolpment of t he  F-1 and 3 -2  engines w a s  a l s o  awarded to the  Rocket- 
dyne Division of North American Aviation. The i n i t i a l  con t r ac t  f o r  t h e  F-1, 
H 1.5 million. pound thrus t ,  l i q u i d  oxygen/ kerosene engine, was awardled i n  
;lanuary,1959. The F-1 was c e r t i f i e d  a s  a q u a l i f i e d  engine, a t  i t s  r a t ed  
capacity,  i n  September,1966. This engine is used i n  c l u s t e r s  of f i v e  i n  
the  f i r s t  o r  booster s tage  of the  Saturn V launch vehicle.  The f i r s t  f l i g h t  
demonstration of t he  engine w i l l  occur i n  1967 when the  Apollo Saturn V 
f l i g h t  se r ies ,  is i n i t i a t e d .  

The 5-2  engine i s  used i n  a c l u s t e r  of f i v e  on the  second s tage  of the  
Saturn V, andl a s  a s ing le  engine on the  t h i r d  s tage  of the Saturn V end the  
second stage of the  Uprated Saturn I. 
hydrogen as  protpellants. The development con t r ac t  was l e t  i n  September,  19601, 
and the f i r s t .  f l i g h t  demonstration w a s  accomplished i n  February, 19661, on 
Hpollo Saturn 201. Qual i f i ca t ion  of the  engine a t  a r a t ed  t h r u s t  of 230,000 
pounds has j u s t  been completed. 

The 5-2 uses l i q u i d  oxygen and l i q u i d  

F i sca l  year 1966 was the  l a s t  f u l l  year of funding f o r  cont rac tor  e f f o r t  
on H-1,  F-1 ond 3 - 2  engine development under the  Engine Development pro jec t .  
1Jpon completFonl of engine q u a l i f i c a t i o n ,  funding of cont rac tor  e f f o r t  is 
t r ans fe r r ed  to the  r e spec t ive  engine accounts of t he  Saturn launch vehicles. 
This t r a n s f e r  covers a l l  f i e l d  and engineering support f o r  evaluation and 
problem solving;. Included are s t a t i c  t e s t i n g  f o r  quick response i n  support 
of f l i g h t  requirements; component and engine system t e s t i n g ;  periodic 
v e r i f i c a t i o n  of f l i g h t  worthiness; and maintenance of test engines in a 
configuraticm requi red  f o r  problem so lu t ion .  Transfer dates f o r  these 
e f f o r t s  were Ju ly ,  1966, f o r  t he  H-1; October, 1966,for the F-1; and January, 
L967,for the! J-2. F i s c a l  year 1967 funding a f t e r  these d a t e s  provides f o r  
government- furnished p rope l l an t s  and a n c i l l a r y  chemicals; s e rv i ces  anld 
equipment acir3oc:iated wi th  cont rac tor  e f f o r t ;  con t r ac t ,  a u d i t  and property 
adminis t ra t ion ;  and q u a l i t y  assurance and inspec t ion  services. 

During FY' 1968, the  funds requested w i l l  provide f o r  government-fuirnished 
propellants,  reimbursement t o  the  Department of Defense f o r  con t r ac t  adminis- 
t r a t i o n  and qucility assurance services, and a continuing program of g,overn- 
m n t  in- house and independent cont rac tor  eva lua t ion  and a n a l y s i s  of Flrime 
contractor-produced hardware. The major a c t i v i t y  i n  t h i s  a rea  is the1 3 - 2  
engine environmental test  program conducted a t  t he  A i r  Force Arnold Engineer- 
ing  Developaac?nt Center, Tullahoma, Tennessee. Other a c t i v i t i e s  incltlde 
operating 1 l i r n i l : s  i nves t iga t ion ,  ma te r i a l s  i nves t iga t ion ,  and q u a l i t y  and 
r e l i a b i l i t y  -studies. The t o t a l  eva lua t ion  and a n a l y s i s  program i s  d i r ec t ed  
toward i d e n t i f i c a t i o n  of those ma te r i a l s  and components which have the 
greatest opciire1:ional r e s t r i c t i o n s  o r  least confidence. Improvements, which 
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w i l l  r e s u l t  i n  a launch vehic le  of g rea t e r  operat ional  f l e x i b i l i t y ,  r e l i ab i1 , -  
i t y ,  or safjety, a r e  then incorporated i n t o  the engines. 

Mission Support 

19h8 ---_ 1966 1967 

Operations. .............. $112,928,000 $196,900,000 $229,000,000 
Systems (engineering.. .... 20,000,000 20,000,000 20,000,000 
Supporting development.. . 31,400.000 27,000.000 - 32,000,000 

Total.................. $164,328.000 $243,900.000 $281,0~)0,000 

Mission supiport provides fo r  the ove r -a l l  launch, f l i g h t ,  crew and recovery 
operat ions;  program-wide systems engineering; and supporting development 
necessary f o r  the successful  accomplishment of manned space f l i g h t s .  

Operations 

Operations include those a c t i v i t i e s  a t  the Kennedy Space Center and the 
Manned Spacecr,aft Center d i r e c t l y  concerned with the  launch and f l i g h t  of 
Apollo missions. 
of checkout, Launch, and instrumentation f a c i l i t i e s .  These requirements 
a l s o  provide fo r  contractor  services, equipment and suppl ies ,  and re Lmburse- 
ment fo r  se rv ices  performed by the A i r  Force. 
Center, a c t f v i t y  includes mission cont ro l  f o r  Apollo f l i n h t s :  supporl: of 
as t ronaut  t r a in ing  and f l i g h t  crew requirements; operat ion and u d a t t n  
of mission 13 h u l a t i o n ;  mission planning and ana lys i s ;  contractuaf  devefop- 
ment of reall-t:ime computer programs f o r  f l i g h t  missions and f l i g h t  monitor- 
ing; remote s i t e  operat ions;  and recovery equipment and a c t i v i t i e s ,  li.ncludini; 
reimbursement to the  Department of Defense f o r  recovery operat ions.  

Funding for the Kennedy Space Center covers the  operat ion 

A t  the  Manned Spacecriift 

Funds f o r  FY 1967 are supporting Apollo Uprated Saturn I unmanned and 
manned f l i g h t s  and the i n i t i a l  Saturn V unmanned f l i g h t s .  FY 1967 furtds 
a l s o  provide f o r  i n t ens i f i ed  t r a in ing  of as t ronauts  f o r  Apollo missi<ms 
and procurernenlr of lunar  landing t r a in ing  vehicles .  

The incrsiise! i n  the FY 1968 fund requirements i s  d i r e c t l y  r e l a t e d  t o  the  
increase i n  the Apollo f l i g h t  r a t e .  A t  the  Kennedy Space Center, tha con- 
t r a c t o r  e f f o r t  f o r  launch instrumentation and operat ional  support of launch 
a c t i v i t i e s ,  a t  the Manned Spacecraft  Center, the cont rac tor  e f f o r t  f o r  
operat ional  :;upport of the mission cont ro l  center ,  w i l l  increase dirclctly i n  
r e l a t i o n  t o  the number of f l i g h t s  planned. 

Systems Engineering 

Systems engineering provides f o r  in tegra ted  technica l  support, reslim, 
and ana lys i s  of manned space f l i g h t  missions. These serv ices  include the 
development of funct ional  and performance standards f o r  the program, cons€s- 
ten t  with mission objec t ives ;  mission planning; test  objec t ives  and jntegra-  
'tion; prograin aind systems spec i f ica t ions ;  t r a j e c t o r y  ana lys i s ;  checkclut 
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ef fec t iveness ;  and technica l  documentation. Bellcomn and General E l i x t r i c  
a r e  the p r inc ipa l  systems engineering contractors .  

During FY 1967, emphasis i s  being placed on developing and maintaining a 
quick response capab i l i t y  f o r  va l ida t ion  and ana lys i s  of f l i g h t  data  on a 
time sca le  compatible with the turn-around time of Apollo f l i g h t  missions. 
The FY 1967 funding a l s o  provides f o r  cont rac t  adminis t ra t ion and r e l a t e d  
serv ices  of the Department of Defense, a s  w e l l  a s  non-recurring meinitenance 
and r e h a b i l i t a t i o n  of gwernment-owned i n d u s t r i a l  plants .  

The systlems engineering r e q u i s i t e  f o r  t r a j e c t o r y  ana lys i s ,  checkoait 
e f fec t iveness ,  ana lys i s  of f l i g h t  mission resu l t s ,  de t a i l ed  s tud ie s  of 
spec i f i c  lunar landing a reas  and cons t r a in t s ,  and technical  document,lition 
w i l l  continue through FY 1968 to  support the increased f l i g h t  ac t iv i ' ty .  

Supporting Development 

Supporting development i s  a continuing program which involves individual ly  
selected engineering e f f o r t s  t o  el iminate  po ten t i a l  de f i c i enc ie s  i n  on- going 
programs and to provide a firm base f o r  hardware dec is ions  per t inent  t o  exten- 
sion of the program. The end objec t ives  a r e  to  remove iden t i f i ed  detliiciencies, 
and to  provlde backup so lu t ions  where required.  Supporting developmcnt a l s o  
c w e r s  deve Lopinent of improved hardware or manufacturing, test ,  and (!valuation 
techniques i t0  reduce cost and t o  upgrade performance and confidence. I n  
addi t ion,  supporting development includes the  i d e n t i f i c a t i o n  of marg:l.nal 
components, syistems o r  techn€ques and the development of modificatioxis t h a t  
could a l s o  be used i n  new pro jec ts .  
each work u n i t ,  depending on the s t a t e  of development of the hardware1 or  
technique, rind i s  s t rongly influenced by the nature  of the mainstream program 
problems or 'Long leadtime system requirements f o r  program modif icaticins or 
extensions.  Irr some cases,  the po ten t i a l  problem may bes t  be overcome by 
developing new hardware o r  techniques; and, i n  other  cases,  by modification 
Of the mainstream approaches through b e t t e r  d e f i n i t i o n  of spec i f ica t ions .  

The character  of the work varier;  with 

Work inil: Lated during previous years  i s  providing developed hardware 
during IT 1967, For example, a wide band telemetry system, designed t o  meet 
a data  traninnission requirement which could not  be handled by the r e s t r i c t e d  
channel capaci ty  of e x i s t i n g  telemetry,  was recent ly  incorporated i n t o  the 
imainstream Irpolllo program. A constant  bandwidth FM system with four times 
the data  capi lbi l i ty  formerly ava i l ab le  has been developed and has cone i n t o  
standard inchistry use. In another supporting development area,  an e le ic t r ica l  
device designed to  a c t i v a t e  Apollo spacecraf t  pyrotechnics, was founcl t o  be 
dangerously sens i t i ve  t o  the e f f e c t s  of s t a t i c  e l e c t r i c i t y  and r ad io  frequenc:y 
energy. A r r w  i n i t i a t o r  t h a t  eliminated these de f i c i enc ie s  was developed ancl 
(qua 1 i f  ied . 

The supporting development requirements remain subs t an t i a l ly  constant  to  
,provide fo r  the so lu t ion  of po ten t i a l  Apol lo  mainstream def ic ienc ies .  These 
solut ions w9.111 a l s o  be incorporated i n t o  the development of hardware and 
techniques associated with probable new projects .  The supporting devlelopment. 
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e f f o r t s  w i l l  be concentrated l a rge ly  i n  the S- I1  s tage  a rea  and t a sks  r e l a t e d  
t:o the Apollo spacecraft .  In the S- I1  s tage  area,  continued work t o  idevelop 
a l t e r n a t e  approaches to  the d i f f i c u l t  f ab r i ca t ion  techniques i s  consildered 
e s s e n t i a l .  I n  the Apollo spacecraf t  a rea ,  there  a r e  s t i l l  some remaining 
mater ia l s  compat ibi l i ty  problems, and a requirement to  provide for  thr? pos- 
s i b i l i t y  of addi t iona l  on board data  storage.  

In  the long leadtime development area, increased e f f o r t  i s  planned t o  
inves t iga te  the exp lo i t a t ion  of the inherent  c a p a b i l i t i e s  of the c u r r m t  
A!pollo/Saturn s y s t e m s  and f a c i l i t i e s .  
long t e r m  law and synchronous e a r t h  o r b i t a l  and extended lunar  e f f o r t  will 
requi re  such t a sks  as development of mult iple  r e s t a r t  capab i l i t y  f o r  iipper 
s tages ,  impr'ove'd in su la t ion  fo r  propel lant  s torage i n  space, and improved 
guidance and navigation systems. 

Application of these c a p a b i l i t t e s  fo r  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT --- APOLLO APPLICATION:; PROGFUE! 

PROGRAM OBJECT LVES AND JUSTIFICATION : 

I n  1961, the United States undertook the f i r s t  s t e p  toward a majo~. manned 
space f l i g h t  capab i l i t y  by s e l e c t i n g  the goal of a manned lunar 1and:i.ng within 
the decade. The Apollo and Saturn systems have been developed t o  mect tha t  
goa l ,  and the successfu l  Gemini program has provided the  necessary eilrly 
experience i n  inaneuver , rendezvous, docking, extravehicular  actf v i  t y  , and 
14-day fligiht. The Apollo A p p l i c a t i o n s  program is the  second signifi1:ant step 
toward t h a t  capab i l i t y  and represents  an e f f o r t  even more import:ant 3mnd far-  
reaching i n  i t s  implications than the Apollo e f f o r t  upon which i.t is based. 
The program w i l l  ca r ry  out a f u l l  inves t iga t ion  of man's r o l e  i n  the e f f ec -  
t i v e  exp lo i t a t ion  of the environment of space t o  meet man's needs on the 
e a r t h  and i n  t h e  long term explora t ion  of the universe. 

The Apollo Applications program proposed f o r  i n i t i a t i o n  i n  the FY 1968 
budget is based on an average annual launch rate of 4 Uprated Saturn I and 4 
Saturn V f l i g h t s  per  year following those required f o r  the manned luizar 
landing. The planned program w i l l  avoid any h i a tus  i n  the continued devel- 
opment of United S ta t e s '  manned f l i g h t  capab i l i t y ,  w i l l  continue the ava i l -  
a b i l i t y  of the na t ion ' s  t w o  m o s t  powerful rocket vehic les ,  and w i l l  not a f f e c t  
the on-going Apollo e f f o r t .  Maximum economy w i l l  be achieved througlz the 
f u l l  u t i l i za . t i on  and extension of Apollo and Saturn developments. The 
experimental payloads included i n  the Apollo Applications program ar!? designed 
t o  provide s i g n i f i c a n t  d a t a  on the c a p a b i l i t i e s  of man and equipment, and on 
t h e i r  po ten t i a l  a b i l i t y ,  as promptly and as economically as possible .  These 
plans have the f l e x i b i l i t y  of employing f o r  new missions any spacecraf t  and 
launch vehic.les cu r ren t ly  on order f o r  the  Apollo program t h a t ,  i n  t h e  event 
of e a r l y  su.c.cesses, are not required t o  meet Apollo object ives .  

The Apollo Applications missions w i l l  bui ld  upon the s t rong  base of f l i g h t  
experience, ground f a c i l i t i e s ,  and t ra ined  manpower developed i n  pas t  and 
current prcy;ra.ms. Each mission is designed t o  take f u l l  advantage af the 
Saturn-Apoll o system t o  make s i g n i f i c a n t  contr ibut ions t o  a wide range of 
objecti.ves. Missions are planned to  concurrently ga in  experience,  t e s t  
theory,  per form experiments, and c o l l e c t  da ta .  By e s t ab l i sh ing  mult iple  
object ives  for each f l i g h t  mission, a program l imited t o  a minimum economical 
launch rate cain achieve rapid progress and make g r e a t  gains a t  low cost.  Key 
elements of t h d s  planning include the  dec is ion  t o  use, modify, and expand 
present Apc);.lo systems c a p a b i l i t i e s  r a t h e r  than move toward whole new devel- 
opments, the! s t r a t e g y  of reusing bas i c  hardware f o r  many missions by storing, 
i t  i n  orbit  arid re turn ing  later with f resh  crews and expendables, and the 
approach of designing experiments t h a t  w i l l  gather  important data w h l i l e  at  
the  same time t e s t i n g  the experimental concepts themselves. 
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The program of inves t iga t ions  and development t o  be car r ied  forward i n  the 
Apollo Applications program w i l l  meet two bas i c  object ives  : t o  make unique 
contr ibut ions t o  p r a c t i c a l  appl ica t ions ,  operat ional  c a p a b i l i t i e s ,  sc ience ,  
and techriology; and, at the same time, t o  place the  na t ion  i n  a pos i t ion  t o  
assess, on the! bas i s  of va l id  s c i e n t i f i c  experimentation and ac tua l  esper ience,  
the value and f e a s i b i l i t y  of fu tu re  space f l i g h t  and the i n t e r r e l a t e d  ro l e s  
of manned and unmanned systems. 

I n  support: of these objec t ives ,  the p r inc ipa l  areas toward which ttie 
FY 1968 effort: w i l l  be d i r ec t ed  are the development of an extended f l l , gh t  
capab i l i t y ,  the conduct of manned astronomical and e a r t h  observations from 
space,  and the continued explorat ion of the moon. 

The ea r ly  development of long dura t ion  f l i g h t  capab i l i t y  i s  c l e a r l y  one 
of the most important areas t o  be pressed forward, i n  t h a t  i t  i s  a key re- 
quirement f or mos t of the  poss ib le  s i g n i f i c a n t  advances i n  manned f 1il ;ht .  
Apollo Applications f l i g h t s  of up t o  one year or more i n  dura t ion  w i l l  rep- 
resent  a s i g n i f i c a n t  increase i n  the nat ion 's  operat ional  capabi l i t i es )  i n  
space and opportuni t ies  f o r  important s c i e n t i f i c  and technological experi-  
mentation. ]Extended dura t ion  f l i g h t  experience is also necessary t o  Ijrovide 
a. sound bas is  f s r  those fu tu re  decis ions on manned programs of the griiatest  
i n t e r e s t  and po ten t i a l ,  such as permanent manned f a c i l i t i e s  i n  space or 
manned f l i g h t s  t o  the p lane ts .  

Apollo Applications experiments w i l l  permit important and unique observa- 
t ions  of the sun s t a r t i n g  i n  1969 and w i l l  a t  the same t i m e  provide experience 
t h a t  i s  e s s e n t i a l  fo r  the design and operat ion of fu tu re  la rge  telescclpes i n  
space (manned, man-tended, o r  unmanned) which w i l l  open up a whole new 
c:hapter i n  the explorat ion and understanding of the universe.  

Apollo Applications experiments with a wide va r i e ty  of sensing devices 
w i l l  t e s t  the f e a s i b i l i t y  and u t i l i t y  of advanced types of meteorological 
observations and e a r t h  resource surveys from space. These experimentis w i l l  
provide the data f o r  decis ions on fu tu re  systems-unmanned o r  maiined--to 
der ive addi t iona l  p r a c t i c a l  bene f i t s  from space observations.  

Saturn V f l i g h t s  i n  the A p o l l o  Applications program w i l l  provide fo r  
Ir'ollowing up the f i r s t  Apollo landings with addi t iona l  lunar explorat ion 
missions of up t o  14 days on the sur face  and fo r  observation and mapping 
from lunar o r b i t .  These missions w i l l  y i e l d  important add i t iona l  s c i e n t i f i c  
data about the moon and w i l l  a l s o  provide the information necessary for  
deciding; whether our manned c a p a b i l i t i e s  fo r  explorat ion of the inoon should 
be fu r the r  developed and exploi ted.  
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Within t h i s  framework, s p e c i f i c  program elements have been selectecl for  
i n i t i a t i o n  i n  FY 1967 and 1968 t h a t ,  i n  combination, provide the g rea t e s t  
contr ibut ion to the  nat ion 's  space object ives  at  the lowest cost .  Thrlse are: 

The spent, ,  o rb i t i ng  second s tage  of an Uprated Saturn I w i l l  be 
converted i n t o  a habi tab le ,  10,000 cubic foot  o r b i t a l  workshop. 
Provided wlth an a i r lock ,  the workshop w i l l  provide i n  1968 an 
econanical, long durat ion manned s h e l t e r  f o r  many experimental 
a c t i v i t i e s  aid w i l l  be r e v i s i t e d  and reused during the  course of 
the progrtun. 

The suppoirt systems of the bas i c  Apollo command and se rv ice  modules; 
w i l l  be mtriified fo r  long dura t ion  operations.  

The lunar inodule w i l l  be modified t o  serve  as a base f o r  manned lunar 
invesrigairioris of up t o  t w o  weeks. 

The Apollo developed lunar mapping and survey s y s t e m  w i l l  be used t o  
complete the cartography of the moon. 

The cormnand roodule w i l l  be modified t o  car ry  up t o  6 men for shor t  
dura t ion  f e r r y  and resupply missions and w i l l  be provided a land 
landing cmpability , thereby reducing costs and increasing operating; 
f lexibi l i i ty .  

Specialized payloads w i l l  be developed fo r  operat ion i n  various 
o r b i t s  and on the  moon, including mul t i spec t ra l  ea r th  and weather 
sensors ,  bLological and biomedical experiments, mobile lunar vehic:l.es, 
and clnrmunications systems.  

A manned :s oliar telescope sys tem,  forerunner of long-lived orbi ta l  
astronomical f a c i l i t i e s ,  w i l l  be flown during the peak of solar 
a c t i v i t y .  

- SUMMARY OF RE SOURCES REQUIREMENTS : 

1966 

Space veh i 'c 1 e :s .............. 
M i s s  ion s uip po:t t ............. 

$8,500,000 
Experiments.. ............... 40,347,000 

2,400,000 

Total.................... 

1967 

$38,600,000 

5,800,000 
' 35,600,000 

$80 , O O m  

$263,700,000 
140,7OO,OOO - 50 ,3(,lO ,000 
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Distributigiof Program Amount by I n s t a l l a t i o n :  

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

Manned Spacecraft  Center. . 
Marshall1 Space F l igh t  

Center , .  ................. 
Goddard :;pace F l i g h t  

Center,................. 
Wallops ..................... 
Ames Research Center.. .... 
Langley Iteeaearch Center.. . 
Western !Support Office. ... NASA Hecuiquarters ......... 

1968 -- 1966 196 7 

$250,000 
28,109,000 

5,352,000 

1,561,000 
200,000 

1,491,000 
1,590,000 

11,954,000 
740 ,000 

$250,000 
32 ,604,000 

37,445,000 

-0- 

125,000 
900,000 

8,6 76,000 
-9- 

$3,::~00,000 
22 8 ,  ;!:OO ,000 

199,cilOO ,000 

!GIs OF FUNDJEQUIREMENTS : 

Space Vehicles 

19 68 
-I_- 

1966 1967 

Comaand and se rv ice  module 
procurement............... -0- --- $43,380,000 

Uprated Saturn I 
procurement............... $1,000,000 $24,000,000 78,5OO,OOO 

Saturn V procurement ........ --- -0- 45 ,660,000 

Launch vehicles  
Spacecraft  modification..... 7,500,000 14,600,000 9 1 ,300,000 

-0- ..-- 5 ,ope ,000 modification.............. - 
Total..................... $8,500,000 $38,600,000 $263,7!30,000 

-I 

Procurement 

Phasing of '  space vehicle  procurement and d e l i v e r i e s  by the Apol lo Appli- 
cat ions program i s  compatible with the  present  Apollo hardware production 
schedule. 
on d e t a i l e d  study of ind iv idua l  procurement schedules and review of the 
cos t  end trend h i s t o r i e s  of each major Apollo hardware cont rac tor  as well 
as on an assessment of the  minor cont rac t  support required by the planned 
program. 

The FY 1968 budget request  provides f o r  continued incremental  funding of 
the  foll.ow-aln Uprated Saturn I procurements i n i t i a t e d  i n  FY 1966 and 1967 
and f o r  the i n i t i a l  funding for  follow-on Saturn V vehic les  and comnand and 
se rv ice  modud.es (CSM). 
del ivered i n  l a t e  1968. The de l ive ry  of the f i r s t  follow-on CSM is planned 
Itate i n  1969. 

Incremental procurement fund requirements f o r  FY 1968 are based 

The f i r s t  follow-on Uprated Saturn I w i l l  be 

The f i r s t  follow-on Saturn V w i l l  be del ivered i n  mid-1970. 
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Modification 

Apollo Applications missions requi re  a growth i n  the o r b i t a l  stay-time 
capabi1it.y of the  spacecraf t .  

Fiscal yea.1. 1968 funds w i l l  provide f o r  the cont inuat ion of the design 
and development e f f o r t s ,  begun i n  FY 1966 and FY 1967, required t o  furn ish  
modified Apol1.0 spacec ra f t  systems f o r  the planned missions. Apollo space- 
c r a f t  systems ,, including the e l e c t r i c a l  power, l i f e  support and enviranmental 
cont ro l  s y s t e m ,  are cur ren t ly  being subjected t o  extensive tests t o  determine 
t h e i r  a b i l i t y  t o  operate  i n  the environments and f o r  the durat ions praposed 
for  the Ap01l.o Applications missions. 
the program, the plan i s  t o  incorporate  only those changes required by the 
planned m i s s  ions . 

To minimize the cos t  of t h i s  phlase of 

A longer clriration e l e c t r i c a l  power system, cons is t ing  of the present  
Apollo f u e l  c:c!lI.s with upgraded components and increased cryogenic f u e l  
s torage  and iui off  -the-shelf s o l a r  cell  power subsystem, w i l l  be provl ded 
f o r  support  o . E  spacecraf t  s tored  i n  o r b i t  and f o r  long-term experiment 
support ,  

A two-gas (oicygen/nitrogen) atmosphere l i f e  support  and environmen1:al 
cont ro l  syst tm,  a modif icat ion of the  Apollo system, is a l s o  planned. 
E f fo r t  w i l l  include development of ni t rogen s torage  tanks,  p a r t i a l  pressure 
atmosphere s~? imors ,  and con t ro l s ,  and t he  in t eg ra t ion  of associated hiirdware 
i n  the spacecraf t .  

Fiscal year 1968 funding includes the i n i t i a t i o n  of development of a 
land landing capab i l i t y  f o r  the camand module. The i n i t i a l  f l i g h t  i t ;  
planned for 1970. Land landing w i l l  allow el imina t ion  of water landing as 
the  primary recovery m o d e ,  thereby providing g r e a t e r  operat ing flexib:t.lity , 
a-llowing refurbishment and re-use of command modules, and reducing rec:overy 
and new proclureinent costs. The changes t o  the spacecraf t  t h a t  permit 
incorporat ion OE the land landing capab i l i t y  w i l l  a l s o  allow the i n t e r i o r  
of the  command module t o  be rearranged t o  accommodate up t o  three  addiitional 
as t ronauts  fo r  short dura t ion  f e r r y  and resupply missions. 

Limited development of a lunar  module (LM) s h e l t e r / t a x i  t o  extend lunar 
sur face  explorat ion t i m e  beyond t h a t  planned f o r  the Apollo program w L l l  
c:onrmence i n  FY 1968. The LM s h e l t e r ,  carrying s c i e n t i f i c  explora t ion  equip- 
ment such as a lunar  mobil i ty  vehicle  and d r i l l ,  i s  intended t o  be landed 
tmmanned on t h e  lunar sur face  where i t  w i l l  remain quiescent.  The maimed 
124 t a x i ,  launched up t o  three  months l a t e r ,  will land near the LM s h e l t e r .  
This s h e l t e r / t a x i  combination and its equipment w i l l  be used as a bawa f o r  
lunar  explora t ion  f o r  periods of up t o  two weeks. 
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Experiments 

Defini t ion. .  ............... $34,447,000 $12,000,000 $33,700,000 
Development.. .............. 5,900,000 23,600,000 2 0 7  .Octo ,000 

$35,600,000 $140,7(,tO,OOO 
I- 

Total.................... $40,347,000 

Apollo Applications experiments cover a wide range of object ives  i i i  the  
f i e l d s  of space medicine, sc ience ,  appl ica t ions ,  technology, and engiiieering. 
The d e f i n i t i o n  and development of experiment payloads t o  meet these olbjectives 
will include a c t i v i t y  by elements of NASA, o ther  government agenc:ies itnd the  
s c i e n t i f i c  and indus t r i a l  communities. 

Ef for t  i n  FY 1966 and FY 1967 w a s  pr imari ly  confined t o  d e f i n i t i o n  of 
experiments 'and experiment hardware f o r  use i n  the e a r l y  Apollo Applitcations 
missions. Included i n  these e f f o r t s  were s tud ie s  which led t o  the Apeill0 
te lescope mount (ATM) and the  spent-stage S-IVB o r b i t a l  workshop,, now under 
de# lopment . 

The FY 1968 e f f o r t  w i l l  continue the development of the Apollo telil?scope 
mount and the o r b i t a l  workshop and w i l l  def ine  and develop other  experiment 
payloads f o r  follow-on Apollo Applications missions. The following dlizscrip- 
t i o n  h ighl ights  the s c i e n t i f i c  and technica l  areas i n  which e f f o r t  i s  planned 
i n  FY 1968. 

The Apollo te lescope mount provides a new capab i l i t y  f o r  a va r i e ty  of 
s o l a r  and s t e l l a r  s c i e n t i f i c  experiments t o  be performed above the e a r t h ' s  
atmosphere, where the sun and stars can be c l e a r l y  observed without bising 
obscured by the ea r th ' s  atmosphere. For the f i r s t  t i m e ,  f i l m  can be re- 
t:urned from a. space astronomy mission, and the role of the astronaut  i n  
astronomical observations can be evaluated. The ATM provides a s t a b i l i z e d  
platform which w i l l  be ca r r i ed  on Apollo Applications missions t o  accommodate 
instruments requi r ing  f i n e l y  control led pointing. The ATM w i l l  be mounted 
i n  a s t r u c t u r a l  rack at tached t o  a lunar  module ascent  s tage.  

Five experiments using 13 separa te  instruments t o  obta in  s o l a r  d a t a  
during the period of maximum s o l a r  a c t i v i t y  have been se lec ted  f o r  develop- 
rnent fo r  the i n i t i a l  ATM mission. These experiments are:  I n t e n s i t y  of 
s o l a r  f l a r e s ;  u l t r a v i o l e t  spectrometer; X-ray telescope; solar atmosphere 
photography; and white l i g h t  coronagraph. 

The o r b i t a l  workshop permits as t ronauts  to  work and perform experiments 
:in the empty hydrogen tank of a spent  second s t age  of the Uprated Saturn I. 
A 65-inc:h diameter a i r lock  and docking adapter  provides the connectiojn 
between the Apollo spacecraf t  and the  spent  stage. 
permits the as t ronauts  t o  go i n t o  space without depressur iza t ion  af the  
workshop o r  1:he spacecraf t .  I n  o rb i ta l  f l i g h t ,  the  conmand and serv ice  

A hatch i n  the a i r lock  



module docks with the a i r lock  and the  crew ac t iva t e s  systems t o  pressuirize 
the workshop for. habi ta t ion .  The experiment equipment for ,  use i n  the  
workshop is  s tored  elsewhere and car r ied  i n t o  the workshop f o r  operat ion.  

An extensive l i s t  of experiments is planned fo r  operat ion wi th in  t h e  
o r b i t a l  WOrkS,hOp. Some are d i r ec t ed  a t  evaluat ing the h a b i t a b i l i t y  of t h e  
workshop f o r  ].ore dura t ion  f l i g h t ,  the  work capab i l i t y  and mobil i ty  of 
astronaut:s i n  zero-g, and the  e f f e c t  of long dura t ion  zero-g on man. Others 
are d i rec ted  at engineering and technology experiments which u t i l i z e  the 
la rge  enclosed volume of the  workshop. 

Medical experiments during 1968 and 1969 w i l l  concentrate on t h e  bio-  
medical e f f e c t s  of long dura t ion  f l i g h t  on men. A biomedical laboratclry i s  
planned f o r  f l i g h t  i n  1970. This laboratory w i l l  cons i s t  of an Apollcl 
spacecraf t  mtxlu1.e equipped with biomedical and behavioral  apparatus tci test 
and record hrnnari responses during long dura t ion  space f l i g h t s ,  to various 
stresses such as: physical exe rc i se ,  var iab le  g rav i ty ,  and the performance 
of complex ttwka. 

Bioscience arid biotechnology l abora to r i e s  are planned to  extend ear l i e r  
investigatioru; on various l i f e  forms ranging from simple cells t o  primates. 
In these laborat:ories,  g rea t e r  stresses can be applied t o  specimens tlian 
a re  normally planned f o r  human sub jec t s ,  and the r e s u l t s  w i l l  bene f i t  both 
t h e  bioscience? camuni ty  and manned space f l i g h t  technology. 

The extended lunar  exploration missions planned f o r  Apollo Applications 
include both cxti i tal  mapping missions and extended lunar sur face  explorat ion.  
The ob jec t ive  is t o  extend knowledge of the moon beyond t h a t  achieved i n  
t h e  earlier ELiinger, Surveyor, Lunar Orbi te r  missions,  and Apollo missions, 
and t o  provide the bas i s  f o r  the decis ions on the establishment of send- 
permanent or extensive research f a c i l i t i e s  or manned s t a t i o n s  on the nioon. 

The lunar o r b i t a l  missions are planned t o  acquire  high qua l i t y  mapping 
and survey photography from polar  o r  near-polar lunar o rb i t s .  
al low the de1:ai;Led study of the  geological  f ea tu re s  of the t o t a l  lunai. 
surface.  Lunar surface missions are planned t o  provide up t o  two weeb.s 
s tay-time a t  se lec ted  lunar si tes f o r  extensive geologica l ,  geophys icd  and 
biologicii l  explorat ion.  Equipments planned f o r  these  missions include small 
vehicles  t o  perform t raverses  a t  moderate d is tances  from the landed space- 
c r a f t ;  d r i l l s  for subsurface sampling and vertical p r o f i l e  measuremen1.s; 
and deployed instrumentation f o r  acquir ing geophysical d a t a  to  be trarts- 
mitted back t o  e a r t h  by r ad io  frequency l i n k  f o r  up t o  a year  a f t e r  departure  
of t h e  as t ronauts .  One extended lunar  sur face  mission p e r  year is p lmned,  
beginning i n  1971. 

This wj 11 



Applicaticlris experiments a re  planned t o  develop techniques f o r ,  and t o  
measure the e f fec t iveness  o f ,  man's pa r t i c ipa t ion  i n  such f i e l d s  as o r b i t a l  
meteorology, c:anrnunications, and remote sensing of ea r th  resources .  Low- 
a l t i t u d e  o r b i t s  at medium and high inc l ina t ions  have been s tudied f o r  
meteorology and na tu ra l  resources m i s s i o n s  dur ing 1969 and 1970. An i n i t i a l  
synchronous o r b i t  mission is planned t o  test man and spacecraf t  operation 
i n  t h a t  Operational mode. Also planned is a test  of operat ional  rechniques 
f o r  communicating between the low a l t i t u d e  manned spacec ra f t ,  synchronous 
spacecraf t  , and ground control  s t a t i o n s .  Later synchronous o r b i t  m i s s  ions 
a re  under study for continued operat ional  use,  as w e l l  as f o r  experiments i n  
astronomy, spa.ce physics,  meteorology and advanced communications techniques. 

Technology and engineering experiments planned f o r  Apollo Applications 
missions a re  focused general ly  toward the development of equipment; and 
techniques which are fundamental t o  the accomplishment of the next generat ion 
of space f l i g h t  missions. During 1968 and 1969, emphasis w i l l  be placlsd on 
ctmducting r e l a t ed  experiments i n  and with the o r b i t a l  workshop. Resul?ply 
and crew t r ans fe r  f l i g h t s  are planned t o  extend mission dura t ion ,  rotaite 
cxews, and t o  test  o r b i t a l  rescue operations.  Orb i t a l  assembly of complex 
st:ructures and in - f l i gh t  maintenance of vehicles  and experiment apparaixs 
axe also planned. 

Mission Support 

1968 --- 1966 1967 

Payload integr 'at ion. .  ...... $100,000 $4,400,000 $40,0OO,Cw)O 
Operations.... ............. 2,300,000 1,400,000 LO, 300,000 

Total.................... $2.400.000 $5,800,000 

Payload init egitation includes the system ana lys is  and development ef:liort 
required to a13 sernble experiments i n t o  mission compatible payloads, and the  
e f f o r t  required t o  physical ly  instal l  and qua l i fy  them f o r  f l i g h t  readi~.ness. 
This a c t i v i t y  includes d e f i n i t i o n ,  design and development, modificatioii,  
and instaLlat:ilon, The d e f i n i t i o n  phase of payload in t eg ra t ion  w a s  ini1.iated 
during FY 1966 and w i l l  be e s s e n t i a l l y  canpleted by the end of FY 1967,, 
Design and development includes control  documentation, i n t e r f ace ,  qua l j . f i -  
ca t ion  and acceptance test spec i f i ca t ions ,  and t e s t i n g  plans. Modification 
and in s t a l l a t i i sn  provide for  changes t o  space vehicles  and experiment 
c a r r i e r s  t o  accormnodate experiments and physical i n s t a l l a t i o n  of experiments 
i n t o  app1icab:le c a r r i e r s .  The FY 1968 e f f o r t  w i l l  provide f o r  the analyses 
of payloads t o  determine de ta i l ed  payload in t eg ra t ion  requirements and the 
implementation of design and development a c t i v i t i e s  f o r  the i n i t i a l  Apclllo 
Applications f 1ig;hts 
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Operations include e f f o r t s  a t  the  Kennedy Space Center and the  Manned 
Spacecraft Center t h a t  are d i r e c t l y  concerned with launch, f l i g h t  crew 
and recovery a c t i v i t y .  B a s i c  support  is  provided i n  the Apollo program 
f o r  those miosions cur ren t ly  scheduled as alternate Apollo Applicaticlns 
f l i g h t s .  In F1! 1967 operations e f f o r t s  are re l a t ed  t o  accomplishing 
'def in i t ion  oE Apollo Applications requirements pecul ia r  t o  launch, mission 
planning and mission control .  FY 1968 funding w i l l  a l s o  provide f o r  
i n i t i a t i o n  O E  operations support  fo r  missions including the augmentat i on  
of the mission cont ro l  center  located a t  the Manned Spacecraft  Centel, 
required t o  :support the increased d a t a  demands r e s u l t i n g  f r a u  the enlarged 
experimint 4md operat ional  a c t i v i t y  associated with the Apollo App1ic:at ions 
program. 

2 4 4 - 1  14 0 - 6 i  7 
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RESEARCH AND DEVEIX)PMENT 

FISCAL YEAR 1968 ESTIMATES 

- OFFICE OF MWHE;D SPACE FLIGHT ADVAN CED MI SSIONS P,I$OGRAM 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

The objec tivcc of the  Advanced Nisrionr program is t o  examine advanced 
manned apace f l i g h t  mission conceptr. Included are: log ica l  ex ten~ i t~ rn r  
of the NASA epace program through ana lys i s  of present hardware systemrr 
f o r  growth po ten t i a l ;  development of requirements f o r  fu tu re  s p t e m s ;  
guidance f o r  remearch and technology a c t i v i t i e r ;  provision of techniccol 
information ,and cost data  upon which fu tu re  program decisions can be baaed, 
and i n i t i a t i o n  of the de f in i t i on ,  preliminary design and  specification^ of 
probable fu ture  missions. 

SUMMARY OF --- RESOURCES REQUIREMENTS : 

1966 1967 

Advanced ....... studies...... $6.200.000 

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

John F. K.ennedy Space Center, 
NASA.....................o.. 500,000 350,000 

Manned Spacecraft Center. .... 1,900,000 3,250,000 
Marshall Space F l ight  Center. 5,695,000 2,600,000 
Iangley Research Center...... 550,000 --- 
NASA Headquarters............ 1.2 55,000 --- 
Western Support Office....... 100,000 --- 

BASIS OF --- FUND REQUIREMENTS: 

Advanced Missions Studies  

1966 1967 

Advancied at:udiesI.............. $10,000,000 $6,200,000 

19613 

400,000 
:3,400,000 
:3,100,000 

L, 100,000 
- - -  
--- 

1968 
-PI- 

$8,000 ,000 

Advanced otudies  provide a f i rm foundation f o r  planning and se l ec t ing  
fu ture  manned apace f l i g h t  missions. Specif ic  area8 of inves t iga t ion  
include mann.c!d ea r th  o r b i t a l ,  lunar,  and planetary missions and launch 
vehicles. F i sca l  year 1966 and 1967 a tudies  provided support for the 
evolving ApoLla Applications program, including both the  d e f i n i t i o n  alf 
experiments andl other  mission payloads and the coat-ef fectivenese exemina- 
ition of altemwte f l i g h t  equipment approaches. 
rilso examined the f e a s i b i l i t y  of a long duration space s t a t i o n  module. 

The FY 1966 and 1967 s tud ie s  
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I n  add i t ion  t o  the var ied  p o t e n t i a l  app l i ca t ions  f o r  e a r t h  o r b i t a l  miitssions, 
t he  space s t r t i , o n  study include6 a n a l y s i s  t o  i d e n t i f y  design f e a t u r e s  
coamon t o  maintfe~d planetary f l i g h t  requirements. 

Earth O r b i t a l  S tudies  

During FY 1967, advanced r t u d i e r  i n  the  e a r t h  o r b i t a l  area emphasixe 
a l t e r n a t e  stlcpr t o  the  Apollo Applications program, inc luding  a one-year 
e a r t h  o r b i t a l  workshop which could evolve i n t o  a continuour-operation space 
s t a t i o n ,  Alternative approaches f o r  an  eventua l  one-year workshop includ- 
ed module conf igura t ions  u t i l i z i n g  the  th i rd - r t age  s t r u c t u r e  of the Siiiturn 
V; a Saturn Y-launched module containing a l l  expendables f o r  a one-ye'ar 
dura t ion ;  and a rystem based on a f l e x i b l e  subsystem module. I n  add i t ion ,  
t:he s t u d i e s  a re  def in ing  rescue concepts and space s t a t i o n  re-supply 
and l o g i s t i c  systems. E f f o r t s  are continuing on t he  se l ec t ion  and d e f i n i -  
t:ion of candidate experiments f o r  advanced missions. 
the  c o n s t r a i n t s  placed on t he  space s t a t i o n  and l o g i r t i c  system by thliz 
experiments, The p o t e n t i a l  economic b e n e f i t s  t h a t  can be derived f r m  
space station operations are a l s o  being assessed. Based on the results 
of the  conceptual s tud ie s ,  a preliminary d e f i n i t i o n  of a one-year workshop 
module w i l l  be i n i t i a t e d ,  together with the  preliminary d e f i n i t i o n  of a 
modular spacecraf t  capable of supporting e a r t h  resources experiments #iind 
slrtronomy activities. me FY 1968 r t u d i e s  w i l l  concentrate on t he  deEini- 
t:ion of a space s t a t i o n  which wi l l  furn ish  the  b a s i s  f o r  conducting a 
large va r i e ty  of e a r t h  app l i ca t ions ,  astronomy, biology and research ( io8 

we11 as in t e rp l ane ta ry  exploration. 

This s e l e c t i o n  1i:onsiderH 

Planetary Mission Studies  

Manned planetary misrion Studies have examined a number of miesion 
modes and systems concepts f o r  manned Mars and Venus reconnaissance, 
sample r e t r i e v a l  from Hare, and ult inrately,  f o r  Mars landing missions. 
S tudies  i d e n t i f i e d  the  p r a c t i c a b i l i t y  of using Apollo space veh ic l e  hlnrd- 
ware f o r  sample retrieval o r  reconnaisrance missions, and developed 
Spacecraft concepts f o r  u l t ima te  manned Mars landing missions. 

The FY 1968 study program wlll emphasiee f u r t h e r  d e f i n i t i o n  of t he  
1:echnology requirements and concepts f o r  a Mars sample retrieval misston. 
a h i s  manned mission would have the  unique c a p a b i l i t y  of r e tu rn ing  t o  
e a r t h  samples of t he  Mars sur face  and atmosphere f o r  s c i e n t i f i c  analyisis 
by means of an unmanned sample r e t u r n  probe ta rge ted ,  launched, and r e t r i eved  
by the  manned spacecraft .  Additional o r b i t i n g  and landing probes could 
be launched f o r  obtaining more d e f i n i t i v e  S c i e n t i f i c  da t a  on the  Mars 
environment. The s t u d i e r  w i l l  inc lude  preliminary d e f i n i t i o n  of the  iiaisrion 
Spacecraft ,  as roc ia ted  propulsion s t ages  and onboard experiments t h a t  might 
be conducted by the  crew members during the  mission. 
t:he to ta l  rystem f o r  Mars sample retrieval i n  enough depth t o  permit  de f in i -  
t i v e  planning of t he  funding requirements, of t he  technological development 
program required t o  support t h i s  mission, and of the  t o t a l  program suipport 
required within NASA. 

The s t u d i e s  w i l l  def ine  
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Lunar Mission Studies  

Uanned lsunar mission s t u d i e s  are d i r ec t ed  toward iden t i fy ing  and def in ing  
the  most e f f e c t i v e  explora t ion  clystems, Included are s t u d i e s  of imp:icovcd 
Apollo-type system, a l t e r n a t e  s h e l t e r  and mobil i ty  concepts, and the  de f in i -  
t i o n  of o r b i t a l  and sur face  experiments. 

S tudies  i n  ET 1968 wil l  provide f o r  updating the  cu r ren t  plan f o r  lunar 
explora t ion  t o  develop the  accompanying conceptual designs. This explora- 
t i o n  plan w i l l  review the  b a s i s  for a cont inuing series of manned and 
unmanned missions, S tudies  w i l l  def ine  var ious  a l t e r n a t i v e s  f o r  improving 
and extending the  c a p a b i l i t i e s  of Apollo-type systems f o r  extended mlDbility, 
Future d i r e c t  f l i g h t  systems which can -et extended lunar  explorat i im 
requireracnts w i l l  a lso be studied. 

Launch Vehicle S tudies  

Launch vehic le  s t u d i e s  t o  support e a r t h  orbital ,  planetary and lunar  
manned missf.ons w i l l  be continued during FY 1968. These s tudica  w i l l  
stress preliminary d e f i n i t i o n  of improved Saturn vehicles ,  
continue on reusable  re -en t ry  spacecraft. 
requirementm w i l l  also be studied,  

E f f o r t s  (Vi11 
Ihe r e l a t e d  f ac i l i t i e s  anld support 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

-OFFICE OF SIWX SCIENCE AND APPLICATIONS PHYSICS AND ASTROROHP PROGRAM 

-PRo(zRIvII OBJKCTICVES AND JUSTIFICATION: 

The objec t ive  of the Physics and Astronomy program i s  t o  increase our 
'knowledge of the  space environment of the  ea r th ,  of the sun and i t s  r e l a t ion -  
ship to  the e a r t h  and of t he  in t e rp l ane ta ry  medim, and of the fundamental 
physical  nature  of the universe. In order  to  achieve t h i s  ob jec t ive ,  researc:h 
programs haw? been undertaken t o  study in tens ive ly  the upper atmosphere, the 
ionosphere, the e a r t h  ' s magnetosphere , the  region beyond the boundar j es of 
the  magnetofsphere, so l a r  r ad ia t ion  and the so l a r  wind and t h e i r  in texac t ions  
with these regions,  cosmic r ays  from beyond the so l a r  system, r ad ia t jon  from 
s t a r s  and other  c e l e s t i a l  bodies i n  a r e a s  of the  spectrum which cannot be 
observed from the e a r t h ' s  surface.  

While the objec t ive  of the program has been divided i n t o  three  majior areao, 
they a r e  by no means independent of each other .  
area cont r ibu tes  t o  the understanding of the others .  Many s tud ie s  ccilntribute 
d i r e c t l y  to Icnowledge i n  a11 th ree  areas .  
knowledge gti.Lnc!d i n  this  program occur i n  o ther  na t iona l  programs much a s  
meteorology,, coammications, manned space f l i g h t ,  and cartography. €Ilowever, 
the program 4s primari ly  Intended to  be a bas ic  research program dedicated 
t o  the axpari.oion of human knowledge. 
programs of educational and s c i e n t i f i c  research i n s t i t u t i o n s  throughcilut the 
United !States tind i n  many fore ign  countr ies .  Intensive e f f o r t s  a r e  made t o  
insure t h a t  the r e s u l t s  of the  research a r e  made general ly  ava i lab le  i n  a 
manner to f ac i l l i t a t e  fu tu re  advancements i n  technology, s c i e n t i f i c  rclseerch, 
and education. 

Knowledge gained i n  one 

Prac t i ca l  app l i ca t ions  of the  

As such, i t  i s  in tegra ted  with the 

-SUMMARY OF I113SOURCES REQUIREMENTS: 

Supporting r e  search and 
technologyr'Advanced s tud ie  8 

Solar observatories.  ......... 
Astronomical observatories. .  . 
Geophgsicti'l observatories. .  .. 
Pioneer.. ...................... 
Sounding i:sclcets. ............ 
Sunblazer.. ................... 

. Explorers.. .................... 
Data ana ly (si 13.  ............... 

1966 

$20 , 594 , 000 
19,052,000 
22,300,000 
28,215,000 
12,700,000 
18,592,000 
19,300,000 

2,000.000 
--- 

Totrrl . .  .... ,,. ............... $142.753.000 

1967 

$19,900 , 000 
9 , 800 000 

27,700,000 
24,000,000 

7,200,000 
19,200,000 
20,000,000 

-e.. 

2,000,000 

$129,800,000 

$19,51~00,000 
11 , s~'oo,ooo 

20, CIlOO, 000 
7 ,  S~OO, 000 

2 1 , tllOO , 000 
22 800,000 

2,000,000 
- 2 ,~!~00,000 

40, hO0,OOO 

F1.D 4 -  I 



Distribution of Program Amount by Installation: 

1966 

Marshall Syaco Flight Center.. .. $25,000 

J e t  PropulwLon Laboratory.. ..... 759,000 
Wallops Stciticm.. ............... 1,610,000 

Flight Resc!trreh Center. ......... 5,000 

Goddard Space Flight Center.. ... 100,753,OOO 

Ames Research Center. ........... 15,219,000 
Electronic~~ Research Center.. ... --- 
Langley Research Center.. ....... 1,869,000 
NASA Headqwariters. .............. 22,5139000 

1967 

$125,000 
95,061,000 

338,000 
996,000 

10,502,OOO 
60,000 
10,000 

1,230,000 
2 1,478,000 

BASIS OF FUND RXQUIREWeWTS: 

jjulvorting Research and Technology/Advanced Studies 

Particles cmd fields.... ........ 
Ionospheres arid radio physics.. . 
Interplanetciry dus t  and 

cometary physics.. ............ 
Solar physltcr.. .................. 
Astronomy., ....................... 
Spacecraft technology. .......... 
Interdiscip'linary space science. 
Advanced s1:ridlles. ............... 

Total.. ... ,, ..................... 

1966 

$6,305,000 
994,000 

1,423,000 
3,518,000 
3,686,000 

848,000 
3,211,000 

609,000 

$20,594.000 

1967 

$6,400,000 
1,100,000 

1,300,000 
3,500,000 
3,700,000 

490,000 
2,910,000 

500,000 

$19,900,000 - 

11 968 - 
$11 00,000 

108,9~11,000 
:Loo, 000 

1, @loo, 000 
10,300,000 

75,000 
25,000 

3, I39 ,000 
23,050,000 

1..968 .-. 

$6,400,000 
1,1.00,000 

l,rlloo,ooo 
3,5i800,000 
3,700,000 

5i~OO,O00 
2 , SI100 ,000 

.- 500,000 

j19 ,  yloo,ooo .- 

The objec1::Lves of the Supporting Research and Technology program are to 
provide (L sound theoretical base for the  f l ight  programs; to in i t ia te  devel- 
oplwnt OX intitrumentation for future experiments; to  provide laboratory data 
as a basis fot: evaluation of fl ight data; to conduct balloon and aircraf t  
observations IEor correlation wi th  space f l ight  results. 

Particles and F i e l d s  

Work Xn this area concerns the development of new instruments for uiteasur- 
ing the direction, magnitude and time variations of magnetic fields arid for 
measuring the energy, direction and mass of charged particles. 
consists of theoretical research and ground and balloon-borne observat ions 
which w i l l  aid l.n the interpretation of space measurements. 

It also 
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Ionospheres and Radio Physics 

Ionospheres and r ad io  physics involve ground-based observations;  tiheoret- 
i c a l  s tud ies ;  and instrument development r e l a t i n g  t o  the  ionized regions of 
t he  atmospheres of t he  e a r t h  and o ther  p lane ts  and of in te rp lane tary  space. 

In te rp lane tary  Dust and Cometary Physics 

In te rp lane tary  dust  and cometary physics involves the  study of ext ra -  
terrestrial p a r t i c u l a t e  mat ter ;  i t s  behavior, s t ruc tu re ,  composition, and 
o r ig ins ;  and i t s  s igni f icance  i n  providing information on t h e  physical  
p roper t ies  of t he  so l a r  system and the  galaxy. 

Solar Physics 

Solar phyaics involves ground, a i r c r a f t ,  and belloon-borne observat ions;  
t heo re t i ca l  s tud ie s ;  and instrumentation development r e l a t e d  t o  observations 
of the  sun from spacecraft .  

Astronomy 

Astronomical research and technology e f f o r t s  include t h e o r e t i c a l  s tud ies  
of s t e l l a r  as t rophysics;  laboratory spectroscopy; researeh on o p t i c a l  mate- 
r i a l s ;  advanced development of instruumnts; and ground-based, balloon and 
a i r c r a f t  observations. 
of extrelaely prec ise  gyroscopes which could be used i n  a zero-G s a t e l l i t e  
fo r  t e s t s  of E ins t e in ' s  Theory of Re la t iv i ty .  
c e l e s t i a l  mechanics a r e  a l s o  included. 

Work i s  a l s o  being done leading t o  the development 

Theoret ical  s tud ie s  i n  

Spacecraft  Technology 

Studies  of mater ia l s  and techniques su i t ab le  f o r  fu tu re  interpllanet,ary 
spacecraf t ,  which would make c lose  approaches t o  the sun o r  operate  a t  g rea t  
d i s tances  from the ea r th ,  a r e  being conducted. 
i n i t i a t e d  i n  bprcwed e l ec t ron ic  and power supply components for expliirer 
s a t e  11 i te  8 .  

I n  addi t ion ,  work i s  lbeing 

In t e rd i sc ip l ina ry  Space Science 

This area provides f o r  support of the  Space Science Board and f o r  iresearch 
fellowships administered by the National Acadeny of Science, which primide 
an opportunity f o r  selected fel lows t o  work with scientists a t  tire GolSdard 
Space F l igh t  Center  i n  t h e o r e t i c a l  8nd laboratory research. 

Advanced Studies  

Studies  t o  e s t a b l i s h  the  concepts, c h a r a c t e r i s t i c s  and f e a s i b i l i t y  of 
fu tu re  e a r t h  o r b i t a l  and in te rp lane tary  missions are funded i n  t h i o  a'rea. 
Earth o r b i t a l  mission s tud ie s  include f e a s i b i l i t y  s tud ie s  of -11 modular 
r c i e n t i f i c  satell i tes which could be assembled with comparatively shor t  
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l ead t ines  t o  meet a v a r i e t y  of s c i e n t i f i c  mission objec t ives ,  a s  w e l L  a s  fo r  
special ized explorers  t o  conduct experiments requi r ing  unique spacecraf t  
designs. Also included a r e  s tud ie s  aimed a t  def ining the r o l e  of man i n  
astronomical observations from space and i n  def in ing  system concepts f o r  
carrying out these  observations. 

In te rp lane tary  mission s tud ie s  include the development of a concept and 
pre l ig inary  design of a Galac t ic -Jupi te r  Probe of the  Pioneer c l a s s  space- 
c r a f t .  It would be capable of extending in te rp lane tary  explorat ion through 
the as te ro id  b e l t  and the  space environment near the  planet  J u p i t e r  ,and 
beyond. 
capable of t ransmi t t ing  s igna l s  and a l imited amount of data back t o  e a r t h  
from dis tances  a s  c lose  a s  0.4 AU t o  the sun. Studies  of s c i e n t i f i c  p a y  
loads fo r  these small probes include so la r  corona s tudies ,  in te rp lane tary  
plasma s tudies ,  and comet simulation s tudies .  

Also included a r e  s tud ie s  leading t o  the  development of smaL1 probe& 

Solar Observatories 

1966 1967 

Orbi t ing Solar Observatory (OSO): 
Spacecraft. ..................... $6,584,000 $6,963,000 
Experiments ...................... 9.104.000 2.837.000 

Subtotal  OW.................. 39,688,000 $9,800.000 

Advanced Orbi t ing Solar 
Observatory ( AOSO) : 
Spacecraft. --- ..................... $8,114,000 
Experiments....... .............. 978,000 
Ground operations.., . . .  ......... 27 2,000 

e - -  

Total  OS0 and AOSO............ $19,052,000 $9,800,000 

Delta (Laumch Vehicle 
Procurenlent Program) ............. (1,000,000) (2,000,000) 

,- 1968 

$7,9O4,OoO 
I- 3,996.000 

$11,900,000 

fi, 200 ,OOQ 

Total  ( including Launch 
Vehicles) ..................... ($20,052,000) ($11,800,000) ($16,100,000~ - - 

The objec t ive  of the  Solar Observatory program is  t o  advance the study of 
so la r  physics by o r b i t i n g  a spacecraf t  a b w e  the e a r t h ' s  atmosphere t o  permit 
observations of port ions of the  electromagnetic spectrum which a r e  nbrmally 
absorbed i n  the atmosphere. The so la r  observator ies  a r e  designed t o  provide 
a thorough inves t iga t ion  of the  sun, e spec ia l ly  of both rap id  and long-term 
changes i n  s,olar r ad ia t ion  during a complete so la r  cycle;  and t o  probe the 
underlying causes of these changes by observations of the  regions of a c t i v i t y  
on the solar eurface. The Orbi t ing Solar Observatories (OSO) have operated 

\ RD 4-4  



during tl per:tocl of decreasing so la r  a c t i v i t y  with the  f l i g h t  of OSO-I, and 
OSO-I1 i n  1962 and 1965, respect ively.  Continuous program e f f o r t  w i l l  be 
pursued w i t t i  OS0 through the  period of increas ing  and maximum so la r  a c t i v i t y  
to 1970. Orbi t ing Solar  Observatories are o tab i l i zed  satell i tes capable of 
pointing s c l s n t i f i c  instrumentation with an accuracy of grea te r  than one arc 
minute a t  thts cen ter  of the  s o l a r  d i s c  i n  order to  study so la r  u l t r a v i o l e t  
rad ia t ion ,  g c a l ~ m s e  rays ,  and X-rays. Five add i t iona l  OSO's are scheduled t o  
be  launched belween 1967 and 1970 to provide continuous coverage of s,olar 
phenomena a s  the sun reaches the  period of maximum a c t i v i t y .  The fix st so la r  
observatory,, O!iO-I, launched on March 7, 1962, provided Over 2,000 hours 
of obseltvatJLm of the  so l a r  spectrum i n  the  UV, gamma and X-ray regitins. 
OSO-11 was ericsessfully launched on February 3, 1963. 
systems operated a t  or above t h e i r  derrign g o a h ,  and the spacecraf t  was 
caumanded of€ a f t e r  more than nine months and 4,100 o r b i t s  of near pe r fec t  
operaticm. Seven months l a t e r  t he  spacecraf t  was successfu l ly  turaecll on and 
operated u n t i l  the  s t a b i l i z a t i o n  gas  supply was exhausted. Eight of the nine 
e x p c r i w n t s  cm board OSO-I1 re turned da ta  during the  l i f e t i m e  of the  observa- 
tory.  Pre1:Lainary analyses  of these da ta  have been made and f u r t h e r  analpsici 
i s  being accomplished. OSO-C, the  t h i r d  so l a r  observatory,  w a s  1aunc:hed 
August 2 5 ,  :1'96!i. However, a malfunction i n  the  t h i r d  s tage  of the  Delta 
launch vehic le  prevented the booster from placing the  observatory in o r b i t .  
Using spare OSO-C experiments and a spacecraf t  under cons t ruc t ion  foi. a 
l a t e r  f l i g h t ,  II replacement observatory was b u i l t  and launch of the rliission 
is scheduled f o r  e a r l y  1967. Experben t  s e l ec t ion  f o r  the f i v e  OS0 sliissfons 
scheduled f o r  :Elight up to 1970 has  been completed; and development of the 
instrumcenta~tfon is underway. 
s i b l e  missions beyond these f ive .  

A l l  of i t s  spcilcecraft 

Planning i s  underway f o r  experiments for pos- 

Project isaningerwnt r e s p o n s i b i l i t y  f o r  the OS0 ha8 been assigned to the 
Goddard Space F l igh t  Center. The spacecraf t  a r e  being procured throrigh 
con t r ac t s  wlth the B a l l  Brothers Research Corporation of Boulder, Co'l.orado. 
PY 1966 funds provided f o r  continuing the  w r k  on the  four th  and f i f t h  
observa tor ies  and f o r  i n f t i a t i o n  of w r k  on the  three  follow-on spacecraft 
and experimental packages, FY 1967 fund8 provided f o r  completion of data  
ana lys i s  on OSO-11; completion of work, launch, and i n i t i a l  datal ana'llysis 
on the  €ourth and f i f t h  observa tor ies ;  and f o r  continuing the  hardware 
e f f o r t  on the  E o l l o r o n  OSO's. FY 1968 funds w i l l  provide f o r  c.ompla!tion 
and launch of the s i x t h  observatory; f o r  continuing work on the two liollow- 
on spac,ecraft and experimental packages; and f o r  da ta  ana lys i s  on tht! four th ,  
f i f t h ,  and s ix th  observa tor ies ,  FY 1965 and p r i o r  funding for t:ht 050 pro jec t ,  
including launch vehic les ,  was $48,187,000. Fp 1969 and l a t e r  funding re- 
quired t o  complete an e i g h t  f l i g h t  program, including launch vehicfeo, i s  
estimated a t  $17,400,000. 
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A 8 tronomical Ob serva t o r i e  s 

1966 1967 - 1968 

Spacecraft  and support . . . . 
Experhenta . .  . . . . . . . . . . . . . . $16,366,000 $23,239,000 $36,208,000 

5,934,004 4,392. 

Total  Z;pac:ecraf t and Support.. $22,300 ,O00 $27,700 ,ooO $40 ,600,0001 
I 

Atlas- Agerna (Launch Vehicle 

Centaur (1,armch Vehicle 
Procurement Program). . . . . . . . . . (8, SO0,OOO) (5,4Oo,OOO) .--- 

Pracurewnerrt Program). . . . .( . . . . . - - - (6,617,000) - (lOl,OOO ,000) 

Total  (:Lnc:luding Launch 
Vehic'Le13). . . . . . . . . . . . . . . . . . ($30.800.000) a 7  17.000 1 ~ , 6 0 0 . 0  04.1 

The 0rb:Ltiirg Astronomical Observatory (OAO) program w i l l  provide a cap- 
a b i l i t y  f o r  obtaining fundamental astronomical information outs ide f he narrow 
boundaries of t h e  v i s i b l e  port ion of the  electromagnetic spectrum where ear th-  
based o p t i c a l  te lescopes s tud ie s  are constrained. High r e so lu t ion  observa- 
t i o n s  made in space by OAO of our so la r  system, our galaxy, and the universe 
as a whole., using inf ra red ,  u l t r a v i o l e t ,  X-ray, and gaoea ray  spec t r a l  
regions,  ccm g rea t ly  enhance our understanding of the  o r ig in ,  evolut ion,  
present co ld i t i on ,  and fu tu re  l i f e  of the so l a r  system, the  galaxy, and t h e  
universe. 'Phtr OAO is  a s t a b i l i z e d  spacecraf t  t h a t  can be prec ise ly  pointed 
t o  any objec t  i n  the  c e l e r t i a l  sphere for long observat ional  times. It can 
ca r ry  te lescopic  instruments up t o  about th ree  f e e t  i n  diameter by '1.0 f e e t  
i n  length wnd weighing over 1,OOO pounds. 

In  addi t ion  to the  f i n e  point ing s t a b i l i z a t i o n  and cont ro l  system, the  
spacecraf t  includes power, thermal cont ro l ,  and coaanmication and data 
handling subsystems. Extensive ground f a c i l i t i e s  a r e  provided f o r  o r b i t a l  
operations.  
increasing capab i l i t y  t o  inves t iga t e  the u l t r a v i o l e t  spectrum of ce'llestial 
bodies s t a r t i n g  with exploratory sky mapping surveys using l o w  reso'llution 
instruments and progressing to l a rge r  aper ture  instruments with higher 
reso lu t ion  capable of viewing f a i n t  c e l e s t i a l  objects .  

'me OAO missions cu r ren t ly  scheduled w i l l  c a r ry  instrunments of 

The f i r e t  lDA0 (OAO-I) w a s  launched a s  scheduled on Apri l  8, 1966, and 
was placed i n  a near ly  pe r fec t  o r b i t  by an Atlas-Agene vehicle . -  However, 
technical  problems associated with the power system adversely a f fec ted  the 
mission and t h e  spacecraf t  operat ion ceased on Apr i l  10, 1966, a f t e r  the 
twentieth orb i t .  During the  spacecraf t  l i f e ,  successful  spacecraf t  opera- 
t i ons  were performed i n  several  complex areas .  No data  were obtained from 
e i t h e r  the University of Wisconsin experiment or t h e  X-ray and gaDpDeta ray 
instruments developed by Lockheed Missiles and Space Company, the Goddard 
Space F l igh t  Center, and the  Hassachusetts I n s t i t u t e  of Technology. Thorough 
ana lys i s  and review of the OAO-I operat ion i d e n t i f i e d  problem a reas  and has 
r e s u l t e d  i n  a de t a i l ed  plan f o r  design modification, addi t iona l  t e s t i n g  
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( including th le  re-establishment of a Prototype Observatory f o r  q u a l i f i c a t i o n  
tests) and improved operat ion which w i l l  a ssure  success f o r  t he  Eollowon 
OAO missions. 
s t a b i l i z a t i o n  and con t ro l  requirements, t he  mission sequence has been changed 
H S  follaws: 

I n  order t o  proceed l o g i c a l l y  to  the  missions with increased 

F l i g h t  Sequence 
Point ing Previous Current - 

-_I_ Hission Accuracy Plan Plan 

OAO- I - +l arc .  min. F i r  st Launched 

OAO-A2 +1 arc .  min. Third Second 

O W -  B - +2 arc .  sec. Second Third 

o w -  C - +0.1 arc.  sec. Fourth Fourth 

The Prototype Observatory f o r  q u a l i f i c a t i o n  t e s t i n g  of a l l  f l i g h t  missions 
w i l l  be r e i n s t a t e d  as recornwnded during the  review of the OAD-I f a i l u r e .  
This  w i l l  be accomplished by u t i l i z i n g  a f l i g h t  model s t ruc tu re  and o ther  
ava i lab le  hardware. Use of an ava i l ab le  f l i g h t  s t r u c t u r e  i s  required s ince  
the o r ig ina l  prototype spacecraf t  was assigned to  the  OAO-AZ f l i g h t  in 1965 
upon completion of the  scheduled q u a l i f i c a t i o n  test sequence and cannot be 
returned t o  the prototype configurat ion a t  t h i s  time and st i l l  met t h e  
schedule goal.  

The second ad0 (OAO-AZ), t o  be launched i n  1968, w i l l  cons i s t  of t h e  
or iginal .  prototype spacecraf t  refurbished t o  ca r ry  the Smithsonian Astro- 
physical  Observatory and the  Universi ty  of Wisconsin experiment. 
Smithsonian elxperiment u t i l i z e s  four te lescopes with imaging photometers t o  
map the  sky i n  the u l t r a v i o l e t  por t ion  of the  spectrum. The Wisconsin 
experiment ealuipment w i l l  be i d e n t i c a l  t o  the  equipment flown on 0-1. 

The 

The th i rd  OAO (OAO-B), scheduled f o r  a 1968 f l i g h t ,  w i l l  c a r ry  the 
Coddard Space F l igh t  Center 36-inch aper ture  telescope. This te lescope is  
designed t o  obta in  spectrophotometric da ta  on s t a r s ,  nebulae, and ga lax ies  
i n  the u l t r a v i o l e t  s p e c t r a l  region with a c a p a b i l i t y  of r e so lu t ion  up t o  
two angstroms. 

The f o u r t h  OlAO (OAO-C), t o  be launched i n  1970, which w i l l  r equi re  f ab r i -  
ca t ion  of a new. s t r u c t u r e  s ince  one of the  f l i g h t  s t r u c t u r e s  w a s  assigned to 
the  prototype model, w i l l  f l y  the Princeton Universi ty  32- inch apertulre 
r e f l e c t i n g  te lescope with a gra t ing  spectrograph to study the  composition 
of i n t e r s t e l 1 . a ~  mater ia l  and t o  obta in  high d ispers ion  u l t r a v i o l e t  spectra  
of s t a r s  with a r e so lu t ion  up to  0.1 angstrom. This  observatory w i l l  a l s o  
ca r ry  te lescopes developed by the  University College, London, England, i n  
conjunction with the  Universi ty  of Leicester to study the  X-ray emission of 
stars and nebulae. 
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Management: reksponsibility fo r  the  OAO projec t  has  been assigned t o  the  
Goddard Space! F l igh t  Center. The spacecraf t  a r e  being developed under prime 
con t r ac t s  with t:he Gruaman A i r c r a f t  Engineering Corporatfon. In tegra t ion  of 
experiments i i i tc i  the  spacecraf t ,  environmental tests of the  observator ies ,  
and in -o rb i t  operat ion w i l l  be accomplished a t  Goddard. 

Developmenl: of the  OAO was i n i t i a t e d  i n  1960. Funding p r io r  t o  Fy 1966 
provided f o r  the! design and development of the basic  spacecraf t ;  f ab r i ca t ion  
and testXng cbf 81 prototype; f ab r i ca t ion ,  i n t eg ra t ion  and test e f f o r t s  on two 
f l i g h t  spacecraf t ;  and ,developPaent, fabr ica t ion ,  and i n i t i a t i o n  of t e s t s  of 
experiments fo r  four f l i g h t  missions. 

I n  FY 19661, t.hs f i r s t  OAO f l i g h t  (OAO-A1) was launched. The refurbishment 
of the  o r i g i n a l  prototype observatory was s t a r t e d  i n  FY 1966 t o  provide 
another fl ight:  opportunity (OAO-A2). Development and test of the  Smithaonian 
experiment alurrigped t o  the OAO-A2 continued and work was i n i t i a t e d  t o  provide 
a second Wisccmnsdn experiment f o r  t h i s  mission. A l s o ,  FY 1966 funds provided 
f o r  the cont inuat ion of f ab r i ca t ion  and test of the  OAO-B spacecraf t  and fo r  
the manufacture of caarponents fo r  the OAO-C spacecraf t ,  a s  w e l l  a s  continued 
support f o r  rrsinudacture of experiments f o r  these l a t t e r  two missions. 

F i r c a l  yeas* 1967 funds provided f a r  the  completion of the  ana lys i s  of the 
OAO-I operaticm, thus determining the  improvements for the  follow-on OAO 
mlaeions. Remaining e f f o r t  i n  Fp 1967 w i l l  be concentrated on rev is ing  the  
OAO-A2 spacecraf t  i n  preparat ion f o r  de l ivery  i n  PI! 1968. The prototype of 
tire OAO-A2 rpstcecraft has been del ivered t o  Coddard f o r  t r a in ing  personnel 
i n  test and f l i g h t  operation procedures and f o r  electromagnetic compat ibi l i ty  
tests. The ialstruments f o r  the Smithsonian and Wisconsin f l i g h t  experiments 
were cmpletedl and acceptance tests performed. 
within the  fumlding l imi t a t ions ,  work a t  the  prime cont rac tors  on the  OAO-B 
arid OAO-C spacecraf t  was e s s e n t i a l l y  stopped fo r  the l a t e r  p a r t  04 FY 1967. 
In addi t ion,  Princeton was d i rec ted  t o  continue the development of the  proto- 
type experimealt hardware f o r  OAO-C, but  e s s e n t i a l l y  t o  atop work on t h e  
f 1 igh t exper i n e n  t . 

To accomplish the program 

Fisca l  year 1968 funds w i l l  provide f o r  i n t eg ra t ion  of the experiments 
and observatory tests fo r  the prototype and the  OAO-A2 mission a8 wel l  a s  
f a r  i n i t i a t i o n  of launch preparat ions f o r  the  OAO-A2 f l i g h t .  Development, 
fabr ica t ion ,  and test of the OAO-B and OAO-C spacecraf t  w i l l  be reac t iva ted  
an w e l l  a s  construct ion of the f l i g h t  hardware f o r  the Princeton experiment 
on OAO-C. Acceptance tests of the  OAO-B experiment w i l l  be accoPaplishiBd i n  
Fp 1968. 

F i s c a l  year 1965 and p r io r  funding, including launch vehicles ,  was 
$169,648,000. 
i s  estimated t o  be $55,701,000 including launch vehicles .  

FP 1969 and later funding required t o  camplete four missions 



Geophy s ica  1 Observatories 

1968 --- 1966 1967 

Spacecraft. ..................... $12,593,000 $16,434,000 $12,839,000 
ExperiDYnta ~...........,......... 15.622.000 7.566.000 7.1 6 1.000 

Total. Spacecraft and Support.. $28,215,000 $24,000,000 $20,000,000 

Thor-Agena (Launch Vehicle 

Atlas-Agena (Launch Vehicle 
Procurement Program) .......... (2,600,000) (1,400,OOO) (5,500,000) 

ProcureaPent Program) .......... (5 ,500,000)  (4,400,000) (900,000) 

Total. (including Launch 
Vehiclcsi) ................... ($36,315,000) ($29,800,000) ($26,4,00,000) 

--,- 

The Orbiting Geophysical Observatory (OGO) program has as a p r h  objec- 
t:Lve the accomplishment of a series of s c i e n t i f i c  measurements t o  co r re l a t e  
the geophysical1 phenomena occurring i n  the near-earth environment w i t h  the 
e f f luen t  a c t i v i t y  of the sun and with phenorrcna i n  in te rp lane tary  space. 
Early satel l1t .e  measurements of the near-earth environment indicated i t s  
general nature!. As knowledge of t h i s  region has progressed, the p ic ture  
tha t  unfolds is one of dynamic environment with a f i n e  r t ruc tu re  of electro-  
lwlgnetic fieldls and p a r t i c l e s  which i s  strongly dependent on events and 
processes occurring a t  other locations.  
wasurements obtained aboard a s ing le  satell i te and by several  s a t e l l i t e s  
a t  d i f f e ren t  s;patial  locat ions a r e  required t o  b e t t e r  understand the 
near-earth environment. 
undoubtedly ccintribute subs tan t ia l ly  t o  t h i s  understanding and thus t o  
evaluation of the hazards of manned space t rave l .  

Correlated in te rd isc ip l inary  

Successful accomplishment of the OGO program w i l l  

Support of t h e s e  s c i e n t i f i c  object ives  requi res  the develo-nt of space- 
c r a f t  capab i l t t i eo  t o  accoamodate the many d ive r s i f i ed  ins t ruren tg  used fo r  
the cor re la t ive  s tudies .  In  essence, t h i s  requirement e s t ab l i shes  the need 
fo r  a laboratorg-like satel l i te  i n  which viewing d i rec t ion ,  e l e c t r i c  power, 
thermal control ,  and data  handling systems a r e  shared by many experimenters. 

To achieve t h e  planned r c i e n t i f i c  object ives ,  00 missions a r e  scheduled 
all ternately far low a l t i t u d e ,  nearly-polar o rb i t s ,  and highly e l l i p t i c a l  
o r b i t s  with lcw inc l ina t ion ,  a t  approximately nine month in t e rva l s .  

OGO missiorris were launched i n t o  the highly e l l i p t i c a l  o r b i t  i n  September 
1964 (OW-I) and June 1966 (OGO-111) and i n t o  the low a l t i t u d e ,  nearly-polar 
o r b i t  i n  Octobler 1965 (-11). 
extended operation i n  three-axis  s t a b i l i z a t i o n  as planned. After fo r ty - s ix  
days, the f a i l u r e  of an e lec t ronic  component disabled port ions of the a t t i -  
tude control system. 
ary mode of s t ab i l i za t ion ,  sp in-s tab i l iza t ion .  A l l  three Oco missions a re  
s t i l l  operat icaal  i n  the spin- s t ab i l i zed  mode and for ty-  seven of the t o t a l  

me ~g0-111 mission w a s  the  f i r s t  t o  achieve 

Therefore, the spacecraft  was c-nded t o  the second- 



of sixty-one experiments assigned to  the three  missions a r e  providing useful  
data .  From September 1964 (coinciding with the period of minimum so la r  
a c t i v i t y )  to th i e  current  period of increased so lar  a c t i v i t y ,  over 300,000 
hours of experiment data  have been acquired, much a t  the high data  r a t e s  
:Lmportant fo r  de t a i l ed  time re so lu t ion  of rapid f luc tua t ions .  Seventy-four 
r epor t s  and presentat ions have been made by the OGO experimenters. 
s ign i f i can t  r e e u l t s  relate to  geomagnetic cont ro l  of the ionosphere, the 
f i r s t  global magnetic survey i n  space, magnetic f i e l d  and p a r t i c l e  f luctua-  
itions, and the propagatlon of very low frequency (VLF) noise. 

The  more 

The next oris-sion w i l l  be OGO-D which is i n  the f i n a l  phase of environ- 
mental t es t ing .  OGO-D c a r r i e s  e s s e n t i a l l y  the same complement of i n s t ru -  
ments a s  OGOI- I I  and w i l l  be placed i n t o  a similar l o w  a l t i t u d e  polar  Drbit 
during the second quar te r  of 1967. 

The f i f t h  (OW-E) and s i x t h  ( W - F )  are scheduled f o r  launch in 1968 and 
11969, respect ively.  The OGO-E is i n  the f i r s t  s tages  of i n t eg ra t ion  and 
w i l l  ca r ry  a new complement of experiments i n t o  a highly e l l i p t i c a l  o r b i t  
nimilar to  OG&I.  The OGO-F mission w i l l  be placed i n  a polar  o r b i t  during 
rsolar maximuni. Modification of spacecraf t  hardware and f ab r i ca t ion  O E  exper- 
liment hardware fo r  t h i s  mission a r e  i n  progress. Act iv i ty  d i rec ted  
toward possible  missions beyond OGO-F during the s c i e n t i f i c a l l y  important 
period of maximum so la r  a c t i v i t y  is cur ren t ly  being held to  the planning 
l eve l  only. 

Management r e spons ib i l i t y  f o r  the OGO pro jec t  has  been assigned t o  the 
Goddard Space F l igh t  Center. The spacecraf t  development and f ab r i ca t ion  i s  
tinder cont rac t  t o  Thompson Ram0 Wooldridge Systems. 

Funding p r io r  to  FY 1967 provided f o r  design and development of the bas ic  
spacecraf t ,  including design modifications required following OGO-I itn-orbit 
operat ions;  the preparat ion and launch of the f i r s t  three missions; fiabrica- 
t i o n  and in tegra t ion  of spacecraf t  f o r  the OGO-D and OGO-E missions; ldevelop- 
ment and f ab r i ca t ion  of experiment instrumentation fo r  the f i r s t  four missione; 
i n i t i a t i o n  of experiment development f o r  the OGO-E mission; and suppolrt of 
data  ana lys i s  fo r  the f i r s t  two missions. 

F i s c a l  year 1967 funds provided f o r  cont inuat ion of preparat ions f i x  the 
OGO-D and OGO-E missions, including the incorporat ion of severa l  t echnica l  
modifications;  completion of experiment instrumentation fabr ica tson  f i x  
W E ;  i n i t i a t i o n  of experiment hardware development f o r  the OCO-F; and 
continued data  ana lys i s  support fo r  the three  operat ional  missions. 

Funds i n  PY 1968 provide f o r  completion and launch of OCO-E arid integra-  
t i o n  and test of OGO-F. They w i l l  a l s o  provide f o r  completion of firsst  run 
data  analyses f o r  OGO-I and 11; cont inuat ion of da ta  ana lys i s  fo r  ocO.-III; 
i n i t i a t i o n  of da ta  ana lys i s  fo r  OGO-D and E; and completion of OCO-F c?xperi- 
lnent hardware fabr ica t ion .  

Fiscal ye,ar 1965 and p r io r  year funding fo r  OGO was $157,628,000, Lnclud- 
ing launch vehicles .  
missions i s  estimated t o  be $15,985,000, including launch vehicles .  

FY 1969 and subsequent funding needed t o  complete s ix  
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Pioneer 

1968 -- 1966 1967 

Spacecraft...................... $6,973,000 $1,698,000 $3,332,000 
Experiments.............. ....... 4,779,000 4,673 , 000 2, '948,000 
Ground operations..... .......... 948.000 829,000 -1,220,000 

Tota l  Spacecraft  and Support.. $12,700,000 $7,200,000 $7,500,000 

Delta (Launch Vehicle 
Procurement Program). ......... (3,999,000) (1,217,000) (2,000,000) 

Tota l  ( including Launch 
Vehicles). .................. ($16,699,000) ($8,417,000) ($9,liOO,OOO) 

The objec t ives  of the Pioneer program are to inves t iga t e  the interplane-  
t a r y  environment and the propagation of so l a r  and g a l a c t i c  phenomena 1i:hrough 
t h i s  medium. 
s a t e l l i t e s  a r e  required t o  a t t a i n  the f u l l  object ive.  

Correlat ion with similar measurements made near the e a r t h  by 

The cur ren t  series of Pioneers weigh about 140 pounds and a r e  1aunc:hed 
with the  Thrust-Augmented Improved Delta (TAID). 
VI, w a s  launelned successful ly  i n  December 1965 and continues i n  opera1 ion. 
Pioneer V I 1  was launched i n  August 1966 and a l s o  is operat inn successful lv .  
'Itwee addi t i tma I Pioneer spacecraf t  are scheduled f o r  missions approaching 
a s  c lose  t o  itlhe sun a s  0.8 AU and going away as  f a r  as 1.2 AU. (1 AU is 
equal  to  the  mean ear th- to-sun d is tance ,  92,900,000 miles). Planning is 
underway f o r  experiments f o r  possible  follow-on missions. 

The f i r s t  of these,  Pioneer 

The Pionee!i: experiments a r e  designed to  measure the so l a r  wind flow, 
magnetic fiel.cls, and the e l ec t ron  dens i ty  i n  space; and to observe the energy 
spectra ,  fluxes, and d i r ec t ion  of arr ival  of so l a r  and g a l a c t i c  cosmic rays. 
To perform these measurements spec ia l  care is being taken i n  the design and 
construct ion of t he  Pioneer spacecraf t  t o  make i t  magnetically c lean;  the 
r e s idua l  spacecraf t  magnetic f i e l d  is less than one one-hundred-thousandths 
of the  earth'ci f i e l d .  Instrumentation to  measure micrometeorite impacts w i l l  
be included i r r  the  t h i r d ,  fourthand f i f t h  Pioneera of the  cur ren t  series. 

Responsibi l i ty  f o r  o v e r a l l  management of this program rests with the  
Off ice  of Space Science and Applications,  with the A m e s  Research Center 
responsible  for pro jec t  management. The spacecraf t  a r e  being procured 
through cont rac t  with T R W  Systems. 
responsible  fa'r t racking and data  acqu i s i t i on  systems management and the 
Gcrddard Space F l ight  Center fo r  Launch veh ic l e  systems management, 

The Jet Propulsion Laboratory i s  

Funds i n  FY 1966 provided f o r  t e s t ing ,  launch and post-launch operat ions 
f o r  Pioneer VI, and the assembly and t e s t i n g  of Pioneer VII. Funds fovr 
FY 1967 cover tbe launch of Pioneer VI1 and post-launch operat ions f o r  VI 
and VII, and the i n i t i a t i o n  of the subsystems f o r  the th i rd ,  fou r th  and f l f t h  
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spacecraf t .  IPunds requested f o r  FY 1968 w i l l  continue to  support the post- 
launch operat'Lon.6 f o r  Pioneer V I  and V I I ,  f i n a l  t e s t i n g  and launch of ithe 
t h i r d  spacecraf t ,  and i n i t i a l  i n t eg ra t ion  and t e s t i n g  f o r  the four th  sibace- 
c r a f t .  

Funding f o r  1965 and p r io r ,  including launch vehicles ,  amounted to 
$40,175,000. :FY 1969-and l a t e r  funding required t o  complete the f i r s t  f i v e  
f l i g h t  programs, including launch vehic les ,  i s  estimated a t  $9,368,000 

Explorers 

19 68 
-I-I___ 

1966 1967 

Geophy nica I. and in te rp lane tary  
explorerst,, ................... 

Astroncmy e!icpl.orers. ........... 
Total. Expl.orers.. ............ 

Scout (Launch vehic le  
P r  ocuremem t Program) ......... 
Procurement Program) ......... Delta (Launch Vehicle 

Thor-Agena (Launch Vehicle 
P r  ocur emerr t Program) ......... 
Total  ( i n c  luding Launch 

VehScle a,) .................. 
The Explorer s a t e l l i t e s  a r e  the 

$13,843,000 $13,050,000 $14,762,000 
4,749,000 6,150,000 - 6,8318,000 

$18,592, ooo $19,200, ooo $21,6010, ooo 

(6,300,000) (4,300,000) (4,600,000) 

(4,817,000) (13,683,000) (12,900,000) 

<$30,809,000) ($37,383,000) (&~9,100,000) --- 
smallest of the  N A S A ' s  s c i e n t i f i c  sp,sce- 

c r a f t  and a r e  launched on Scout, Delta and Thor-Agena vehicles .  

The Explorers a r e  s p e c i f i c a l l y  designed and instrumented to  provide Eor 
special ized s c i e n t i f i c  i nves t iga t ions  and a r e  flown i n  o r b i t s  e8pec:ially 
selected f o r  these invest igat ions.  The Explorer spacecraf t  and t h e i r  experi-  
ments a r e  developed by NASA cen te r s ,  universities, industry and coopera lting 
foreign countr ies ,  and a r e  used for inves t iga t ions  of the e a r t h ' s  environ- 
ment, solar-  t e r r e  s t r i a 1  r e l a t ionsh ips ,  solar-  in te rp lane tary  relationshilps,  
andl f o r  astronomical observations.  

A subs t an t i a l  portion of the s c i e n t i f i c  data  obtained and many new dls -  
coveries a r e  a t t r i b u t a b l e  t o  instruments ca r r i ed  i n  Explorer spacecraf t  
Thi r ty- three  U.S. and f i v e  in t e rna t iona l  cooperative Explorer missions liave 
been successful ly  accomplished s h c e  the founding of NASA through 1965. 

These m i s s i o n s  have provided subs t an t i a l  por t ions  of our present know- 
ledge about the e a r t h ' s  environment, including the ionosphere, the atmot+- 
phere, micirometeoxoid environment, the r ad ia t ion  b e l t s ,  the  e a r t h ' s  magrietic 
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f i e l d  and scme of the  pr inc ipa l  e f f e c t s  of so lar  r ad ia t ion  on the atmosphere. 
As a r e s u l t  of these e f f o r t s  and other  r e l a t ed  invest igat ions,  the p ic ture  
of the intertrctions between so la r  a c t i v i t y ,  the in te rp lane tary  mediuna, and 
the inasd ia te  ctnvironment of the ea r th  is beccming c l ea re r .  

During 1!367, i t  i s  planned t o  launch four  U.S. Explorers; IMP-E arid F, 
RAE-A and NRL Solar  Explorer-B; and four cooperative in t e rna t iona l  explorers ;  
UK-E, San Hnrca-B and ESRO I and 11. These spacecraft w i l l  provide inves t i -  
gations of many of the space science d i sc ip l ines  during the  period olli high 
s o l a r  activ:Lty<, 

Some increase i n  emphasis during FY 1967 i s  being given to Astroncimy 
Explorers with continued development of the  Radio Astronamy Explorer (RAE) 
$and the ini1::lat:ion of Scout-size X-ray Astronomy Explorer and Solar  ltadio 
Explorer. l~cvc~lopaent of Geophysical and Interplanetary Explorers i c r i  being 
continued. 'X'wo I?@ spacecraf t  are scheduled f o r  1967 and one per yecar thru 
the 1968-1971 t i m e  period i s  planned f o r  a va r i e ty  of orbi t s .  
launch vehicle  i s  a l s o  being provided f o r  the launch of a Solar  Explorer 
developed by the Naval Research Laboratory. 

A Scorit 

The Iry l W 8  funds provide f o r  an e s s e n t i a l  l eve l  of e f f o r t  program with 
i n i t i a t i o n  ojE follaw-on missions emphasizing r ad io  and X-ray astronomy. 

Sounding Rockets 

1968 
-I 

1966 1967 

Experiments. ................... $7,318,000 $6,699,000 $7,891,000 

Engineering support.. .......... 588,000 440,000 640,000 

Ground inritruwntation..  ....... 2,843,000 3,178,000 3,581,000 

Rocket dairel.opment ............. 808,000 1,375,000 1,669,000 
Att i tude cont ro l  systems.. ..... 3,553,000 3,962,000 3,648,000 

T e s t  and ctvaluation.. .......... 245,000 275,000 325,000 

Rocket procurement.. ........... 3,945,000 4,071,000 6 ,246 ,000  

Total .  ........................ $19,300,000 $20,000.000 522,OOO,O00 - 
Sounding rockets  have proven to be the only e f f ec t ive  means of mab,ing 

scientifical.Ily valuable s tud ie s  of the upper atmosphere a t  a l t i t u d e s  above 
20 m i l e s  and betlow the perigee a l t i t u d e s  of ea r th  s a t e l l i t e s .  
,are re1ativri:ly mall and inexpensive vehicles ,  capable of carrying wjde 
v a r i e t i e s  of instrumentation fo r  the study of the atmosphere, ionosphere, 
energet ic  pcirt icles,  astronomy and so lar  physics. 
and short  lecndtimes make research with sounding rockets extremely uscI!ful 
for  carrying; out new experiments and t e s t i n g  new instruments soon a f t e r  the 
ideas a r e  deiirel.oped by the na t ion ' s  s c i e n t i s t s .  

These rockets  

The r e l a t i v e l y  1-1 cos t  

Sounding rockets  have been used to measure atmospheric densi ty  andl tear 

Chemicals re leased 
,perature; to analyze the var ious gases present i n  the upper atmosphere, and 
responsers of the atmosphere t o  varying so la r  a c t i v i t y .  
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from sounding rockets  f o r  wind and temperature measurements launched from 
various si tes a l l  Over the  world have improved our knowledge about the 
dynamics of t h e  ionospheric region. Recoverable sounding rocket  payloads 
have been used to collect e x t r a t e r r e s t r i a l  dus t  o r ig ina t ing  i n  meteor streams,, 
comets, and as te ro ids .  
about t h i s  dus t  have been probed by f l i g h t s  f r m  Sweden and Ft. Churchi l l ,  
Canada; interpLanetary dus t  has been sampled by rocke ts  r ecen t ly  Over 
White Sands, New Mexico. 

Noctilucent clouds formed by the  condensation of i c e  

The aurora and airglow have been inves t iga ted  by rocket  probes containing 
spectrophotometcers, f i l t e r  p h o t m t e r s ,  and p a r t i c l e  de tec tors .  

Ionospheric cexperlments have been ca r r i ed  out  with sounding rockets  and 
have proved extremely valuable both f o r  s c i e n t i f i c  i nves t iga t ions  of the  
physics of tlne ionosphere and f o r  c a l i b r a t i n g  Instrumentation on sate'lllites 
already i n  o r b i t  by simultaneously measuring the same region of the iono- 
sphere. Instruments have been developed to measure e l ec t ron  concentrat ions 
and temperature, electromagnetic waves, i on ic  and neu t r a l  mass spectrci, mag- 
n e t i c  f i e l d s ,  and E region cur ren ts .  F l i g h t s  t o  measure these parame1l:ers 
have been math Erm many launching sites with a wide g loba l  d i s t r ibu t ton .  

Sounding iroclcets are now being e f f e c t i v e l y  u t i l i z e d  f o r  astronomicril 
observations of the sun and the s t a r s  i n  the X-ray and u l t r a v i o l e t  regions 
of the specticlum made possible  due t o  the development of improved attl1l:ude 
cont ro l  s y s t e m .  

Management r e spons ib i l i t y  f o r  sounding rocket  support a c t i v i t i e s  hris been 
assigned t o  it'he Goddard Space F l igh t  Center. Rocket experiments a r e  rilanaged 
a t  several  NASA centers ,  with NASA Headquarters r e t a i n i n g  responsibil l . ty f o r  
experiments tileveloped a t  un ive r s i t i e s ,  by researchers  i n  industry,  a t  o ther  
agencies and fn o ther  countr ies .  

Ninety-nilale highly successful  major sounding rockets  of the  Nike Ctijun/ 
Apache/Tomahawk, Aerobee and Javel in  types, and nine of the Arcae type w e r e  
launched during 1966 from sites i n  the United S ta t e s ,  Canada, Braz i l ,  India ,  
and Norway. 
so l a r  e c l i p s e  near Koroni, Greece, a s  p a r t  of a cooperative USA/Greece  expedi- 
t i on  i n  May cnnd f i v e  Nike-Apaches launched i n t o  a so la r  e c l i p s e  f rom 1:he 
beach a t  Casigfno, Braz i l ,  a s  p a r t  of a NASA/DASA/AEC-Brazil cooperative 
expedi t ion i n  November. These f l i g h t s  a l s o  include the successful f l i g h t  i n  
August o f  the  new Aerobee 350 which has  been developed in-house by Gocldard t o  
l i f t  l a rge  pcryloads (100-500 lbs . )  to  high a l t i t u d e s  (200-500 m i l e s )  tiis w e l l  
as  the f i r s t  two successful f l i g h t s  of the  S t e l l a r  Tracking and Positi.oning 
Control Systc?ln (STRAP), developed by Coddard t o  point  rocket  payloads with a 
s p a t i a l  teso:lut:lon of 10-20 arc .  sec. Two f l i g h t s  conducted i n  September a s  
p a r t  of a cooperative U.S. /Germany program were successful  barrium rellease 
experiments which allow v i sua l  observation of the e a r t h '  8 magnetic f i e l d .  
An Aerobee f l i g h t  i n  Apri l  r e su l t ed  i n  the discovery of a new X-ray source 
"s ta r .  " 

These include seven Arcas rocke ts  launched from a ship i n t o  a 
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Sounding rocket  p r o j e c t s  a r e  planned t o  be continued i n  FY 1967 and FY 
1968 i n  many a r e a s  where experimentation has begun, including atmospheric 
and ionospheric measurements, cosmic dus t  co l l ec t ions ,  chemical releaises i n  
the upper atmosphere; and X-ray, u l t r a v i o l e t ,  and in f r a red  observat ioas  of 
c :e les t ia l  sources and the  sun. Increases  i n  the  program f o r  FY 1967 ,land 
PP 1968 a r e  l a rge ly  due t o  the  development and increased use of impraved 
a t t i t u d e  cont ro l  systems and t o  an increased use of the l a rge r ,  more tiaxpen- 
s ive  vehic le r  t o  ca r ry  s t a b i l i z e d  payloads, a s  well as heavier payloads, 
with several  instruments f o r  a number of simultaneous measurements. 

Sunblazer 

1966 1967 1'!368 .__, 

$1, :;!oo ,000 Spacecraft..  --- --- 
Experhnts.................. --- -. (iu)o,ooo 

.................... --- ... 
$2, ~lH)O, 000 Tota l  Spaclecraf t and Support.. --- --- 

Scout (Launc'h Vehicle 
($1, .'iOO,OOO) --- --- Procurement Program).... ...... 

Total  ( fncluding Launch .................. --- --- &;iOO, 000) Vehicles'). 
-.r - - 

Sunblazer, tihe m a l l  i n t e rp l ane ta ry  probe program, has  as i ts  objec t ive  
the study of the s o l a r  corona by a propagation experiment, magnetic f i e l d  
ampping and t h e  observat ions of solar particle f luxes.  The Sunblazer program 
w i l l  place mna11, r e l a t i v e l y  inexpensive, s c i e n t i f i c  spacecraf t  i n t o  Irrelio- 
c e n t r i c  o r b i t s .  These small sun-oriented or spin- S tab i l ized  8pac:ecraIFt w i l l  
weigh 15 to  160 ipounds and w i l l  be placed around the  sun i n t o  o r b i t s  ly ing  
between eartlh d is tance  and 0.4 e a r t h  d is tance  from the sun by a S-stage 
Scout or  equLvalent launch vehicle .  The i n i t i a l  missions are t o  measiIirc the 
e l ec t ron  dens i ty  and o ther  f e a t u r e s  of the  so l a r  corona by use of a r s d i o  
propagation rbethod based on the observation of multi-  frequency transmllssions. 
The s a t e l l i t e  w f l l  achieve superior  conjunction, the  poin t  direct: ly opposi te  
the  sun from thdc e a r t h ,  i n  approximately one and one-half years.  The use of 
both l i g h t  waiglnt spacecraf t  and low cos t  s o l i d  propel lan t  launch veh ic l e s  
make it econcnmically a t t r a c t i v e  to launch severa l  spacecraf t  per year so 
t h a t  systematic measurements of the  corona and e l ec t ron  dens i ty  profi'l.e, 
which i s  known to  f l u c t u a t e  markedly with so l a r  a c t i v i t y ,  can be made 

FY 1968 firmds w i l l  i n i t i a t e  the  procurement of components, f ab r i ca t ion  
and assembly, in tegra t ion ,  test and preparat ion f o r  launch of an engineering 
mode1 of the spacecraf t  on the  f i r s t  test shot  of the  5-stage Scout lriunch 
vehicle .  Exper:Lment funding will allow f o r  the  prc- launch formating m d  
programing o€  ithe propagation experiment. Other funds a r e  required f o r  
spacecraf t  lwunch support and post-launch ana lys i s .  FY 1969 and latell. fund- 
ing  required to fund the f i r s t  f i v e  missions, including launch vehic lcs ,  is 
estimated a t  $1:3,500,000. 
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Data Analysis 

1966 1967 - '11968 

Operatian ot: the  da t a  center.. . .  $300,000 $500,000 :/i 700 , 000 
Research tasks.. ................ 1,700,000 1,500,000 -, 1,300,000 

Total......................... $2.000.000 $2,000,000 $2,,000,000 -. 

A National ,Space Science Data Center has  been es tab l i shed  a t  the  (;oddard 
Space F l igh t  Center to  provide f o r  the co l lec t ion ,  cataloging,  atora$;e and 
dissemination of data  obtained from space sciences f l i g h t  experiments. Data 
co l lec ted  w l l l  be made ava i l ab le  a t  a cost comnensurate with reproduction 
and d i s t r i b u t i o n  t o  those i n t e r e s t e d  i n  using the  da ta  f o r  fu r the r  rcirsearch. 
To encourage the f u l l  use of the da ta  obtained on NASA f l i g h t  programis, 
support w i l ' l  be provided f o r  s c i e n t i f i c  research e f f o r t s  which make itse of 
the data.  l?roposals f o r  research are competit ively evaluated, and sripport 
i s  provided for  those e f f o r t s  which can be expected t o  cont r ibu te  m o t i t  t o  the 
t o t a l  advanclewrnt of knowledge i n  space science. F i sca l  year 1968 fiinds w i l l 1  
provide f o r  operat ion of the Data Center a t  a level cons is ten t  with 1:he input 
of da ta  and for support of da ta  ana lys i s  e f f o r t s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

!;IFFICE OF SH!l: SCIENCE AND APPLICATIONS 

;PROGRAM OBJEZEYES AND JUSTIFICATION: 

LUNAR AND PLAN,ETARY 
EXPLORATION ,PROGRAM 

The objec1:ive of the Lunar and Planetary Exploration program is the 
s c i e n t i f i c  explorat ion of our solar system u t i l i z i n g  automated spacecraf t  
and eart:h-bawecl research. Iunnediate objec t ives  include the explorat ion 
of the moon, the p lane ts  Venus and Mars, and the intervening in te rp lane tary  
space. The fu l f i l lment  of long range objec t ives  w i l l  see  the eventual 
exp1orat:ion of the outer  p lane ts  and t h e i r  moons, comets, asteroids and 
correspondirq: planetary and in te rp lane tary  deep space environment. The 
u l t imate  achiievement of these objec t ives  w i l l  provide da ta  to b e t t e r  ex- 
]plain the oxi.gi.n, h i s t o r y  and mechanisms of development of our s o l a r  system 
and may provi.de evidence of the exis tence of forms of l i f e  elsewhere i n  
,the solar syrrtcm. 

The 1.unar pxogram cons i s t s  of th ree  types of missions. The f i r s t  of 
these, t:he ELanger program, has now been completed, y ie ld ing  over 17,000 
photographs which have provided a m c h  b e t t e r  understanding of t h e  nature  
of the surface of the moon. The cur ren t  series of lunar  missions involve 
a t o t a l  of mven s o f t  landing Surveyor spacecraf t  and f i v e  o r b i t i n g  space- 
c r a f t  which \ t i l  1 conduct s c i e n t i f i c  measurements on the  lunar  surface and 
provide detetiled high and l o w  reso lu t ion  photography of the moon. Four 
of these mis;:;ions were attempted during 1966 and three  were successful ly  
completed. The i n i t i a l  Surveyor spacecraf t  accomplished the f i r s t  s o f t  
landing on the upon and t ransmit ted over 11,000 high reso lu t ion  t e l ev i s ion  
picturee back t.o ear th .  This mission indicated the bearing s t rength  of 
the surface vhhs!re i t  landed to  be s u f f i c i e n t  f o r  a sa fe  landing. Surveyor 
11 impacted the! moon as a r e s u l t  of a vern ier  engine f a i l u r e .  Lunar Orbi ters  
I and IX retmrned very detai led photographs of candidate Apollo landing 
s i t e s  covering t h i r t y  thousand square m i l e s  of the lunar  sur face ,  inc luding 
-wide angle coverage of twenty-two Apollo sites with high reso lu t ion  (down 
to  one meter:) d e t a i l  on t h i r t e e n  of these si tes,  and photographs of four 
mi l l i on  square miles of t he  f a r  s i d e  of t h e  moon, which ind ica tes  t h a t  the  
.surface is much rougher than the  s i d e  which faces ear th .  Lunar Orbi te rs  
also have obtained da ta  on the  micrometeoroid f lux and r ad ia t ion  enviroment 
near the  moon. 
the  moon's g;ravitational f i e ld .  
1 w i 1 1  photogrciph and examine o the r  p o t e n t i a l  A p o l l o  landing sites and deternine 
surface and sutisurface physical and chemical propert ies .  

Analysis of Orbi ter  t racking  data improves our  knowledge of 
Subsequent Surveyor and Orbiter missions 
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The planetary programs have experienced a high degree of success witth 
the Mariner 11 flyby of Venus and the  Mariner I V  photographic mission t o  
Mars. These  pLanetary missions have yielded a wealth of s c i e n t i f i c  in for -  
mation. Mariner I1 provided new da ta  on the physical c h a r a c t e r i s t i c s  of 
the  atmosphere #of Venus. Mariner I V  produced the f i r s t  c lose  up photographs 
of the surface (of Mars and, i n  addi t ion ,  performed many important: s c i m t i f i c  
measurements permitt ing a considerably b e t t e r  understanding of the  nature  
of t h a t  planet .  The next s t eps  i n  the evolut ion of planetary exp1oral:ion 
will be Mariner flyby missions to Venus i n  1967 and t o  Mars i n  1969 and 
1971 respec t ive ly ,  p r i o r  t o  the Voyager o r b i t i n g  and landing missions t o  
be made beginning i n  1973. Present plans c a l l  f o r  launching a ccipsu112 
probe into t h e  Martian atmosphere during the 1971 mission. 

- SUMMARY OF RESOURCES REQUIREMENTS: - 

1 I3 68 --- 1966 1967 

Supporting research and tech- 
nology/advanced s tudies . .  .... $23,000,000 $20,900,000 $2o99l~0 ,000 

Surveyor................ ....... 104,634,000 84,500,000 42,2100,000 
Lunar orbiter.................. 58,081,000 28,800,000 10,000 , 000 
Nariner........................ 17,585,000 35,200,000 68,900,000 
Ran8er. . . . . . . . . . . . . . . . . . . . . . . . .  1,000,000 --- -..- ---- 

Total.. . . . . . . . . . . . . . . . . . . . . . .  $204.300,000 $169,400.000 $142.0!00.000 

Distr ibut ion of Program Amount by I n s t a l l a t i o n :  

1'3 68 
--1- 

1966 1967 

Marshall Space F l igh t  Center. $630,000 $635,000 $4100 , 000 
Goddard Space F l igh t  Center.. 1,119,000 800 , 000 1, OlDO ,000 
J e t  Propulsion Laboratory .... 131,668,000 129,184,000 L20,500,000 
Ames Research Center......... 668,000 480 , 000 Si00 , 000 
Electronics Research Center.. 0-0 40,000 50,000 
Langley P.esearch Center...... 58,842,000 29,425,000 10,5iO0,000 
NASA. Headquarters.. .......... 11,373,000 8,836,000 9,050,000 

BAS IS OF FUN1)EQUIREMENTS : 

S s p o r t l n g  Research and Technolonv/Advanced Studies  

1968 
.PI- 

1966 1967 

Lunar and planetary science... .  $13,495,000 $11,305,000 $12,000,000 
Advanced technical  development. 7,085,000 7,495,000 6 , 800,000 
Advanced st.udies.. ............. 2.420.000 2.100.000 - 2.1,oo ,000 

Totad........................ $23.000 .OOO $20.900 .OOO I $20.9,00 .OOO 
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Supporting; Research and Technology and Advanced Studies  programs a r e  
the research a c t i v i t i e s  which provide the base fo r  def ining the s c i e n t i f i c  
ob jec t ives  of' f u tu re  missions, e s t a b l i s h  the technological c r i t e r i a  e s s e n t i a l  
t o  these missions, and supply the  s c i e n t i f i c  and engineering capab i l i t y  f o r  
performing f 1 igh t  programs. 

The science program cons i s t s  of a c t i v i t i e s  involving laboratory,  a s t ro -  
11omica1, and t heo re t i ca l  research. It i s  under t h i s  program t h a t  new 
concepts and experiments f o r  s c i e n t i f i c  inves t iga t ion  of the moon and 
p lane ts  are conceived and developed. These a c t i v i t i e s  a l s o  provide sc i -  
e n t i f i c  data e s s e n t i a l  t o  the design and c a l i b r a t i o n  of f l i g h t  instruments 
f o r  the analyses of the r e s u l t s  of experiments a l ready performed. 

Observations of t h e  moon and p lane ts  are being c a r r i e d  out  with op t i ca l  
and radio instruments t o  supply data e s s e n t i a l  f o r  the design of spacecraf t  
imd the se l ec t ion  of experiments f o r  lunar  and planetary inves t iga t ion .  
Research a c t i v i t i e s  concerned with the c h a r a c t e r i s t i c s ,  spec i f ic4a l ly  the 
bearing s t rength  of the lunar  and Martian sur face ,  and the nature  of the 
sur face  environment continue t o  be the most important problems cu r ren t ly  
under invest igat ion.  More information about the  physical nature  and the 
1:Opography of' the  lunar  surface is e s s e n t i a l  t o  the sa fe ty  of manned 
explorat ion a n d  for  the successful  performance of s o f t  landing automated 
s c i e n t i f i c  payloads on Mars. The physical c h a r a c t e r i s t i c s  and proper t ies  
of the M a r t i a m  atmosphere a r e  of major concern due t o  observat ions made 
i n  recent  yeairs which indicated a lower surface pressure and possibly 
rnuch higher ve loc i ty  surface winds than previously accepted. Further  
s tud ie s  by astronomical spectroscopic techniques are being conducted t h i s  
year and w i l l  be continued i n  FY 1968 to  provide more prec ise  values of 
the parameters def ining the Martian atmosphere to  permit the designs of 
e f f i c i e n t  en t ry  vehicles .  Laboratory, t heo re t i ca l ,  and observat ional  re- 
search under t h i s  program are being conducted a t  NASA cen te r s ,  o ther  
government f a c i l i t i e s ,  u n i v e r s i t i e s ,  and i n d u s t r i a l  concerns throughout 
the country. 

The Advanced Technical Development program is  d i rec ted  toward developing 
and improving, performance of subsystems, components, and techniques required 
IEor the  spacecraf t  t o  perform fu tu re  missions to  the moon and the planets .  
Successful colmpletion of these missions requi res  the development of r e l i a b l e  
equipment thsit w i l l  survive the r i g o r s  of s t e r i l i z a t i o n  and long exposure 
i n  deep space. I n  the  FY 1967 program primary emphasis has been i n  the  areas 
of communications, power, landing technology, and the s t e r i l i z a t i o n  of space- 
c r a f t  components t o  prevent contamination of Mars. Mariner IV data ,  in- 
d ica t ing  a lclw atmospheric pressure on Mars; has confirmed the need f o r  
in tens ive  e f f o r t  to  be given t o  landing technology t o  ensure safe  landing 
on the surface of the  planet .  The FY 1968 funds w i l l  be used t o  continue 
the e f f o r t s  i n  support of Mars missions and i n i t i a t e  a c t i v i t i e s  r e l a t e d  
1:o Venus and t h e  o the r  planets .  
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The Advanced Studies  e f f o r t  is  essential to  fu ture  lunar  and planfiztary 
mission planning. The evaluat ion of possible  missions t o  the planet,i, is  
a continuing process as new information i s  obtained about the planetti, and 
as new f l i g h t  techniques and increased booster c a p a b i l i t i e s  evolve. F i sca l  
year 1967 funds were u t i l i z e d  i n  i n i t i a t i n g  such s tud ie s  as a nntltiplle 
planet  mission, which would examine the  po ten t i a l  of u t i l i z i n g  g rav i ty  
assist maneuvers a t  Jup i t e r ,  Saturn,  and Uranus f o r  the s c i e n t i f i c  inves t i -  
ga t ion  of t h e m  p l an t s  and Neptune. F isca l  year 1968 funds will. be iised 
t o  conduct conceptual designs of spacecraf t  f o r  such a mult iple  planc!t 
mission, study the design requirements f o r  la rge  Mars en t ry  vehic les  with 
surface mobili ty and sample r e tu rn  capab i l i t y .  
advanced stiudiles are planned f o r  advanced system concepts t o  fu r the r  ex- 
plore the moon from lunar  o r b i t  and by means of automated landers  anti 
sur  face stat ions . 

I n  addi t ion  a series of 

Surveyor 

l ! J  68 --- 1966 1967 

Spaceeraf t .................... $99,891,000 $79,100,000 $36,900,000 
Experiments. .................. 1,980,000 2,500,000 2,500,000 
Ground operations.  ............ 2,763,000 2.900.000 - 2.8O0.000 

Tot.al Spacecraft  and Support $104,634,000 $84,500,000 $42,200,000 

Atlas-Centau:r (Launch Vehicle 
Procurement Program). ....... (15 . 000,000~ ~7,600,000) (3,8OO. 000) 

Total  ( including Launch 
Vehicles) ................. ~$119,634,000) ($92,100,000) ($46.000.000) 

The objec t ives  of the Surveyor program a r e  t o  develop the technology 
required t o  accomplish successful  s o f t  landings a t  predetermined sitt!s on 
the  moon, and t o  conduct s c i e n t i f i c  measurements on the lunar  surfact, .  
Studies t o  determine the optimum s t r a t egy  f o r  ver i fy ing  Apollo landirig 
s i t e s ,  considering both sa fe ty  and economic aspec ts ,  i nd ica t e  the der.irable 
use of the  Surveyor and Lunar Orbi te r  spacecraf t  ac t ing  as a team. 
a t iona l  plans c a l l  fo r  Surveyor landings a t  various lunar  s i t e s  with 
"aerial survey" of these s i t e s  and surrounding areas  by Lunar Orbitel-s.  
This cornbinrt t ion of coverage provides de t a i l ed  measurements on the surface 
by Surveyor:, which can be extended to  l a rge r  areas with Orbi ter  photographs. 

(lper- 

Surveyor I made the f i r s t  cont ro l led  descent t o  the surface of the 
moon and trtiiisrnitted over 11,000 high r e so lu t ion  t e l ev i s ion  p i c tu re s  back 
t o  the e a r t h ,  Surveyor instrumentation showed t h a t  the lunar surface where 
i t  landed has a dynamic bearing r e s i s t ance  of 6 t o  10 pounds per square 
inch, which :3hould be s u f f i c i e n t  f o r  a s a f e  Apollo landing. 
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Surveyor ]:I crashed i n t o  the moon a f t e r  one of i ts  vern ier  engines f a i l e d  
t o  i g n i t e  properly during the mid-course maneuver. Subsequent Surveyors 
will examine o ther  po ten t i a l  Apollo landing sites and determine the lunar 
surface and clubsurface physical and chemical propert ies .  These da ta  are  
trssent ia l  tal ensure a high confidence t h a t  the topographic and s t r u c t u r a l  
c h a r a c t e r i s t i c s  of a l t e r n a t e  sites are s u i t a b l e  f o r  manned landings before 
these mi.ssioais are attempted. 

The Office of Space Science and Applicat ions,  NASA Headquarters, i s  
responsible  for overa l l  management of the Surveyor proeram. Responsibi l i ty  
:€or pro jec t  olaniagement is assigned to the Jet Propulsion Laboratory. The 
I3urveyox spacecraf t  system was developed by the Hughes Ai rc ra f t  Company. 
Major subcoa.t.ractors are Thiokol/Elkton f o r  the main retro motor, Thiokol 
Reaction Motcms Division fo r  the ve rn ie r  engine t h r u s t  chamber assemblies,  
innd Ryan E1ec:tronics fo r  the radar  altimeter and doppler ve loc i ty  sensor. 

In  additicm t o  completing ana lys i s  of the da ta  obtained from the f irst  
Surveyor f l i g h t ,  which w a s  conducted close to  the end of last f i s c a l  year,  
cur ren t  year funds provide f o r  the  f i n a l  t e s t i n g ,  launch and post-launch 
operat ions for the second, t h i r d ,  and fourth Surveyors, and w i l l  allow for 
i n i t i a t i o n  of subsystem t e s t i n g  and assembly of the f i f t h ,  s i x t h ,  and 
seventh spacecraf t .  

The funds; requested f o r  FY 1968 are required t o  complete assembly, 
:systems environtmental and f l i g h t  acceptance tests f o r  the s i x t h  and seventh 
Surveyors, airid for launch and post-launch operat ions f o r  the f i f t h ,  s i x t h ,  
and seventh Surveyor missions. 

F i sca l  yeair 1965 and p r i o r  Surveyor program expenditures were 
:$388,877,000 f o r  both spacecraf t  and launch vehicles .  
beyond FY L91h8 f o r  completion of the  program are estimated to  be $1,(1~00,000. 

Funding requirements 

Lunar Orbi te r  

1968 
.PI 

1966 1967 

Spacec:raft.#. ..................... $56,667,000 $26,750,000 $8,780,000 
Experj.ment.1;. .................... 178,000 250,000 2 20,000 
Ground opai:at:ions ............... 1.236 .OOO 1.800.000 . 1.C100.000 

Total  Spiicecraft and Support.. $58,081,000 $28,800,000 $1O,C~OO,OOO 

Atlas-. Agerrci (Launch Vehicle 
Procurentent: Program). ......... (14.500 .OOO) (9.300 .OOO) . (800 .OOO) 

Total  (j.1~1.uding Launch 
Vt!hicl.(!s)i. .................. Q72.581.000) cs38.100.000) ( S k O  .EjOO.OOO) 
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Lunar Orbi.te!r, operat ing as a team with the  s o f t  landing Surveyor, 
provides deti~il .ed information about the  lunar  sur face  and the near lunar  
environment, Each Lunar Orbi te r  spacecraf t  serves  as an o r b i t i n g  platform 
f o r  a photographic system designed t o  take extended area photographs of 
the lunar suitface f o r  use i n  the se l ec t ion  and c e r t i f i c a t i o n  of su i t ab le  
Apollo landing s i tes ,  and t o  increase our s c i e n t i f i c  understanding of the 
moon. The fiirnt two Lunar Orbi te rs  re turned high r e so lu t ion  (one meter) 
photographs o f  t h i r t e e n  candidate Apollo landing s i tes  covering an area of 
four thousand square miles and wide angle p i c tu re s  of twenty- two Candidate 
.Apollo ;Landing si tes covering an area of t h i r t y  thousand square miles. These 
photographs are being c a r e f u l l y  screened i n  order  t o  loca te  s u i t a b l e  s i tes  
f o r  Surveyoi: arid Apollo landings. I n  addi t ion ,  these t w o  spacecraf t  pro- 
vided photo~;;caphs of about four mi l l ion  square miles of the hidden fzice 
of the moon, which d i f f e r s  subs t an t i a l ly  i n  appearance from the s ide  t h a t  
always €aces the ea r th .  

Lunar Orbi te r  I w a s  the f i r s t  American spacecraf t  t o  o r b i t  a body o the r  
than the  e a r t h ,  The ac tua l  o r b i t a l  parameters of Lunar Orbi te rs  I and I1 
were extremely c lose  t o  those planned. The prec is ion  i s  comparable t o  the  
bes t  achievtrtd by ear th-orb i t ing  s a t e l l i t e s .  
changes have been commanded i n  the  two missions and i n  each case the  ac tua l  
change achieved w a s  exac t ly  what was commanded. Lunar Orbi te r  I and I1 
have comtril>utttd enormously t o  the  quan t i t a t ive  d e f i n i t i o n  of the mocm's 
gravitationial  f i e l d .  As one noted astronomer s t a t e d ;  "We learned mot'e i n  
the f i r s t  seven days of Lunar Orbi te r  I than i n  a l l  the  previous f i f t y  
years!'' This information, which i s  of prime s c i e n t i f i c  i n t e r e s t ,  is  also 
useful  €or refinement of guidance requirements f o r  Apollo missions. 
Environmental experiments on the Lunar Orbi te rs  have provided measuresments 
of r ad ia t ion  and the micrometeoroid f lux  near the moon. 

A t o t a l  of nine velocit j l  

Although the f i r s t  two missions have provided s ign i f i can t  q u a n t i t i e s  
of data  i n  supjport of manned landings and i n  s c i e n t i f i c  explora t ion  o f  the 
moon, much addi t iona l  work remains. The t h i r d  mission i s  planned prii.marily 
f o r  addi t iona l  landing s i te  search,  s ince  it is necessary t o  have a tiumber 
of a l t e r n a t e  si tes across  the  Apollo zone of  i n t e r e s t  near  the lunar  equator ,  
To the extent  tha t  the Apollo requirements are s a t i s f i e d ,  following riiissions 
might allow a s h i f t  i n  emphasis toward s c i e n t i f i c  explorat ion of the numerou:; 
a r eas  of in te r ' es t  i n  o ther  p a r t s  of t he  moon. More than four hundrecl s p e c i f l c  
a reas  of high s c i e n t i f i c  i n t e r e s t  have been del ineated by members of the  
s c i e n t i f i c  community. 

The Office o f  Space Science and Applications,  NASA Headquarters, is 
responsible  for the ove ra l l  d i r ec t ion  of the Lunar Orb i t e r  project .  
Responsibi l i ty  fo r  pro jec t  management is  assigned t o  the Langley Resctarch 
Center. The prime cont rac tor  is the Boeing Company which designed arid 
developed the Lunar Orbi te r  spacecraf t  and performed the systems in tegra-  
t i o n  and t e s t ing .  Major subcontractors  are the  Radio Corporation of 
American fo r  t h e  power systems and communications, and Eastman Kodak f o r  
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the  photo system. The missions are t racked and cont ro l led  by the  Deep 
Space Network of the Jet Propulsion Laboratory. 
is responsible  fo r  management of the launch vehic le  system. 

The L e w i s  Research Ctimter 

Current year funds are being used f o r  the  assembly, i n t eg ra t ion ,  alild 
systems t e s t i n g  of the spacecraf t ,  and f o r  mission opera t ions  and ana lys i s  
of photographs, selenodet ic  and o the r  lunar  environmental data  f o r  the 
first three  missions. 

Funds requested f o r  FY 1968 w i l l  provide f o r  the systems t e s t i n g  and 
mission operat ions of the  last  t w o  spacecraf t .  These funds are a l s o  ire- 
cp i red  t o  complete the  ana lys i s  of da ta  obtained from the  l a t e r  missions. 
F i sca l  year 1965 and p r i o r  expenditures f o r  Lunar Orbi te r  were $t17,200,000 
including launch vehicles .  
be needed t o  complete f i n a l  da ta  ana lys i s  and p ro jec t  repor t s .  

Subsequent to  J?Y 1968 about $1,000,000 w i  11 

Mar ine r 

1968 --- 1966 1967 

--- Mariner-Mars 1964....... ...... $2,335,000 $200,000 

Mariner-Venus 1967..... ....... 10,900,000 11,000,000 4,200,000 

Mariner-Mars 1971............. --e --- - LO. 100 .ooo 

Mariner Ill.................... 2 50,000 1,000,000 $6011) ,000 

Mariner-Mars 1969............. 4,100,000 23,000,000 !i4,000,000 

Total Spacecraft  and Support $17,585,000 $35,200,000 $68,90111,000 

Atlas-Agena ................... (8,700,000) ( 200,000) ( - - - I  
Atlas-Centaur................. (---) (1.420,OOO) I 14,438,000) 

Total  ( including Launch 
Vehicles) ................. ($ 26.285.000) L$36.820.0001 ($83,338.o00) 

\ 

The objec t ive  of the Mariner program is t o  conduct the  e a r l y  explorat ion 
of the p lane ts  and in te rp lane tary  medium with spacecraf t  i n  the 400 t o  1200 
pound class, and t o  provide the s c i e n t i f i c  and technological basiis f o r  de- 
t a i l ed  explorat ion by spacecraf t  of the  Voyager class. Mariners I1 aiid I V  
measured the magnetic f i e l d s ,  charged p a r t i c l e  f luxes ,  and cosmic dust i n  
in te rp lane tary  space and i n  the v i c i n i t y  of Venus and Mars respec t ive ly .  
On December 14, 1962 Mariner I1 observed microwave br ightness  temperntures 
of approximately 800 F on Venus, but  d id  not  de tec t  a magnetic f i e l d  ,when 
i t  passed within 22,000 miles of the p l ane t ' s  surface.  Mariner-Venus 1967 
i s  designed t o  obta in  add i t iona l  information on the  f i e l d  and par t ic l i?  
environment, t o  de tec t  atomic hydrogen and oxygen, and t o  ob ta in  a dens i ty  
p r o f i l e  of Venus' atmosphere by means o f  occul ta t ion  experiments as i t  passes 
within 2000 miles of the planet  i n  October 1967. The Mariner-Venus 1'367 
spacecraf t  i s  the f l i g h t  q u a l i f i e d  Mariner-Mars 1964 back-up spacecraEt 

b 
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modified f o r  the Venus mission. Mariner I V  t ransmit ted t o  e a r t h  the f i rs t  
close-up phot:ographs of another p lane t  a f t e r  it passed wi th in  6200 miles 
of the  sur face  of  Mars on July 15, 1965. Mariner I V ' s  t e l ev i s ion  p i c tu re s ,  
with a reso lu t ion  of  1500 meters, showed a c ra t e red  surface much l i k e  t h a t  
of the moon. At: the flyby d is tance ,  Mariner I V  could have detected a 
magnetic fie1.d ii thousand times weaker than e a r t h ' s ,  but  such a f i e l d  w a s  
not  percept ible , ,  The occu l t a t ion  experiment found the  atmosphere t o  tle 
much less dense than previously indicated.  The 1969 Mars mission w i l l  
take advantage of the g rea t e r  payload weight c a p a b i l i t y  provided by the 
Atlas-Centaur liiunch vehic le  t o  examine the sur face  with an improved 
t e l ev i s ion  s y s t e m  and measure the spectrum of the planet  i n  both the In- 
f r a red  and ~ 1 ~ 1 : r a v i o l e t  wavelengths. 

The m:Lssion planned f o r  1971 w i l l  use the  same bas ic  spacecraf t  designed 
for the .1969 mission with the modifications required t o  not only obta in  
higher reso lu t ion  p i c tu re s  of the sur face  than those t o  be obtained by the  
1969 Mars mission bu t ,  a l so ,  t o  e jec t  from the flyby spacecraf t  a scaled- 
down Voyager e n t r y  capsule i n t o  the  Martian atmosphere. The probe w i l l  
telemeter qucit i tative da ta  on atmospheric cons t i t uen t s  and s t ruc tu re  t o  the  
spacecraf t  duicing e n t r y  and descent t o  the surface.  This  mission wi l l  not 
only y i e ld  sagnnficant s c i e n t i f i c  r e s u l t s  but w i l l  a l s o  provide the sc i en t i f i c :  
information mid technological advancements t h a t  w i l l  enable a much g rea t e r  
r e tu rn  from the Voyager program and enhance the e f f i c i ency  of i t s  dewlop-  
ment program. 

The Jet Pi:opulsion Laboratory is responsible  f o r  Mariner pro jec t  manage- 
ment under the ove ra l l  guidance and d i r ec t ion  of  the Off ice  of  Space Science 
and App1:Lcatdons. The e a r l y  Mariners were designed, fabr ica ted ,  assembled 
and t e s t e d  in-house a t  JPL, with extensive subcontracting a t  the assembly 
and component: l eve l  f o r  such items as the  Canopus sensor ,  gyros,  solar  panel 
s t ruc tu res ,  soliir c e l l s ,  b a t t e r i e s  and tape recorders.  JPL w i l l  perfcrrm the 
systems .integitaI:ion funct ion of the  prime cont rac tor  f o r  Mariner-Mars 1969, 
but subcontractring w i l l  be f o r  complete subsystems, such as a t t i t u d e  con t ro l ,  
power, and pi:opulsion. Subcontracting w i l l  be even more extensive i n  the 
Mariner-14ars 1971 p ro jec t ,  with perhaps a systems prime cont rac tor  for the 
complete spacecraf t ,  and con t r ac t s  f o r  subsystems on the atmospheric probe. 

Current year funds w i l l  cover the cos t  of completion of f ab r i ca t ion ,  
assembly, terrf: nnd launch of  Mariner-Venus 1967. They w i l l  a lso finance 
subsystem breadboarding and engineering model t e s t i n g  on Mariner-Mars 
1969, and complete the design of the spacecraf t  t o  permit i n i t i a l  f l i g h t  
hardware procurement i n  Ju ly  1967. 
cos t  of operat ions associated with the r eacqu i s i t i on  of Mariner IV. 

Current year funds also w i l l  cover the  

The funds requested f o r  FY 1968 w i l l  f inance post-launch operat ions 
f o r  Mariner-Venus 1967 through encounter,  and ana lys i s  of s c i e n t i f i c  and 
engineering tiatti. 
w i l l  a l s o  provide acqu i s i t i on  of f l i g h t  hardware, f inancing t o  i n i t i a t e  

F i sca l  year 1968 funds requested f o r  Mariner-Mars 1969 
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assembly of t h e  f l i g h t  spacecraf t ,  and t o  complete type approval tests of 
prototype subsystems and environmental systems tests of the  prototype 
spacecraf t .  Fiscal year 1968 funds w i l l  be used t o  e s t a b l i s h  the funct ional  
spec i f ica t ions  for Mariner-Mars 1971 and t o  complete systems design. rhere 
w i l l  be extensdve t e s t i n g  of prototypes of c r i t i ca l  subsystems, such a s  
r e l a y  corrrrmnications, s t e r i l i z e a b l e  b a t t e r i e s ,  and aeroshe l l  and experiment 
instrumentation. F l igh t  experiments and the spacecraf t  system contractor  
w i l l  be selected.  Fiscal year 1968 funds requested f o r  Mariner IV w i l l  
be used t o  complete r eacqu i s i t i on ,  fo r  data  ana lys i s ,  and f o r  preparat ion 
o:E f i n a l  repor t s .  

F isca l  year 1965 and p r i o r  year expenditures for Mariner are 
$196,259,000 for b o t h  spacecraf t  and launch vehicles .  Funds required 
beyond FY 196#8 for completion of the Mariner program are estimated t o  
btr $238,442,000 of which $205,900,000 i s  f o r  Mariner-Mars 1971. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

PFFICE OF S E A 3  SCIENCE AM> APPLICATIONS 

PRoGRAM-GaVES AND JU STIFICATI ON: 

YOYAGER :I?ROGRAM 

The Voyager is  a major new program f o r  which fu l l - sca l e  design and 
development w i l l  s tart  i n  FY 1968. The Voyager w i l l  provide the  f i r s t  
opportunity for man t o  ob ta in  s u f f i c i e n t l y  de t a i l ed  data  concerning the  
planets of our  solar system to  permit a s i g n i f i c a n t  s t e p  i n  the under- 
standing of p lane ts  and t o  apply t h i s  information to  the  ea r th  i t s e l f ,  
ob jec t ive  of t h e  Voyager program beginning with the  missions planned Eor 
the  1973 and 1975 Mars oppor tuni t ies  i s  t o  obta in  information relevanit t o  
the  existence and na ture  of e x t r a t e r r e s t r i a l  l i f e ,  t he  atmospheric, sur face  
and body c h a r a c t e r i s t i c s  of t he  planet  Mars, and the  nearby space environment. 

The 

The o v e r a l l  requirements t o  be placed upon post-Mariner missions t o  the  
planets  have been under ca re fu l  study for severa l  years.  
meaningful planetary exploration, de t a i l ed  measuranents of t he  planetary 
environment, atmosphere, and sur face  c h a r a c t e r i s t i c s  must be made. In 
addi t ion,  such missions must have the  capab i l i t y  t o  de t ec t  l i f e ,  i f  present ;  
to charac te r ize  i t  chemically and physiological ly;  t o  determine i t s  r e l a t i o n  
to t e r r e s t r i a l  l i f e  forms, i f  any; and to  a i d  i n  e s t ab l i sh ing  the  evolutionary 
path of such l i f e .  The missions should a l s o  have the  capab i l i t y  t o  laok fo r  
Eossil l i f e ;  and i f  only f o s s i l  l i f e  were found, t o  examine thoste f a c t o r s  
t h a t  might ha.ve been associated with the ex t inc t ion  of e x t r a t e r r e s t r i a l  
l i f e .  

To perform 

Af ter  ca re fu l  considerat ion of the  type of s c i e n t i f i c  inves t iga t ions  t o  
be performed. in, a planetary explorat ion program, four main c a p a b i l i t i e s  
are i d e n t i f i e d  t h a t  any follow-on program to  Mariner must have. The f i r s t  
:is the  atbi1it:y t o  observe the  p lane t  both from o r b i t  and on the  planetary 
surface.  Da.t:a on extraterrestrial l i f e  w i l l  only be obtained conclusively 
Erom observa.t:ions made on the  planetary surface. However, t he  s c i e n t i f i c  
imderstandinig; of a p lane t ,  i t s  o r ig in ,  and evolut ion w i l l  be heavi ly  
dependent uFwi co r re l a t ing  sur face  measurements and large-scale  survey-type 
ineasurenients ohtained by observations from planetary o rb i t .  

The second c:apabili ty needed on post-Mariner missions is t he  high in s t ru -  
inent weight. 
experiments can be supported during each mission t o  obta in  the  muLticIisciplin,ary 
types of sci.c!nt:ific information required. 

Thus, e i t h e r  heavy s i n g l e  experiments o r  groups of complementary 

The t h i r d  caipability i s  long-lifetime a t  t h e  p lane t ;  t h a t  is, the  s?ace- 
c r a f t  should opera te  on the  sur face  of t he  planet  and i n  o r b i t  about t he  
planet  f o r  ].on€; periods of t i m e .  This i s  p a r t i c u l a r l y  important fo r  Mars 
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s ince  seasonal va r i a t ions  have been observed and an understanding of w c h  
wariat ions and , their  e f f e c t s  are c r i t i c a l  t o  the  s c i e n t i f i c  understanding 
ohf the  planet.  

The fourtlh capab i l i t y  i s  fo r  a la rge  amount of data. This wi1.1 permit 
high qua l i t y  v i sua l  da ta  similar to t h a t  obtained of the moon by Luna:[.- 
Orbi te r  and Surveyor and high q u a l i t y  spectroscopic type da ta  which i), 
needed f o r  chemical and physical  inves t iga t ions .  

The requirements noted above are being used to  def ine  the  Voyager riiission 
c:apability. The Voyager capab i l i t y  f a r  exceeds t h a t  of the  Mariners ilnd 
represents  a major s t e p  i n  t h i s  country's planetary explorat ion capabi l i ty .  
The Saturn V, developed f o r  Apollo, w i l l  be used as the  Voyager 1.auncli 
vehicle. 

Three primary objec t ives  w i l l  shape t h e  Voyager missions: To gain know- 
ledge about the  o r i g i n  of the  solar system, to  gain knowledge about the  origiirt 
of l i f e ,  and to  apply both to  a b e t t e r  understanding of terrestrial  l t f e .  
Not only do these  objec t ives  d i r e c t l y  bear on man's place i n  the  univi?rse, 
h u t  they are c lose ly  related t o  the  o r i g i n  of the  universe i t s e l f .  

In pursu i t  of these  goals ,  beginning with the  1973 Mars opportunity,  
Voyager w i l l  o r b i t ,  and sof t - land on the  planet  and search f o r  evidence of 
€oms of l i f e .  The f i r s t  Voyager mission w i l l  provide da ta  on the  ph'ysical, 
t:hermal, and chemical proper t ies  of t he  planet ,  transmit t o  ea r th  high 
reso lu t ion  photographs of Mars' surface. 
Woyager spacecraf t  so t h a t  many of i t s  bas ic  systems, such as the  spacecraf t ,  
can be used with a minimum of modification fo r  explorat ion of p lane ts  o ther  
than Mars. ' Ibis would minimize development costs f o r  poss ib le  fu tu re  planetary 
missions,  such as landing on Venus, which are cur ren t ly  being s tudied.  

It is  planned t o  design the  

SUMMARY OF RESOURCES RgqllzRgMENTS: 

1966 

Voyager................ ........ $17,097,000 

 total................^.^...^.^ 317,097,000 

- Distribution-of Program Amount by Ins t a l l a t ion :  

Marshall Space Fl igh t  Center... $210,000 
Jet Propulsion Laboratory...... 15,502,000 
Ames Research Center........... 200,000 
Langley Research Center........ 585,000 
NASA Msadqu.arters.............. 600,000 

1?368 
-I 

1967 

$10,450,000 $71, liO0,OOO 
-1 

$10,450,000 $71,jjOO,OOO 

$1,000,000 $21,300,000 
8,200,000 31,1300,000 

250,000 500,000 
1,000,000 18,OO0,000 --- 700,000 
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- BASIS OF FUND REQUIREMENTS: 

Vovaner 

19$8 --- 1966 1967 

Spacecraft system.. ............ $8,191,000 $1,300,000 $;!1,400,000 
2! 1,6 Ol1,OOO Capsule bus system............. 

Surface laboratory system...... 
Voyager b io logica l  laboratory.. 1,000,000 450,000 2 , 5 O ~ l l , O O O  
Launch vehic le  system.......... 210,000 500,000 1 , 5019,000 
Mission operations........ ..... 74.000 100,000 5011). 000 

) 7,622,000 }8,100,000 2!4, 000, 000 

Total........................ $17.092 .OOO $10,4>Os0O0 &"!- 

I n i t i a l l y ,  Voyager w i l l  i nves t iga t e  t h e  c loses t  p lane ts ,  beginning igith 
Mars. The f i r s t  f l i g h t  missions a r e  planned f o r  Mars during the  1.973 4ind 
1975 opportuni t ies .  
automated spacecraf t  i n  o r b i t  and s o f t  land an  automated laboratory on the  
sur face  of Mars. One Saturn V launch vehic le  w i l l  ca r ry  two Voyager planetary 
vehicles  mounted i n  tandem a t  each of t he  two launch opportuni t ies .  Eich 
planetary vehic le  cons i s t s  of a spacecraf t  and a landing capsule. 
c r a f t  w i l l  accomplish the  t r a n s i t  t o  Mars, de l ive r  t he  capsule int:o or i ) i t ,  
arid conduct s c i e n t i f i c  observations of Mars from o r b i t  over a period oE 
seve ra l  months. The landing package includes a capsule bus system and a 
sur face  laboratory system. The landed sur face  laboratory system w i l l  include 
instruments t o  study the  chemistry of the  atmoshpere and sur face ;  measlire 
ratdiation, temperature, and seismic a c t i v i t y ;  and search f o r  evidence c)f 
e x t r a t e r r e s t r i a l  l i f e  t o  the  m a x i m u m  extent  poss ib le  on t h e  e a r l y  Voya;,ger 
mi. s s ions. 

I n  pursu i t  of i t s  objec t ives ,  t he  Voyager w i l l  pLtce an 

The space- 

It i s  an t ic ipa ted  t h a t  changes w i l l  be made t o  the  sur face  1aborato:i:y 
from mission t o  imission as the  s c i e n t i f i c  understanding of Mars i s i  inc.l:eased. 
As t h i s  progression occurs,  i t  is expected t h a t  adapt ive and reprogramnable 
experiments w i l l  be conducted and the  sur face  laboratory w i l l  evol.ve i i i to  
th i e  Voyager Biological Laboratory (VBL). The VBL concept i s  based upoii the 
ccinviction t h a t  a f l e x i b l e  s c i e n t i f i c  laboratory type spacecraf t  w i l l  I)e 
required t o  provide r e s u l t s  capable of unambiguous in te rpre ta t ion .  It w i l l  
be an in tegra ted  set of experiment packages and be capable of performiiig 
these experiments i n  a near real t i m e  programmable fashion r a t h e r  than 
ha.ving completely d i s c r e t e  experiments aboard. The VBL w i l l  contain a 
reprogrammable computer capable of con t ro l l i ng  and comnanding i t s  own operat ions 
based on data feedback from previous experiments, o r  by comnand fxom eiirth. 

The r e s u l t s  of t h e  preliminary design of t he  Voyager o r b i t i n g  spacecxaft  
catnpleted i n  FY 1966 confirmed i t s  f e a s i b i l i t y  and t h a t  i t  would achieyre 
t h e  assigned inission object ives .  Funds f o r  FY 1967 provide f o r  prelim:i.nary 
design of the  capsule (capsule bus and sur face  laboratory) ,  continuing in-  
hatuse e f f o r t  Ion the capsule to  br ing the  understanding of t h i s  system 1:o a 
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level comparable with t h a t  of the  spacecraf t ,  and maintaining a supporting 
development program i n  c r i t i c a l ,  long leadtime subsystems. 

During FY 1'968, system design and development w i l l  be i n i t i a t e d  f o r  the  
spacecraf t ,  capsule bus, and surface laboratory systems. A s ing le  prime 
contractor  i w i l l  be chosen fo r  each of the three  systems t o  i n i t g a t e  Linal 
system design and t o  begin the development of long leadtime subsystems. 

The system 'design e f f o r t  w i l l  culminate i n  completed system ripeci Eicationfi 
and i n  preliminary d e t a i l  spec i f i ca t ions  f o r  each subsystem and c r i t l c a l  
component. Examples of long leadtime developments which a r e  expecteli t o  be 
i n i t i a t e d  i n  FY 1968 are:  

Spacecraft  System 

High power S-band ampl i f ie rs  and la rge  s t ee rab le  antennas 
'Long l i f e  cycleable  b a t t e r i e s  
Data compression, block coding, and da ta  s torage 

Capsule Bus System 

S t e r i l i z a b l e ,  t h r o t t l a b l e  l i q u i d  retropropuls ion 
Terminal guidance subsystem 
S t e r i l i z a t i o n  cannis te r  and ac tua t ing  mechanisms 

Surface Laboratory System 

S t e r i l i z a b l e  S-band and VHF ampl i f ie rs  
S t e r i l i z a b l e  power supply 
Command storage,  programmer, and receiver 

I n  addi t ion,  i t  i s  expected t h a t  advanced development of s c i e n t i f i c  Lnstru- 
ments which are candidates  f o r  the 1973 mission w i l l  be conducted i n  FY 1968. 
These w i l l  include v i s u a l  imaging devices,  mass spectrometer/gas chromatograph, 
var ious types of spectrometers, and l i f e  de tec t ion  instruments. 

During FY' 1968, the VBL and i t s  objec t ives  w i l l  be defined i n  de t ,e i l .  The 
s c i e n t i f i c  community w i l l  be ac t ive ly  involved i n  t h i s  de f in i t i on .  
t ion ,  subsys,tem design of the VBL w i l l  be i n i t i a t e d .  
t h a t  breadboarding of c r i t i c a l  VBL subsystems w i l l  be undertaken. 

In addi- 
It i s  a l s o  explected 

During FY 1968 development of the launch vehic le  nose f a i r i n g  and shroud 
required for the Voyager missions w i l l  be continued. I n  addi t ion ,  s tud ie s  of 
Voyager launch c r i t e r i a  and planning of mission operat ions w i l l  be continued. 

Funding during FY 1965 and p r i o r  years  f o r  Voyager amounted to  $7,593,000. 
The t o t a l  ca s t  of the 1973 and 1975 missions i s  estimated t o  be $1,8~00,000,000 
including four sets of f l i g h t  hardware, prototypes,  development, and spare 
hardwar e. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

OFFICE OF S F A g  SCIENCE AND APPLICATIONS SUSTAINING UNIVERSITY PROGRAM, 

PROGRAM OBJESCTJVES AND JUSTIFICATION: 

NASA depends upon un ive r s i t i e s  to  conduct por t ions  of the basic  research 
in support of the space program. To improve t h i s  support ,  the un ive r s i t i e s  
are strengthened by the  Sustaining University Program. 
IJniversity P'rogram encourages the un ive r s i t i e s  by supporting graduate 
s tudents  i n  stpace-related d isc ip l ines .  
acquis i t ion  of f a c i l i t i e s  su i t ab le  f o r  the e f f e c t i v e  conduct of space 
research, I t s  accomplishments contr ibute  t o  the replenishment O E  the  
national supplly of highly t ra ined  manpower, t o  an increase i n  the scope of 
research leading to advances i n  fundamental knowledge, and t o  improvement of 
the  physical f a c i l i t i e s  f o r  t h e  conduct of both t r a in ing  and graduate 
research a t  un ive r s i t i e s .  

The Sustaining 

It also assists un ive r s i t i e s  i n  the 

!iuIWARY --- OF RESOURCES REQUIREMENTS: 

1968 
-< 

1966 1967 

Tra inhg . .  ..................... $25,290,000 $16,000,000 $7 ,iOOO,OOO 
Research....................... 12,860,000 11,000,000 10 ,8DO0 ,000 
Research fac i l i t i es . . . . . . . . . . . .  7,850,000 4,000,000 3 , ; D O O  ,000 

Total....................*... $46,000,000 $31,000,000 $20~000,000 - 
---- Dis t r ibu t ion  of Program Amount by Ins t a l l a t ion :  

NASA. Head,quar ters ............ $46,000,000 $31,000,000 $20 . 000,000 

HASIS OF F U N D  REQUIREMENTS: 

Training 

1968 -, 1966 1967 

Training.................,.. $25,290,000 $16,000,000 $7,000,000 

As the  nat.iona1 space e f f o r t  proceeds towards attainment of i t s  program 
goals,  t ra in ing  a c t i v i t i e s  conducted under NASA's Sustaining University 
I?rograra have been reviewed and reassessed to ensure consonance with t h e  new 
conditions and tasks the  Agency w i l l  encounter in t he  years ahead. 
with the c h a r a c t e r i s t i c a l l y  long lead times associated with doctoral  and 
postdoctoral  t r a in ing ,  a timely review of the  t ra in ing  requirements f o r  
fu tu re  space a c t i v i t i e s  is espec ia l ly  necessary. 

In f i e l d s  
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In the  pas t ,  the l a r g e s t  e f f o r t  has been devoted t o  predoctoral  t ra ining.  
The NASA predoctoral  program was i n i t i a t e d  in 1962. 
to sponsor t b e  annual production of l ,OOO Ph.D.'s i n  space-related sctence 
and technology. This was  estimated t o  requi re  the annual en t ry  i n t o  the 
un ive r s i t i e s  of some 1,335 new predoctoral  candidates f o r  three years of 
t ra in ing  t a ~ o r d  t h e  doctorate. 
the f i r s t  time, with tb addi t ion  of 1,335 new ent ran ts  t o  t h e  previous 
years' candidates, making a total of 3,681 NASA sponsored t ra inees  now i n  the 
program. 

Its i n i t i a l  targlat was 

I n  FY 1966 NASA reached t h i s  input  golnl f o r  

The FY 1967 budget f o r  t r a in ing  is $16 million. With t h i s  amount of 
money, about 800 NASA sponsored t r a inees  w i l l  en te r  the program i n  September 
1.967. 
new predoctoral  students w i l l  be about 350. 

I n  FY 1968, the program level w i l l  be $7 mill ion,  and the number of 

With t h i s  decl ine in the  number of predoctoral  trainees, greater lemphasis 
is being placed upon spec ia l  t ra in ing  a c t i v i t i e s .  Critical i n  t h i s  eEfort  is 
NASA's Summer Faculty Fellowship Program t o  help young facul ty  memberiB keep 
up with t h e  latest technical developments i n  engineering and science. 
Originally es tabl ished with t h e  ass i s tance  of t h e  American Society f o r  
Engineering Education, these  10-week summer sessions are cooperative 
endeavors undertaken i n  conjunction w i t h  one or  more univers i t iea  loeiited 
near NASA Research Centers. 
Centers wherfe they choose problems of copDmoll i n t e r e s t  t o  themselves aiid t h e  
Centers. In  1967, seven mch programs are being planned, w i t h  an increased 
oiumber of pa r t i c ipan t s  over the  1966 program. 
e f f o r t  a t  the same level i n  FY 1968. 

Faculty members spend their supIper c i t  the  

It is planned t o  contiiiue t h i s  

A facul ty  program i n  Systems Engineering Design was  begun i n  1966, under 
which facul ty  members f r a n  d i f f e r e n t  engineering d i sc ip l ines  are brought 
together t o  wor:k on broad apace-related problems requir ing an integrated o r  
team approach. W o  or three are usual ly  se lec ted  f r a n  the same tmiveiroity, 
80 t h a t  they can introduce new techniques i n  the teaching of systems 
engineering Idesign a t  t h e i r  parent i n s t i t u t i o n  a t  the conclusion of the 
program. As i n  the Surmer Faculty Fellowship Program above, theae a c t i v i t i e s  
axe car r ied  on i n  cooperation with one or more un ive r s i t i e s  located near a 
NASA Center and NASA Center personnel having spec ia l  competence in thfia area 
of systems engineering lend s t rong support. Three such swnner program are 
planned for  1967 and continuation in 1968. 

In  1967, NASA plans t o  sponsor four  Sumner I n s t i t u t e s  f o r  upper d iv is ion  
undergraduates to  acquaint them with some of the  current  substantive problems 
encountered i n  space sciences and engineering. 
student pa r t i c ipan t s  w i l l  be espec ia l ly  ta lented young men and wcmen who 
show promise of continuing these s tud ies  a t  the graduate level. 
continuation a t  the same l eve l  is planned. 

As i n  previous years,  the 

In  1068, 
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NASA supports  two -11 post  Medical Doctors' t r a i n i n g  programs i n  aero- 
space medicine. 
medical doc tors  with spec ia l  advanced t r a i n i n g  t o  work i n  d i r e c t  o r  eupport- 
ing role. i n  manned space f l i g h t  e f f o r t s .  Physicians t r a ined  i n  t h i s  program 
have already been employed by NASA a t  the  Manned Spacecraft  Center a t  Houston 
i n  space medicine operations.  
t h a t  of prewious years. 

Their purpose i s  t o  help p r w i d e  a few c a r e f u l l y  chosen 

The 1968 l e v e l  of e f f o r t  w i l l  be the  ~ame a s  

Research 

1966 1967 -, 1968 __ 
Research.. . . . . . . . . . . . . . . . . . . . . .  $12,860,000 $11,000,000 $18,000,000 

Mul t id i sc ip l inary  research g ran t s  under the  Sustaining Universi ty  Program 
augment NASA's projec t  research by giving u n i v e r s i t i e s  increased encourage - 
ment t o  extend and enhance t h e i r  space-related research c a p a b i l i t i e s .  Throqgh 
the  use of broadly based research g ran t s  with long-term funding s t a b l l i t y ,  
NASA has been able  to  increase the response from those u n i v e r s i t i e s  ljllready 
p a r t i c i p a t i n g  i n  space research and o f f e r  new oppor tuni t ies  t o  many un ive r s i -  
t ies which wish t o  p a r t i c i p a t e  f o r  t he  f i r s t  t i m e .  The net r e s u l t  hms been 
t o  s t rengthen the e f f o r t s  of those u n i v e r s i t i e s  which are the  chief  louppliern 
of t a l e n t  and f r e sh  ideas  t o  t h e  space program, and a t  the  same time f o s t e r  
innovations an'd t h e  development of s k i l l s  which a r e  so necessary to ithe 
continuation of a s t rong and v i t a l  space e f f o r t .  Addi t ional ly ,  these g ran t s  
have served to  i n t e r e s t  scholars  and s tudents  throughout the na t ion  in 
cr i t ical  a reas  of space science and technology. 

The f l e x i b i l i t y  and r e l a t i v e  s t a b i l i t y  of these  spec ia l  purpose rmearch  
g ran t s  permi t  u n i v e r s i t i e s  t o  bui ld  research programs responsive to  iiiational 
space needs within the framework of balanced and c rea t ive  i n s t i t u t i o n a l  
development. 'Thus NASA, i n  shar ing the  management of these e f f o r t s  with the  
univers i ty ,  allows them t o  take  f u l l  advantage of t h e i r  research competence 
and ingenuity without d i s t o r t i n g  t h e i r  t r a d i t i o n a l  academic values.  Fur ther ,  
the  breadth of support provided induces the  formation of mult idiscipl l inary 
teams which a re  so necessary to the so lu t ion  of the  problems inherent  i n  
many undertakings of national scope, of which the  space program is  brtt one. 
This spec ia l  purpose research is now underway a t  48 u n i v e r s i t i e s  i n  .,!9 
s t a t e s .  Each i n s t i t u t i o n  has  d i f f e r e n t  c a p a b i l i t i e s ,  i n t e r e s t s ,  and t a l e n t s ,  
but a l l  have helped NASA bring t o  the a t t e n t i o n  of t h e i r  regiono the  
chal lenges (of the na t iona l  space program. 

Through hire program, groups are evolving which should became incxeasinglIy 

Ef fec t ive  channels of camwnication have been openecl between 
ab le  t o  briiig (the sum of the  i n s t i t u t i o n s '  t a l e n t  and knowledge closc!r t o  
na t iona l  needs. 
NASA researe 'hers and t h e i r  un ive r s i ty  counterpar ts .  
made signif:icaiit cont r ibu t ions  to  U S A ' s  cur ren t  research progress  and same 
are beginning ito look i n t o  the m o r e  d i f f i c u l t  long-range problems. 
i n s t i t u t i o n  'hall increased i t s  research c a p a b i l i t i e s  i n  areas of i n t e r e s t  to  
NASA and hars involved both f a c u l t y  and s tudents .  

The universitierii have 

Hach 

Some have begun t o  establi tsh 
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themselves as regional  and even 'na t iona l  cen te r s  of aeronaut ical  and space 
research. Finrally, s ign i f i can t  growth and changes have occurred i n  the 
development 'of forward-looking cu r r i cu la  and t r a in ing  a c t i v i t i e s .  

For the cont inuat ion of t h i s  spec ia l  purpose research program with empha- 

Work a t  approxirmlitely 45 
sis on newly developing i n s t i t u t i o n s ,  approximately 50 u n i v e r s i t i e s  w i l l  be 
supported daring FY 1968 a t  a cost of $10 mil l ion.  
u n i v e r s i t i e s  w t l l  be continued and f i v e  i n s t i t u t i o n s  w i l l  par t ic ipatc!  f o r  the 
f i r s t  t ime .  

Research F a c i l i t i e s  

1966 1967 - 1968 

Research facil i t ies. . . . . . . . . . . . . .  $7,850,000 $4,000,000 $3,000,000 

The conduct of research and t r a in ing  i n  space-related science and tech- 
nology i n  d i r e c t  support of NASA's  mission is being impeded by lack  of s u i t -  
ab l e  laborator?y space a t  many educational i n s t i t u t i o n s .  The prcwision of 
adequate space i s  e s s e n t i a l  i f  the u n i v e r s i t i e s  a r e  t o  cont r ibu te  their 
knowledge and experience to  the so lu t ion  of problems being encountered i n  
the explorat ion of space. I n  a fundamental sense, these contr ibut ioi is  of 
un ivers i ty  <ac t iv i ty  may be regarded a s  the sole means fo r  maintaininl,; or 
augmenting the i n t e l l e c t u a l  and c rea t ive  resources upon which the whole 
superstructure  of the  space program may ult imately r e ly .  Therefore, where 
addi t iona l  research f a c i l i t i e s  a r e  urgent ly  needed to  support the na t iona l  
space program, NASA intends t o  provide a l imi ted  amount of funds for t h e i r  
acquis i t ion .  

The research f a c i l i t i e s  t o  be acquired by u n i v e r s i t i e s  with t.his {support 
must f i r s t  have m e t  one of th ree  general  requirements. The f i r s t  category 
includes construct ion of mult id isc ip l inary  space research and enginebtring 
l abora to r i e s  which serve project research and the t r a in ing  supported by the 
Sustaining University Program. Half of the f a c i l i t i e s  g ran t s  t o  datc? have 
been fo r  t h i s  type, where there  has been an urgent need to house ind tv idua ls  
and combined research groups from several  departments. Univers i t ies  develop- 
ed and organized along the l i n e s  of the c l a s s i c a l  d i s c i p l i n e s  do not have 
adequate l abora to r i e s  t o  accomnodate a c t i v i t i e s  organized t o  meet thick requi re  
ments of a mul t id i sc ip l inary  approach t o  space-related research and i:raining. 

Univers i t ies  have another need f o r  new f a c i l i t i e s  i n  which researchers  
a r e  ab le  t o  develop, f ab r i ca t e  and test experiments to f l y  on s a t e l l i t e s ,  
rocket  probes and balloon f l i g h t s .  
fo r  these purposes is l a rge  and growing, and i s  not being m e t  by any source 
of funds other  than NASA. Adequately equipped l abora to r i e s  and shopis f o r  
the design and i n i t i a l  t e s t i n g  of f l i g h t  packages must be ava i lab le  on 
campus i f  t h e  space program is t o  involve the bes t  experimenters in the 
country, s ince conscientious f acu l ty  members i n s i s t  on pa r t i c ipa t ion  by 
graduate students.  

The need f o r  unique laboratory bui ld ings  



The t h i r d  type includes the  highly spec ia l ized  f a c i l i t i e s  fo r  research 
and t r a in ing  unique t o  a s t ronau t i c s  and aeronautics.  Examples i n  thl  s cate- 
gory include accomnodations f o r  s o l i d  and l i q u i d  propulsion research,  astro- 
nomical obseievcitories, exobiological labora tor ies ,  high Mach number wind 
tunnels,  and a human centr i fuge.  By no means does every univers i ty  need 
s t r u c t u r e s  of t h i s  type, but  i f  bas ic  research i n  the  a reas  v i t a l  t o  NASA is 
to  be done 1111 un ive r s i t i e s ,  and i f  graduate s tudents  are to  be t ra ined  fo r  
the  national1 space program, then NASA must he lp  fund and develop highly tech- 
n i ca l  research f a c i l i t i e s  which are not  normally ava i l ab le  t o  univerri i t ies.  
, A t  t h i s  ti=!, the  in t e re s t ed  u n i v e r s i t i e s  have more requirements f o r  f a c i l i -  
t ies than NA!U alone can provide. 

A l a rge  f r a c t i o n  of fu tu re  univers i ty  laboratory requirements w i l l  r e s u l t  
Approximately 45 univer- from grawinti oppor tuni t ies  f o r  f l i g h t  experiments. 

s i t ies a r e  xiow concerned with NASA space f l i g h t  programs, of which probably 
less than a t h i r d  have f u l l y  equipped l abora to r i e s  f o r  preparat ion of experi-  
ments and in t e rp re t a t ion  of data.  Post-Apollo manned and automated f l i g h t s  
w i l l  have thts capab i l i t y  of carrying many times the present  number of experi-  
ments, iind l.fF omre i n s t i t u t i o n s  are t o  pa r t i c ipa t e ,  more labora tor ieo  w i l l  
be required.  

Some of t:hene f a c i l i t i e s  may be expected to  become foca l  po in t s  f a r  cen te r s  
of exceIlenc:c! around which u n i v e r s i t i e s  may mobilize t h e i r  t o t a l  capalbilitiesi 
€or the bene!fit: of the nation. 
t i e s  i n  a poiiit:ion to  undertake the work f o r  which they have competenlce and 
which in reqluired i f  t h i s  competence i s  to  support the space program properly. 

A l l  f a c i l i t i e s  a r e  intended t o  p u t  uniiversi- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

!OFFICE OF SPACE: SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVELOPMENT PROGRAPI 

PROGRAM 0BJE:CTINES AND JUSTIFICATION: 

The objective of the Launch Vehicle Development program is t o  provLde f o r  
the a v a i l a b i l i t y  of a launch vehicle capabi l i ty  f o r  automated mission require-  
onents i n  a timely and economical manner. 
analyze fu ture  mission requirements and t o  def ine methods of achievin,g the 
required performance charac te r i s t ics .  Supporting Research and Tttchnology 
inves t iga tes  the new technological developments required t o  support these 
ozthods. New launch vehicles are developed when i t  is determined t h a t  a 
new vehicle alr stage is  required t o  support autanated mission requireinents. 
The Scout and Delta vehicles developed under t h i s  program became operational 
during FY 1963. In  a s i m i l a r  manner, the Centaur Development e f f o r t  I d i l l  be 
cxmpleted during FY 1967. 

Advanced s tudies  are conducted to 

Since no nlajor new vehicle  development e f f o r t  w i l l  be conducted du.ring 
IFY 1968, support fo r  the on-going Advanced Studies and Supporting Research 
and Technology e f f o r t s  fs budgeted under the Launch vehicle  Procurement 
I?rogram . 
:iuHHARY OF RESOURCES REQUIREMENTS: 

1966 1967 

Supporting; research and tech- 
nology/d,dvanced studies.. .... $4,000,000 $4,000,000 

Centaur dewe lopment ............ 53,790.000 27,200,000 

Total...................,..,. $57,790.000 >31,200,000 

---- Distr ibut ion of Program Amount by Ins ta l la t ion :  

John F. Kennedy Space 
Center, NASA............... $4 70,000 $200,000 

Mar shal l  Space Fl ight  Center. 7,205,000 --- 
Jet Propulsion Laboratory.. .. 140,000 --- 
Electronics  Research Center.. 600,000 1,025 , 000 
Langley Research Center...... 890,000 487,000 
Lewis  Research Center........ 48,125,000 28,988,000 
NASA Headquarters............ 360,000 500,000 

- BASIS OF FUNCi REQUIREMENTS: 

N o  funds a r e  being requested i n  FY 1968 fo r  Launch Vehicle Development. 
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FISCAL YEAR 1968 ESTIMATES 

OFFICE OF SP'E SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCURBMEN:r PROGRAIM_ 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objec t ive  of the Launch Vehicle Procurement program is to  provide 
launch vehic les ,  with t h e i r  r e l a t e d  supporting equipment and sexviceis, t o  
support autometed mission requirements. 
spectrum of a c t i v i t y  including Advanced Studies  to  analyze fu tu re  mirrsion 
requirements f o r  determining and def in ing  methods of achieving the  rcisquired 
performance and Supporting Research and Technology to investigat:e new 
technological developments required to  support these  methods. Xn add i t ion ,  
the  program includes the  procurement of veh ic l e s ,  maintenance arid opclsration 
of support  equipment, veh ic l e  r e l a t e d  services, and t h e  Sustaining Eiigineeriiig 
and Maintenance e f f o r t  required to  support  the  operat ional  vehicles .  
opera t iona l  v e h i c l e s  cu r ren t ly  being procured and supported are: Scollt, 
D e l t a ,  Thor Agena, Atlas Agena, and Centaur. 

The program includes a broad 

The 

Operational veh ic l e s  are procured i n  support  of cu r ren t  mission rc!!quire- 
ments, I n  order t o  i d e n t i f y  total  p r o j e c t  requirements, t h e  launch veh ic l e  
procurement a c t i v i t y  assoc ia ted  with s p e c i f i c  p r o j e c t s  is shown parei i thet i -  
c a l l y  w i t h  each p ro jec t ,  
required inventory l eve l s .  
quant i ty  of vehicles t o  be ordered are: (1) curren t  and project.ed inventory 
which includes vehic les  ordered but not  del ivered;  (2) launch sc.hedu:l.es; and 
(3) procurement lead times required f o r  veh ic l e  del ivery.  

Procurement levels are adjus ted  to maintail; 
The f a c t o r s  considered i n  determining tht! 

In  add i t ion  t o  t h e  procurement of veh ic l e  hardware. var ious  serv ices  
assoc ia ted  w i t i h  each launch are also included i n  t h e  program. 
such items ias t r a j e c t o r y  s tud ie s ,  mission modifications to  the  support 
equipment and veh ic l e ,  launch crew services, guidance se rv ices ,  rangc! 
reimbursable support ,  and propel lants .  

These include 

The SusttrinLng Engineering and Maintenance e f f o r t  assoc ia ted  w i t h  each 
opera t iona l  veh ic l e  is not  d i r e c t l y  r e l a t e d  to  a s p e c i f i c  mission and these  
c o s t s  are not  Lncluded i n  the  pa ren the t i ca l  no ta t ions  shown wi th  eacit 
pro jec t .  This e f f o r t ,  i n  t h i s  sense,  is general  i n  na ture  and benef tc ia l  t o  
a l l  project13 assoc ia ted  with a p a r t i c u l a r  type vehicle .  
a means i s  provided f o r  maintaining high levels of performance and re!liabilil:y 
i n  operatioital  vehic les  and ground support  equipment. 
achieved thic mgh product improvement programs which provide f o r  the  updating 
of veh ic l e  s ysitems and components, maintenance of ground support equj pment , 
vehic le  system engineering, and other supporting services .  

Through thisl e f f o r t  ,, 

These goals ai-e 

In  previous budget submissions, Launch Vehicle Development and Launch 
Vehicle Procurement have been presented as sepa ra t e  programs. Since there 



w i l l  be no ma.jor launch vehic le  developatent e f f o r t  i n  progress during F'Y 1968, 
the  remaining; development a c t i v i t i e s ,  Supporting Research and Technology and 
Advanced Studlies have been consolidated with t h e  Launch Vehicle Procurement 
Program. 

SUHMARY OF RESOURCES REQUIREMENTS: 

1968 
-4 

1966 1967 

Supporting Research and 

Scout..,... .................... $11,700,000 $9,400,000 16,800,OOO 
Delta.......................... 27,729,000 20,900,000 32,600,000 
Agena.... . . . . . . . . . . . . . . . . . . . . . .  70,669,000 37 ,100,000 24,700,000 

T Centacir........................ 65,000,000 55,000,000 87,000,000 

Techolo,gy/Advanced s tudies .  . -9. -0- $4,000,000 

I 

-0- -0- Atlas.......................... 3,602,000 - 

1M.stributioai of Program Amount by Ins ta l la t ion :  

John I?. Ke:rtnedy Space Center, 
NASA. a t  0 0  * O B  $4,177,000 

Marshall Slpac:e F l igh t  Center. .. 
Coddard Spticc: F l igh t  Center. ... 11,879,000 
Electronic:#; Research Center. ... 
Langley Remearch Center. ....... 12,090,000 
Lewis Reseiireh Center .......... 135,430,000 
NASA ICeedql~rarters.............. 6,340,000 
Western Support Office. ........ 8,784,000 

0-0 

--I 

$3,787,000 

12,563,000 

9,400,000 
88,7 25,000 

7,925,000 

0-0 

..-- 
9-.. 

$3,332,000 
1,100,000 

18,400,000 
1,270,000 

16,900,000 

500,000 
109,233,000 

1 4  ,365,000 

The overcill. mission plan for launches during t h i s  period is: 

Vehicle -- 
Calendar Calendar Clal endar 

Y e a r  Year Y e a r  
1966 1967 - 1968 

SCOtlt... ...................... 1 6(+2 B/U)* 8(+1 B/U)* 
D e l t a .  ..... ., .................. 
Agena.. .... ., .................. ... 4 CenlAur.. ., - 4 '  - 

4 7 9 
7 5 4 

3 .................. -- 
Total. ...................... 16 - 22(+2 B/U) - x:= 2:4(+1 B/U) 

* '73/U" :Lnclicates backup missions. 
Above t ab le  includes Advanced Research and Technology missions . 
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Supporting Research and Technology 
Advanced Studies 

1968 . 
-< 

1966 1967 

Advanced studlies.. .............. --- --- $1,000,000 
PrapUlSiOrl. ...................... --- 0.- 75,000 
Guidance, control  and navigation e... ..-- 1,070,000 
Instrumentation and electronics .  -0- .-- 200,000 
Structures  arid materials........ -9- -0. 955,000 
Vehicle engineering. ............ 00- 09.. -1 700,000, 

Total....<,.. .................... 
The purpcme of Advanced Studies is t o  def ine vehic le  requirements f o r  

fu ture  missitmsi and t o  es t ab l i sh  t h e  methods by which performance i n  excess 
of current  c:rrpobilities can best  be developed. 
indicat ions of those areas of research and new technology development which 
may be most :Ernitful i n  terms of mission benefi ts .  The Supporting Research 
and Technology e f f o r t s  are d i rec ted  toward developing the  new technology and 
techniques rrliorrn t o  be needed by the  Advanced Studies. 
program a l s o  pi:avides for  demonstration of new technology p r i o r  to f u l l  
scale develqmtmt e f f o r t s ,  

These s tudies  a l s o  provide 

This f ace t  of t h e  

The FY 1!)66 and FY 1967 Advanced Study e f f o r t s  have been d i rec ted  a t  
mission reqtilrments f o r  very high ve loc i ty  launch vehicles.  Partictiilar 
e f f o r t s  i n  rtceclmology were d i rec ted  a t  a high energy upper (kick) stbi,ge t o  
be used w i t h  ex is t ing  lwer stages. FY 1968 e f f o r t s  w i l l  be d i rec ted  a t  
mission anaL:yses, invest igat ion of vehic le  and s tage a l t e rna t ives ,  aIid 
program planning . 

Supportiiq Research and Technology e f f o r t s  are being conducted i n  the FY 
1967 program 011 upper stage propel lant  sys t em,  FW4S rocket propellati t  
character izat ion,  alignment and ca l ib ra t ion  of s t r a p d m  guidance syrrtems, 
invest igat ion of exfst ing aerospace computers for s t r a p d m  guidance system 
applicationrs, preparation of a test program f o r  a state-of-the-art  strapdown 
guidance system, gyroscope and acceleroamter evaluation, elimination of 
i n i t i a l  launch azimuth errors, insu la t ion  and penetrat ion of cryogen:l.c t a n k s ,  
cocooning of so l id  propel lant  f l i g h t  vehicles ,  pressurizat ion and dynamics of 
cryogenic tanks, and tests of insulated l i qu id  hydrogen tanks. 
work w i l l  continue on t h e  de f in i t i on  of capab i l i t i e s  and l imi ta t ions  of 
strapdown guidance systems f o r  launch vehicles  fo r  science and appl icat ions 
missions. Taslks w i l l  also be d i rec ted  a t  s tudies  of launch vehicle trstri0nic.s 
systems, launch vehicles  for very high ve loc i ty  missions, launch v e h k l e  
family s tudfes ,  mission analyses, u l lage  control  screen fo r  Delta second 
s tage restart, f iberg las  fi lament -ge i n  rocket cases, deep f l a w s  in th in  
w a l l  tanks, self-evacuated insu la t ion  appl icat ions,  s torage of tiydrolgen in 
space vehicles ,  longitudinal dynamics of t h e  A t l a s  booster, and a module t o  

I n  FY 1968 



test advanced clomponentry i n  space on spent  D e l -  veh ic l e  s tages .  

Scout Procurement 

1968 - 1966 1967 

V e h i c l e s . . . . . . . . . . . . . . . ~ . . , ~ ~ ~ . ~  $5,025,000 $2,400,000 $9,600,000 

Log i s t i c s  and spares.....,...... 37 5,000 1,000,000 700,000 
Sustaining en.gineering and 

MO~O~S.......D.D....~.~..~.~D... 2,300,000 2,000,000 1,500,000 

4,000,000 .-< 5,000,000 maintenance.............,..... 4,000,000 

Total....................... $11,700,000 $9,400,000 

Scout Procurement provides for the  production, checkout, f i e l d  processing , 
and launch of t h e  Scout vehicle .  The Scout is  the  smallest launch veh ic l e  i n  
t h e  bas ic  W S A  v e h i c l e  family and provides a r e l i a b l e ,  r e l a t i v e l y  inexpensive 
veh ic l e  system -which is capable of meeting the  requirements of a varici?ty of 
small payloads fo r  o r b i t a l ,  probe, and re-entry missions. 

The Off ice  of Space Science and Applications has assigned management of 
the  Scout Pro jec t  to the  Langley Research Center and Ling-Temco-Voughtt is t h e  
prime cont rac tor  f o r  t he  production, checkout, and launch of Sca i t  velricles.  
3'here are two Scout launch sites: 
Cal i forn ia ,  and one a t  Wallops S ta t ion ,  Virginia. 

One is at  the  Western T e s t  Range, 

The Scout v e h i c l e  was  f i r s t  launched on Ju ly  1, 1960. There have been 
4.9 launches through December 1966, f u l f i l l i n g  t h e  requirements of a vrmiety 
of missions for NASA, DOD, AEC, and in t e rna t iona l  users.  

The FY 1968 funds fo r  Scout Procurement w i l l  be u t i l i z e d  t o  continlie the  
c:urrent Scout veh ic l e  and system8 management contracts .  Funds are eliso 
required for t h e  Scout launch se rv ices ,  l o g i s t i c s  requirements, and fcx  
veh ic l e  adaptat ion to meet indiv idua l  mission requirements. 

Scout Sustaining Engineering and Maintenance funds provide for requi remnt t ,  
in  t h e  areas of environmental t e s t i n g ,  data reduct ion and ana lys i s ,  
eingineering support ,  mnintenance of Scout s tandard GSE a t  Dallas and lboth 
launch sites, publ ica t ion  and maintenance of Scout standard procc?durets, and 
o the r  related requirements. 



D e l t a  Procurement 

1966 

Delta sU1g8s...............r...... $9,044,000 
Thor boosters. .................... 10,450,000 
PropelLant:s...,......,............ 616,000 
Third stage8...........,......,... 790,000 
Sustaining engineering and 

mainteaaiice. . . , . . . . , , . , . ,~, . . , . ,  6,829,000 

Total......................... $27,729,000 

1967 

$8,725,000 
7,000,000 

695,000 
480 ,Ooo 

4,000,000 

$20,900.000 

:I. 968 
-I 

$14 !,500,000 
10 ~,700,000 

920,000 
480,000 

- 6 ,,000 ,000 

L c  32 600,000 

Delta procurement provides an economical, r e l i a b l e  launch veh ic l e  fior a 
wide va r i e ty  of medium-size satellites and small space probes. 
vehic le  has proven to be one of the m o s t  v e r s a t i l e  members of the  national 
launch vehic le  s t a b l e  by successful ly  launching an assortment of 
comunications,  meteorological, and s c i e n t i f i c  satellites, 

The D d t a  

The OEfice o f  Space Science and Applications has assigned management of 
the Delta pro jec t  to  the Goddard Space F l igh t  Center. The prime contractor  
f o r  the Delta launch vehic le  is the  Douglas Ai rc ra f t  Corporation. The Thor 
f i r s t  s tages  are procured by NASA through the A i r  Force on A i r  Force 
cont rac ts  , 

On October 2 ,  1966, t he  operat ional  weather satellite ESSA 111 was 
successful ly  Launched by D e l t a  from the Western T e s t  Range. This was the  
f i r s t  D e l t a  1L;wnched from the  Western T e s t  Range, which w i l l  be used f'or 
Delta launches i n t o  polar  and near ly  polar  orb i t s .  
Eastern !rest Range w i l l  continue as before f o r  lower inc l ina t ion  orb i t s .  

D e l t a  operations a t  the 

FY 1968 funds f o r  D e l t a  Procurement w i l l  be u t i l i z e d  to  incrementally 
fund the  procurtment of Delta second s tages ,  t he  procurement of 14 lorilg tank 
Thor (THORAD), boosters ordered on A i r  Force cont rac ts ,  and the  procurel-nt of 
W-4D and TE-364 t h i r d  s tage  motors, 
launch schedn:le f o r  the  Delta vehicle ,  
support launch requirements a t  the  two launch s f t e s .  

These funds are required t o  rneei. the 
Launch serv ices  funds are planned t o  

Fisca l  Year 1.967 Sustaining Engineering and Maintenance funds were used 
t o  continue the maintenance and support e f f o r t  and to  i n i t i a t e  two maflor 
product imprcntenaent e f f o r t s ,  
(Surveyor ret:ro=motor) as a t h i r d  s t age  f o r  Delta and the e f f o r t  required 
f o r  the irti1i:sat:ion of the  Long Tank Thor (THORAD) as a booster for Delta. 
Each of these inprovememts w i l l  increase the  payload capab i l i t y  of the, D e l t a  
veh ic le  by api,rcnriauntely 100 pounds, 

These were the  adaptation of t h e  TE-364 

The FY 19611 Sustaining Engineering and Maintenance funds are required to 
cunnplete the 'iCE-364 and THORAD e f f o r t s  and to  continue maintenance ad1 
updating of ground support equipment, mission ana lys i s ,  and performance 
s tudies  f n  support of the  Delta vehic le  program, 
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Age- Procurement 

1968 -. 1966 1967 

Agena production. ............... $11,695,000 $6,800 ,OOO $5,000 ,OOO 

A t l a s  procurement......,.,....., 23,230,000 11,600,000 1, LOO ,000 
Ropellants...........b......... 663,000 800,000 200,000 

Agena mission d i f i c a t i o n s . . . . ,  24,617,000 9,100 ,Ooo 8,'500,000 
Thor p r o c u r e ~ n t . . . . . . . . . . . . . . . .  3,895 ,OOO 2,800,000 6, '500, OOO 

Sustaining engineering and 
 maintenance...............,.^. 6,569.000 6,000,000 ,000 

$70,669,000 a 7  00 ,000 

The Age- launch vehicle is a v e r s a t i l e  second s tage eaployed extensively 
by NASA i n  coalbination w i t h  Thor and A t l a s  boosters, With its v e r s a t i l i t y ,  
proven r e l i a b i l i t y ,  and capabi l i ty  to  restart i n  space, the Agena provfdes 
considerable l a t i t u d e  in performing various e a r t h  o r b i t a l  and luxuar or 
planetary miseions , 

The Thor 4 , e n a  configuration provides the capab i l i t y  f o r  po lar  or n e a r l y  
polar orbits from the Western T e s t  Range, Nimbus, PAQIOS, and the 
in te rna t iona l  satellite Alouette I1 vere launched by t h i s  configuration. 

NAsd uses t.he A t l a s  Agena f o r  many au tamted  missions. It was u t i l i z e d  i n  
the Ranger, Mariner Venus, Mariner Mars, and Lunar Orbiter missions. It was  
a l s o  used for t h e  heavier s c i e n t i f i c  and appl icat ions satellites such 8s t h e  
Gaophysical abservotories,  the Astronomical Observatory, and the Applications 
Technology Sat .e l l i te ,  A t l a s  Age- is normally launched from the !Eastern T e s t  
Range i n  support of NASA missions, although c a p a b i l i t i e s  f o r  its Launch also 
exist a t  the Western T e s t  Range. 

The Lewis Research Center has been assigned p ro jec t  mrrrrcrgement of t h e  
Lockheed Agena Project by the  Off ice  of Space Science and Applications. 

Missiles and Spa.ce Corporation is the  prime contractor fo r  the &em, 
Douglas Aircratf t. Company and General Dynamics/Convair are t h e  prime 
contractors  fcm t he  Thor and A t l a s  boosters which are procured for NASA by 
the Air Eorce. 

The funds reqpested f o r  FY 1968 w i l l  provide continued procurement of the  
basic  Ageha asrages and the Thor and A t l a s  boosters. They w i l l  provide t h e  
necessary mi6r;ion pecul iar  adaptation of the  Agena and the total m i s s i o n  
in tegra t ion  e f f o r t ,  i.e., that e f f o r t  associated with the in tegra t ion  of a 
pa r t i cu la r  bcmst.er, a modified Agena, and a spacecraf t  i n t o  a complete space 
vehic le  c:apabl.e of performing i ts  spec i f i c  mission. Launch support at the  
launch base a;ttch as launch services, propel lants ,  etc,, as w e l l  as lauinch 
support at the  factory w i l l  also be funded. 

Piecal  Yem: 1.968 Sustaining Engineering and Xainterrpnce funds are planned 
for contl.nuat:f.ert of maintenance of launch pad ground support equipment a t  
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both ranges srid miscellaneous engineering support se rv ices  not  a t t r i b u t a b l e  
t o  any one mltsslton. 

Centaur Procurement 

I. 968 
-I 

1966 1967 

Vehicle prcriuction. ............. $37,635,000 $29,900,000 $55 .. 100,000 
A t l a s  booster procurement. ...... 9,291,000 9,600,000 9 600 ,000 
BL-10 engine procurement ........ 2,260,000 4,400,000 6 :, 000,000 
RopelXant~3..,..............~... 814,000 1,100,000 2 :, 300 ,OOO 
Sustaining engineering and 

maintenance ................... 15,000,000 10,000,000 &OOO,OOO 

$65,000 ,% $55,000,000 L' 87 

The Centaur vehic le  is  a v e r s a t i l e ,  high energy second s tage  tegloyed by 
NASA i n  conjiinction with t h e  A t l a s  booster. 
completed during 1966 r e s u l t i n g  in t he  introduct ion of t he  f i r s t  operciitional 
rocket euploying l i qu id  hydrogedl iquid oxygen propel lants  i n t o  t h e  na t iona l  
launch veh ic l e  family. The high energy propel lan ts  and the  a b i l i t y  t c ,  r e s t a r t  
i n  space make the  Centaur uniquely su i t ed  t o  high ve loc i ty  deep space missionr; 
a8 w e l l  as various e a r t h w r b i t a l ,  lunar ,  and near p lane t  missions. Tlie 
present  procioreinent of operat ional  Centaur vehic les  is progranuoed to sleet 
t h e  requirepuent,s of lunar ,  planetary,  and ear th-orbi ta l  p ro jec ts ,  inc:l.uding 
Slurveyor, Mariner, Orbiting Astronmical Observatories, and Advanced 
Technology S a t e l l i t e s .  

The development phase wail 

The Office of Space Science and Applications has assigned p ro jec t  
uranagentent t o  t h e  Lwis Research Center and the  prime contractor  is General 
Dynamics/Comvair, San Diego, California.  
United Ai rc ra f t  Corporation, West Palm Beach, F lor ida ,  is an  a s soc ia t e  
contractor  f o r  the l i qu id  hydrogen engines, and Honeywell, Inc., St .  
E'etersburg, 'Florida, is an associate contractor  f o r  the  Centaur gpidaiiice 
slys t e m e  

Ratt  and Whitney Division c>f 

Funds requested for FY 1968 w i l l  provide f o r  the continued procurement of 
hardware and supporting services necessary to  pravide a launch vehiclii: 
cApability f o r  the above missions. 
include incremental funding of Centaur s tages ,  A t l a s  boosters,  guidance, RL-W 
engines, and spares support f o r  Centaur launch vehic les  AC-16 through AC-20, 
now under cont rac t ,  and f o r  o ther  new procurement. The supporting sewices 
include the  maintenance of production equipment, sus ta in ing  engineering and 
asaintenance a t  the  contractors '  p l an t s ,  operation and maintenance of a 
combined systems test stand and a launch capab i l i t y  a t  the Eastern Test  
Kange during t h i s  period. 

The FY 1968 hardware procurement w i l l  
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Fisca l  yewr 11968 Sustaining Engineering and Maintenance funds w i l l  provide 
fo r  maintenance of ground support equipment, p re f l igh t  and p o s t f l i g h t  engi- 
neering analyses of performance and r e l i a b i l i t y ,  and f o r  product improve- 
ment e f f o r t  in support of the  opera t iona l  Centaur vehicle .  The product i m -  
provement ef:Eorir w i l l  be d i rec ted  a t  increased system s impl ic i ty  and 
v e r s a t i l i t y  with an at tendant  increase ' in  r e l i a b i l i t y  and decrease i n  
production and operat ional  cost. 

. .  
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FISCAL YEAR 1968 ESTIMATES 

I 

The Bioscience program has two p r inc ipa l  object ives .  The f i r s t  is i:he 
search f o r  extraterrestrial l i f e ,  with the  primary emphasis d i r ec t ed  
i n i t i a l l y  to  the  planet  Mars. 
(a) physical and chemical evaluation of  t h e  martian sur face  as a possilble 
environment flor l i f e ;  (b) determination of whether or not l i f e  exists, or 
has ex is ted  on lulars; ( c )  i f  l i f e  i n  same form exists, determination of i t s  
chiaracter is t ics ;  and (d) i f  no l i f e  exis ts  on Mars, inves t iga t ion  of tile 
paittern of  chemical evolut ion i n  order  to evaluate  the  probabi l i ty  of i t s  
fu tu re  occurrence e i t h e r  spontaneously or by contamination. 
quarantine program has the  ob jec t ive  of  minimizing the  p o s s i b l i t y  t h a t  
terrestrial organisms could contaminate Wars and thus destroy i t s  s c i e i r t i f i c  
value as a means of  t e s t i n g  t h e  var ious hypotheses regarding t h e  e x i s t m c e  
of extraterrestrfal l i f e .  The Voyager spacecraf t  w i l l  provide the f i r l i t  
c apab i l i t y  f o r  landing a s t e r i l i z e d  s c i e n t i f i c  package on t h e  sur face  of 
Mars. 
fl.ighta t o  assure  an adequate understanding of and so lu t ion  to  the very 
cauplex problems associated with t h i s  planetary quarant ine e f fo r t .  

The s p e c i f i c  aims of t h i s  ob jec t ive  Inc'l.ude: 

The planetary 

Continuous e f f o r t  w i l l  be made before i n i t i a t i o n  of t he  Voyager 

I 

~ 

! 

The second objec t ive  i s  d i rec ted  towards a t t a i n i n g  a thorough understanding 
of the e f f e c t s  of the space environment on t e r r e s t r i a l  organisms. 
mentation includes ground-based research, the B i o s a t e l l i t e  pro jec t ,  and devel- 
opment of f l i g h t  experiments f o r  o ther  missions. 
successful ly  Lsuiiched on December 14, 1966, and was flown f o r  th ree  dajls with 

However, the spacecraf t  was not 
recovered due to f a i l u r e  of the ret ro-rocket  system t o  function. This f i r s t  
f l i g h t  and the bilck up, scheduled fo r  March, 1967, both have the same Fayload 
and the objectivtr of determining the e f f e c t s  of space environment on bjologi-  
c a l  payloads o E  seedlings,  p lan ts ,  and s i m p l e  forms of l i f e ,  expecially with 
reference t o  in t e rac t ion  of weightlessness with a known i n t e n s i t y  of i c  n iz ing  
r ad ia t ion ,  This first  f l i g h t  checked out m o s t  of the engineering aspects  of 
the spacecraf t  system and i t s  f l i g h t  capabi l i ty .  
e f f e c t i v e l y  except the re t ro- rocket  system which did not f i r e .  The BicIsateL- 
l i t e  pro jec t  113s a s  i t s  purpose the study of the b io logica l  e f f e c t s  of weight- 
lessness ,  the effects of an environment d issoc ia ted  from the influence of the 
e a r t h ' s  rotat- ton,  and the combined e f f e c t s  of r ad ia t ion  and weightlessrliess. 
Nineteen expeiriments have been assigned to  the respec t ive  payloads of the 
B i o s a t e l l i t e  spacecraft .  Each of the three payloads has a back up i n  the 
event of Eailrice o r  t o  repeat  the experiments f o r  confirmation of the r e s u l t s .  

I ts  imple- 

The f i r s t  B i o s a t e l l i t e  was 

' a l l  exper Lments being operated successful ly .  

A l l  systems responded 



A supporting program of basic and applied research is being conducted 
in  conjunctim with and support of the Bioscience program objectives,, 
effort  includes such work as  structural and chemical analysis of t e r res t r ia l  
fossils  as (P mceans of tracing the  history of l i fe  on earth in  order I:o improve 
our capabi1:Lty of looking for l i f e  or  its precursor chemicals on the moon and 
planets, the development of autamatic systans for conducting chemicall. urinary 
analyses during fl ight,  analysis of perception in relation to contimial trane- 
formations of ithe visual scene of the  perceiver, and t h e  developaaent and 
riaiaturizactfois of a biological telemetry device which may be utilizcd for 
telemetry o E b:Lological activity aboard space vehicles. 

This 

WObiO1og:p.o .................... $3,800,000 $4,425,000 $~,900,000 

Behavioral btology.. ............ 2,100,000 2,000,000 : ! ,400,000 
Environmental biology........... 2,400,000 2,000,000 ;!I, 600, 000 

Physical biology.... ............ 1, 800,000 1,800,000 :I. , 900,000 
Planetary q~nrantine............ 1.000.00 0 1.325.000 - :i! .soo, OOQ 

1966 1967 - 1968.. 
Supporting research and 

technology. ................... $11,100,000 $11,550,000 $141,300,000 
Biosatell:Lte, ................... 300.00 0 30 n 000 n OOQ 000. OOQ 

Total...,................... i&a&auB- 0 0  $441,300.000 

PLstri but&= of Pronram Amount bv Insta l latioa: 

Marshall Sipace Flight Center. . $60,000 $ l o o , o o O  $120,000 
Goddard Space Flight Center... 420,000 369 , 000 350,000 
Jet Propu1:sion Laboratory. .... 1,151,000 1 p 784,000 :r! ,300,000 
Wallops Station.. ............. 100,000 25,000 153 s OOO 
h e  B R e s  eairch Center. ......... 24,127,000 30,161,000 3:1.~000~000 
Langley Research Center. ...... 30,000 160,000 200,000 
NASA Headquarters.. ........... 8 , 512 , 000 8,951,000 10,177,000 
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Exobiology 

I 

The Ikobiology program has as a primary purpose the  search f o r  extra-  
terrestrial 1L:tfe. In  connection with t h i s  mission ground-based analyt i c a l  
s tud ies  of the  o r i g i n  of l i f e  on ea r th  and i t s  adaptation to the  earthi's 
environment zire being conducted. Similar s tud ies  of l i f e  i n  a simulated 
Mars enviromcsnt: are i n  progress. The ground-based s tud ie s  are d i rec t  l y  
r e l a t ed  t o  the  search f o r  extraterrestrial l i f e  s ince  the  data  from these 
s tudies  may Ilead to the  development of t e s t a b l e  hypotheses regarding the  
o r ig in  and naltuire of planetary l i f e .  

One of the  methods of evaluating the ea r th  f o r  ana lys i s  of the  o r ig in  
and nature  of l i f e  is t h e  study of f o s s i l  remains. 
sedlmentery i:oclcs t h a t  we know o f ,  t he  Fig Tree Chert, Sudan i n  Africa,  
i s  computed to lie 3.1 b i l l i o n  years old. 
have been dewonstrated t o  have been l i v ing  i n  the  rock a t  the  t i m e  of f o s s i l  
formation. 
age of t he  ecirth. 

One of the  o ldes t  

It contains f o s s i l  bac te r ia  which 

l h i o  puts the  o r ig in  of l i f e  on ea r th  back 3/5 of the  estimated 

In  recent 13imnulation s tudies  of t he  Jovian atmosphere i n  t h e  laborwtory, 
e l e c t r i c u l  discharges have been appl ied to  the  presumed Jup i t e r  pr imit ive 
atmosphere of methane, ammonia, and water, colored molecules have been 
produced which cippear similar t o  the  colored regions,  such as the  "red spot" 
on Jupi ter .  
(produced from methane and amonia)  i n  the  presence of ammonia. 

A red chromophore is  possibly produced from amaaonium cyanide 

In  automated l i f e  detect ion s tudies ,  broadening the  analyses made ciln a 
s ing le  sample w i l l  increase the  r e l i a b i l i t y  of the  data. 
metabolic act::Lvfty, and evidence of growth i n  the  same sample of material 
would be most: convincing evidence of bio logica l  ac t iv i ty .  The chamber, i n  
which organitana from a s o i l  sample are induced t o  grow can a l s o  ble monitored 
f o r  metabolic a c t i v i t y  by gas chromatography, and samples removed f o r  chemical. 
analysis.  Posi1:ive data  from a l l  th ree  experiments would be very convincing. 
Such experimtrntrr can be completely autamated f o r  a Voyager b io logica l  labora- 
tory. 

Chemical aneilysis, 

Envirolllnental Biology 

Living orgmiisms, from b a c t e r i a l  forms t o  man, are very responsive to 
t h e i r  enwirorneent. 
response or i n t e rac t ion  of l i v ing  ear th  systems with the  var iab les  of the  
space enviroranent. 
t ious  and eflEtcztent means f o r  using a va r i e ty  of l i v ing  organisms to cissist 
i n  the b:LologLc exploration of space. 

Research i n  Environmental biology is concerned v i t  h the 

Knowledge of t h i s  na ture  i s  required t o  e s t ab l i sh  expedi- 
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There is a real need f o r  i den t i fy ing  and understanding t h e  e f f e c t s  on 
l i v i n g  systems 'of such space f l i g h t  f a c t o r s  as weightlessness,  acce le ra t ion ,  
v ibra t ion ,  r ad ia t ion ,  and magnetism. I n  a s tudy of  t h e  inf luence  of very 
].ow or no magnetism, a cons is ten t  d i f f e rence  has  been observed i n  t h e  growth 
of  shoots and roots of wheat seedlings.  
f i e l d  were l a rge r  and more robust than t h e i r  con t ro l s  grown i n  t h e  ea r th ' s  
f i e ld .  

The seedl ings grown i n  t:he z1tsro 

Accurate information is required concerning the  a b i l i t y  of  e a r t h  oi:ganisms 
t o  l i v e ,  grow and repopulate i n  p lane tary  enviroments .  Our e f f o r t  i n  study- 
ing as much a l i e n  environment (by human standards) as poss ib le  on earI:h i s  
generat ing some in t r igu ing  observations.  For instance,  evidence has  Been 
alccunula t ed t o  cone r a d i  c t the  unfortunate  genera liea t ion t h a t  "strong 
u l t r a v i o l e t  (W) l i g h t  on Mars would prevent any ear th- type l i f e  from exist- 
ing on t he  p lane t ' s  surface.  . .. ." Tarantulas ,  sp iders ,  and t u r t l e s  siiarvived 
s h u l a t e d  martian W condi t ions f o r  eleven days without any physFologCc h- 
pairment f o r  raonths a f t e r  exposure. 
of  t he  eye tlhat would normally b l ind  a human. 

The t u r t l e  absorbed a dose i n  thlia cornea 

With the  extension of space missions t o  the  p lane ts ,  regenerat ive l i f e  
support systems w i l l  be needed. Research on hydrogen-fixing bac te r i a  ind i -  
ca t e s  an a b i l i t y  to supplement cur ren t  systems with l i v i n g  o r  bioregeaerat ive 
organisms t h a t  can u t i l i z e  animal wastes and carbon dioxide t o  synthesize 
pro te in ,  f a t ,  and o the r  nu t r ien ts .  This bacterium, known as Hydrogenomonas, 
f u l f i l l s  i ts  energy requirements with hydrogen from the  e l e c t r o l y s i s  !of water. 
E lec t ro lys i s  makes pure oxygen ava i l ab le  f o r  r e s p i r a t i o n  f o r  man. 
cant spin-off from t h i s  research i s  t h a t  t h i s  and r e l a t e d  micro-organisms 
may be a source of d i e t a r y  supplements fo r  populations lacking a n u t r i t i o n a l  
abundance and adequacy. 

A s i g n i f i -  

Based on o u r  present  knowledge of cur ren t  problems r e s u l t i n g  from exposure 
t o  t he  space environment, w e  must continue t o  pursue bas ic  research t h a t  
w i l l  expedi t iously and e f f e c t i v e l y  provide some of  the  answers. A continued 
in s igh t  i n t o  thle biochemical and biophysical  mechanisms may he lp  us t o  
explain and 'prevent physiologic complications due t o  prolonged space f l i gh t  
such as bone mineral mobi l i ty  and loss, cardiovascular  problems, reduc:tion in 
red blood c e l l  inass, and losses  in muscle MSS. 

Behaviora 1 Biology 

Current research has  emphasized ground-based s t u d i e s  preparatory to 
i n - f l i g h t  w p e r h e n t s  on t h e  e f f e c t s  of  low g rav i ty  and weight1essnes:lj and 
o the r  conditfons pecul ia r  t o  the  space environment on t h e  behavior of 
alrganisms. lmplhasis has  been placed on t h e  capaci ty  of  organisme t o  a d j u s t  
t o  a l t e r a t i o n s  i n  grav i ty ,  p a r t i c u l a r l y  the  determination of responsiveness 
of grav i ty  receptors  t o  t r a n s i e n t  and prolonged s t imulat ion.  Ground-IlBased 
s t u d i e s  have been conducted on t he  o r i e n t a t i o n  of b io log ica l  organism)i i n  
time and space in t h e  absence of terrestrial cues. During FY 1968, seve ra l  
Aerobee launches are scheduled to  study g rav i ty  l eve l  preference of animals 
i n  space. 
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Research has involved neurophysiological,  biochemical, and behavioral  
analyses which have f u r t h e r  e luc ida ted  brain-behavior r e l a t ionsh ips  lof 
importance to organisms i n  environmental adaptation. These s t u d i e s  lhave 
emphasized those neurobehavioral r e l a t ionsh ips  which maintain a c t i v a t i o n  
and a l e r tnes s .  
t i o n  s torage  and r e t r i e v a l  i n  l i v i n g  systems, using biochemical, b iophys ica l ,  
and e lec t rophys io logica l  approaches. 
a t t e n t i o n ,  discr iminat ion,  perception, and motivation, as w e l l  41s catnplex 
sensorilnotclr  funct ions have been productive of new i n s i g h t s  i n t o  the  
mechanisms clf behavior and t h e i r  i n t e r a c t i o n s  with the  space envirominent . 

Other research has been concerned with problems of iaforma- 

Related s t u d i e s  on processes sech as 

Ph ys i ca 1 Biology 

The Physical Biology program supports research i n  comparative physiology, 
b io - ins t rmcn ta t ion  and molecular biology. 
ology includies s tud ie s  on l i v ing  organisms which s p e c i f i c a l l y  lend tllieaselvea 
to inves t iga t ions  i n  o r b i t i n g  b io logica l  vehicles ,  on the  n u t r i t i o n a l  requir'e- 
ments of l i v ing  organisms f o r  prolonged space t r a v e l ,  and on the  pheiaomena 
and dynamics of var ious physiological  and behavioral  systems. 
have been accumulated on dese r t  pocket mice which are uniquely riuited t o  space 
experiments e spec ia l ly  on rhythmicity phenomena. 

Research i n  c m p a r a t i v e  physi- 

I k s i c  data 

The dynamics of t h e  body temperature regulatory system, the  blood flow 
(cardiovascu.lar system), and the  hormonal system are being s tudied  by physical  
modeling and a n a l y s i s  i n  an attempt t o  understand t h e  mechanics of these  
systems under n o m 1  condi t ions as w e l l  as i n  stress s i tua t ions .  Ph,ysiologi- 
c a l  o s c i l l a t o r y  a c t i v i t y  has been desmnstrated i n  these  systems. 

Various types of b io log ica l  instrumentation a r e  being developed tlo mea- 
sure  and analyze b io logica l ,  biochemical, and biophysical phenomena. I n  
b io logica l  telemetry,  work is proceeding on the development of 8 mulcichannel. 
sensing implantable device i n  order  t o  measure, simultaneously, a nwnber of 
b io logica l  and behavioral  a c t i v i t i e s ,  and to enable measurement of  normally 
inaccess ib le  physiological  a c t i v i t i e s  under a v a r i e t y  of conditions. This 
is espec ia l ly  important i n  space f l i g h t  experimentation where data hiwe t o  
be telemetered and acquired under condi t ions not  normally found i n  e a r t h  
laborat  o r i e  61. 

I n  t h e  area of molecular biology, research is being conducted on b io logica l  
systems a t  the  molecular and c e l l u l a r  levels .  In  work on t h e  coding of amino 
ac ids  during pro te in  synthes is ,  i t  has  been ca lcu la ted  t h a t  t he  nme:i:ical 
p o s s i b i l i t i e s  of amino ac ids  sequence i n  DNA (deoxyribonucleic ac id )  a r e  of 
such magnitude t h a t  they can account f o r  t he  evolut ion of a l l  l i v ing  forms. 

Planetary Quarant ine 
* 

The search f o r  e x t r a t e r r e s t r i a l  l i f e  has the  p re requ i s i t e  t h a t  te:i:restriaI. 
organisms m u s t  not be t ransported to the  p lane ts  p r i o r  t o  the  t h e  s c i e n t i f i c  
l i f e  de tec t ion  payloads are landed. It is a l s o  mandatory t h a t  l i f e  tletectioin 
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instr-ents be devoid of  e a r t h  organisms when they land on the  planet t o  
prevent t he  p o s s i b i l i t y  of  obtaining f a l s e  p o s i t i v e  information r e l a t e d  
to l i f e  on t h e  planets.  In  order  to achieve t h e  goal of  preventing t h e  
t raasaiss ior i  of e a r t h  organisms to t h e  p lane ts ,  var ious methods 'have under- 
gone rigorotio turd in t ens ive  study. C u r r e n t  evidence ind ica t e s  t h a t  t h e  
conditions mcctuntered i n  space f l i g h t  (cold, vacuumr u l t r a v i o l e t  , sslar 
rad ia t ion ,  ei:c. ) w i l l  not reduce microbial  l i f e  t o  undetectable levels. 

With the  ric<:oarplishment of each successfu l  f l i g h t  mission r e l a t i v e  to 
t h e  probing of space, t he  United S t a t e s  i s  increasing the  s c i e n t i f i c  h o w -  
ledge about rthtr moon and p lane ts  of t h e  solar system. 
fu tu re  the re  will  be manned landings on the  moon, t h e  Mariner 1967 Venus 
mission,  and the  m r i n e r  1969 Mars mission. 

In t h e  i a e d i a l t e  

A primary ob jec t ive  of t h e  s c i e n t i f i c  explorat ion of space is t h e  search 
for l i f e  o r  l i f e - r e l a t ed  molecules. Information thus f a r  obtained heis 
ne i the r  veri1 Eiad nor denied t h e  poss ib le  ex is tence  or pre-existence alf l i f e  
on Mars, V e r u s  or the  subsurface of  t h e  moon. U n t i l  p o s i t i v e  eviderice 
has been obtiained r e l a t i v e  to t h i s  s c i e n t i f i c  question, i t  is absolu te ly  
necessary t h a t  measures be taken t o  prevent t he  in t roduct ion  of terrestrial 
b io logica l  renci:ow,lecules i n t o  these  enviroments .  Of p a r t i c u l a r  i m p r t a n c e  
is  the  need to assure  t h a t  l i f e -de tec t ion  ins t ruents  which are t o  perform 
the  s c i c n t i d l c  experiments are f r e e  from contamination i n  order  t o  pixwent 
f a l s e  positive information from being obtained. 

A m m a 1  ob l iga t ion  to prevent in t roduct ion  of terrestrial organimirs 
which m y  rtadically a f f e c t  t h e  ecology of  t he  p lane ts  rests w i t h  a l l  na t ions  
engaged i n  space exploration. I f  t he  landed terrestrial organisms should 
f ind  a favorable e x t r a t e r r e s t r i a l  eav i roment  to permit growth and spread 
which would r e s u l t  i n  ex t inc t ion  of t h e  indigenous l i f e  forms, an oppor- 
t un i ty  fo r  : s c i en t i f i c  explora t ion  would be lost f o r  a l l  time. 
it is believed t h a t  t he  p o s s i b i l i t y  of reproduction of terrestrial organisms 
in these  env i r smen t s  is extremely unl ike ly ,  u n t i l  such a p o s s i b i l i t y  is 
ru led  o u t  tlhe exercise of caut ion is  necessary. 
Aeronautics anld Space Administration is t h a t  outbound p lane tary  spacctcraft 
must have e i t h e r  t r a j e c t o r y  cont ro ls  t o  assu re  t h a t  t h e  p robab i l i t y  of 
u n s t e r i l e  spacecraf t  impacting o r  en ter ing  a p lane t ' s  atmosphere is O.OOOO3, 
or t h a t  t h e  spacecraf t  i s  sterile with a c e r t a i n t y  of  0.9999. 

Althoiigh 

The pol icy of t he  Nditional 

During tlhe p a s t  year,  work has  been d i r ec t ed  a t  t h e  problem of developing 
realist ic methods f o r  reducing the  microbial  load on a spacecraf t  during 
assembly and reduct ion of physical  degradation of  epacecraf t  cmponeiiits 
f r m  the  stress placed upon them by t h e  terminal hea t  s te r i1 iea t : ion  process 
inmediately p r i o r  to launch. 
as a r e s u l t  of laboratory research is t h e  reduct ion i n  time and teoprxature  
cons t r a in t s  for the  s t e r i l i z a t i o n  cycle. Previously,  based on utudilies of 
garden soil ,  i t  was determined t h a t  4.4 hours at  a temperature of 12'5 
degrees C were required t o  reduce the  nuuber of microorganisms by one decade,! 
The research r e s u l t s  frorp s t u d i e s  of organism deaths  i n s i d e  plarrtics t r ea t ed  

An example of t h e  progress made i n  t h i a  area 
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with heat  have reduced t h i s  time t o  a t  least 3.5 hours. l%is i s  s igu f f i can t  
when applied to the  treatment time required f o r  a spacecraf t  having l@ 
organisms as th'e burden when subjected to the  hea t  cycle. During these 
inves t iga t ions ,  t he  k i l l  k ine t i c s  indicated t h a t  a f u l l  decade reduction 
alccurred during the  period of heat-up of t he  material t o  the  holding 'tempera- 
ture. 

A fur ther  telduction i n  t h e  time required to subject  t he  spacecraf t  t o  
s t e r i l i z a t i o n  temperatures can be achieved by the  appl ica t ion  of clean 
asseablp teclhniques i n  the  spacecraf t  manufacture and test f a c i l i t i e s ,  

s o s a  t e 1 lite 

1968 1966 1967 -1 

Spacecraft... .................. $15,585,000 $22,446,000 $19,400,0004-- 

Operations..................... 284.000 547 . 000 - 500.000:~-- 
Fxper~eats . . . . . . . . . . . . . . . . . . . .  7,431,000 7,007,000 10,100,000'-? 

mt.1 Spacecraft Operations. . $2&304,QOO $30,000,000 S30,000,000 

Thor-Delta (Launch Vehicle ...... ( 4 , ~ o o o )  000) 0.0 Procurement Rogram)... (9 * 500 * 

Total (including Launch 
Vehicles).................. ($32.800. 000) ($3 0.000.000) ( ~ ~ 0 0 . 0 0 0 )  

The B i o s a t e l l i t e  represents  t he  f i r s t  systematic e f f o r t  to inves t iga t e  
the  e f f e c t s  on biological  systems of such unique aspects  of t he  space 
cmviroment a s  weightlessness, the  e f f e c t s  of combined weightlessness and 
rad ia t ion ,  and the  removal of l i v ing  systems from t h e  d i r e c t  inf luence of 
t:he ear th ' s  per iodici ty .  
the  cell ,  t i s s u e ,  organ, and organism leve ls  i n  a wide va r i e ty  of plaints 
and animals. In order  t o  accommodate the  various experiments, th ree  missions 
are required. 

The experiments w i l l  s tudy biologic  furictioins a t  

The f i r s t  two f l i g h t s  (3 days'duration) have the  purpose of i i ivest tgat ing 
t:he b io logica l  e f f e c t s  - on seedlings,  p lan ts ,  and simple forms of liEe - 
of  weightlessness, and the  e f f e c t s  on p lan ts ,  animal cells, and insecits of 
t:he combination of weightlessness and radiation. 
successful ly  launched on December 14, 1966, but was not recovered due to 
f a i l u r e  of t h e  retro-rocket systen. Biosatellite B is cur ren t ly  scheduled 
fo r  launch i n  March 1967. The t h i r d  and fourth f l i g h t s ,  of 30 days' dura- 
t:ion,will inves t iga te  the  e f f e c t s  of weightlessness on a primate'ls general  
metabolic behavior and performance, and cardiovascular and nervous systems. 
The f i f t h  and s i x t h  f l i g h t s ,  of 21 days' duration, cons is t  of general  
tdology experiments t o  determine the  e f f e c t s  of weightlessness on plaint 
growth and development, growth of i so l a t ed  hunan cells, gross body coinposi- 
t i o n  and function i n  nrnrmnnls, and circadian (24-hour) rhythms. 

Biosatellite A was 
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The Biosa1:elllites are launched fram Cape Kennedy by two-stage, th rus t -  
#augmented Thor De lka  launch vehicles .  The experiments are contained i n  the  
re-entry veh:Lclle while o the r  supporting equipment i s  located in t h e  adapter  
sec t ion*  "tie adapter  is separated from the  re-entry veh ic l e  p r i o r  tci t he  
r e t r o  manetnrer. Recovery of t he  spacecraf t  is acaamplished by t h e  United 
States A i r  l?orc:e using aerial recovery techniques. 
mploys varioue w a t e r  recovery techniques. The recovered capsules w i  11 be 
'delivered to the  laboratory a t  Hickam A i r  Force Base, Honolulu, within six 
hours f o r  pcwt-f l i g h t  examination of t he  experiments. 

A back-up recovery method 

It 113  an t i c ipa t ed  t h a t  t he  Biosatellite f l i g h t s  w i l l  r e s u l t  in data  
which w i l l  hwtr a wide range of app l i cab i l i t y .  The t e s t i n g  of  biolop, ical  
hypotheses j t n  t he  areas of gene t ics ,  developmental biology, env i romen ta l  
physiology, and general  metabolism w i l l  be one r e s u l t  of  these  f l i gh t  s. 
The Biosatellites should a l s o  provide va luable  data pe r t a in ing  t:o bio logica l  
requiremeate f o r  prolonged manned space f l i g h t ,  and t h e  p o s s i b i l i t y  of 
delayed ef  f w t a  appearing i n  later l i f e  or subsequent generat ions of animal 
subjec ts ,  with possible  appl ica t ions  t o  man. Also, these  f l i g h t s  shcluld 
r e s u l t  i n  the  development and test of new instrunrentation techniques,  
surgica:l preparat ions,  and o the r  procedures and devices which may have 
medical and o the r  app l i ca t ions  t o  hunan beings. 

FY 1965 surd p r i o r  yearr'  funding f o r  t h i s  s ix- f  l i g h t  program including 
launch wehic:Letr amounted t o  $28,915,000. 
cdesign, fabr!tcsition, and t e s t i n g  of  t he  spacecraf t ,  and continued funlding 
fo r  exptrrimmrt development. Funding f o r  FY 1967 provides f o r  fabxice t i o n  
and t e s t i n g  of t he  spacecraf t ,  subsystem and system acceptance and quialif i-  
cat ion t e s t a  of the  prototype vehic le ,  assembly and func t iona l  t e s t i n g  of 
the 3 - b ~  and 30-day f l i g h t  vehic les  and continued funding f o r  experiment 
development wit:h primary emphasis on the  3-day f l i g h t .  
id11 emphasize f ab r i ca t ion ,  qua l i f i ca t ion ,  and systems t e s t i n g  of  the 30- 
day and 21-ckty spacecraf t ,  and continued funding on experiment develolpment 
for these  two s;pacecraft. Funding requirements subsequent t o  FY 1968 f o r  
completi.on of t h i s  e f f o r t ,  including launch vehicles,  are estimated t o  be  

Funding for FY 1966 providsd f o r  

Funding f o r  FY 1968 

$31,312,000. 
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RESEARCH & DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

SPACE APPLICATIONS PROGRAM -- OFFICE OF SPACE SCIENCE AND APPLICATIONS --- 
PROGRAM --- 0BJE:CI'IVES AND JUSTIFICATION: 

This program combines the Communications and Applications Technology 
S a t e l l i t e s  and Meteorological S a t e l l i t e s  programs shown separa te ly  i n  the  
FY 1967 and p r i o r  budgets. It a l s o  includes the Geodetic Explorers pro- 
ject ,  which was previously funded under the  Physics and Astronany program. 
The Meteoroll.ogica1 F l igh t  Experiments p ro jec t ,  previously ident:Lfied sepa- 
r a t e l y ,  is rmw' made a part of the  appropriate  Space Applications f l i g h t  
project  . 

The objec t ives  of the  Space Applications Program are to:  (1) devlelop a 
capab i l i t y  t.o expand human knowledge of the phenomena i n  the atioosphfere 
and space, and support the  explorat ion and u t i l i z a t i o n  of space, by conduct- 
i ng  a broad-based program of appl icat ions-or iented research and technology 
development (Nlational Aeronaut ics  and Space A c t  of 1958); (2) develop and 
test proceduires, instruments,  subsystems, spacecraf t ,  and i n t e r p r e t i v e  
techniques i n  the var ious  app l i ca t ions  areas ; (3) accomplish long-range 
s tud ie s  of the po ten t i a l  bene f i t s  t o  be gained from, and the problem6 
involved i n ,  u t i l i z a t i o n  of space act ivi t ies  f o r  peaceful and technological  
purposes falx. the  bene f i t  of mankind; (4) f u l f i l l  NASA's r e s p o n s i b i l i t i e s  
under the  Ccmnrnications S a t e l l i t e  A c t  of 1962; and (5) develop and Lmple- 
ment f o r  t he  Environmental Science Services  Administration (ESSA) , Dlepart- 
ment of Commerce , the  opera t iona l  meteorological satell i te system. 

The dcmalcratic count r ies  throughout the world have t r a d i t i o n a l l y  looked 
t o  the U.S. f o r  economic, s c i e n t i f i c ,  and technological  leadership. By 
pursuing a comprehensive and meaningful space app l i ca t ions  program, the 
U.S. can demonstrate t h i s  leadership i n  terms read i ly  understandable by 
everyone. Applications Technology S a t e l l i t e s  o f f e r  g rea t  po ten t i a l  to 
mankind i n  the areas of communications, meteorology , navigat ion,  geoldesy , 
and e a r t h  resources survey ; by developing and extending technology commonly 
required foam a l l  these types of appl ica t ions  and by providing f l i g h t  t e s t i n g  
of promising app l i ca t ions  and techniques. 
the possibi1.ity of d i r e c t  voice broadcast  t o  a l l  o r  parts of the  world by 
economical neans. Meteorological S a t e l l i t e s  o f f e r  the poss ib l i t y  of pre- 
d i c t i n g  weather condi t ions on a glEobal bas i s ,  and provide da ta  on hurr icanes ,  
typhoons, cyclones, and o ther  destructtive weather disturbances.  Navlga- 
t i o n  S a t e l l i t e s  could provide locat ion,  t r a f f i c  con t ro l ,  search and rescue, 
and corrarmn&cation systems f o r  a i r c r a f t  and ships ,  Geodetic sa te l l i t es  
offer the me!ans to determine the  s i z e  and shape of the  e a r t h  and the vec tor  
proper t ies  ckf i t s  g r a v i t a t i o n a l  f i e ld .  
would o f f e r  valuable da ta  i n  such areas as ag r i cu l tu re  and f o r e s t r y ,  
geology and mineralogy, hydrology and water resources,  geography and car to-  
graphy, and oceanography. 

Comnunications S a t e l l i t e s  o f f e r  

Earth Resources Survey via sa te l l i t e  
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gIuMMARY OF REgURCES REQUIREMENTS: 

1966 1967 - 1968 , 

S uppor t ing re  sear ch and t e chnol ogy 

Nimbus: : 
~ R O S / ' T O S  improvements.. .......... 

Nimblus A,-D. ..................... 
Nimbus E-F. ..................... 

Meteoro1og;j.ca.l soundings.. ........ 
French! sa te ! l l i t e  (FR-2). .......... 
App 1ic:at iclrls technology 

s a t e l l i t e s  : 
AIS A-E.. ..................... 
ATS F ~tnd G...............o.oo 

Geodetic s a t e l l i t e s  (A-E) ......... 
Voice broadcast s a t e l l i t e . .  ....... 

$10,839,000 
2,500,000 

22,560,000 

2,730,000 
-0- 

34,431,000 

4,993,000 
-0- 

--- 

$11,630,000 
3,100,000 

23,400,000 
-0- 

3,000,000 
100,000 

28,470,000 
-0- 

1,600,000 
-0- 

$16,600,000 
7,500,000 

29,500,000 
5,000,000 
3,000,000 

100,000 

19,800,000 
15,700,000 
4,700,000 
2,300 ,000. - 

Total..  ......................... $78,053,000 $71.300,000 $,,200,000. - 
Distr ibut ion of Program Amount by Ins ta l la t ion :  

Manned Spacecraft Center.. ...... $18,000 
Marshall Space F l ight  Center .... 3 70 ,000 
Goddard Spaice Fl ight  Center. .... 70,010,000 
J e t  Propiils ion Laboratory.. ..... 547,000 
Wall.ops Stadion.. ............... 340,000 
Ames Research Center.. .......... 200,000 
Electronics Research Center.. ... 735,000 
Langley Research Center ......... 1,130,000 
Lewis Research Center.. ......... 200,000 
NASA Headquarters ............... 4,503,000 

-0- 

$435,000 
64,580,000 

169,000 
127,000 
100 ,000 
590,000 
905,000 
500,000 

3,894,000 

$5,000,000 
800,000 

86,510,000 
300,000 
220,000 
100,000 
600 ,OOO 
7 30 ,000 

1,000,000 
a ,940,000 

PASIS OF FUND PSQUIREMENTS: 

Support iw Research and Technology 

1966 1967 - 1968 . 

Wteorologgr.. ..................... $7,470,000 $5,865,000 $5,300,000 
Conanurii.cat:iions. ................... 1,659,000 3,449,000 3 ,200,000~ 

360,000 475,000 900,000~ Navigatiori ......................... 
Applicatioils technology. .......... 1,350,000 1,171,000 1 ,300,000~ 

-0- 6 70 ,000 900,000 Geodesy.. .......................... 
5,000,000. Earth resoiirces.. ................. - 0-0  -0-  

Tottrl.. .......................... 
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In  meteorology, FY 1966 funds continued e f f o r t  i n  such areas BLS an improved 
au tana t i c  p i c tu re  transmission (APT) camera and s torage  system, and %mproved 
elements fo r  the in t e r roga t ion ,  recording , and loca t ion  subsystem (IntS)  fo r  
processing meteorological d a t a  from remote instrumented platforms. lbsearch  
has been continued i n t o  the r e l a t ionsh ip  between the hea t  energy budll5et of 
the earth and  la rge  s c a l e  atmospheric phenomena, and the development of an 
in te r fe rameter ,  spectrometer , and o ther  instruments t o  measure the  s 1:rw t u r e  
and r a d i a t i o n  of the atmosphere. Techniques are being developed t o  ioeasure 
the i n t e n s i t y  and loca t ion  of s f e r i c s  s i g n a l s  t o  determine the  tireas i n  which 
thunderstorms a re  occurring, and the r e f r a c t i o n  of s t a r l i g h t  t o  determine the 
dens i ty  of the  atmosphere. Advanced simulated and sca led  down systems are 
being completed f o r  the opt imizat ion of sa te l l i te  cont ro l  and ptrwer 1canponent:s 
with emphasis on long l i f e  and r e l i a b l e  operation. FY 1967 funds aril? being 
u t i l i z e d  for design and development work on remote microwave r ad ia t ion  sensow 
t o  take advantage of recent  break-throughs i n  f requency-mult ipl ier  cmnponenta 
a t  experimental millimeter wavelengths i n  the electromagnetic spectrim. 
Prototypes c d  advanced new cameras on which work w a s  i n i t i a t e d  in  p r i o r  years  
w i l l  be qua l i f i ed  f o r  space f l i g h t .  Advanced satell i te cont ro l  techniques,  
t o  replace present  r eac t ion  wheels and associated gas-fed nozzles with 
passive g rav i ty  reac t ing  masses and improved momentum damping techniques , 
w i l l  proceed beyond i n i t i a l  s tudy stages. The design of a f l e x i b l e  automatic 
computerized telemetry system w i l l  begin i n  a two-year development period 
providing ani extremely v e r s a t i l e  method of co l l ec t ing  seve ra l  t!ypes and raters 
of environmental d a t a  aboard the sa te l l i t e  f o r  transmittal t o  the  ground. 
Microminiaturized t ransmi t te rs  and rece ivers  w i l l  be developed :€or various 
satel l i te  neleds, and w i l l  s i g n i f i c a n t l y  advance the present  c a p a b i l i t i e s  fo r  
very l a w  pcfirer, high r e l i a b i l i t y ,  and compactness i n  physical  s i z e .  Sol id  
s ta te  devices w i l l  be inves t iga ted .  Advanced mission s tud ie s  w i l l  be con- 
t inued on fu tu re  meteorological systems. FY 1968 funds are required f o r  
developing rind evaluat ing components f o r  p o t e n t i a l  meteorological s a t e l l i t e  
system app1i.ca.tions; design and development of satell i te sensors fo r  the  
detecti.on arid cont ro l led  acqu i s i t i on  of meteorological d a t a  d i r e c t l y  from the 
atmosphere; i nves t iga t ion  of s c i e n t i f i c  techniques f o r  the systematic  observa- 
t i o n ,  analysis  , and subsequent i n t e r p r e t a t i o n  of meteorological atmclspheric 
phenomna; system ana lys is ;  and explora t ion  of the atmosphere i n  the region 
of 20 t:o 68 mi.les a l t i t u d e .  

I n  cumnunications no add i t iona l  passive satellite launchee arle planned, 
however, a nnodlest e f f o r t  continued i n  FY 1966 and FY 1967 on materiads, 
s t r u c t u r e s  ,, ard e rec t ion  systems development f o r  advanced passive satell i tes 
because such satell i tes have unlimited mult iple  access and frequency response 
capabi l i t i e i i  , inherent  long l i f e ,  and high r e l i a b i l i t y .  Inves t iga t ions  con-' 
t inued i n  FY 1.967 on active satel l i te  s y s t e m  capable of l ink ing  terminals  of 
g r e a t l y  reduced s i z e  and cos t ,  making possible  communications with aver-ocean 
a i r c r a f t ,  sh ips  a t  sea, and s m a l l  land s t a t i o n s .  
t inue  (rn the  e f f e c t  of s c a t t e r i n g  electromagnetic waves by earth 's  atmosphere 
and spiace oisvironment; r e s u l t s  have and w i l l  make important cont r ibu t ions  t o  
the Internatr i tnal  Telecammunications Union Conference on Space Connnrinicatioris . 
Measurement techniques have been developed f o r  measuring r a d i o  r e f l e c t i v i t y  
c h a r a c t e r i s t i c s  of l a rge  i n f l a t a b l e  s t r u c t u r e s  on the ground so that  t h e i r  
p o t e n t i a l  rv~eliulness i n  space can be predicted.  In FY 1967, these  t echniques 

Inves t iga t ions  w i l l  con- 

RD 11-3 



are being used to measure small segments of new and improved passive s a t e l l i t e  
materials and s t r u c t u r e s ,  and on advanced antenna designs t o  determine t h e i r  
cha rac t e r i s t i c s , .  
This e f f o r t  c lmsis t s  of system comparison s t u d i e s  t o  determine the merits of 
advanced concepts and techniques appl icable  t o  small terminal multipla: access 
coxmnunici%tiolus i d  sa te l l i t e  a ids  t o  lunar  and planetary communications; 
evaluat ion aid development of components and subsystems required f o r  klroadcasi: 
appl ica t ions  j; propagation s t u d i e s  and component development i n  the frequency 
region between :LO t o  100 GHz where frequencies are more ava i lab le  fo r  space 
c ~ u n i c i o t i o 1 ~ ~ ,  but  much less understood; and in t e r f e rence  ana lys i s  and pre- 
d i c t i o n  methods needed f o r  developing shar ing  criteria. Data analysis  con- 
s i s t i n g  of rczliiability, spacecraf t  degradation, and l i f e t ime  da ta  :€or ECHO-II , ,  
RELAY, and S1flKOM will continue i n  FY 1968. 

FY 1968 e f f o r t  is pr imari ly  i n  the active satel l i te  area. 

Navigation and t r a f f i c  coordinat ion satel l i te  system conceptual studlies 
funded in FY 1966 and FY 1967 indicated t h a t  satellites could assist over- 
ocean a i r c r a f t  and sh ips  at s e a  t o  obta in  more prec ise  pos i t ion  information 
under a l l  Weizther condi t ions,  and could a id  air-sea t r a f f i c  con t ro l  arid 
coordination of emergency rescue operations.  As a r e s u l t ,  interagency review 
of e x i s t i n g  and fu tu re  agency needs is continuing. Various navig,atiori and 
t r a f f i c  coordination systems will be analyzed and compared ( including those 
involving sate1 l i t e s )  t o  determine the course of fu tu re  research and clevelop- 
m n t .  In FY 1967, s t u d i e s  were conducted i n  the nav iga t ion - t r a f f i c  cont ro l  
a r ea  to detemnine the f e a s i b i l i t y  of incorporat ing posi t ion-f ixing exl'erimente 
on fu ture  Nll'L4 satell i tes t o  e s t a b l i s h  the opera t iona l  c a p a b i l i t i e s  o:ti the 
more promisinB itechniques. I n  FY 1968, navigat ion and d a t a  c o l l e c t i a t  e f f o r t  
w l 1 1  include s t i d i e s  and experiment development on d a t a  and voice traxlsmissiox~~ 
v i a  sa te l l i te  t o  sh ips ,  a i r c r a f t ,  and o ther  mobile platforms; positioxi deter-  
mination techniques; s t u d i e s  of fu tu re  navigat ion and t r a f f i c  cont ro l  satel- 
l i t e  concepti;; and the co l l ec t ion  and r e t r i e v a l  of d a t a  from moving pl.atforms 
such as ba11oonr3, ocean going buoys, ships  and a i r c r a f t .  

I n  applicartioiis technology FY 1966 and FY 1967 inves t iga t ions  of mu ILtiple 

Laboratory models of promising array:, were 
beam forming, e l e c t r o n i c a l l y  s t e e r a b l e  spacecraf t  antenna array techniques 
have yielded promising r e s u l t s .  
developed f o r  experimental purposes t o  determine t h e i r  p o t e n t i a l  f o r  ripace 
appl ica t ions  such as mult iple  access communications with small mobile 
terminal.o, aad possibly d i r e c t  broadcast  satell i tes,  Ef fo r t s  i n  FY 1067 
continued i n  the area of a t t i t u d e  measurement such as s t a r f i e l d  readers ,  RF 
sensors ,  and noia-RF sensors;  and cont ro l  devices such as g rav i ty  grad.i.ent 
components, nancentm wheels and small t h r u s t e r s  were inves t iga ted .  E f fo r t  
continued on the design and preliminary development of a spaceborne rn:i.llimeteir 
propagation experiment fo r  Applications Technology Satellites. Funds i n  
FY 1968 are  required f o r  cont ro l  systems s t u d i e s  d i r ec t ed  a t  s t a b i l i z d t i o n  
of spacecraf t  i n  o r b i t ;  spacecraf t  equipment developments t o  improve m p l i -  
f i c a t i o n  and antenna system c a p a b i l i t i e s  and increase the r e l i a b i l i t y  and 
usefu l  l i f e t ime  of satell i te e lements. Studies  on long-lived, f u l l y  r;tabilizc:!d 
spacecraf t  having a la rge  space e rec t ab le  antenna which can be pointecl pre- 
c i s e l y  t o  se lec ted  geographic areas on ea r th  w i l l  be continued, Active and 
hiybrid g rav i ty  ,gradient s t a b i l i z a t i o n  cont ro l  systems will be corisidered. A 
f e a s i b i l i t y  study w i l l  a l s o  be conducted t o  determine satel l i te  riystein con- 



cepts and approaches t o  provide wide band caauaunications between bnterplane- 
taq probes and ea r th  t e d M l 8  V i a  Satellite r e l ays ;  provide &&dr to- linter- 
P l ane taw navigation and t racking;  and provide spacccraft-to-spacecrafi: 
c m n i c a t i o n r  and global  navigation aid6. 

The FY 1966 and p r i o r  year Geodetic e f f o r t  w a s  included i n  the Physics and 
Astronomy program. The FY 1967 and FY 1968 geodesy e f f o r t  w i l l  consist: of 
(1.) conceptual s t u d i e s ,  f e a s i b i l i t y  ana lys i s ,  and configurat ion definitAon of 
geodetic spacecraf t ,  (2) analys is  of geodet ic  requirements by various tlis- 
c ip l ines  i n  terms of spacecraf t  mission and instrumentation confibwration, 
(SI) analysis  of f e a s i b i l i t y  and ef fec t iveness  of geodet ica l ly  optimized 
ground-based spacecraf t  observation systems, and of d a t a  ana lys i s  techniques 
f o r  ac t ive  and passive geodet ic  satell i tes,  and (4) research i n t o  geod4:tic 
e f fec t iveness  a a d  f e a s i b i l i t y  of advanced observations systems and techniques, 
t o  provide more precise and de ta i l ed  measurement of geodet ic  d a t a ,  and to  
c a l i b r a t e  geodet ic  observation methods intended f o r  e x t r a t e r r e s t r i a l  uiie. 

The FY 1966 and FY 1967 e f f o r t  i n  Earth Resources Survey was funded under 
t h e  Apollo Applications program and is included under t h i s  pro jec t  e f f e c t i v e  
with FY 1968. The FY 1966 and FY 1967 e f f o r t  supported f e a s i b i l i t y  s t t idies  
aimed a t  deveLop.Lng a research capab i l i t y  and a t  def in ing  the potential .  f o r  
using remote sensing technology i n  de t ec t ing ,  measuring, and mapping etcrth 
resource phenomena from space. Studies  have been conducted t o  determitie the 
ca.pabilit:y of remote sensing devices f o r  obtaining d a t a  re levant  t o  thc! 
f i e l d s  of agricuLture,  f o r e s t r y ,  geography, geology, hydrology, and ocean- 
ography. 
over se lec ted  test sites in support  of f e a s i b i l i t y  s tud ie s  t o  assess  po ten t i a l  
space appl icat ions.  
p ro jec ts  as Gemini, TIROS, and Nimbus, were d i s t r ibu ted  t o  the investij8;ators 
for analysis .  The Departments of Agricul ture ,  I n t e r i o r ,  and Navy are l iar t ic-  
i pa t ing  i n  t h i s  roul t idiscipl ine research. Studies  t o  def ine  the alptimrun 
ea r th  resources sensing instrumentation configurat ion fo r  space fl ights! were 
a l s o  Conducted. FY 1968 funds are required to  continue the  gather ing of d a t a  
from aerial over Elight of t e s t  sites; f o r  d a t a  in t e rp re t a t ion ;  for  appl ica t ion  
techniques; and t o  fu r the r  s tudy and improve remote sensing equipment. 

Two NASA a i r c r a f t  equipped with experimental sensors gatheregl d a t a  

The a i rc raf t -acqui red  d a t a ,  as w e l l  as d a t a  from rluch 

TIROS/TOS Improvement 

1968 -- 1966 1967 

Spacecriif t .......................... 
TOlS improvenwnts.. ................ $800,000 

1,700 .OW 
$2,100,000 
1.000,000 

Total Spacecraft  and Support.. .. $2,500,000 $3,100,000 ~ 7 , ~ ~ ~ ~ , 0 ~ ~  

;Delta (Laundt Vehicle Procure- 
ment Program). .................. (1,584,000) -00 (---) 

*I_ 

Total (inc:l.udling Launch 
VehFcles8]l. .................... ($4,084,000) ($3,100,000) ($7,500,000) - 
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Ten TIROS spacecraf t  have been successfu l ly  launched i n c h d i n g  TIRolS X 
funded by ESSA. The f i r s t  e igh t  TIROS spacecraf t  were sp in  s t a b i l i z e d  and 
contained two vidicon camera systems and i n  some cases in f r a red  rtidiomi?ters ; 
TTRW IX was a "Cartwheel" configurat ion car ry ing  t w o  wide-angle vidicon 
camera systems. 
night c a p a b i l i t y  i n  a s ing le  spacecraf t ,  a development e f f o r t  w a s  i n i t i a t e d  
fo r  a spacecraf t  designated T I R O S  H. The spacecraf t  design w i l l  be based 
on u t i l i z i n g  f l i g h t  proven sensors  f o r  day and night  coverage i n  ZI s ing le  
spacecraf t  employing a gyromagnetic s t a b i l i z a t i o n  system and pr imari ly  
f l i g h t  proven components f o r  the  bas ic  spacecraf t  subsystems. The space- 
c r a f t  w i l l  a l s o  t e s t  a f l a t  p l a t e  radiometer t o  map the  e a r t h ' s  heat  budget 
arid a s o l a r  proton monitoring experiment. The TIROS M spacecraf t  scheduled 
f o r  launch in 1968 from the Western Test Range (WTR) w i l l  contain two #Ad- 
vanced Vidicon Camera Systems (AVCS), two Automatic P ic ture  Transroissilm 
(APT) systems, two High Resolution Inf ra red  Radiometer (HRIR)  systems, and 
secondary sensors.  TIROS Operational Systems (TOS) Acquis i t ion S ta t ions  
at: Wallops Is land,  Vi rg in ia ,  and Gilmore Creek, Alaska, w i l l  be u t i l i z e d .  
Data w i l l  be u t i l i z e d  by the  Goddard Space F l igh t  Center (GSFC), KSSA, and 
cooperating gcsvernment and non-government meteorological organizat ions.  

In  response t o  the  requirements of ESSA f o r  an e a r l y  'day- 

The TOS improvements e f f o r t  provides f o r  the research and deve Lopment 
of components and subsystems f o r  meeting the  evolut ionary requirements of 
the TOS system which are: (1) increased r e l i a b i l i t y ,  (2) extended l i f e ,  
( 3 )  expanded sensc)r c a p a b i l i t y ,  and (4) improved operat ional  capabi l i ty .  
E:E f o r t  s curren t  1 y being undertaken include development of improve'd vidicon 
cimeras, automatic p i c tu re  transmission (APT) loca t ion  system, radiometers 
f o r  higher  r e so lu t ion  day-night coverage, and a multi-channeled narrow band 
riadiow te!r. 

The Off ice  of Space Science and Applications is  responsible  f o r  the 
ove ra l l  managc!ment of t h i s  pro jec t .  Responsibi l i ty  f o r  p ro jec t  management 
i s  assigned t.o Goddard Space F l igh t  Center. 
is Radio Corporation of  America. 

The major spacecraf t  cont rac tor  

The FU 196!i and p r i o r  years  funds f o r  t h i s  p ro jec t ,  including launch 
vehic les ,  amcnint:ed t o  $50.0 mil l ion.  FY 1966 funds were u t i l i z e d  f o r  the  
design study of  the Tf~w M spacecraf t  and continued TOS improvements. 
FY 1967 funds; are being used f o r  i n i t i a l  hardware procurement f o r  the n R O S  
M Spacecraft  imd TOS improvement sensors  development. FY 1968 funds are  
required t o  c:omplete development and i n i t i a t e  q u a l i f i c a t i o n  of the  TIRDS M 
spacecraf t  and to continue TOS improvement subsystem development on t h i e  t w o  
c'hannel radiometer, high r e so lu t ion  cameras, and ver t ical  p r o f i l e  radio- 
mters. 
estimated t o  be $3.9 million, 

Subeequent funding requirements for campletion of TIROS M arc! 
TOS improvement e f for t  w i l l  continlue. 
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Nimbus 

1968 - 1966 1967 
Nimbus (A-D) : 

Spacecraft ....................... $15,300,000 $13,200,000 $14,100,000 

Ground operations and support... . 1,960.000 2,400.000 4.100.000 
Experiments ...................... 5,300,000 7,800,000 11,300,000 

Sub-Total A-D. . . . . . . . . . . , . . . . . .  $22,560,000 $23,400,000 $29,500,000 

Nimbus (Ea): 

Spacecraft ....................... --- --- $3,500,000 
Experi.ments. --- --- 1 ,,500,000 ..................... 

Sub-,Tota.l. E&F.. ................ --- -e- $5,000,000 

Tota l  Nimbus................... $22,560,000 $23,400,000 $34,500,000 

1PHORAD- Agena (Launch Vehi c 1 e 
Procurement: Program). ............ (7,400.000) (3.500.000) __(5,000,000) 

Total (inc.1.ucling Launch Vehicles) ($29-) (S26.900,000) (s39,-) 

The Nimbus pro jec t  supports t he  development of improved meteorolog,ical 
s a t e l l i t e s  <Ic!signed t o  provide da ta  f o r  use by meteorologists,  f l i g h t  t e s t  
improved spac:ec:raft instrumentation and sensors,  and f u l f i l l  spec ia l  da ta  
requirements of the atmospheric science research community. 

The successful launches of Nimbus I on August 28, 1964 and Nimbus I1 on 
May 15, 1966 proved the bas ic  spacecraf t  conf igura t ion  and the  usefulness of 
the meteorol.ogl.ca1 sensors t e s t e d  which included vidicon cameras fo r  global 
dayt ime cZotid cover da ta ,  high r e so lu t ion  in f r a red  radiometer (HRIR) f o r  
global nighttinie cloud cover, automatic p i c tu re  transmission (AFT) s y s t e m  
for  d i r e c t  1:1rarisrnission of rea l t ime daylight cloud cover p i c tu re s  t o  small 
l o c a l  weather s t a t i o n s  and a medium reso lu t ion  in f r a red  radiometer (PIRIR) 
for f u l l  global. study of the ear th 's  heat balance. The data from Ninibus TI 
was made avii i l ab l e  t o  ESSA for  meteorological research and opera t iona l  use 
and i s  beinl; u t i l i z e d  by o ther  domestic u se r s  and foreign weather se rv ices .  

Currently the  major e f f o r t  is being applied t o  Nimbus B scheduled f o r  
launch :in 1968 and Nimbus D scheduled fo r  launch i n  1970. Significar1.t 
spacecrnf t trind meteorological sensor advances being developed fo r  teclitlng 
on these flji;3hts a r e  (1) an in f r a red  interferometer and a spectrometer f o r  
measurement of the v e r t i c a l  d i s t r i b u t i o n  of the  atmospheric s t r u c t u r e ,  (2) 
a s o l a r  u1trav:iolet photometer t o  extend meteorological observations t o  
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regions of t h e  terrestr ia l  and s o l a r  spectrum, (3) an in te r roga t ion ,  i*ecording , 
loca t ion  system (IRILS) t o  c o l l e c t  meteorological da ta  on a global scal!.e, (4) 
a 50-watt radiofsotope thermoelectric generator  
of t h i s  powe~r~source fo r  operat ional  meteorolegical s a t e l l i t e s ,  ( 5 )  a s f e r i c s  
de tec tor  f o r  locat ion of global  thunders tor l s ,  (6) a cloudtop a l t i t u d o  spec- 
trometer t o  measure cloudtop pressure a l t i t u d e s  during the day t o  an accuracy 
of a few hundred meters, (7) a f i l t e r  wedge spectrometer t o  monitor w i i t e r  
vapor content i n  the atmosphere and i t s  v e r t i c a l  d i s t r i b u t i o n ,  and  (8:i a 
high da ta  raitle istorage system and a v e r s a t i l e  information processor t c )  col-  
l e c t ,  transmit innd process the va r i e ty  of meteorological data acquiretl. Im- 
proved vers ions of these i n i t i a l  t e s t  sensors as w e l l  as addi t iona l  stmsors 
f o r  obtaining meteorological da ta  w i l l  be t e s t ed  on the subsequent Ninibus 
mdssions, in addi t ion t o  advanced cont ro l  and power supply systems. 

(RTG) t o  assess the ilipplicabl l i t y  

Two subsequent missions, Nimbus %I?, are planned f o r  i n i t i a t i o n  i n  1968. 
These spacecraf t  w i l l  continue the evolut ion of the cur ren t  s e r i e s  toward 
greater weight and power capab i l i t y ,  providing the b a s i s  for  fu r the r  l.ech- 
nological advances i n  meteorological sa te l l i tes  fo r  s c i e n t i f i c  and operational. 
purposes. 

The Office of Space Science and Applications is responsible fo r  then over- 
a l l  management of the Nimbus project .  Responsibi l i ty  €or project  management 
is assigned ito Goddard Space F l igh t  Center. 
Nimbus A-D missions a r e  General Electric f o r  in tegra t ion  and t e s t  of !.he 
spacecraf t  and for the cont ro ls  subsystems and the Radio Corporation of 
America for  camera, power, and da ta  s torage subsystems. Se lec t ion  of the 
cont rac tors  f o r  the addi t iona l  missions w i l l  be i n i t i a t e d  i n  FY 1968. 

The major cont rac tors  foi. the  

Fisca 1 Year 1965 and p r i o r  years '  funding including launch vehic le I, 
amounted t o  $1216.5 mil l ion.  F i sca l  Year 1966 funds were u t i l i z e d  t o  c:omplete 
the spacecraf t ,  in tegra t ion ,  test and launch of Nimbus 11, and providt! ground 
operat ions and .support; f o r  incremental funding of the Nimbus B spacec:raft 
and experiments and to i n i t i a t e  d e f i n i t i o n  and design e f f o r t s  on the Nimbus 
D spacecraf t  and experiments. F i sca l  Year 1967 funds a r e  being u.tili;:ed fo r  
continued da ta  Inandling on Nimbus 11, continued development of Nimbus B 
spacecraf t  and experiments and i n i t i a l  procurement of Nimbus D spaceci-aft 
and experiments. Fiscal Year 1968 funds are required fo r  evaluat ion ilnd 
ana lys i s  of exp~eriments and spacecraf t  da ta  from Nimbus 11, complete 
developrwnt of the Nimbus B spacecraf t  and experiments, continued devleloparcnt 
of spacecraf t  and experiments for  Nimbus D and f o r  de f in i t i on  andl design 
s tud ie s  and i n i t i a t i o n  of procurement f o r  long lead experiments for N:i.mbus 
E=. 
vehic les ,  arc? estimated to  be $102.3 mill ion.  

Subsequent funding requirements f o r  campletion, including launch 
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Meteoro1op;ical Soundings 

19 68 
--I- 

1966 1967 

Large research sounding rockets. .  . . $1,920,000 $1,920,000 $1,920,000 
!Sounding rocket system development. 630,000 630,000 630,000 
I? i e  1 d exper inien t support . . . . . . . . . . . 180,000 450.000 I 450 , .ooo 

Total............................ 32.730.000 $3 .OOO -000 $3 .OO!O ,000 - 
The la rge  research sounding rockets  e f f o r t  i s  to  explore atmospheric 

choracteri.stic6: and develop and improve sensors and techniques fo r  obtaining 
meteorological da ta  on the composition, s t ruc tu re ,  and behavior of the 
atmosphere i n  the region 30 t o  60 miles above the ear th .  The small sounding 
rocket system development e f f o r t  i s  t o  develop a r e l i a b l e  , inexpensive, 
s implif ied system, f o r  obtaining similar data  i n  the  region 20 t o  40 miles 
above the ear th .  The f i e l d  experiment support e f f o r t  provides fo r  the sound- 
in13 rocket experiments in cooperation with o ther  countr ies .  NASA is coop- 
e ra t ing  with several  foreign count r ies  i n  a s s i s t i n g  them t o  e s t a b l l s h  t h e i r  
meteorolog,ical rocketsonde c a p a b i l i t i e s .  Through t h i s  support ,  usefu l  data 
are obtained over the t e r r i t o r i e s  of cooperating foreign count r ies  on a cost-  
sharing bas i s ,  involving no exchange of funds. 

The Office of Space Science and Applications is  responsible  f o r  the over- 
a l l  management of the  pro jec t .  
i s  assigned t o  Goddard Space F l igh t  Center,  f o r  small developmental rockets  
t o  Langley Research Center, and f o r  the f i e l d  experiment support t o  Goddard 
Space F l ight  Center and Wallops Stat ion.  

Pro jec t  management f o r  la rge  research rockets  

Fiscal  year 1965 and pr ior  year funding amounted t o  $6.5 mi l l i on  of 
which $5.4 mill.ion was u t i l i z e d  f o r  la rge  research rockets  and $1.1 mi l l i on  
for  small rock.c:t development. Approximately 50 la rge  research rockets  and 
a number of am~.11  developmental sounding rockets  are launched each year. Funds 
f o r  FY 1966 were u t i l i z e d  f o r  launch of l a rge  research and small developmental 
sounding rocket 8 ,  f l i g h t  test  of various payload components, research fo r  
system improvements and f o r  i n i t i a t i o n  of t h e  in t e rna t iona l  cooperative f i e l d  
experiment pro jec t  with Argentina. Funds f o r  FY 1967 are being u t i l i z e d  t o  
launch la rge  research rockets  and small developmental sounding rockets ;  de- 
ve:lopment and improvement o f  sounding rocket systems; i n i t i a t i o n  o f  design 
and development e f f o r t s  on an advanced system; cont inuat ion,  extension, and 
development of f i e l d  experiment p ro jec t s  j o i n t l y  with count r ies  i n  South 
America, Europe, and Asia, t o  study and observe the  upper atmosphe:ee through 
the  coordinated launches of small developmental sounding rockets.  

M 1968 funds are required t o  provide f o r  t he  launch of approximately 50 
la rge  research rockets  t o  continue study of t h e  r e l a t ionsh ip  of t he  arct ic  
atmosphere s t r u c t u r e  t o  t h a t  i n  the  sub-arc t ic ,  mid-lat i tudes,  and the  t rop ics  
during various seasons including the  time of g rea t e s t  frequency of noct i lucent  
clouds; fosr launch of a number of small development sounding rockets ;  f l i g h t  
tes t  of various payload components; research t o  improve rocket per:Eormance; 
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and t h e  cont inuat ion and development of t h e  f i e l d  experiment p ro jec t s  with 
other  cooperating countr ies .  

French S a t e l l i t e  FR-2 

1966 1967 - - 19 68 

Spacecraft and support.. . . .... .... . . .. . . --- $100,000 $100,000 

This project  is t o  provide f o r  U. S. cooperation with France :Ln a space 
meteorology experiment involving f r e e  f l o a t i n g  balloons and an e a r t h  forbi t ing 
a a t e l l i t e .  This experiment w i l l  provide the i n  s i t u  speed and d i r ec t ion  of 
riir masses a t  various a l t i t u d e s .  Data from the experiment w i l l  be us12d t o  
assist i n  understanding the s t ruc tu re  of the atmosphere and extending weather 
forecas ts .  A. launch, with backup i f  required,  is  scheduled f o r  11969. 

France wi'L1: (a) design, bui ld ,  test ,  and launch balloons anld bs11oon 
payloads which w i l l  be equipped to  gather  meteorological data  i n  conjrinction 
with an o r b i t i n g  spacecraf t ;  (b) demonstrate t h a t  the balloon poai t ion f ix ing  
technique deweloped i s  f eas ib l e ;  (c) design, bui ld ,  test and de l iver  I:o the  
launch s i te  two spacecraf t ;  (d) perform sa te l l i t e  ground checkout: and t rack-  
ing, s c i e n t i f i c  da ta  acqu i s i t i on  and ana lys i s ;  and (e) provide to  NASI4 the  
technical  da ta  acquired. 

NASA w i l l :  (a) provide a Scout vehic le  and a backup; (b) launch the 
satel l i te  from e i t h e r  Wallops Is land o r  the Western T e s t  Range; ( c )  provide 
technical  ass i s tance  t o  France during the spacecraf t  development and 1:esting 
phases; (d) a s s i s t  i n  data  acquis i t ion ,  as requested; (e) analyze,  along 
with French s c i e n t i s t s ,  the  r e su l t i ng  s c i e n t i f i c  da ta  obtained. 

The Office of Space Science and Applications is  responsible  f o r  thd! over- 
a11 management #of t h i s  pro jec t .  Responsibi l i ty  f o r  pro jec t  managemenil: is 
assigned to  IGoddard Space F l igh t  Center. 

This projiect w a s  i n i t i a t e d  i n  FY 1967 and included i n  the  Space Appli- 
c:ations Program s ince  it has meteorological appl icat ions.  The FY' 196'1' funds 
are being u t i l i z e d  f o r  Spacecraft and balloon subsystems development tiupport 
and s tudies .  F i sca l  Year 1968 funds are required t o  continue t h i s  e f f o r t  
including ana lys i s  of balloon and spacecraf t  antenna, e l ec t ron ic s ,  ba:l.loon 
pos i t ion  f ix ing  techniques, and general  p ro jec t  support. Subsequent fund- 
ing  requirenwnts f o r  comptetfon, including launch vehic le  and backup, are 
certimatad a t  $2.6 million. 
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Applications Technology S a t e l l i t e s  

t 

1966 

Applications Technology S a t e l l i t e s :  

Spacecraft  ....................... $20,300,000 

Operational support.............. 1,331 .OOO 
Experiments........... ........... 12,800,000 

Sub-Total, A-E................. $34,431,000 

Applications Technology S a t e l l i t e s :  

--- Spacecraft  ....................... 
Experiments ...................... --- 

Sub-Total, F and G............. --- 
Total  ............................. $34,431,000 

Atlas Agena and Atlas Centaur 
(Launch Vehicle Procurement 
Program). ....................... /11.600.000) 

Total  ( including Launch Vehiclee) $46.031.000 

1967 

$14,500,000 
11,500,000 

2.470.000 

$28,470,000 

~ 

$28,470,000 

j15.166.000) 

$43.636.000 

- 11368 

$ 7  ,1000 ,000 
9 ,  LOO ,000 

-A 3 700.000 

$19 ,i300,000 

$12 ,~300,000 
3,700 .OOO 

$15.,700,000 

$3 5 ,  '500,000 

~14.O24.000) 

$49 J24.000 

The objec t ives  of the Applications Technology S a t e l l i t e  projec:t an! t o  
design, develop, f l i g h t  t es t ,  and evaluate  spacecraf t  capable of performing 
communications, meteorological,  g rav i ty  gradient  s t a b i l i z a t i o n ,  scien1:ific 
and o ther  technological experiments i n  medium and synchronous o r h i t s .  Five 
spacecraf t  (A-E) scheduled fo r  launch i n  the 1966-69 period, will. be 
developed; one spacecraf t  t o  be launched i n t o  a 6,500 mile c i r c u l a r  oi:bit, 
p r i m a r i l y  t o  evaluate the performance of a grav i ty  gradient  stabiliza1:ion 
system; two spin s t a b i l i z e d  spacecraf t  t o  be launched i n t o  synthronoui; o r b i t ,  
one of which was successful ly  launched December 6, 1966; and two gravi ty  
pradicnt  s t a b i l i z e d  spacecraf t  t o  be launched i n t o  synchronous o r b i t .  

Two add i t iona l  ATS spacecraf t  (Fa) are planned f o r  i n i t i a t i o n  of 
development i n  ;FY 1968. These are new spacecraf t  t h a t  are both 1.arget: and 
more complex than the  i n i t i a l  A-E series. The objec t ives  of these  missions 
a r e  to: 
large antennas in space; (2) test multi-beam phased a r r a y  antennas; (:L) 
extend tlhe accuracy of s t a b i l i z a t i o n  systems; and (4) perform a riumbei: of 
technological and s c i e n t i f i c  experiments. 
extension of the ATS philosophy of combining t h e  development of t.echnc)logy 
common t o  a numl~er of space appl ica t ions  with t h e  f l i g h t  t e s t i n g  of scweral 
promisin:g space appl ica t ions  concepts and assoc ia ted  instrumentation cm each 
ind iv idua l  spBcecraft ,  
technological  advances over the  i n i t i a l  ATS A-E series i n  the  areas 01: 

(1) develop the  technology f o r  e rec t ing  and accura te ly  point  ing 

These spacecraf t  represent  an 

The add i t iona l  missions w i l l  represent  s t tbstai i t ia l  
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s t a b i l i z a t i o n ,  antenna poin t ing ,  comnunication techniques and equipment; 
and i n  t:he rimtier and capab i l i t y  of t he  technological  and s c i e n t i f i c  ex- 
periments .tested. S tudies  have indicated t h a t  theae types of satell i  te6 
weighing approximately 1,600 pounds can be placed i n  t h e  synchronous o r b i t  
with A t l a s  C:cmt:aur launch vehic les  and appropr ia te  apogee k ick  motor, and 
the  feasibil.:ity of developing t h e  technology f o r  e rec t ing  la rge  anterlnas i n  
space. 

The Off ice  of Space Science and Applications i s  responsible  f o r  ove ra l l  
management. Responsibi l i ty  f o r  pro jec t  management i s  assigned t o  Goddard 
!Space F l ight  Center. The major cont rac tors  f o r  the f i r s t  f i v e  A'CS's are  
Hughes Ai rc ra f t  Company fo r  spacecraf t  development, and General E l e c t r i c  
Corporation f.or grav i ty  gradient  s t a b i l i z a t i o n  system development. 

FY 1965 and p r i o r  year funding f o r  t h i s  p ro jec t ,  including launch 
vehic les ,  amounted t o  $46.6 mill ion.  
the  continuation of development including assembly of the  f i r s t  sp in  
s t a b i l i z e d  synchronous spacecraf t ,  i t s  experiments and t h e i r  i n t eg ra t ion ;  
p a r t s  fabr ica t ion  and prototype model assembly of the second Spacecraft  
cmd i ts  experiments; and procurement of common components fo r  the remain- 
ing spacecraf t .  Funding i n  FY 1967 provided f o r  the f i r s t  launch, coin- 
p le t ion  of t h e  second spacecraf t  and i t s  experiments and preparat ion for  
i t s  launch, f ab r i ca t ion  of the  t h i r d  spacecraf t  and i ts  experiments, and 
continuation of development on the  fourth and f i f t h  spacecraf t .  FY 1367 
and p r i o r  years funding includes funds formerly budgeted under the 
Meteorological F l igh t  Experiments. FY 1968 funds are required fo r  thle 
f ab r i ca t ion  of the C-E spacecraf t ;  launch of the A and C spacecraf t ;  sc i -  
e n t i f i c  and technological experiments including cont inuat ion of the 
meteorological experiment e f f o r t ;  operat ional  support ;  and f o r  systems 
s tud ie s ,  preliminary spacecraf t  design, and fo r  d e f i n i t i o n  and i n i t i a l  
development e f f o r t  of experiments i n  the communications, meteoroltogic~~1 , 
navigat ion and geodetic areas f o r  f l i g h t  tes t  on the  new spacecraf t  t h a t  
iare being iri . t i .ated t o  support t he  F and G missions. Subsequent funding 
:€or completion, including launch vehic les ,  is estimated t o  be $83-4 niil l ion.  

Funding through FY 1966 prcwidetl for 

Geodetic S atel l i tes  (A-E) 

1966 1967 .- 1968 

Spacecraft  and support.............. $4,993,000 $1,600,000 $4,100,000 
Thor Agena. and Delta (Launch 

Vehicle Procurement Program) ...... (4.200.000) (200,000) (3.1300 000) 

Total  ( irrcl.ud1ng Launch Vehicles) S9.193.000 '$1.800.000 

This project  was previously included i n  the Geodetic Explorers pro,/ect  
u n d e r  the Physics and Astronomy program but w a s  t ransfer red  to  the Spice 
Applications program during FY 1966. 

The objec t ive  of the Geodetic S a t e l l i t e s  pro jec t  i s  t o  conduct. gee.. 
d e t i c  s a t e l l i t e  measurements on a world-wide b a s i s  which, i n  combinatiton 
wdth astrogeodet ic ,  surface basel ine and g rav i ty  da ta  ava i lab le  from 
other  sources,  w i l l  r e s u l t  i n :  (1) the establishment of a un i f i ed  woii:ld 
datum accurate  to within +, 10 meters i n  a geocentr ic  coordinate system to  
wfhich the m a j o r  world datums w i l l  be connected; (2) the d e f i n i t i o n  of the  
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s t ruc tu re  of the g rav i t a t iona l  f i e l d  of the  ea r th  and refinement: of i:he 
loca t ions  and magnitudes of la rge  g rav i ty  anomalies ; (3) the improveiRent 
of the posi t ioning accuracy of t racking  si tes and the loca t ion  of i so l a t ed  
i s lands  and arteas; and (4) an evaluat ion and co r re l a t ion  of t h e  r e s u l t s  
obtained frlom the geodetic instrumentation and techniques u t i l i z e d .  

The Geodetic S a t e l l i t e  Pro jec t  cons i s t s  of the PAGEOS I and C;EOS ii-E 
missions. PAGEOS I ,  a passive s a t e l l i t e  of an ECHO I type balloon wits 
successful ly  launched on June 23 ,  1966 i n t o  a near -c i rcu lar  o r b i t  bf 
2400 nautic<al miles. GEOS I (Explorer XXIX) w a s  successfu l ly  launchctd on 
November 6, 1965. All ground observat ional  systems have success fu l l r  
observed GE8S-'I. 
mitted t o  the Geodetic S a t e l l i t e s  Data Service a t  Goddard Space Fligli t  
Center. 

Considerable da ta  have been taken and are being t ra ins-  

GEOS-B, l i k e  GEOS-I, will ca r ry  a f u l l  instrumentation complement; 
including f lash ing  l i g h t s ;  minitrack beacon; doppler beacon t ransmi t te rs ;  
and C band transponders. 
included and possibly passive radar  r e f  lectors. 

Opt ica l  r e f l e c t o r s  f o r  laser t racking  w i l l  be 

GEOS C-E w i l l  be developed t o  contain the experiments required foi. 
f u l f i l l i n g  t h e  s c i e n t i f i c  ob jec t ives  of the National Geodetic Satell:i.te 
Program ( a  , joint  NASA-DOC-DOD program). The spacecraf t  are schedule11 fo r  
launch i n  the 1969-71 period a t  the inc l ina t ions  and a l t i t u d e s  requii'ed 
for :  (a) supplying the da ta  fo r  the improvement of the descr ip t ion  of 
the  e a r t h ' s  gr#avi ta t ional  f i e l d ,  and (b) enabling the  severa l  oblservittional 
networks t o  obtain data t o  complete a uni f ied  world datum and iniprovc! the 
loca t ion  of the t racking s t a t ions .  The three  spacecraf t  w i l l  c a r ry  !tome 
basic GEOS-rl and B geodetic instrumentation systems; i n  addi t ion ,  otlier 
ex i s t ing  systems fo r  an evaluat ion of t h e i r  a b i l i t y  to  provide precitrion 
geodetic data. The spacecraf t  w i l l  also enable the recent ly  developc!d 
l a s e r  t racking sys tems t o  immediately r e a l i z e  t h e i r  geodet ic  accuracy of 

T e s t  Range; IGEOS-C from Western T e s t  Range. 
1 meter. Two spacecraf t ,  GEOS D and E,  w i l l  be launched from the l tastern 

The Off ice  of Space Science and Applications is responsible  f o r  tlie over- 
a l l  pro jec t  Ima~aagement. Responsibi l i ty  f o r  the PAGEOS project ntanagcment 
was assignetd to Langley Research Center and f o r  GEOS t o  NASA Headquarters. 
The major contractor  for  the GEOS A and B spacecraf t  development is Applied 
Physics Laboratory, Johns Hopkins University.  

FY 1965 amd p r i o r  year  funding, including launch vehic les ,  amounted to  
$14.3 mil l ion.  
PAGEOS I spacecraf t  and experiments, and f o r  i n t eg ra t ion ,  launch and da ta  
acquis i t ion .  I?? 1967 funds are being u t i l i z e d  t o  continue developmelit of 
the GEOS B spacecraf t  with modification based on experience gained fi-om 
GEOS I (and € o r  continued data acqu i s i t i on  and ana lys i s  from the GEOS I 

FY 1966 funds were u t i l i z e d  t o  complete the  GEOS I aiid 
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and PAGEOS I missions. Funds i n  E'Y 1968 are required t o  complete the  GEOS B 
spacecraf t  and provide systems engineering and ground support f o r  i t s  launch 
i n  1968, for continued da ta  acqu i s i t i on  and ana lys i s  of GEOS I and PA6EOS I 
and f o r  i n i t i a l  hardware procurement of the  spacecraf t  and experiments f o r  
the GEE; C-E: missions, Subsequent funding requirements f o r  canpletialn, in- 
cluding launch veh ic l e s ,  are estimated t o  be $25.8 million. 

Voice Broadcast Satel l i te  

1966 1967 - 1968 

Spacecraft....... ................ .-- .-e $2,300,000 

The objec t ives  of t h i s  p ro j ec t  are t o  develop the c a p a b i l i t y  mad dllamonstrate 
t:he f e a s i b i l i t y  of broadcasting au ra l  program material d i r e c t l y  t o  conventional 
FM and/or shortwave AM radios.  The spacecraf t  transponder could be made wide- 
band t o  make poss ib le  an a l t e r n a t i v e  mode permitt ing the  transmission of wideband 
lprograa materia 1 t o  s p e c i f i c a l l y  designed receiverr f o r  experimental purposes,. 

* f l i g h t s  are planned f o r  launch in the  1971-72 period on Attar Centaur 
voh ic l e r  whXch w i l l  c a r r y  the  n e c e s u r y  equipment aboard a l a rge  spacecraf t  
s t r u c t u r e  to  demonstrate t h e  c a p a b i l i t y  f o r  t r a n r a i s r i o n  of a u r a l  program 
mteria'l via rtrtelliter t o  radio8 on earth,. 
l i u t i o n  ryrlteirr is planned, bu t  parrive c o n t r o l  ryrtcr a u g a c n t a t i m  i 8 r t i l l  
being carridtartrd. A l a rge  ape r tu re  rpacecraf t  antenna and a high paler 
t r a n n i t t e r  i m t  required t o  prowide signalr of r u f f i c i e n t  magnitude t o  be 
received by rtha rece iv ing  syrtema i d e n t i f i e d  i n  tho p ra joc t  objectivelo. 
addi t ion ,  anitcrnu pointing and o r i e n t a t i o n  98temr are required t o  d i r e c t  
8nd provide e f f i c i e n t  transmission of a u r a l  program material t o  rpeci f l e d  
areas. 
ex ten t  of tbtc c a p a b i l i t y  t o  d i r e c t  broadcart  rignrlr t c m r d  t h e  earth, the  
q u a l i t y  of recept ion  des i red  by the  u s e r r ,  and t h e  a b i l i t y  of ground receiv- 
i n g  ryrteas t o  receive the  signalr. 
broadcatating d i l l  be reveral k i lowa t t r ,  both l a rge  run or ien ted  8 0 h '  cell  
a r r ays  and b c @ r  mounted s o l a r  conver te rs  are being conridered. 
r e n t l y  atudy.lng voice broadcast satellites i n  various orbit.. 
t he re  efforl:I# id11 be used i n  s e l e c t i n g  the  o r b i t  f o r  t h i r  project .  

An active rpacecraf t  rtribi- 

I n  

The rmount of primary space pawer required i r  dependent upon the  

Since t h e  pmer required f o r  a u r a l  

NASA i r  cur- 
'She r t l r u l t s  of 

The Office oE Space Science and Applications is responsible f o r  t he  over- 
all management of t h i s  p ro j ec t .  
be assigned t o  ,a NASA f i e l d  center .  

Responsibil i ty f o r  p ro jec t  management will 

The FY 1968 a c t i v i t y  is t o  be concentrated on spacecraf t  design anld 
de f in i t i on .  
t i o n  s tud ie s  and a n a l y s i s  to be performed by con t r ac to r s  to  be selectled. 
Funding requirements from i n i t i a t i o n  of development in FY 1969 t o  completion 
lincluding launch vehicles ere estimnted ta be $117.7 millien. 

The FY 1968 funds are required f o r  d e t a i l e d  spacecraf t  d fe f in i -  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

OFFICE OF ADYUCED RESEARCH AND TECHNOLOGX BASIC RESFARCH PROGRAM 

PROGRAM OBJECUYES AND JU STLFICATION: 

The Basic Research program supports fundamental research i n  the  physical  
and mathematical sciences.  
physical  phenomena per t inent  t o  o the r  NASA programs concerned with current  
and fu tu re  a i r c r a f t  and space activities. This bas ic  research i s  cazr ied  out. 
p r inc ipa l ly  i n  NASA's Research and Fl ight  Centers with some contract  ass i s tance  
by un ive r s i t i e s ,  i n d u s t r i a l  research labora tor ies ,  and o the r  Government re- 
search centers.  Since fundamental understanding of  physical  phenomena i n  
many f i e l d s  of science is  required to  develop the  technology f o r  NASA's pro- 
grams, bas ic  research i n  NASA encompasses a wide spectrum of disc ip l ines .  It 
ranges from v e r y  fundamental s tud ie s  i n t o  the  na ture  and proper t ies  oE atoms 
and molecules t o  the  more appl ied research areas of determining the  bes t  
materials for t h e  supersonic t ranspor t  a i rplane.  Although much of t he  Basic 
Research program cannot be i d e n t i f i e d  with current  NASA projects , ,  i t  increases 
our knowledge of those s c i e n t i f i c  areas related to  NASA's missions. 

It i s  aimed a t  providing an understanding of the  

The Basic Research program i s  divided i n t o  four broad d i sc ip l ines :  Fluid 
Physics, Electrophysics,  Materials, and Applied Mathematics. 

Fluid physics phenomena of s ign i f icance  to  a i r c r a f t  and spacecraf t  propul- 
s ion  and power generation, as w e l l  as to  atmospheric en t ry  dynamics, IcoIIIIIIuni- 
ca t ion  and simulation i n  laboratory tests, are being inves t iga ted  i n  the 
d i sc ip l ines  of f l u i d  mechanics, aerodynamics, and gaseous physics. 

Electrophysics i s  a research program t o  ga in  a b e t t e r  understanding of t he  
in t e rac t ion  of acoust ic ,  magnetic, electric, nuclear  and g rav i t a t iona l  forces  
with the  e lec t rons  and ions of t he  atomic and molecular cons t i tuents  iof so l id s ,  
lliquids, and gases. This new information i s  t h e  bas i s  f o r  advancing the s t a t e  
of knowledge of various technologies,  e spec ia l ly  e l ec t ron ic s  , space power 
systems, and propulsion. 

The broad goal  of our  materials research i s  t o  understand the  behavior of 
materials under the  d iverse  environmental condi t ions encountered i n  aerospace 
missions. 
t:o cope with high vacuum, high temperature, ion iz ing  rad ia t ion ,  micrometeorite 
impact, corrosive f l u i d s  and electromagnetic f i e lds .  

With such an  understanding, materials can be r a t i o n a l l y  de,signed 

The bas ic  research program i n  appl ied mathematics i s  concerned w i t h  the  
inves t iga t ion  and development of  mathematical techniques necessary f o r  
appl ica t ions  t o  t h e  many problems of  science and technology which a r i s e  i n  
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connection with the  aerospace missions of NASA. Mathematical research i s  
extremely va'luable i n  t h a t  firm bases fo r  continued research i n  the  alther 
d i sc ip l ines  of science and engineering are provided and, i n  many instances,  
s ign i f i can t  czccmomies are achieved through the  elimination of cos t ly  non- 
ma thema ti ca 11 ex per iment a t ion . 
. w Y  OF W$)URCES REQUIREMENT S: 

1966 1967 - 1968 . 

Supporting research and 
technology.. .................. $22,000 , 000 $2 1 465,000 ,500 OOQ. 

---- Dist:ribul:ion of Program Amount bv Ins t a l l a t ion :  

1966 1967 - 1968 . 

MElrshall1 Space Fl ight  Center 
Gaddard Space Fl ight  Center. 
Jet Propulsion Laboratory. .. 
Ames Research Center. ....... 
El.ectrcmics Research Center.  
F 1.igh t Res ear  ch Center ...... 
Langley Research Center. .... 
Lewis Research Center.. ..... 
NASA Hle!ad.quarters. .......... 
Western Support Office.. .... 

$8 15,000 
117,000 

5 , 056,000 
2 , 070,000 
1 , 035,000 

30,000 
2 , 144,000 
2 , 731,000 
7,351,000 

651,000 

$888 , 000 
145,000 

4,757,000 
2,106 , 000 
1,126,000 

2 , 360,000 

6 , 698 , 000 
6 10,000 

--- 
2 775 y 000 

8992 , 000 
175 , 000 

2,313 , 000 
1 , 695 , 000 

2,420,000 
2 , 960,000 
7,170,000 

650,000 

5,125,000 

--- 

.#!ASIS OF FuN[I) REQUIREMENT S: 

SuPDortinP Research and Technolonv 

1966 1967 - 1968 

Fluid P h Y S ~ . C S o . . . . . . . . . . . . . . . . . .  $7,538,000 $7,710,000 $8,615,000 

Materials....................... 8,438,000 8,038 y 000 8 , 655 , 000 
Applied mathematics.,........... 1 298,000 1,382,000 - 1,490.000 

Electrophys,ics. ................. 4,726 , 000 4,335 , 000 4 , 740,000 

S22.000,OOO S21,465.000 $23.500.000 - Total......................... 

Fluid Physics 

Major emphasis i n  the  Fluid Physics program w i l l  concern the  rad ian t  heat 
generated by the  high temperature gas cap i n  f ront  of re-entry vehiclles a t  
en t ry  ve loc i t i e s  i n  the 40,000 t o  70,000 f e e t  per second range. A t  these 
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v e l o c i t i e s ,  r ad ia t ion  cooling and la rge  s e l f  absorpt ion and precursor e f f e c t s  
w i l l  r equi re  in tens ive  study. The blocking of the  r ad ia t ion  by ab la t ion  
vapors which are added to  the  flow f i e l d  by la rge  rates of ab la t ion  w i l l  also 
be studled. 

During F'I 1!368, t he  Langley H o t  Gas Radiation Research F a c i l i t i e s  w i l l  
become operat ional  and begin t o  cont r ibu te  t o  the  research program i n  super- 
o r b i t a l  re-entry rad ia t ion .  Other f a c i l i t i e s  w i l l  be invest igated,  such as 
the explosively driven shock tube, because of i t s  p o t e n t i a l  f o r  prodiicing the 
extremely hot  gas and high ve loc i ty  required f o r  laboratory simulaticln of 
superorb i ta l  f l i g h t  conditions. 

I n  the  study of the  rad ia t ion  proper t ies  of gases the  emphasis i s  very 
much on the  basic physics of  atoms and molecules and t h e i r  interacticins.  
Such knowledge contr ibutes  t o  the  study of nonequilibrium gas dynamic s, 
chemical kinet:tcs, t ranspor t  p roper t ies  and a number of o the r  areas of f l u i d  
physics such as the fluid-mechanical laser. Ef fo r t s  w i l l  be made to  accele-  
rate research on f l u i d  mechancial lasers because they o f f e r  the  possj b i l i t y  
of generating continuous beams of high power and e f f i c i ency  and have po ten t i a l  
promise fo r  d i r ec t  conversion of hea t  to  radiat ion.  I f  such potenticills are 
realizeld, new p o s s i b i l i t i e s  arise f o r  space connnunication and even fo r  space 
power t ransrni ssion. 

Re-entry in to  the  ear th ' s  atmosphere a t  supe ro rb i t a l  speeds introcluces 
o ther  heat ing ]problems besides thermal rad ian t  heating. 
configurations i s  expected t o  depart  from the blunt  shapes i n  favor of some- 
what slenderizled shapes where the  r ad ia t ion  i s  less severe i n  the  hea t ing  of 
the vehicle .  
boundary 1a:yer flow connected with higher f r i a t i o n  and, therefore ,  hxgher 
convective heat ing rates. 
onset of turbulent  flow to determine a t  what speed laminar flow can tke main- 
tained. Only Ln the  la t te r  case w i l l  t he  more s lender  shapes with tlie reduced 
rad ian t  heat ing be f u l l y  advantageous. 
cen t r a t e  sulbstinntially on t h i s  posi t ion.  

The t rend i r t  vehic le  

IkIowever, more s lender  shapes are prone t o  have turbulertt 

Careful inves t iga t ions  have to  be made of t he  

The Fluid Physics program w i l l  con- 

Another Lmportant r o l e  of  boundary layer  research i s  connected with hyper- 
sonic  a i r c r a f t  performance; s p e c i f i c a l l y  with the  la rge  f u e l  penal ty  incurred 
a t  the  expense of payload f o r  any increase i n  drag. 
the  f i e l d  of turbulent  boundary layers  w i l l  expand s ign i f i can t ly .  

Therefore, resectrch i n  

Related t o  the high speed turbulent  boundary layer  work is researc:h on flaw 
i n  advanced rocket nozzles. I n  such flows, the  cumbustion gases accelerate 
rap id ly  i n  t h e  th roa t  region which also i s  the  region of highest  heal: t ransfer .  
The behavior of the  turbulent  boundary layer  and p a r t i c u l a r l y  t h e  hectt t rans iex  
c h a r a c t e r i s t i c s  under those conditions i s  not  w e l l  understood. Progi-ams under 
way are expected t o  cont r ibu te  s i g n i f i c a n t l y  to  the  design of high pcrrformance 
nozzles having optimum performance and cooling. 
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In  in te rp lane tary  f l i g h t ,  t he  payload f r a c t i o n  increases  with s p e c t f i c  
impulse, and the  dura t ion  of  the  mission reduces with increas ing  t h r u s t  t o  
engine weight r a t i o s .  
at high energy dens i t i e s .  High energy dens i ty  f l u i d s ,  which exist i n  t h e  
plasma s t a t e ,  a r e  not ye t  w e l l  enough understood, however, t o  be u t i l t z e d  
f o r  re levant  system design, Therefore, emphasis is being put on research 
on the  s t a b i l i t y ,  t he  t ranspor t  p roper t ies ,  and on t h e  i n t e r a c t i o n s  oE such 
plasmas with electromagnetic r ad ia t ion  over t he  whole spec t rm.  

Both of these  des i r ab le  f a c t o r s  r equ i r e  working f l u i d s  

Electrophysics 

The Electrophysics program cons i s t s  of  in-house and cont rac tua l  re:search 
: tnvestigatioas i n  the  areas of nuclear ,  atomic, molecular, s o l i d  s t a t e ,  
and theo re t i ca l  physics. Concerned with the  in t e rac t ions  of var ious Eorce 
f i e l d s  with the fundamental cons t i t uen t s  of  s o l i d s ,  l i qu ids ,  and gases,  t he  
r e s u l t s  cont r ibu te  to the  advancement of technology programs such a s  IelectronBc 
t:ommunic:atiorts, space power, and propulsion. 

The following are four examples of  research present ly  underway i n  the 
1Electrophysic:s program. 
through a t h i n  f i lm of  t i tanium dioxide (TiOq) placed between alrnninuin films. 
‘me Ti02 f i lm is an electrical i n s u l a t o r  so t h a t  e l ec t rons  norma:lly ds  not 
pass f r e e l y  through t h e  film. To date ,  t h i s  m r k  has been a b l e  to explain 
t h e  e1ec:tron passage from one aluninun f i lm through t h e  Ti02 f i lm t o  the o the r  
n1uninmt.i film. 
which is a wry s e n s i t i v e  de t ec to r  of long wavelength in f r a red  rtzdiatLon 
iwch as emanates from t h e  planets.  The inves t iga t ion  of t h e  var ious parameters 
involved will. b e  continued. 

The f i r s t  is  concerned v i t h  the  movement of lelectronci 

This understanding shows promise of  a device being developed 

The second example is  a determination of t he  a t t enua t ion  of  high frequency 
acoustic: waves by d i s loca t ions  i n  the  la t t ice  s t r u c t u r e  of sapphire  (A1203) . 
‘fie dis1.ocatj.onis are introduced i n t o  t h e  c r y s t a l  and t h e i r  dens i ty  a l t e r e d  
by i r r a d i a t i n g  the  A1203 with f a s t  neutrons, whereby t h e  a t t enua t ion  is 
changed. 
t he  mechanism xesponsible f o r  t h e  at tenuat ion.  
he lp fu l  i n  achieving new type s o l i d  s ta te  ampl i f ie rs  i n  e l ec t ron ic  systems. 

Dabt:a are being obtained and analyzed i n  order  t o  c l e a r l y  understand 
Such information should be 

The t:hird example is t h a t  of self-confinement of a laser l i g h t  bean. It 
has beart fotutd t h a t  when a very in tense  laser l i g h t  beam is  passed through a 
Liquid-c:arbon-c1isulfide cell, the  dfameter of the  l i g h t  beam i s  reduced along 
the cell. lenrgtb. 
‘uses as optical. conmunications and computer readout where very m a l l  d iameter  
o p t i c a l  beanis are needed. This work w i l l  continue t o  f ind  t h e  cupladation of 
t h i s  mechanirrm by considering the  i n t e r a c t i o n s  between the  laser l i g h t  and 
the molc~cuki: s@truc ture  of  t he  l iquid.  

This beam narrowing e f f e c t  may be appl icable  i n  such advanced 



An invest.j.gattion of t h e  growth and formation of tornadoes i s  the fourth 
example. 'JIM! reason f o r  the  tornado formation i s  t raced  back t o  t h e  c i rcu la-  
t ion  of elec:t:ri.cally charged water d rop le t s  i n  the  atmosphere. 
explanation for tornado growth is t h a t  t he  v io len t  atmospheric motion i s  due 
to temperature and pressure differences.  I f  t h e  inves t iga t ion  is successful  
i n  proving t:hat: tornado formation i s  an electric phenomenon, i t  may b e  possi-  
' b l e  t o  prevent tornado growth by shor t - c i r cu i t i ng  the  charges p r i o r  t o  t h e  
c i r cu la t ion  h i l d  up. 
and experimc!nts w i l l  be conducted t o  simulate the  formation of t'ornadoes and 
to  inves t iga t e  i n  d e t a i l  the  e l e c t r i c a l  mechanism responsible  for t h e i r  growth. 

'fie u s u a l  

I 

A properly constructed laboratory model will b e  i n s t a l  led 

Nuclear physics research w i l l  be i n t e n s i f i e d  using the  600 m i l l i o n  electroln 
vol t  proton acce lera tor  a t  the  NASA Space Radiation Effec ts  Laboratory. The 
data frcw the  experiments should cont r ibu te  t o  our understanding of t he  
e f f e c t s  of impacts of solar protons on the  s t r u c t u r e  of t h e  spacecraf t  and 
i ts  equipmenf:. 
imateria:L needed t o  prevent r ad ia t ion  damage t o  the  spacecraf t .  Additional 
a t t en t ion  wl.11 be given t o  obtaining a b e t t e r  understanding of e lec t ron  
o s c i l l a t i o n s  i n  s o l i d  s ta te  plasmas. Such research may lead t o  the  generation 
of coherent r ad ia t ion  
by techniquw not now avai lable .  
ava i lab le  f o r  space comnunications. 

The da ta  may be usefu l  i n  improving the  design of sh je ld ing  

a t  the  f a r  u l t r a v i o l e t  and X-ray wavelength regions 
This w i l l  extend the  spec t ra  of frequenciea 

Materia 1s 

The Mateiria:Ls program ranges from the  academic study of submicroscopic 
phenomena i n  s o l i d s  through the  more pragmatic development of new materials 
to  the  research aimed a t  producing permanent so lu t ions  to such operat iona 1 
d i f f i c u l t i e s  at; s t r e s s  corrosion and fat igue.  The kinds of materials,  within 
the  scope of t he  program cover a spectrum which includes polymers, ceramics, 
metals, lubirLcants, minerals and t h e  composites which take advantage of the  
mechanical :Lint e rac  t ions between d iverse  cons t i tuent  8 .  

Fundamental research i n  e l ec t ron ic  proper t ies  of materials w i l l  continue 
as the  Elect roriics Research Center approaches f u l l  operation. Contrcllled 
exc i t a t ion  of t he  v ibra t ions  of t he  e lec t rons  i n  materials produces o lec t ro-  
magnetic rad ia t ion ,  as i n  the  laser. Transport of t h e  e lec t rons  by way of 
c r y s t a l l i n e  deEects charac te r izes  such materials as thermistors,  supt!rcon- 
ductors and thermoelectric energy converters. Control of e lec t ron  q d n s  
produces new f i m i l i e s  of magnetic materials. 
the highest  l eve l  of cooperation between t h e  phys ic i s t  and the  miateri~.als 
s c i e n t i s t  i f  continuing advances are t o  be made. 

A l l  of t h i s  work w 4 1 1  I -equire  

N e w  discove:ries have explained the  f r i c t i o n  and wear of completely unlubrf- 
This cated s o l i d s  i n  terms of the  arrangement of the  atoms i n  t h e i r  c rys t a l s .  

work w i l l  be extended i n  severa l  d i r ec t ions  to include s tud ie s  of sirlgle 
c r y s t a l s  and of n o n m e t a l l i c  materials and development of heat  treatments 
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t o  change f r i c t i o n  and wear cha rac t e r i s t i c s .  
i n  obtaining simple and t rouble  f r e e  lubr ica t ion  systems f o r  advanced space 
vehicles.  

This e f f o r t  w i l l  assist g r e a t l y  

High temperature materials continue to  draw a t ten t ion .  

Development of a s l u r r y  process f o r  cipplication 

The s t rength  of 
tungsten and t a n t a l m ,  f o r  example, has been fu r the r  increased by new techniques 
f o r  a l loy ing  these  metals. 
of ox ida t ion- res i s tan t  coat ings increases  t h e i r  r e l i a b i l i t y  f o r  re-entry 
s t ruc tures .  On the  t h e o r e t i c a l  s ide ,  s tud ie s  of  d i f fus iona l  behavior and 
of strengthening mechanisms are guiding fu r the r  improvements. 
working of ceramic materials a t  high temperatures w i l l  also be emphasized i n  
order  t o  develop optimum microstructures  which i n  t u r n  should improve the  
proper t ies  of these  b r i t t l e  materials. Through such techniques cis extrusion 
or swaging the  s t rength  of oxides and carbides may be doubled. 
:Lower temperature regime renewed e f f o r t  i s  making dispersion-strengthcmed 
nickel-chromium a l l o y s  leading contenders f o r  high performance gcis tuirbines. 

Ttie mechanical 

I tn  a isl ightly 

New temperature-resistant and r ad ia t ion - re s i s t an t  polymers such as t h e  
pyrrones extend the  c a p a b i l i t i e s  of organic  materials to  approximately 100WF. 
In t ens i f i ed  e f f o r t  w i l l  be devoted t o  t h e i r  development i n  s u f f i c i e n t  quant i ty  
and form1 fo r  such uses as adhesives and d i e l e c t r i c  f i h s .  Modifications i n  
chemical s t r u c t u r e  w i l l  be made t o  optimize usefu l  propert ies .  

Applied Mathematics 

The Applied Mathematics program is  concerned with mathematica:l inves t iga t ions  
the  r e s u l t s  of which have appl ica t ions  to  the  many problems of science and 
technology relevant  t o  t h e  aerospace missions of NASA. The progi:am cisnsists 
of both in-house and ex terna l  research a c t i v i t i e s  and bas ic  mathematical i n -  
ves t iga t ions  i n  such areas as ordinary and p a r t i a l  d i f f e r e n t i a l  trquatlons, 
iiumericel a n a l y s i s ,  c e l e s t i a l  mechanics, and statistics. A s  t he  reseinrch 
e f f o r t s  i n  t h e  o ther  d i sc ip l ines  of science and engineering within NASA 
advance, newt mathematical problems, requi r ing  new methods and techniques, 
are continua1.ly being raised.  
of research i n  appl ied mathematics i s  c l e a r l y  demonstrated. 

Thus, t h e  necess i ty  f o r  a continuing program 

The area clf g rav i t a t iona l  and o r b i t a l  mathematics w i l l  continue to  rece ive  
heavy emphasis. 
t i n g  or  planning the  motion of any objec t  moving under g rav i t a t iona l  and 
o ther  pssib1.e forces. 
of any mass moving under t h e  forces  of  g rav i t a t iona l  a t t r a c t i o n  centered on 
one o r  more o ther  moving bodies i s  a p a r t i c u l a r l y  important and d i f f i c u l t  
problan. Inves t iga t ions  i n  c e l e s t i a l  mechanics and d i f f e r e n t i a l  equations,  
including t h e  developnent of  methods Qf so lu t ion  and s tud ie s  of the  proper t ies  
of so lu t ions ,  a r e  major phases of research i n  t h i s  area. Also, s ince  the  
d i f f e r e n t i a l  equations involved i n  the  problems of o r b i t  determiriatioin 

This area includes the  complex theor ies  necessary fo r  predic- 

The p rec i se  mathematical representat ion,  a t  a l l  times,, 
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and predic t ion  tire usua l ly  so complicated t h a t  no exact a n a l y t i c  so lu t ion  
may be known,, i nves t iga t ions  concerned with approximation techniques and 
t h e  deve'Lopment of sophis t ica ted  n m e r i c a l  procedures w i l l  be important 
problems i n  l h i t j  area. 

Research wil:L continue i n  aerodynamic mathematics f o r  i nves t iga t ions  of  
t he  flow fie.Ld around o r  wi th in  a body moving a t  hypersonic speeds, arid t o  
improve the  wtnthematical techniques f o r  descr ibing and solving problems i n  
lift and drag theory f o r  var ious shaped bodies i n  the  gases of  p lane tary  
atmospheres from high to near vacuum pressures.  I n  addi t ion ,  s tud ie s  w i l l  
a l s o  continue i n  the  theory of p l a t e s  and s h e l l s  of var ious shapes and a t  
var ious temptxatures i n  order  t o  provide the  mathematical bas i s  f o r  s a f e  and 
e f f i c i e n t  de!, ign of advanced o r  proposed a i r c r a f t  and spacecraf t  s t ruc tures .  

Inves t iga t tons  i n  propulsion and con t ro l  matheatatics w i l l  include 1 n-house 
research on the  app l i ca t ions  of modern func t iona l  ana lys i s  and t h e  cal~culus  
of va r i a t ions  t o  problems concerning the  opt imizat ion of space f l i g h t  t r a j e c -  
t o r i e s ,  Grants and con t r ac t s  i n  t h i s  area w i l l  be concerned with resel!arch 
-in p a r t i a l  or ordinary d i f f e r e n t i a l  equations,  v a r i a t i o n a l  methods, and 
n m e r i c a  L antilysis with s p e c i a l  emphasis on t h e  developnent of technic1,ues which 
have appl ica t ions  t o  the problems of  optimal con t ro l  theory. 

F ina l ly ,  :Liicreased e f f o r t  w i l l  be made i n  t h e  area of t racking and da ta  
processing mtithtrmatics. This urea is concerned with the  development of  
a b s t r a c t  numerical ana lys i s  and computing p r inc ip l e s  f o r  the  purpose clf 
allowing more e f f e c t i v e  exp lo i t a t ion  and e f f i c i e n t  use of computation f a c i l i -  
ties. The mathematical problems include numerical e r r o r  ana lys i s  of  t racking 
accuracy, as .related to o r b i t  determination, methods f o r  obtaining the), fastest:  
as w e l l  13s t h e  rnost  p r ec i se  and convenient handling of  la rge  amounts clf data ,  
and techniqutss which allow t h e  reduction of data t o  simple but s c i e n t i f i c a l l y  
sound suxmarii~~s ,, 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTINATES 

OFFICE OF --- AWANCED RESEARCH AND T E C l i N O m  SPACE VEHICLE SYS'RMS PRCGRAM - 

The objecl::tvtrs of t h i r  program are to  i d e n t i f y  and Solve c r i t i ca l  techni- 
ca l  problems of spacecraft  and launch vehicle design. The program is con- 
cerned with the more inmwdiate problems of vehic les  i n  actual use o r  under 
a c t i v e  develolpawrnt by NASA and the  Mi l i ta ry  Services, as w e l l  as the wore 
advanced problemre r e l a t ed  t o  the  next generation veh ic l e s  required for new 
mieeims,, Allithtmgh the  objec t ives  remain m c h  the  #&me from year t o  year, 
the  program ia continually refocused cm new problems as required by the 
National Space Program and by advancing technology. 

The program oncapassee  the  technica l  arear of Aerothermodynamics, 
S t ruc tures ,  !;pace Environmental Factors, &sign Criteria, and P l igh t  I'xperi- 
aents. 
grated spacecxaft and launch vehic le ,  f l i g h t  of the spacecraft  *through space, 
ent ry  into the  otmosphere of the  e a r t h  and o ther  p lane ts ,  and landing, 
Research i n  6 1 1 1  these aspects is accomplished i n  a complex of advanced 
ground-based €ac:ilities which include high-speed, high-temperature wirtd 
tunnels  and arc jetr ,  vacuum chambers, high-enerm charged particle accelera- 
t o r s ,  and othctr equipment. 
are car r ied  t n t t  i n  close assoc ia t ion  with the ground-based research tcii v e r i f y  
and extend the laboratory resu l t s .  

X t  darrlt3 with launch and e x i t .  through the  atmosphere of the  itite- 

Carefully se lec ted  c r i t i ca l  f l i g h t  exper io~rn ts  

Special  mpharsice I n  the  Space Vehicle Systems Program Will be placed I n  
PY 1968 on the  continuing H-2 and HL-10 lifting-body f l i g h t  research program, 
developing thts technology of parachutes and other  dece lera tors  for  en t ry  
and terminal :€l ight  i n  the  atmosphere of Ehrs, and on an aggress i re  e f f o r t  
t o  develop the  technology of maneuverable g l id ing  descent techhfquer and 
systems f o r  the  recovery on land of cur ren t  types of manned spacecraft . 

1966 

Supporting ireirearch and 

Lifting-body f l i g h t  and landing 
technology. ................... $26,450,000 

testu. .... I@ .................... 1,o0O,ooo 
Scout re-entry project.. ....... 3,000,000 

Project P1l:t~ ................... 50,000 

Sum11 apace verhicle f l i g h t  
experiwnfts, ,  ................. 3,000,000 

1967 

$26,635,000 

1,000,Ooo 
4,050,000 

2,250,000 --- 

I968 
-I 

$29 ,090,000 

1, CIlOO ,000 
4, !i90,000 

2 , !ilOO ,000 --- 
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1966 1967 'It968 
-I 

Project Pegas1us (Saturn-Launched 
ceteoroid experiment). ........ 1 . 500 . 000 

Total......................... $35,000,000 $33,935,000 $37.( )00,000 
I_ 

- Distribution --- of Program haun t  by Installation: 

1966 1968 - 1967 

Manned Spacecraft Center........ $656,000 
Marshall Space Flight  Center... . 4,617,000 
Goddard Space Flight Center..... 1,624,000 
Je t  Propulrion Laboratory....... 3,7 18,000 
Ames Research Center............ 3,126,000 
Electronic8 Research Center.. ... 250,000 

Langley Rerearch Center.,....... 13,442,000 
Lewis Research Center........... 3,199,000 
NASA Headquiarters........,.,.,,. 3,062,000 
Western Support  Office. ......... 496 ,OOO 

Flight Research Center.. ........ 1,010,000 

$560,000 
3,682,000 
1,905,000 
2,426,000 
2,825,000 

320, OOO 

15,963,000 
2,288,000 
2,665,000 

291,000 

1 ,o 10, OOO 

$485 ,000 
4,260,000 

1,575,000 
3,1)15,000 

1670,000 

18,535,000 
2,425,000 
2,935,000 

2,  LO0,Ooo 

1,200,000 

--- 
BASIS OF --- PUNK1 REQUIREMENTS: 

Supporting Research and Technology 

19 68 
-I 

$ 5,420,000 
6,935,000 
1,230,000 
3,040,000 

1966 1967 

Spacecraft aerothennodynamics... 
Spacecraft. st.ructure8. .......... 
Uunch vehic 1.e aerothermodynaarfcs 
Launch vehicle structures. ...... 
Space vehic: IC enviromwnta 1 

Space vehix: IC design cr i ter ia .  .. 
Advanced qmc:e vehicle ccmcepts. 

f a c t ~ 8 . .  ,..................... 

$ 6,033,000 
6,260,000 

735,000 
2,523,000 

$ 4,813,000 
6,661,000 
1,118,000 
2,909,000 

10,181,000 
953,000 

10,795,000 
I ,  580, OOO 

8,544,000 
1,725,000 

630,000 

Spacecraft Aerothermodynamics 

Spacecraft aerothermodynadc8 deal8 with the problems of heating, motions, 
and control of manned and unmanned spacecraft i n  hypervelocity entry into 
the atm08phrtre of the earth and other planets, and with terminal atmcrspheric 
f l i g h t  and ll~mcling of spacecraft. 
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The FY 1967 program to  i n v e s t i g a t e  r e c w e r y  of manned spacecraf t  an 
land has  resuI&ed i n  the  t e r t i n g  of several promising rteerable-parachute 
and flexible-wing oyotems to  i n v e s t i g a t e  aerodynamic and s t r u c t u r a l  problems 
assoc ia ted  with deployment and control.lcd f l i g h t .  
during PY 19611, It Wil l  include teste of two full-8c81e oystcms appropr ia te  
f o r  fu tu re  Apol1.0 appl ica t ions .  

This program w i l l  continue 

Continued progress has  also been made i n  research programs on revexal 
advanced manned spacecraf t  concepts i n c  luding the  H-2 and HL- 10 l i f t i n g -  
body types. 
compared t o  t : h  Apollo type of spacecraft, permits g r e a t e r  f lex ibf  l f t y  of 
r e tu rn  f r m  orb i t .  
constructed 1:0 i nves t iga t e  the  rpecial problems involved i n  t ransonic  and 
tleTPinal f l lglrt  have been flown successfully.  P l i g h t  charac te r i s t ic81  of 
t'hese vehicle!rs i n  the  t ransonic  rpeed r eg iae  w i l l  receive emphasis i n  FY 
1968. 

The! higher maneuvering p o t e n t i a l  of these  conf igura t fanr ,  

The H-2 and HL-10 manned f l i g h t  research veh ic l e s ,  

During FY 1967 research was i n t e n s i f i e d  011 spacecraf t  configuration8 f o r  
landing in s tmmmted  c a p m l e s  on Mars. This research included t h e  i d t i a -  
tion of f l i g h t  test8 of parachutes a t  very high a l t i t u d e 8  in t he  earth's 
atmosphere where the  air  dens i ty  i s  comparable t o  that near t he  sur face  of 
Wars. (See Sianll Space Vehicle P l i g h t  Experiraentr.) Research on ?&arcit 
probe e n t r y  tund landing w i l l  continue i n  FY 1968, 

R o g r e r s  lras been -de toward b e t t e r  understanding of re-entry he8l::ing 
of spacecraft, :including accoapllshment during the  past year of an  im]mrtant 
Scout-launched f l i g h t  experiment of a promising h e a t  sh i e ld  material t h a t  
had been exten8:lvely t e s t e d  i n  ground facil i t ier ,  
howaver, regard:lng the  hea t ing  environment, a b l a t i o n  procesres,  and the  
h,aating-abktfom i n t e r a c t i o n s  which are important in t a i l o r i n g  a b l a t i o n  
hea t  s h i e l d s  t o  p a r t i c u l a r  veh ic l e  conf igura t ions  and f l i g h t  canditimr, 
These problems wI11 receive g r e a t e r  emphasis I n  FY 1968 with the  objective 
of decrea8in:g rp8cecraf t  weight and enchancing reuse. 

Uncer ta in t ies  rtill. e x i s t ,  

Re-entry lhcating f l i g h t  and ground-based experiments i n  F'Y 1968 w i l l  
i .nveotigate the heat ing  a r roc ia t ed  with turbulen t  boundary layer. a t  high 
Mach numbers. Cround-based research during FY 1968 w i l l  also include 
cntudies of re-entry hea t ing  problems r s soc ia t ed  with p lane tary  r e tu rn  a t  
speeds of 50,000 f e e t  per second. 

Spacecraft  S t ruc tu res  

Major elements of t h i s  program are advanced s t r u c t u r a l  concepts and 
materials app l i ca t ions ,  protec t i o n  aga ins t  e n t r y  hea t ing  and space enviran- 
mental hazards, detenulnatlon of cr i t ical  loadc and s t r u c t u r a l  responre, 
p ro tec t ion  aga ins t  vibration environments and landing i m p a c t ,  and prolonged 
atorage of cryogenic l i q u i d s  i n  space. 
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An important ob jec t ive  i s  t o  provide the  s t r u c t u r e s  technology necessary 
to1 permit  expcns:lve spacecraf t  t o  be reused. A cr i t ica l  component of cu r ren t  
Spacecraft i s  the en t ry  hea t  pro tec t ion  system which cannot be used moii'c 
than once nor conveniently repaired.  Research i r  being conducted on ctmcepts 
f o r  hea t  rh i e lds  which could be r e a d i l y  and e c o a d c a l l y  refurbished f o r  
repeated f l i g h t  loperations. Une promising conf igura t ion  consists of a 
number of ind lv idua l  a b l a t i v e  hea t  sh i e ld  panels which are insu la t ed  fii:an 
t h e  bas ic  s t r u c t u r e  and can be e a s i l y  replaced. zhe behavior of t he  j c ~ l n t s  
between such panels under e n t r y  hea t ing  condi t ions  is ,  h m v e r ,  a p o t e n t i e l  
problem which requi res  new t e s t i n g  techniques. 
be d i r ec t ed  t o  r e q u i s i t e  t e s t i n g  PPethods as well as t o  a v a r i e t y  of advanced 
u t e r i a l r  and heat s h i e l d  concepts. 

Research i n  FY 1968 will1 

For l a n g - t a m  space mlssions such as manned o r b i t i n g  l abora to r i e s ,  
research is being d i r ec t ed  toward new concepts for pro tec t ion  aga ins t  
m t e o r o i d s  t o  minimize weight penalties. Double-wall s t r u c t u r e s  v i t h  l:hinner 
walls but  with g r e a t e r  wall-spacing than previously coneidered appear promis- 
ing. Experimental research t o  determine t h e  p o t e n t i a l  weight savings w i l l  
be! undertaken. 

P r e l i m i n a r y  s t u d i e s  of a la rge  o r b i t i n g  120-inch-diameter optic:al  tsle- 
scope have l d e n t f f i e d  important s t r u c t u r a l  problems r e l a t e d  t o  the  high 
o p t i c a l  q u a l i t y  requfrements of t he  mirror. 
6t:and the  severe loads and v i b r a t i o n s  of launch and exit  f l i g h t  or be :/.so- 
l a t ed  and protected from these  fo rces  by s u i t a b l e  mounting system. t o  
pxevent damage. The mirror must also be r i g i d  and lightweight. Flesea~i:ch 
w i l l  be condocted i n  FY 1968 t o  develop so lu t ions  t o  these  conf1ic:ting 
requirement s . 

The mirror must e i?her  witkh- 

Another p o t e n t i a l  mission requi r ing  8dvanced s t r u c t u r e s  technollogy :I18 
a large radio-telescope antenna, Consideration is being given t o  the  
poss ib le  use of E very long expandable lattice column t h a t  might be uscikd 
at1 the  c e n t r a l  mart f o r  t he  antenna. Such a mast could be of t he  order 
of one-half a mile long and only t en  f e e t  wide, 

Other areaa of research i n  Fp 1968 include S t ruc tu res  f o r  landing of 
Prinned spacecraf t  and the  problems assoc ia ted  with long-term c r y q e n i c  
st:orage I n  space, 

Launch Vehic le Aerothermodynamics 

This program dea l s  prlrrmrily with aerodynamic c h a r a c t e r i s t i c s ,  base 
hea t ing  problems, and the  acous t i c  envirunment assoc ia ted  with the  rocket 
exhaust. The program also seeks t o  devise advanced launch veh ic l e  conc:epts. 

Base hea t ing  a r i s e s  from th ree  primary sources: j e t - f  lame radiatiolii, 
which i s  complicated by the  i n t e r a c t i o n  of mul t ip le  jets;  convective h m t i n g  
from the  rocket exhaust; and af te r -burn ing  of vented gases i n  the  rocket 
exhaust. 
continued i n  PY 1968. 

Base hea t ing  inves t lga t ions  i n  these  problem areas w i l l  be 
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Studies  of the  acoustic environment of launch vehic lee during f l i a i t  
and ground t a s t i n g  and research t o  develop more accura te  methods of pre- 
d i c t ing  sound propagation m r  large d i s t ances  w i l l  be continued. 

Aerodynamic research i n  FY 1968 wi l l  be focused on improvements tal 
, ex is t ing  laimcti veh ic l e s  and on p e r f o r u n c e  of advanced conf igura t ions ,  
inc luding rcrriurble launch vehic le concepts. 

Launch Vehicle S t ruc tu res  

zhe primury objec t ives  of t h i s  program are t o  explore and e v a l w t c  
advanced stmlc1:ures and ma te r i a l s  concepts f o r  launch veh ic l e s ,  t o  pzo- 
*vide improved methods f o r  determining the  loadn on and the  renponses of 
the  mtrtictu~wn,, and t o  develop more r e l i a b l e  means f o r  pred ic t ing  and 
confirming 1:lieir strength.  

In 1966, deirelopent  of a generalized carputer  program for space wehicle 
s t r u c t u r a l  maU1ysis was i n i t i a t e d .  
improved NASA-wide capab i l i t y  f o r  solving var ious  static,  dynamic I) acid 
thermal s tnu : tura l  problems of space vehicles.  
program w i l l  be ava i l ab le  i n  FY 1967, and during FY 1968 the  dynamicat and 
thermal sect:iarrs w i l l  be carpleted.  

'Ihls program w i l l  provide a much 

One port ion of t he  

Another smttiod of determining s t r u c t u r a l  behavior is t o  t e n t  the  a c t u a l  
vehiclen. X n  the  past, d y n a d c  t e s t i n g  MI) required e i t h e r  011 the  f u l l -  
scale launch vohlcle ,  or on a spec ia l ly  contructed fu l l -#ca le  d e l ,  It 
would be siqpler and less c o s t l y  i f  t e s t a  on -11-scale kodels  could be 
conducted wlith confidence. Research a t  Langley during the  lart th ree  yearn 
has been dirtacted t o  advancement of dynamic modeling technology. 
using sodeln of the  Saturn I, Saturn V, and Ti tan  111, i n d i c a t e  t h a t  f u l l -  
scale t e n t .  i ~ ~ r  not be necessary i n  most cases f o r  launch veh ic l e s  oi these 
types. Efftxrtri t o  improve the  technology f o r  s imulat ion of c e r t a i n  v ibra-  
t i o n  charactcarlistics w i l l  continue i n  FY 1968. 

Resiults 

E f fo r t  Wil l  a lso continue on the  more important n t r u c t u r a l  design 
considexatitmi which a f f e c t  the weight and cost of launch vehicles ,  New 
application. of materials and improved s t r u c t u r a l  configurat ions w i l l  be 
empha si zed . 

Space Vehicle Enviraaacntal  Fac tors  

The objecti ire of t h i s  program i s  t o  determine the  e f f e c t s  of spacclb 
environment on space vehic le  design and operat ion and t o  develop the  
technology f o r  con t ro l l i ng  and minimizing these  e f  f ec t r .  High-energy 
r ad ia t ion  ef:Eec:tn and sh ie ld ing ,  the  meteoroid environment and i m p a c t  
hazard, low-grrrvity f l u i d  behavior,  thermal r a d i a t i o n  and temperature 
c o n t r o l ,  and high-vacuum technology are the  pr inc lp .1  rerearch areas .  
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Effo r t  i s  cantinuing t o  resolve problems r e su l t i ng  from chargcd-pattic le 
rad ia t ion  i n  space. 
s ens i t i ve  materials and components, 
knowledge of basic  damage mechanisms f o r  pure materials t o  a c t u a l  operating 
devices f o r  the purpose of improving the  r ad ia t ion  res i s tance  of spactscraft, 

Research is required on the  more c r i t i ca l  radiat:llon- 
Emphasir w i l l  be placed on app1y:llng 

Research is 'continuing t o  develop improved sh ie ld ing  material# and 
arcthods. Technfques developed have been applied to  Cclnini and Apollo 
sipacecraf t , An advanced r h i e  lding concept which uses magnetic and e lrsc t ro -  
r ta t ic  forces  t o  d e f l e c t  space rad ia t ion  w a s  investigated i n  FY 1967. This 
promising work w l l l  continue. 

The three Pegasus meteoroid de tec t ion  satellites continue t o  furnilirh 
sl ignificant ( d a t a  which together with those obtained by the  smaller Explorer 
meteoroid s a t e l l i t e s ,  have resu l ted  i n  a revision of the  meteoroid deriiign 
gwidelines f o r  the Apollo program, and are being used t o  formulat:e de f in i -  
tive genaralizeld rpace vehic le  design criteria. 

To obtain information on l a rge  meteoroids, n a t u r a l  meteors ent.erin(lt 
the  e a r t h ' s  atmosphere are being studied ueing r ad io  r e f l e c t i o n  and o p t i c a l  
techniques. Increased emphasis has been placed 011 t h i s  area. 

Research will continue i n  PY 1968 on the  behavior of f l u i d r  under irear- 
zero gravi ty  cunditione, Low-gravity reeearch using drop towers a t  the 
Lewis Research Center har  led t o  improved propellant management ry r t a iu  
f o r  the Centaur and Saturn S-IVB stages. 
urns demonstrated i n  a successful rocket f l i g h t  experiment i n  mid-1966, 
new SOO-foot drop f a c i l i t y  a t  Lewis Rerearch Center har  g rea t ly  extended 
mr capab i l i t y  €or ground tes t ing .  

The e f fec t iveness  of these rlryrtemr 
The 

The inves t iga t ion  of thermal e q u i l i b r i m  of space vehic le r  w i l l  continue 
i n  FY 1968, In  space, u l t r a v i o l e t  solar r ad ia t ion  impinges d i r e c t l y  tipon 
the rpacacraf t  rand a f f e c t s  the  a b i l i t y  of the surface coatings t o  ref'l.ect 
sunl ight ,  complicating the  heat  con t ro l  problem. Research on thermal. 
vacuum problmmr i n  FY 1968 w i l l  emphasize development of improved surl'iace 
coatings and imetrnr of simulating the  ro la r lvacum e n v i r o m n t  of spaccl! as 
w e l l  as inveietigation of such physical q u a n t i t i e r  ar  the  thermal radicttive 
proper t ies  oE sol ids .  

Space Vehicle Design Criteria 

The object ive of t h i e  program i s  t o  develop, document, and i s sue  space 
vehicle design criteria or guides t o  design t o  p r a w t e  the  developapent: of 
more r e l l a b l e  and e f f i c i e n t  space vehicles. This object  requirer  the  
i d e n t i f i c a t i o n  of design problems, evaluation of e x i r t i n g  information bear- 
i ng  on these problems, and formulation of the  required au tho r i t a t ive  
criteria. 

RD 13-6 



The cri teria program encompasses the  areas of s t r u c t u r e s ,  chemical 
rocket pxopulsitm, s t a b i l i t y ,  guidance and con t ro l ,  and environment. This 
work is carriled out i n  the var ious NASA cen te r s  and industry.  

3his progrmi, which a i d s  i n  developing more r e l i a b l e  and e f f i c i e n t  space 
veh ic l e s ,  w i l l  continue i n  1968. 

Lifting-Body F l igh t  and Ianding -__. Tests  

1966 1967 

F l igh t  vehic le  and support 
services, ,  ..................... $1,000,000 $1,OOO,OOO S1,0(~10,000 

F l igh t  remarch  w i l l  be continued on the  M-2 and HL-10 lif t ing-body 
test  vehic les  during FY 1968. These veh ic l e s  are representa t ive  of a 
c l a s s  of l i f t i n g - r e - e n t r y  conf igura t ions  t h a t  of f e r  p o s s i b i l i t i e s  of nwb- 
s t a n t i a l  impxovtment i n  mneuverabi l i t y  over cur ren t  types,  together  with 
a capab i l i t y  .€or hor i zon ta l  landing a t  prepared sites. 

The objecI:ivc! of the f l i g h t  program is t o  determine the  performance 
and handling c h a r a c t e r i s t i c s  of these veh ic l e s  a t  t ransonic  speeds and 
during termirrcil f l i g h t  and landing. 
f u l l y  flown l tr i  g l id ing  f l i g h t  by A i r  Force and NASA test p i lo t s .  
i s  now i n  flirght: s t a tus .  
rocke t  power fthirough the t ransonic  and low supersonic speed range. 

The M-2 configurat ion has  been sciccess- 
The HL-LO 

During FY 1968, both vehic les  w i l l  be flown under 

In  FY 1968 i t :  i s  an t i c ipa t ed  t h a t  the  A i r  Force w i l l  provide a t h i r d  
t e s t  vehic le  of d i f f e r e n t  design, designated SV-5, t o  be flown a t  the F l igh t  
Research Centxr,, Funding i n  Fy 1968 w i l l  support the continuing flighlt 
t e8 t program,, 

Scout Re-entry Pro jec t  

19618 --.- 19 66 1967 

Spacecwa f t cincl support ......... $3,000,000 $4,050,000 $4,50O,OOO 
Scout (Launch Vehicle Procurement 

Prowam), ..................... 1 --- ( 200,000) ~3,800,000) 

Ve'hic lee). ................. CS3.000.000)- 1$8,30(11.oOo) 
Total. (including Launch 

This projec t  supports atmosphere en t ry  technology by performing c r i t i c a l  
anchor-point tsxperiments i n  hypervelocity re -en t ry  f l i g h t .  
are ured, 
temperature o t ruc tu res  and thermal pro tec t ion  systems with the aiim of 
co r re l a t ing ,  irerifylng , and extending research results obtained in 
laboratory fewi 1.ities. 

Scout vehic les  
Emphasis i s  on the technologies of aerothermodynamics ,and high- 
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Two f l i g h t  experiments w i l l  be flawn i n  ca l enda r  year 1968 t o  provide 
da ta  which cannot be acquired i n  ground f a c i l i t i e s  on t he  aerodynamic.: 
hea t ing  assoc ia ted  with a turbulen t  boundary layer  a t  high Mach numbrir. 
These da ta  are required i n  the  pred ic t ion  of hea t ing  rates and sk in  jfric- 
t i o n  on a v a r i e t y  of advanced veh ic l e s  inc luding  l i f t i ng - re -en t ry  veh ic l e s ,  
b a l l i s t i c  mi8s:Lles, hypersonic-cruise a i r c r a f t ,  and c e r t a i n  clarses c,f 
reusable launch vehicles. Data w i l l  a l s o  be obtained on the  condi t ions  
under which t r a n s i t i o n  from laminar t o  turbulen t  flaw i n  the  boundary 
layer  takes  place on a c lean ,  non-ablating surface. 

F l igh t  expe;riments a te  being s tudied  to  determine hea t  sh ie ld  per- 
formance and to  determine aerodynamic-ablating sur face  i n t e r a c t i o n s  a t  
speeds i n  exlcerss of 50,000 f e e t  per second. 
i n  precursor experiments a t  intermediate speeds using Scout launch ve!hic les 
before procced:lng t o  a much l a rge r  and more expensive H),OOO-fect-pei~- 
second expeirimtsnt. Development of the  intermediate experiments a11 
proceed dur:tng FY i968. 

Valuable da t a  can be obtained 

Small Space Vehicle F l i g h t  Experiments 

19 68 -- 19 66 1967 

Spacecraft arid support. . . . . . . . . $3,000,000 $2,250,000 $2,500,000 

Planetary Entry Technology - Small-scale and f u l l - s c a l e  parachute 
t e s t i n g  will-& continued i n  FY 1968 i n  an  e f f o r t  to  eva lua te  promisjng 
parachute cancspts f o r  terminal descent of unmanned Xars in s t r anan t  capsules,, 
Since ground t e s t i n g  cannot dup l i ca t e  expected Mars descent cotaditiorw, 
small-scale terst veh ic l e s  and parachutes are c a r r i e d  by a two-stage Mike 
rocket t o  t e B t  a l t i t u d e s  above the  e a r t h  which simulate c l o s e l y  t h e  expected 
Mars atmospheric conditions. Testing w i l l  also continue with near f u l l -  
s ca l e  parachuttrs which are deployed behind a r ep resen ta t ive  Xars e n t i y  
spacecraf t  raider realist ic deployment conditions. 
c a r r i e d  a l o f t  by large balloons b u i l t  e spec ia l ly  f o r  these  h igh -a l t i t ude  
tests. 
i s  t o  study parachute opening c h a r a c t e r i s t i c s ,  s t r u c t u r a l  loading, s t a b i l i t y , ,  
and the  e f f e c t o  of parachute site. Reeults from these  f l i g h t  tests w i l l  
provide a basiro f o r  later s e l e c t i o n  and development of t he  m o s t  r e l i a b l e  
parachute fwr at s o f t  landing an t he  Mars surface. 

These test vehic ltlts are 

I n  both the  f u l l - s c a l e  and small-scale tests, the  primnry objec t ive  

Further limproverent i n  the  s i te  and weight of payload t o  be landed 
on the  Mars c ~ u ~ r f a c e  can be a t t a i n e d  by drag augmentation devices deployed 
a t  eupersonti: or hypersonic speeds before terminal parachutes are deployed. 
Exploratory Flight tests of devices such as  extendable s k i r t s  and t r a i l i n g  
b a l l u t e s  w i : L l  be i n i t i a t e d  i n  FY 1968. 

---- Xeat Shield Materials Technology - The NASA ground-based program on 
heat sh i e ld  inaterials r equ i r e s  complementary f l i g h t  tests using Scout 
launch vehiclee (see the  Scout Re-entry Heating Project) and a l s o  miller 
launch vehicleti such as  the  Pacemaker. The ma11  veh ic l e  f l i g h t  prog!;ram 
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provides a needled link between the ground-based resul ts  and the larger 
Scout-launchad tes te .  An important part of the heat shield materials 
'program is test: vehicle recovery t o  permit inspection and analysis of 
the material. a f t er  f l i ght .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

- OFFICE OF ADZ&CED RESEARCH AND TECHNOLOGY gLECTRONICS SYSTEMS; PROGRAlj 

PROGRAM OBJECUVES AND JUSTIFICATIONS: 
.-- 

The Electronics  Systems Program has the basic  object ive of der iving the 
knowledge and technology through which the requirements of fu tu re  space and 
aeronaut ical  systems can be s a t i s f i e d  most ef fec t ive ly .  
encanpasses a l l  aspec ts  of electronics and control functions from conceptual 
system s tudies  to  the development and evaluation of new or improved clmtponents 
techniques, end hardware subsystems. Spec i f ic  examples of program goals are: 
(1) Long-life a t t i t u d e  cont ro l  systems , (2) Terminal guidance capabil  t t y  for 
unmanned planetary spacecraf t ,  (3) Optical  technology f o r  space appl ica t ions ,  
(4) Technology to  support d i r e c t  broadcast of r ad io  and TV from space, and 
(5) Improved avionics  systems fo r  a l l  types of a i r c r a f t  from l i g h t  plianes to  
advanced supersonic transports.  
geqeral research i n  new or  advanced techniques f o r  instrumentation, da t a  
processing, communications, guidance, cont ro l ,  and component technology. 
Analytical and experimental s tud ie s ,  performed i n  i n d u s t r i a l ,  un:lversLty, and 
government labora tor ies  are used t o  achieve program goals. 
va l ida t e  research r e s u l t s ,  collect data, and obtain v e r i f i c a t i o n  of predicted 
performances i n  those areas which cannot be simulated i n  earth-bound 
1.aboratories. 

The program 

Complementary t o  these e f f o r t s  tare t h e  

F l igh t  experiments 

SUMMARY OF RESOURCES REQUIREMENTS: 

1'968 
-I 

1966 1967 

Supporting research and 

Fl ight  projects................ 2,452,000 ].,8OO,ooo &!joo ,000 
technology ................... $29,848,000 $33,797,000 $39,200,000 

Total........................ $?2,300,000 $33,597, 

Dir t r ibut ion --- of Program Amount by Ins t a l l a t ion :  

Mnnedl Spacecraft Center.. .... 
Marshall Space F l igh t  Center. . 
Goddard Spice Pl ight  Center.., 
Jet Propu1.eiaa Laboratory. .... 
A w e  Rerearch Center.......... 
Electxonice Research Center.. . 
Flight: Resc!arch Center. ....... 
Langley Reoea.rch Center. ...... 
Lewis Reseeirch Center. ........ 
NASA Readqliiar.ters............. 

1966 

$500,000 
4,408 , 000 
3,090,000 
3,591,000 
3,893 , 000 
5,407,000 

683 , 000 
7,442,000 

2,747,000 
539,000 

1967 

$340,000 
4,019,000 
2,990,000 
2,182,000 
3,635,000 
9 , 651,000 

810,000 
7,024 , 000 

450,000 
2 , 496 , 000 

1968 - 
$340,000 

4,090 , 000 
2,990,000 
3,040,000 
3,7 10,000 

15,710,000 
890 , 000 

460 , 000 
3,055,000 

5 * 915 ,000 



- BASIS OF FUNDJEQUIREMISNTS: 

Supporting Research and Technology 

1968 - 1966 1967 

Guidance systems. ............... $5,940,000 $5,868,000 $6,660,000 
Control syste~................. 6,073,000 6,365,000 6,755,000 

Tracking and data acquisition... 3,372,000 3,100,000 4 , 380,000 
D a t a  handling and processing.... 3,532,000 3,821,000 4,755,000 
Instrumentation................. 3,981,000 3,816,000 4,160,000 
Electronic  techniques and 

c ~ o n e n t s . . . . . . . . . . . . . . . . . o . o  2 , 225,000 3,800,000 A k 4 5 , 0 0 0  

CC)PIPUnlcatiC)I18.................. 4,7 25,000 5,027,000 6 ,~445,000 

Total....................... 2 1 , 7  97,000 $39,;200,000 

Guidance Systems 

Guidance systems research and technology e f f o r t s  are d i r ec t ed  taJaicd 
ident i fy ing  requirements and characteristics of fu tu re  space guidance and 
pavigation s y s t e m s  , and developing sensors , components, and subsystem13 
capable of a t t a i n i n g  advanced performance goals . 
arnalyses provide a bas i s  fo r  determining the  optimum in t eg ra t ion  of advanced 
mensor technology with implementation methods derived from guidance theory 
s tudies .  Research to  develop more powerful tools f o r  analyzing guidaace 
riystem requirecaents and performance w i l l  be continued i n  FY 1968,, 

Systems and trci j e c t s r y  

During the coming year,  the development of t he  f i r s t  strapdown i n e r t i a l  
guidance system using electrostatic gyros w i l l  be completed, and labmatory  
1:esting w i l l  be i n i t i a t e d ,  i n  preparat ion f o r  a i r c r a f t  f l i g h t  demonstration 
i n  calendar year 1968. 
l imi t ing  the performance of gas bearing, laser and electrostatic gyrois, and 
on advanced strapdawn system concepts. 

Research w i l l  continue on fundamental problem 

Optical  and electromagnetic sensor research and technology wi1.1 be 
increased. In the  area of simple manual navigation, the exce l len t  accuracy 
a t t a ined  i n  a Gemini star-to-star navigation s ight ing  expe r iwn t  i n  F Z  1967 
w i l l  be applied t o  the development of an Apollo experiment incorporatLng 
1.unar l i m b  and lunar landmark s ight ing8 to be performed i n  calendar year 1968., 

Results of simulator and a i r c r a f t  f l i g h t  evaluation of a f i r s t  genexation 
laser rendezvous guidance system w i l l  be appl ied to  extending the  teclinology 
t:o wide-angle gimballess op t i ca l  guidance system development. 

Control Systems 

Control and s t a b i l i z a t i o n  research e f f o r t s  develop technology f o r  ispace 
and aeronaut ical  cont ro l  systems. 
emtronanical or appl ica t ions  optical systems, increased l i f e t ime  of srrtellite 

Bqhasized are prec ise  point ing f a r  
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a t t i t u d e  con t ro l  f o r  e a r t h  o r b i t a l  missions, aeronaut ica l  f l igh t .  con1r:rol , 
disp lay  and av:Lonic subsys teaas and synthes is  techniques. 

As reported last year ,  t h e  Langley Research Center placed s t rong  cimphasis 

The con t ro l  moment gyro subsystem w a s  developed, anid 
Space! 

on con t ro l l i ng  and s t a b i l i z i n g  space te lescopes on manned spacec ra f t  t o  
wi th in  0.1 a r c  seconds. 
consequently incorporated by the  Apollo Telescope Mount (ATM) pro  jec~t. 
s t a t i o n  app l i ca t ion  of cont ro l  moment gyros w i l l  be developed. 

Gravity-gradient s t a b i l i z a t i o n  is typical of t h e  e f f o r t s  to l.ncreme 
lifetime of satellite a t t i t u d e  control.  Concepts developed a t  the  k,ws 
Research Center are being used on t h e  Applications Technology ScitellLte and 
t h e  Department of Defense DODGE satellite. 
l i f e  economical con t ro l  m a t  be developed. 

Sensors and actuators foi: long 

Both the a i r c r a f t  f l i g h t  con t ro l  and d isp lay  areas are cen te r s  of 
concentrat ion i n  a program intended to improve the  u t i l i t y  of gtwera't 
aviat ion.  
develop f l i g h t  con t ro l  and d i sp lay  systems providing improved navigat ion and 
approach c a p a b i l i t i e s .  
multimode f l i g h t  cnnt ro l  system recen t ly  f l i g h t  tested. 
reduction m u s t  be obtained for economical app l i ca t ion  to  l i g h t  siircriift.  

Analytical  s tud ie s ,  s imulat ion,  and f l i g h t  test w i l l  be uised to 

F lu id i c  technology is being appl ied to EL 3-a.itis 
Further  cost: 

Communications and Tracking and Data Acquisit ion 

Research is d i rec t ed  towards understanding the emrironment i n  which 
cooomunica t i o n  processes take place,  and developing t h e  technology required 
t o  optimize tbe  speed, capac i ty  and accuracy of cormnunications and t racking 
systems. 
millimeter, submill imeter,  and o p t i c a l  frequency domains. 

To accomplish these  ends, e f f o r t s  are pursued i n  the microwave, 

Space q u a l i f i e d  t r ansmi t t e r  tube technology has progressed, i n  thtr recent  
years ,  f r m  tens to  several hundreds of watts of t ransmit ted power. Tubes 
i n  the  500-watt to 20,000-watt power range are required f o r  e a r t h  orlBital 
appl ica t ions  and fu tu re  deep space missions. 
problems anla long l i f e  times must be  found. 
w i l l  seek t h e s e  so lu t ions  i n  the vacuum tube research  f a c i l i t y  c:urrently 
being acquired. 
f a c i l i t i e s  ,and w e d  to  the permanent Microwave Laboratory a t  t h a t  Ctmter 
upon campletioln. 

Solut ions to  major emllrozlnrentrwl 
The Elec t ronics  Researcli Center 

This equipment w i l l  be i n i t i a l l y  i n s t a l l e d  i n  the  ttmporary 

Larger spacecraf t  and ground antennas w i l l  provide technological tiupport 
t o  r a d i o  astronomy and d i r e c t  broadcast  atissions as w e l l  as sfgnif icrrnt ly  
increase  data rate c a p a b i l i t i e s .  A 9-foot deployable spacecraft. antcinna, 
described last year ,  has been successfu l ly  t e s t e d  and is being uised ais a 
l abora tory  instrument to  f u r t h e r  r e f i n e  deployment techniques. Resemch is 
needed to p r w i d e  t h e  c a p a b i l i t y  t o  erect and employ antennas w i t h  aper tures  
l a rge r  than 30-feet f o r  e a r t h  o r b i t a l  app l i ca t ions ,  radio astroomny, and deq, 
space m i s s i o n s  
R e s e a r c h  on e l ec t ron ica l ly  s t ee red  a r r ays  now under way should u t l t imi t e ly  

Large mechanically-steered antennas present  pointinl: p roblem a, 

RD 14-3 



r e s u l t  i n  sirqplifying these problems. 

Information theory is a powerful tool that is being used t o  increar-be 
cannunicaticm eff ic iency.  For -le, coding improvements, recent ly  
developed under a univers i ty  grant ,  w i l l  provide the  advanced Pioneer space- 
c r a f t  with a s i :gnif icant  caennanication e f f ic iency  gain without the  need fo r  
increasing power sources, o r  introducing expensive apacecraft  antenna and 
s t ruc tu ra l  chaqlpes. 

There is <a c r i t i c a l  need f o r  high reso lu t ion  space telescopes of 60 t o  120 
inches diameter f o r  op t i ca l  astronomy and communications. These instruments 
w i l l  provide the  capabi l i ty  t o  study celestial objects which canriot be: viewed 
from the ground because of atmospheric a t tenuat ion and w i l l  provide vcistly 
improved resolut ion over that a t t a inab le  through the earth's atmosphete. The 
ewironmental , s t ruc tu ra l ,  and control  problems associated with such large 
mirrors i n  space are almost insurmountable using conventional fabr ica t ion  and 
alignment techniques, and unique approaches must be developed. 
employing a 24-inch diameter, 3-segment mirror f e a s i b i l i t y  model is  niW being 
tested.  
Successful development of t h i s  concept will provide a s ign i f i can t  teclhnological 
breakthrough i n  space appl icat ions of op t i ca l  astronomy and comminications. 

(he cimcept 

I n i t i a l  r e s u l t s  have been promising and t h i s  w i l l  be continued. 

Data Handling and Processing 

The expandling base of new aerospace knowledge and increasingly more 
complex experiments requi re  continuing research i n  da ta  processing techniques 
and devices t:o keep pace w i t h  our bas ic  capab i l i t i e s  f o r  s c i e n t i f i c  advance- 
rnent s. 

One development t o  advance technology f o r  high capacity,  law power coaputer 
memories; capable of long l i f e  i n  the space environment employs laminated 
:€errrites as the s torage medium. 
power, VO~UPY!, and cos t  w i l l  contr ibute  to  enhanced capabi l i ty  f o r  fu ture  
spacecraft .  
programing cind comunications w i t h  the memory elements. 

S igni f icant  reductions achieved in weight, 

Ef for t s  w i l l  be continued i n  Fy 1968 t o  develop c i rcu i txy  fox 

A longer i:ange e f f o r t  t o  develop op t i ca l  techniques f o r  spacecraft 
computer meamries with poten t ia l  advantages of minimum interconnections,  
,greater storcige densi ty  and u l t r a - r e l i a b i l i t y  w i l l  be continued. The 
technique u8cs the  magnetic and op t i ca l  p roper t ies  of the memory material to 
s to re  data in binary form. Access t o  the memory involves a beam of l i g h t  
,and a photo=~sel.l sensor,  thus eliminating mechanical interconnections t o  t h e  
imemory and rc~sul t i ng  i n  higher r e l i a b i l i t y .  

A fetrsibi:lit:y study of an automated f l i g h t  f a i l u r e  warning system fo r  
advanced exprsriimental a i r c r a f t  has been completed. The system employs a 
collputer t o  monitor many sensors a t  high rates and provide iden t i f i c s t ion  t o  
the  pi lot /engineer  of po ten t i a l ly  dangerous conditions i n  the  aircraf t .  
Computeics i n  mrmy fu ture  missions, w i l l  be required t o  program and cctntrol a 
w i d e  v a r i e t y  of operations ranging frm s c i e n t i f i c  measurements, guicknce, 
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navigation, control ,  system t e s t ing ,  and performance monitoring t o  ccnntrol of 
l i f e  support systems. To provide the  necessary computer capabi l i ty ,  research 
is being d i rec ted  toward appl ica t ion  of time-sharing and multiprocesciiing 
concepts t o  eprncecraft use. This work w i l l  continue i n  FY 1968. 

Computer techniques, o r ig ina l ly  developed f o r  enchancement of pictt:ures 
such as those transmitted from Mars by Mariner IV, have been applied t o  other 
p ic tures  such as medical X-ray photographs, and have indicated t:he pabssibi1ilt:y 
of obtainiwg information not  otherwise avai lable ,  
techniques for  other appl ica t ions  w i l l  continue. 

Exploitation of tliese 

Instrumentation 

Expansion of s c i e n t i f i c  and engineering knowledge requires  continiirous 
advancement i n  instrument technology. 
needed t o  increase accuracy and reso lu t ion ,  t o  extend t h e  measurement range 
and t o  inprove s igna l  conversion capabi l i t i es .  

Aerospace instrument restrarch is 

The advent of t h e  laser has made it possible  to  advance along several 
measurement f ront ie rs .  
are : 

Exaaples t o  i l l u s t r a t e  i t s  wide range of appl icat ion 

1. The measurement of atmospheric densi ty  t o  a l t i t u d e s  higher 
than 40 kilometers by recording t h e  backscatter of a ground 
based pulsed laser has been accomplished. 
concentrations observed i n  the lawer atmosphere up t o  12 km, 
show promise fo r  successful s tud ies  of meteorological phc!nomeiia 
a t  higher a l t i t udes .  Further e f f o r t s  are required t o  expand 
the method f o r  day-light operations and to perform tests a t  
d i f f e ren t  laser wavelengths. 

Clouds and aerosol 

2. The v isua l iza t ion  of flm phenomena around models i n  wind 
tunnels a t  hypersonic speeds becomcs increasingly d i f f i c u l t  
becauise of the  reduced gas densi ty  under higher a l t i t u d e  
conditions. The introduct ion of laser l i g h t  sources perinit 
bette:r op t i ca l  adjustments s ince  the  laser beam is e s s e n t i a l l y  
a point source and f i l t e r s  can be used t o  block the s e l f -  
luminescent l ight ing.  An overa l l  improvement of a fac to r  of 
10 is:  e q e c t e d  i n  such systems. 

3. Remote  measurement of v ibra t ing  surfaces  has been accomplished 
by u t i l i z i n g  the  doppler s h i f t  of a laser beam. This technique, 
devel.op,ed fo r  v ib ra t ion  mapping of l a rge  s t ruc tu res  such as 
launch vehicles ,  is a l s o  appl icable  t o  the  ca l ib ra t ion  of micro- 
phonw ambranes where any attached sensors would grossly d i s t o r t  
t h e  viblration characteristics , 
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4. The ere:aaurement of the  ve loc i ty  of a gas stream having var iab le  
pressure and densi ty  has been d i f f i c u l t  i n  t h e  pas t  because of 
t:he dl.st.urbing e f f e c t  of sensing devices placed i n  t h e  gas stream. 
Using the doppler frequency difference between undisturbed l a s e r  
l ight:  and l i g h t  sca t te red  by the flaw, a d i r e c t  measure of the 
f l o w  spe:ed can be obtained. This method can be uoed Over a wide 
range! of v e l o c i t i e s  from 1 c d s e c  up t o  300 meter/sec. Rlesearch 
is plrinnled to extend t h e  technique t o  higher speeds and t o  multi- 
dimenw ic tna l  ve loc i ty  measurements . 

Gapma bac:kcSc:atter techniques are being studied f o r  measuring the  densi ty  
of t h e  Martian atmosphere. 
densi ty  f r a n  rockets,  t h e  techniques appear w e l l  su i t ed  t o  probing t h e  
ratmosphare e% other  planets.  
the e f f e c t s  of heat sh ie ld  ab la t ion  during planetary approach. 

Proven f eas ib l e  f o r  measurement of Earth atmospheric 

Research is needed t o  provide campensation f o r  

In  the  field1 of bio-electronics,  a miniature telemetry transmitter and 
lsiopotential 8e:nsors have been developed and incorporated i n t o  a cormentional 
Elight helawi: t:o obtain electro-encephalogram with minimum inconvenience t o  
the subject.  

Successful. tests have been conducted i n  t h e  Ames Research Center 
centr i fuge and on a i r c r a f t  t r a in ing  f l i g h t s .  
include additicmal channels fo r  pulse  and r e sp i r a t ion  data and cormrun,ications . Future e f f o r t s  are plamed t o  

Electronic Techniques and Components 

This project: covers the development of e lec t ronic  components having the 
perforauance and r e l i a b i l i t y  required f o r  fu ture  space and aeronaut ical  
missions, a n d  techniques to  inprove the  qua l i t y  of procured parts, and 
extend t h e i r  useful l i fe t ime.  

The usage! byp NASA of microelectronics is rap id ly  increasing, largely 
because they reduce t h e  size, weight, and power consumed, w h i l e  <at the same 
time increasjag r e l i a b i l i t y .  Because of t h i s ,  the  technology of micro- 
e lec t ronics  is being given major a t ten t ion .  Materials and processes of 
iuanufacture, inspection techniques, increased func t iona l i ty ,  and l i fe t imes  of 
inicroe1ectronic:s are being given spec ia l  emphasis. 
development of techniques f o r  vacuum-depositing t h i n  f i lm ac t ive  devices, 
rand f o r  silk:-sc:reen deposit ion of th ick  f i lm  ac t ive  elements. These,  and 
r e l a t ed  ef fctrts: w i l l  continue. 

Recent advances include 

The problem of component r e l i a b i l i t y  f a l l s  i n  two major areas: 
of the qua l i t y  of procured components, and determination of expected 
operational lifetime under s t ressed  environments. Irnpraved c r i t e r i a  and test 
methods fo r  inspecting p a r t s ,  and more prec ise  methods f o r  analyzing f a i lu re s  
rind determiniine; t h e i r  e f f e c t s  on performance and l i f e t ime  are needed. 
ridvantages tx, te rea l ized  from increased cammonality of procurement and 
inspection w i l l  be studied on an inter-center  basis. The e f f e c t s  of process 
va r i a t ion  upon qua l i ty  w i l l  be studied by the Electronics  Research Center i n  

assurance 

The 
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recent ly  acqu:trerd laboratory equipment in which each of t h e  manufacturing 
s t eps  can be var ied  a t  w i l l ,  t o  a s c e r t a i n  the type and degree of process 
cont ro l  required f o r  q u a l i t y  pa r t s ,  

Since the l i f e t ime  of t he  spacecraf t  u l t imate ly  depends 011 the  l i f e t ime  of 
its par to ,  retiearch t o  extend the r e l i a b l e  l i f e t ime  of p a r t s ,  and short-term 
means f o r  ascertxaining long- l i fe  characteristics are Lnportant segments of 
t h i s  subprogram. Techniques f o r  optimizing the  design of c i r c u i t r y ;  -for 
iiiqmoving sol.tfering , welding , and packaging; and f o r  de tec t ing  e r r o r s  i n  
assembly., are under development and w i l l  continue i n  F i sca l  Y e a r  1968. 

Many factcnrs,, external t o  a part i t s e l f  , have an  inf luence upon i t a '  
paerformance and l i fe t ime,  P a r t s  that w i l l  endure environmental hazardls, 
such as shock arid v ibra t ions  of launch, high-voltage arc-over and space 
radiat ions;  a u d  as an a l t e r n a t i v e ,  methods f o r  pro tec t ing  the p a r t s  anid 
c i r c u i t s  from such hazards w i l l  be developed. As fu tu re  space miseimls 
reach des t imt i cms  near the  sun or f a r  out frorn the  sun, extreme temperatures 
w i l l  be tscper%enced that are beyond the  capab i l i t y  of current part-types. 
BEforts 1:o deve1.q p a r t s  that w i l l  operate in extreme temperatures w i l l  be 
expanded i n  E'i.sc:al Y e a r  1968. 

SST kvionics 

A new segmecnt. of t he  Electronic Systems Program is the e f f o r t  to  develop 
am integrated avionics system f o r  high speed a i r c r a f t  of t he  fu tu re  typ i f i ed  
b y  the current  supersonic t ranspor t  development program. During FY 19167, 
t lhe Electronics  Research C e n t e r  i n i t i a t e d  a concerted s y s t e m  analyr ia  
program t o  del.ieieate the  avionics  requireuents  of such advanced a i r c r a f t .  In 
FY 1968, sysrA!m requirements r e su l t i ng  from t h i s  study w i l l  be usled tal d i r e c t  
research program to  provide the  technology for a l l  elements of an integrated 
avionics spst:tm. The system w i l l  include the  functions of navigation, 
guidance ,, coril:rol, capapunications , ina truPsMta t i o n  and on-board da ta  
processing. 

F l inh t  Roiects 

1968 -- 1966 1967 

Radio Attemrlat:ion Measurements 

small Flight: Pro jec t  

Earth Coverage Horizon 

( r n - C ) . .  ................... $1,300,000 $1,300,000 $4.00,000 

( S ~ R )  ................... 1,152,000 500,000 -0.. 

Measuremerit. -1 
................ -0- m - 0  6100 ,OOO 

Total F1,igbt Projects, . $2,452,000 $1,800,000 $1,000 ,000 

Scout (Launch Vehicle Procure- 

Total  ( including Launch 
ment Prog,r*aml). .............. (1,400,000) (900.000) 00,000) 

C'ehicles) ............... -1 (s2700.~ ($2.9,-) 
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8 F l i g h t  p ro jec t s  senre t o  subs t an t i a t e  experimental r e s u l t s  obtained i n  

Brief descr ip t ions  of these 
laboratory inves t iga t ions  and to  measure n a t u r a l  phenomena required i n  the  
dtwelopment of advanced sensors  and systems. 
p r o j e c t s  are provided i n  the  following paragraphs. 

Radio Attenuation Measurement (RAM) 

Projec t  RAM is d i rec t ed  towards understanding t h e  phenomena of plasina 
formation and its i n t e r a c t i o n s  w i t h  t he  spacecraf t  antenna during atmospheric 
reentry.  This; Understanding should lead to the  development of means of 
overcoming the: s igna l  a t t enua t ion  and communication blackout present  during 
reentry.  

RAM A and EL experiments demonstrated the r e l a t i v e  merits of using water 
i n j e c t i o n ,  aer*od.ynamic shaping, and higher r a d i o  frequencies as methods of 
overcoming the  blackout problem in t he  lower reent ry  v e l o c i t y  ranges. 

RAM C w i l l  ob ta in  reent ry  communications measurements i n  the  218,000 f e e t  
per  second vel.ocity region. A t  these  v e l o c i t i e s  , as y e t  undetermined 
ion iza t ion  am1 recuabination phenomena occur which are not  present  a t  lower 
v e l o c i t i e s  and which cannot now be simulated i n  ground f a c i l i t i e s .  

A launch i s  scheduled in calendar year  1967 f o r  RAH C-A, RAM C-B is 
scheduled fox 1968. Provisions are made f o r  an add i t iona l  launch during 
1968, if the  re6:ul ts  from the f i r s t  o r  second launch make it advisable.  

Horizon Def in i t ion  Research (SCANNER) 

The object:i~vva! of the  SCANNER p r o j e c t  w a s  to  make d e t a i l e d  measurements 
of the  earth'ri hloriton r ad ia t ion  p r o f i l e  and to determine the exiatencc of 
r e l a t i v e l y  staible grad ien ts  i n  the  p r o f i l e  which could be used t o  design 
p rec i se  horizon sensors.  
laboratory reitreairch on horizon characteristics to  v e r i f y  t h e o r e t i c a l  
p red ic t ions  of the  ex is tence  and na ture  of r a d i a t i o n  gradients .  Two 
b a l l i s t i c  f1Fght:s were performed by Langley Research Center in FY 1967. 
f l i g h t s  provl.clec1 exce l l en t  c o r r e l a t i o n  between the  theo re t i ca l  predict  ions 
and expecimeni:al. results.  Continuation of e f f o r t s  on t h i s  problem are now 
centered i n  the  Earth Coverage Horizon Measurement program. 

The p r o j e c t  w a s  undertaken as an  extension of 

The 

Earth Coverage Horizon Measurement 

This p ro jec t  w i l l  extend l imi ted  measurements a t t a i n e d  through Rojiect  
SCANNER and utrpporting X-15 f l i g h t s  t o  a comprehensive measurement of t h e  
e a r t h ' s  horizon radiance p r o f i l e  over a broad range of seasonal and l a t i t u d e  
va r i a t ions .  Advanced s tud ie s  have been i n i t i a t e d  i n  FY 1966 to i d e n t i f y  
s u i t a b l e  f l i g h t  experiments and techniques. The preliminary results alf 
t h e s e  s t u d i e s  and Scanner rocket  f l i g h t s  ca r r i ed  out  i n  FY 1967, i nd ica t e  
that an order  of magnitude improvement i n  the  d e f i n i t i o n  of the  e a r t h ' e  
horizon :Ls fsasltble, and t h a t  obtaining comprehensive measurements w i l l  
r equ i r e  polar  o r b i t  satell i te measurements over a complete cyc le  o f  seasonal 
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variations.  In FY 1967, these f e a s i b i l i t y  studies  w i l l  be completed. 

The funding requested in FY 1968 w i l l  provide for the in i t ia t ion  of project 
ldef i n i  t ion  ri1:uclies. 
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RESEARCH AND DEVEU)PNENT 

FISCAL YEAR 1968 ESTIHATES 

OFF~CE OF AWAKED -- RESEARCH AND TECHNOLOCY 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

HUMA N FACTOR SYSTEMS PROCX& 

This program has four major object ives:  (1) t o  determine man's reac t ions  
to the  unique environments of space and aeronaut ica l  f l i g h t ;  (2) t o  def ine ''#\ 

I 
the  esoent ia l  requirements f o r  sus ta in ing  and pro tec t ing  man i n  there  
environments; (3) t o  develop the  technology necessary t o  pruvide suit lnble 
:Life support and pro tec t ive  systems; (4) t o  i n t e g r a t e  man's c a p a b i l i t t e s  
wlth those of machines t o  obtain composite systems of superior  pxforinance. 

The uuccea1s and the spectrum of missions-of-choice ava i lab le  t o  fu tu re  
aeronaut ical  and manned space missions are dependent upon the timely 60111- 
ltions t o  i d e n t i f i e d  technology problem areas. 
iireas in' the Human Factor Systems program are: 
liman engineering, extravehicular  technology, personal pro tec t ive  eystems, 
and l i f e  support. The understanding of the  physiological e f f e c t s  of 'inan as 
ha responds t o  long-term manned space f l i g h t  and fu tu re  aeronaut ica l  € l i g h t  
regimes i s  necessary f o r  e f f e c t i v e  in t eg ra t ion  of man as a func t iona l  part 
of the to ta l  system. Human engineering i s  e s s e n t i a l  t o  human f a c t o r s  i n  
av ia t ion ,  main ta inabi l i ty  i n  space, and f o r  the  appropriate  design f o r  man 
iln the man-machine complex, Extravehicular technology w i  11 provide t l h e  
as t ronaut  with work a i d s ,  t r a n s l a t i o n  devices and other  as t ronaut  auginenta- 
t i o n  systems f o r  use i n  f r e e  space as well as on ex t ravehicu lar  surface 
environments. The technology area of personal pro tec t ive  systems is  lbeing 
pursued t o  provide the astronaut  with pro tec t ion  from a l l  envirorunent,il 
f a c t o r s  noxicue t o  him and t o  maintain him wlth personal l i f e  support 
csystems. 
cause of the many subsystems c a p a b i l i t i e s  t h a t  must be in tegra ted  as B 
func t iona l  system. 

These technology problicm 
physiological  e f f e c t s ,  

L i f e  support i s  one of the  most d i f f i c u l t  technology aireas Ibe- 

The Human Factor Systems program i s  accomplished through a mul t i -d isc i -  
plined approach including researchers  I n  near ly  every f i e l d  of medicine, 
biology, psychollogy, engineering, physics,  and e l ec t ron ic s  located i n  NASA 
Centers,  Department of Defense aerospace medical f a c i l i t i e s ,  u n i v e r s i t i e s  
and industry,  

SUMMARY --- OF I1E:SOVRCES REQUIREMENTS: 
19618 

-I_- 

1966 1967 
Supporting research and 

Small. biotechnology f l i g h t  
t e c h n o l c ~ ~ . . . . . . . . . . . , . . , .  $13,000,000 $14,675,000 $1!3,500,000 

projecf6~... . . . . . . . . . . . . . . .  1,900,000 1,500,000 - L,500,000 
3(otal.. . . . . . . . . . . . . . . . . .  914 900 .OOQ $16.1 75,000 szi.ooolgM 

* 
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- Distribution --- of Program Amount by Installation: 

Manned Spacecraft Center.... 
Marshall Space Flight Center 
Goddard Space F l i g h t  Center. 
Jet  Propulsion Laboratory. .. 
Ames Research Center........ 
Electronicr Research Center. 
Flight Research Center...... 
Langley Rerearch Center.,,.. 
Lewis Research Center....... 
NASA Headquarters........... 
Western Support Office...... 

- BASIS OF FUND REQUIREMENTS: 

1966 1967 

$ 795,000 
3 10,000 
25,000 

5,260,000 
100,000 

359,000 
1,500 , 000 
4,286,000 

14,000 
2,17 1,000 

80,000 

$1,160,000 
300,000 --- --- 

5,690,000 
650,000 

1,000,000 
4,354,000 

100,000 
2,92 1,000 --- 

Supporting Research and Technologll 

19 66 1967 

Human reoearch and performance $5,102,000 $6,312,000 
Life support and protective 

5,236,000 
Nan-systems integration...... 2,902,000 2,702,000 
Advanced concepts............ 500,000 425,000 

systmso 0 0 8 0 0 0 e 0 4,496,000 

1 

Total.. ................... S13.00Q.000 s14.675,ooo 

11968 --- 
$2 ,:~oo,ooo 

300 ,0180 - .- - .- 
5 ,  !io0 ,01)0 

8 50,000 

6 ,850 ,000 
1 ,000,0~I)0 

It 50, OI'H) 
4,O50,000 - .- 

1968 

$6,!iOO, 000 

--- 

8 , !io0 ,000 

!io0 ,000 - 
4 ,000 ,000 
- 

Human Research and Performance 

During l o n g  term manned space f l ight  missions, men w i l l  be exposed 'to 
environmental conditions not previously encountered. The technology problem 
area which refers to man's response to  these condition8 is physiol.ogicra1 
effects. W i t h i n  physiological effects,  consideration must be given to  the 
effects on man brought about by altered gravity, spacecraft atmosphererli, 
8t:ress measurements, radiation, and noise. 

An example i n  the altered gravity area is  the rerearch on cardiovascular 
efifects being conducted by Xayo Associates for NASA of the acceleration 
profiler of launch and re-entry. 
and respiratory dynamics of dogs are investigated dur ing  6-g r u n s  on a 
centrifuge . 

I n  this  research effor t  the cartliavarscular 

Another problem of altered gravity is  i t s  effect on the vestibular 
system. 
brain, and spinal cord, along with other related sensors such as  1:he eye. 

Under study are the components of the vestibular system i n  the! ear, 
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Using biol.og,ical information, an engineering model of the  ves t ibu la r  
rystem i a  being; derived t o  study its nm- l inea r  behavior. 
include terts writh normal and defect ive vea t ibu la r  aubjecta. 

Human r tud le r  

The recmcl p m b l e m  area of physiological e f f e c t s  i a  the  spacecraf t  
atmoapheric requirements, For example, t he  var i8bles  under inves t iga t ion  
concerning oxygen tox ic i ty  are neurological c h u ~ g e s ,  aubcel lular  chealatrp,  
pulmonary pathology, pulmonary mechanics, pulnrarary surface c h a r a c t e r l r t i c s ,  
and microconr:oPldxunts of cloaed syatea~s. 

A t h i r d  pi:ob~lem area of physiological e f f e c t s  is the  mearureehnt of 
s t ress - - the  cletectioe and q u n t i f i c a t i o n  of physiological ch8nge in man in 
space as we1.11 as h i e  everyday pursuits.  The F l ight  Rerearch Center i i 3  
1u8ing f Light: qvcalffied b io lna t rurenta t ion  t o  quant i fy  the phyeiologictsl 
responac, of man1 under s t r e a r  i n  high performance aircraft, 

The fourt:h problem area i n  physiological e f f e c t s  i a  radiat ion.  For 
Instance,  rad io logica l  r tudleo are being performed on primate. t o  study 
the e f f e c t s  of varioua d i sc re t e  proton energies  as found i n  ao lar  f l a r e r ,  
Other inveat:l.gattiona include the atudy of cataract formation f r a s  praltract- 
led l o w  level. proton rad ia t ion  on the  lens of a r a b b i t ' s  eye. 

The f i f t h  problem area of physiological e f f e c t a  i s  noiee. One of the  
s tud ies  i s  an rtffort  t o  quant i fy  the  a u d i b i l i t y  of the N-wave from thle 
sonic baoP wltth its d i f f e r e n t  cha rac t e r i r t i ca ,  Other s tud ie s  are mearuring 
the effect.  of sonic boom on aleeping pereon. through monitoring the  
electronenceq~hnlogram. 

l i f e  Support and Protective Syats r r  

Ihe  most cr i t ical  technology problem area i s  l i f e  aupport, For extend- 
ed mirsiona,, l i f e  aupport s y s t e w  which can recycle  water and oxygen are 
imost desirab:Le., For example, on a 500 day-miorion, recycling water rind 
oxygen w i l l  tmve thouaanda of pounda per man, 

In suppor:t: of advanced manned space f l i g h t  miaaions a two gas eenaiing 

This developaent f o l l w e d  deaign atudiea of two 
system, miniaturized and ruggedized for ac tua l  space use,  i s  being developed 
f o r  atmosphsice control ,  
d i f  fereii t  approaches f o r  the  Langley Rerearch Center. 

An iiitegrctte!d recycling l i fe  aupport rprtar is under t e a t  a t  Langley 
Research Center. 
t i m  of sys1:em in tegra t ion ,  
and integraf::lotr i n t e r f aces  more c l e a r l y  defined. 

It i r  being u t i l i z e d  f o r  ground based t e a t s  and an evaluo- 
Subayrtem problem areaa have been ident i f i e d  

Another i:tecyrcling l i f e  support concept is under study which could operate 
under partial 15 envir-ntr such as the  1/6 g lunar envlroaorant, 
concept use# a molten e l e c t r o l y t e  which permit. the  continuous removal1 of 
carbon cjiaxfde and recovery of oxygen, 
a t  the ilrnss IXecr~earch Center. Oxides of zirconium, cerium, and calcium are 

lhis 

A so l id  e l e c t r o l y t e  i a  being rtudied 
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being investilgalted as e l ec t ro ly t e s .  

The next leclmology problem area, pro tec t ive  syrtems, i r  concerned with 
new space r u i  tr , persona1 l i f e  support c~yrteme , and r e s t r a i n i n g  syrteaas. 
During the  p a 6 t  year ,  two anthropamorphic or f o r a - f i t t i n g  hard apace riiuits 
concepts rtud*Ler have been conducted. These are the RX-4 hard s u i t ,  the  
most advanced development, being developed f o r  the  Manned Spacecraft  Center, 
and another h a r d  s u i t  which u t i l i z e s  no s o f t  element8 being developed by 
the Ames Rescmxh Center, 

Man - Sy r tern In t eg ra  t 1 on 

Within the scope of the man-system in t eg ra t ion  subprogram research and 
technological s tud ie s  are being supported t o  solve the  programs i n  thr! pac- 
i ng  technologlee of human engineering and extravehicular  technology. In 
human engineerling during the past year ,  v i s u a l  information requirements 
for a i r c r a f t  handling have been s tudied f o r  the Langley Research Centc!r. 
The pa t te rn  of h s t rumen t  scanning by the  p i l o t  f o r  a p a r t i c u l a r  miss l l . on  
was determined lby computer ana lys i s  of the dominant eye movement. 
p e n n i t t e ( d  the de t a i l ed  study of the  time and sequence of instrument 
viewing requ L reinent 8 .  

For formu1Ltiti.m of space maintenance requirements, da ta  on manned pter- 
formance capabi1.ities i n  space Su i t8  u t i  l i e i n g  maintenance procedures was 
obtained a t  t:he Manned Spacecraft  Center. 

Thfs 

To prtnridc! f o r  adequate derign in t eg ra t ion  of man i n  Pan-machine 
complexerr, M*i:rhall Space F l igh t  Center cmple t ed  a study on the  minimum 
h r b i t a b i l i t y  ~:equiremtntr of a two-man lunar s c i e n t i f i c  vehic le  f o r  l d  days, 

I n  the technology area of extravehicular  technology, r t u d i e r  ate being 
conducted t o  cwailuate the  energy c o s t s  and bioemhanics  of extravlchicu lar 
operations.  Neutral  buoyancy techniques i n  water inrere ion ,  simulating 
i n  p a r t  f r e e  ripeice condi t ions,  are exploited.  These f a c i l i t i e s  and tech- 
niques ware ui~:il.ieed by the  a s t ronau t s  i n  the last Gemini f l i gh t s .  

Advanced Concepts 

Research cm advanced concepts i n  any f i e l d  i r  e s s e n t i a l  t o  solving the  
next gencrati.tm of problems i n  a p a r t i c u l a r  f i e ld .  

A represea1l:at:ive study a t  the Applied Physics Laboratory of John Holpkino 
Umiversit:y ir exploring the po ten t i a l  f e a s i b i l i t y  of an i n f l a t a b l e ,  non- 
arnthroponiorphic space s u i t  concept, I n  t h i s  ~ y r t g l l ,  man can e x t r a c t  h i s  
arms from the s u i t  arm8 and perform bodily funct ions in s ide ,  as well as  
work on i n t r i c a t e  equipment with h i s  bare  hands. 
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Sma 11 Biotechnology P l i g h t  Pro t ec t a  

1968 
--<- 

1966 1967 

S a l 1  k i o t e ~ c h 1 ~ 0 1 0 ~  f l i g h t  
pro jec ts .  . . . . . . . . . . . . . . . $1,900,000 $1, S00,OOO $1,500,(')00 

I n  additioln ito ground-based 8tudie8, f l i g h t  v a l i d a t i o n  of concepts I 8  

of ten  necessary t o  v e r i f y  a concept as a p o t e n t i a l  ureable ryeten. 
example is t he  rnearurement i n  the  spacecraf t  of aerosol particlen which 
w i l l  not rett le with the  absence of gravity. 
l i fe  support syrstem design. 
t o  man'r rerptrri tory system. 
ground a i r  po l lu t ion  8tudies. 
manned Apollo f Light, 

Art 

These da ta  are necess8ry for 
Tiny particles of micron r i t e  can be harwrful 

Thia experiment i r  rcheduled f o r  t h e  f k r r t  
This f l i g h t  instrument w i l l  be of use i n  
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RESEARCH AND DEVEI;OPHENT 

FISCAL YJUR 1968 ESTIMATES 

Current solair cell,  b a t t e r y  and f u e l  cel l  power system technologies have 

Nuclear systems are i n  the  e a r l y  s t ages  of dewelop- 
]permitted the  dleveloprent of usefu l  power systems f o r  a v a r i e t y  of manned 
and unmanned missions. 
ment wit:h sevexal l o w  power i so tope  systems and one low power reactor system 
having been pla.ced i n  ea r th  o rb i t .  
technologies a r e  not ye t  s a t i s f a c t o r y  f o r  more ambitious missions suclh as 
high power, d i r e c t  broadcast satellites, science probes and o r b i t e r s  to t h e  
d i s t a n t  planets  and long durat ion,  manned e a r t h  o r b i t a l ,  lunar and planetary 
missions. 
technology necessary f o r  t h e  improvement and/or development of a l imited 
iauaber of st~l.ar, chemical and nuclear systems a t  a rate cons is ten t  with t h e  
estimated mission requirements. 
.Erm watts t o  k i lowat t s  i n  the  e a r l y  1970's f o r  unaanned planetary landers  
rind manned o ' r b i t a l  missions t o  megawatts i n  the  1980's and 90's €or manned 
: interplanetary electric propulsion systems. 

However, these  cur ren t  power system 

1Pie space power program i s  aimed a t  providing the  research and 

These p o t e n t i a l  power requirements range 

The electric propulsion p a r t  of  t h i s  program is  aimed a t  providing t h e  
research and, technology leading to t h e  e a r l y  app l i ca t ion  of m1L solar 
powered, e l e c t r i c  t h rus to r  systems f o r  spacecraf t  pos i t i on  cont ro l  ; and 
t o  the  development of both s o l a r  (kilowatt  class) and nuclear  (ki lowatt  
and megawatt class) powered primary propulsion systems. The unique capab i l i t y  
of  some kinds of electric th rus to r s  to develop very l o w  t h r u s t  levels 
(10'5 t o  10'6 Founds) f o r  a t t i t u d e  and pos i t i on  cont ro l ,  and t h e  high spe- 
c i f i c  impulses obta inable  from a l l  electric t h r u s t o r s  o f f e r  prom:lse of 
13 i g n i  f ic:ant Improvements i n  spacecraf t  operat  iona 1 s impl i c i ty  , weigh t , 
t r i p  time and payload. 

SUMfARY OF R&@~yaCES REQUIBMENTS: 

1966 

Suppoxting; research and 
technology. .................... $38,200,000 

SNAP-8, development,. ............. 4,000,000 
Space e1ect:ric rocket test (SERT) 3.000.000 

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

1967 

$34,940,000 
5,500,000 

-I 1968 , 

$34,200,000 
9 , 700, 000 

-1 1.100.000. 
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Distributimb of Program Amount bv Installation: 

Maimed Spacecraft Center. . . 
Marshall 1 Space Flight Center. 
Goddard Space Flight Center.. 
Je t  Propu:Lsion Laboratory. . . . 
h e s  Reirearch Center. . . . . . . . . 
Electronics Research Center. , 
Langley Research Center.. . . . 
Lewis Htesczarch Center. . . . . . 
NASA He,idquarters.. . . . . . . . . . 
Western Support Office.. . . . . . 

1966 1967 

$635 , 000 

4,27 0,000 
4,8 12,000 

110,000 
84,000 

1,322,000 
28 , 194 , 000 
2,586,000 
1,502,000 

1,685,000 
$1,430,000 
1,731,000 
4,676,000 
5,641,000 

853,000 
295 , 000 

1 , 370,000 
20,569,000 
2,86 2,000 
1 , O  13,000 

$uPPortinn Research and Techuolonv 

1966 1967 

Nuclear-electric paver, . , . . . . . . . , $14,000,000 $12,820,000 
Solar power g~neration........... 9,050,000 7,450,000 
Chemical power generation........ 5,150 ,Ooo 5,580,000 
Blectric prq)ulsion..,,..,....... 10,000,000 9,090,000 

Total,.,....................... $38 I 200 000 S34.940.000 

$800, OOO 
1,400,000 
4,400,000 
7,500,000 

2 50,000 
1,500,000 

700,000 
25,650,000 

2 ,, 500,000 
300,000 

jl.968 .- 

$13 ,200,000 
8,300,000 

-1 7,700,000 
5,000,000 

Nuclear-Electric Power 

The purpose of the  nuclear electric power generation technology program 
is to provide a broad option and design basis for the selection and e.ira1- 
itation of energy conversion equipment to be used in  advanced nuclear li,lectric 
power generation systems for fu ture  space missions. These systems w i l l  
u t i l i z e  nuclear energy generated by isotope or  reactor hea t  sources and, 
therefore, close cooperation and coordination is maintained with the  AEC 
jisotope and reactor programs. 
to megawatts wi th  system endurance goals of 1 to 5 years. 

The program covers the power range from watts 

' The spectrum of e lectr ic  system technology covers research on several 
selected and promising concepts including: (1) the Brayton cycle gas turbo- 
e lectr ic  system, (2) the  Rankine cycle alkali metal turboelectric: sys tern, 
(3) thermionic direct conversion system, and (4) magnetohydrodynamic (MID) 
nystems. 
with reactor heat sources offer the potential of achieving the lightest 
]power system weights a t  high power levels for auxiliary electric power and 
electric pr~pul.eion systems. Both, however, require  the establishment of 
a sound techuio1.ogy base relating to the use of new materials and working 

The Rankine cycle and thermionic conversion systems in  combination 
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f l u i d s  at: temperatures never before used i n  power systems. 
system, with :Ltn inherent high cycle e f f ic iency ,  o f f e r s  an a t t r a c t i v e  
power source :tn t he  2-10 KW range f o r  manned o r b i t a l  l abora tor ies  espec ia l ly  
i f  coupled wlC1th isotope heat sources. NHD systems cons t i t u t e  a longer 
range research goal of i n t e r e s t  pr imari ly  because they do not requi re  the  
use of a rotating turbogenerator, bu t ,  instead,  generate power by forc,ing 
l iqu id  m e t a l  Elraid through a magnetic f i e ld .  

The Braytcm 

The Rankine cycle turbogenerator program i n  FY 1967 s i g n i f i c a n t l y  advanced 
the technology of re f rac tory  metals and of such major components a s  the  
turbine,  bo i l e r  and r ad ia to r  and test instrunentation. 

A broad program of property determinations waa performed f o r  tanta:I.m, 
niobium and rpo1:ybdenum ref rac tory  a l loys  which may be used i n  eventual. 
development of Sl ight  systems. Important proper t ies  of these a l loys  rwch 
a s  s t rength,  res is tance t o  a t t a c k  by potassiun working f lu ids ,  resistrtnce 
t o  contamination by gases, weldabi l i ty  and f a b r i c a b i l i t y  were deterspined. 
Dlesign and fiabr:Lcation were s t a r t e d  on an experimental two-phase pumpcd 
potassium corro:oion loop fabricated from a tantalum alloy. This test loop 
w i l l  be campletled i n  FY 1968 and tests to  determine the  long term resl.stance 
of the  tan ta t -  a l l o y  to corrosion by boi l ing  and condensing potassitmil a t  
temperatures up to 21500F w i l l  be s ta r ted .  

A two-stage ipotassiua vapor turb ine  successful ly  colnpleted a 5000-hour 
endurance test vdthout s ign i f i can t  mechanical or erosive damage. Des:ltgn 
w a s  completed om a three-stage test turbine which w i l l  provide operat:i.ng 
d a t a  under erosive conditions similar to those predicted t o  occur i n  tin 
a c t u a l  sys tem.  Fabricat ion of t h i s  test turb ine  using a molybderium biicket 
a l l o y  w i l l  ble completed i n  FY 1968. 

During FY 1968 work w i l l  be continued on the  deve lopen t  of high tempera- 
ture (" 160pF) -high s t rength  magnetic and electrical in su la t ing  mater ia l s  
for use i n  turboal ternators .  Mechanical design s tud ie s  of complete torbo- 
generator packages were s t a r t e d  i n  FY 1967 and w i l l  continue i n  FY 19158. 

During FY 1967 design was completed and fabr ica t ion  s t a r t e d  OIL a tcmtalum 
al loy ,  22000F l i thim-to-potassium s ing le  tube bo i l e r ,  intended as a ,proto- 
t:ype element f o r  later multi tube segments and complete boi lers .  
bo i l e r  are scheduled t o  s tar t  i n  the  latter ha l f  of FY 1968. In  addi t ion,  
t m i l e r  s t a b i l i t y  s tud ie s  were perfowed i n  FY 1967 and w i l l  continue Ln 

Test!, of t h i s  

FY 1968. 

During F'Y 1968 research and development w i l l  be continued on r ad ia to r s  
which are required to r e j e c t  unused hea t  energy to  space. Since the  *radia- 
t:ors may cons t i t u t e  one-third o r  more of t h e  e n t i r e  weisht of a space power  
system, it i s  kmportant to f u l l y  understand t h e  factors which lead to e f f i -  
c i en t  r ad ia to r  designs. 
concepts such as the  vapor chamber (heat pipe) and the  e f f o r t  on s t r u c t u r a l  
and mechanical problms  of s o l i d  f i n  r ad ia to r s  w i l l  be continued. 

During FY 1968 work is planned on promising radiator  
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During FY 1967 f ab r i ca t ion  and tests w e r e  completed on rapid-respoase 
pressure t ransducers  f o r  measurement of absolu te  and d i f f e r e n t i a l  pre:!isures 
of alkali metal systems a t  temperatures t o  20000F. Design and fabricr i t ion 
were s t a r t e d  on flow metering and on-off valves composed of r e f r a c t o r y  
metal a l l o y s  i n  alkali metal streams; t e s t i n g  of  these  valves  is  scheduled 
t:o start e a r l y  i n  FY 1968. 

The reactor-thermionic concept of  major i n t e r e s t  has  been t h e  "in-core" 
r eac to r  apprloac'h, 
pa r t  of t he  reac tor  f u e l  elements with the  f u e l  cladding serving as t h e  
emitter electrode, The major problems present ly  assoc ia ted  with t h e  "in- 
core" system include: t h e  high temperature (1700-1900%) r eac to r  fue 1s t h a t  
are required;  t :he achievenent of s t a b l e ,  long-lived converter  operat ion;  t h e  
improvement of converter performance; attainment of  a s a t i s f a c t o r y  in1:egral 
c:esium rese rvo i r  design, electrical i n s u l a t o r s  and seals, and c e r t a i n  r eac to r  
design considerat ions t h a t  a f f e c t  o v e r a l l  system s t a b i l i t y .  

In t h i s  design the  thermionic converters  are an i n t e g r a l  

FY 1968 funds w i l l  continue research on these  major problems. Durtng 
FY 1967 converter operat ing l i f e  continued to  improve and considerable  
r eac to r  f u e l  test data, f r m  both in-  and out-of-pi le  tests, are being 
obtained. 
c e l l  fueled-converters w i l l  begin a t  t h e  NASA Plum Brook T e s t  Reactor and 
i r r a d i a t i o n s  of  thermionic electrical i n s u l a t o r s  w i l l  be continued at  t h e  
Universi ty  of Arizona Research Reactor. 
r t t  improving the  performance of  thermionic converters  w i l l  a l s o  contiiiiue 
to be inves t iga ted  a t  var ious cont rac tor  f a c i l i t i e s ,  

In F Y  1968 r eac to r  f u e l  tests w i l l  continue and tests of s ing le-  

Various promising approaches aimed 

The f e a s i b i l i t y  of t h e  l i qu id  m e t a l  magnetohydrodynamic electric power 
riystem concept is being inves t iga ted  a t  t h e  Jet Propulsion Laboratory, 
During FY 1967 da ta  were obtained on many of  t h e  cr i t ical  components which 
would be used i n  t h i s  system. 
nozzle, t he  liquid-vapor separa tor ,  t h e  l i q u i d  d i f f u s e r  and t h e  MID generator  
i t s e l f  a l l  functioned e s s e n t i a l l y  as designed. During FY 1968 f e a s i b  Ll i ty  
inves t iga t ions  w i l l  be continued and a 50 KW WHD parer  generator  compliment 
t r i l l  be tes ted.  

It was determined t h a t  t he  two-phase sispersonir: 

The work on space isotope power is  concerned with the  evaluat ton O E  low 
power thermoelectr ic  and thermionic concepts f o r  var ious missionti and with 
determining the  f e a s i b i l i t y  of t h e  more e f f i c i e n t  Brayton conversion )cycle 
f o r  use with i so tope  hea t  sources. This work is conducted i n  cooperation 
with the AEC which is  developing i so tope  t h e m e l e c t r i c  generator  sys tems 
f o r  NASA's NIMBUS and Apollo programs and i s  responsible  f o r  providin$ 
iiuitable isotope f u e l  forms and heat  sources. During FY 1967 progress was 
made i n  under s tanding t h e  mechanisms of thermoelectr ic  performance de,gradation. 
During F'Y 19617 a simple heat  pipe was operated f o r  over 5300 hours a t  tempera- 
t u re s  of i n t e r e s t  f o r  thermionic converters ,  and a heat  pipe-thermionic 
converter combination has  operated with good performance f o r  more than 300 
hours. These1 r e s u l t s  are promising and t e s t i n g  w i l l  be continued i n  FY 1968. 
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Technology work: on t h e  Brayton cycle  power conversion system is  continuing 
with t h e  major emphasis on t h e  design, f a b r i c a t i o n  and test of a systiam 
which w i l l  eventtually be in tegra ted  with a rad io iso tope  hea t  source tlo be 
developed by t h e  AEC. 
i n  t h e  2-10 KW range and a cycle  e f f i c i ency  of  252, is of p a r t i c u l a r  i n t e r e s t  
for  manned apac:e s t a t ions .  
required is Itarge, t h e  a t t a i m e n t  of  high o v e r a l l  conversion e f f l c i ency  Brayton 
lequipmerit minimizes the  amount of scarce and expensive plutonium-238 isotope 
required. 

A rad io iso tope  Brayton power system, with a pwer output 

I n  t h i s  power range, where t h e  quant l ty  of  i so tope  

During PI! 1968 a breadboarded Brayton cycle  system w i l l  be assembled and 
t e s t i n g  s t a r t e d  i n  a closed-loop f a c i l i t y  where cmponents (turbocompressor, 
turboaltermt:or,  heat  exchangers) and con t ro l  i n t e r a c t i o n s  w i l l  be studied. 
'The high temperatureisotope heat  source program for the  power system is being 
conducted by t h e  AEC and coordination between these  programs i s  lbeing main- 
tained. 

Solar Power Generation 

,Solar Ce 1 1 P>m!r Svs t eoa 8 

Despite t:he s i g n i f i c a n t  success of solar cel l  power systeeis, t h e i r  techno- 
log ica l  base must be broadened and scaled up t o  meet the  needs of space 
explorat ion t h a t  may be undertaken i n  t h e  next decade (1970-79). The l a r g e s t  
s o l a r  c a l l  power systems developed thus f a r  are those f o r  NIMBUS, Mariner, 
and the  Geophysical and Astronomical Observatories. The peak s o l a r  c e l l  
a r r a y  output: ranges between 500 to 1000 w a t t s  on these  spacecraf t ,  while 
the average Imrer del ivered t o  t h e  loads is  between 200 and 500 watts. 
Power ltwelsi in t he  t ens  of k i lowat t s  are proposed f o r  such app l i ca t ions  
as d i r e c t  broadcast satellites. A t  present ,  average spacecraf t  l i f e  i s  
between one tmtl two years. There is a need to  acqui re  t h e  technology to  
extend the  wreful l i f e  of  s o l a r  c e l l  power systems t o  f ive  years  by the e a r l y  
1970's. As tspctce explora t ion  reaches out from t h e  e a r t h  to Mars and beyond 
t o  Jup i t e r ,  cincl t o  Venus, and Mercury and even to wi th in  f ive  mill ion miles o f  
t he  Sun,, new eriviroments and environmental extremes w i l l  be enoountered. 
R e s e n t  solour e l e c t r i c  power technology is  not adequate to cope with these  
new reqrriremtwt:s. 

A d rmmtic  improvement i n  r ad ia t ion  r e s i s t ance  of solar c e l l s  w a s  achieved 

Even though these  cells afforded about 10 
with the  discovery of t h e  super ior  c h a r a c t e r i s t i c s  of  t h e  reverse  s t r u c t u r e  
N/P s i l i c o n  tiollar c e l l  i n  1960. 
times greater r e s i s t ance  to damage than t h e  earlier devices,  t he re  is still 
a need f o r  fu r the r  r a d i a t i o n  hardening of  s o l a r  cells. I n  FY 1967 laboratory. 
tests o f  l i t l r i t a n  d i f fused  s o l a r  cells have ind ica ted  a f u r t h e r  gain alf 50-100 
times may be possible.  
long t h e  s t c ib i l i t y  of  these  new cells and whether such cells w i l l  be a 
s a t i s f a c t o r y  replacement f o r  t h e  cu r ren t ly  used solar cells. 

During F'Y 1968 work w i l l  be conducted t o  determine 



An examination of t h e  space mission p o s s i b i l i t i e s  being considered ind ica t e s  
t:hat we should plan on p o t e n t i a l  requirements for solar power s y a t m s  deliver, .  
ing up t o  50 k i lowat t s  output. 
satellites, planetary probes using solar-electric propulsion and = ~ t ? d  space 
stations. 
t:he technology needed for l ightweight (50 lbs/kw), l a rge  area (up to 5000 
square f e e t )  deployable (folded f o r  launch) solar cell a r rays ,  Work :Itn the  
second phase was i n i t i a t e d  i n  FY 1967. During FY 1968 the  t h i r d  phascit w i l l  
bet i n i t i a t e d  and w i l l  cons is t  of t h e  experimental f ab r i ca t ion  and teait: of a 
deployment model of ode wing (1250 square f e e t )  of a four wing, 50 kilowatt  
array.  

Noteworthy examples include d i r e c t  broadcast 

S t a r t i ng  i n  FY 1966 NASA began a three-phase program t.o acqui re  

In  ad.dit iaa to the  need f o r  l ightweight,  l a rge  area solar cel l  arrdiys, t he re  
lis a need fox l ightweight,  compact a r r ays  to s a t i s f y  the  increased power re- 
quirements of satellites launched on vehic les  with l imited payload PO Lue. 
]?or such cases it  appears poss ib le  to mount conventional s o l i d  01: t h i n  f i lm 
solar c e l l s  a a  f l e x i b l e  p l a s t i c  s u b s t r a t e s  which can be r o l l e d  up i n  window 
shade fashion f o r  compact s torage  during launch. These a r r ays  could be un- 
r o l l e d  in spa.ce by ac tua t ing  se l f - e rec t ing  boors or e l e c t r i c  d r i v e  motors. 
During FY 19618 work w i l l  continue on compact rol l -up and folding arrays. 

As solar cell systeras increase  i n  size it w i l l  be necessary to discover 
new, low-cost methods of a r ray  assembly. More extensive automation oE the 
assembly process than i s  cu r ren t ly  used is one approach f o r  such cos t  reduc- 
t ions.  
]processes i n  a r r a y  assembly t h a t  can be adapted to machine operat ions.  

During FY 1968 s t u d i e s  w i l l  be conducted aimed a t  iden t i fy ing  those 

Spacecraft: power conditioning requirements to date have been gener<ally 
l imited to a. few hundred w a t t s .  I n  FY 1967 work has  been s t a r t e d  on the 
]problems of rica.ling up e x i s t i n g  s o l i d  state converter and i n v e r t e r  technology,, 
‘Improvements in e f f i c i ency  are being sought so t h a t  temperature cont ro l  re- 
quirements cctn be reduced t o  a manageable level.  A modularized o r  bui lding 
lblock approach is being studied. 
w i l l  be given increased emphasis i n  FY 1968 and subsequent years .  

Work on high power  converters  rind inve r t e r s  

In FI! 19617 work has been i n i t i a t e d  on o the r  cr i t ical  power condi t ioning 
$problems almcd a t  extending t h e  l i f e  and increas ing  t h e  power level of  
solar ce l l /ba t t . e ry  and f u e l  c e l l  parer  systems. 
and isoXaticni w i l l  be inves t iga ted  i n  FY 1968 and components and c i r c u i t s  
fo r  more effillcient and r e l i a b l e  d i s t r i b u t i o n  and u t i l i z a t i o n  of the raw 
generated pcnver must be devised. The use of l a rge  area solar cel l  a r r ays  
w i l l  require! s u i t a b l e  methods f o r  o r i e n t i n g  such a r r ays  and f o r  t r ans fe r  of 
e l e c t r i c  power from t h e  turning a r r a y  t o  the  spacecraf t .  

Methods f o r  f a i l u r e  sensing 
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s o l a r  Therare - I. Svstems 

Work on s o l a r  thermal power systems u t i l i z i n g  thermoelectr ic ,  theniaionic, 
and the  Brayt:onb gas turb ine  conversion systems has been decreasing siince 
jPY 1964. 
p o w e r  program pbortion of t he  Brayton e f f o r t  to t h e  nuclear  e l e c t r i c  power 
program where i t  i s  being continued f o r  p o t e n t i a l  use with la rge  i so tope  
heat  sources8 and, i n  p a r t ,  due to t h e  r e l a t i v e l y  lower p r i o r i t y  assigned t o  
:solar therma.1. s.ystems. It is expected t h a t  t h i s  e f f o r t  w i l l  continue t o  
decrease i n  FY 1968. 

This decrease has been due i n  pa r t  t o  t h e  t r a n s f e r a l  of the  s o l a r  

Chemical Power Generation 

There is ti need a t  t h i s  t i m e  t o  ob ta in  the  technology f o r  secondary 
(rechargeabl~!) b a t t e r i e s  with 3 t o  5 year cycl ing capab i l i t y  f o r  such app l i -  
cat ions as <:tamtunications and meteorology satellites. Cycle t e s t s  performed 
ion nickel-cacimitm and o ther  a l k a l i n e  b a t t e r i e s  have i d e n t i f i e d  such c r i t i c a l  
problems as i1nt:ernal sho r t s ,  separa tor  de t e r io ra t ion  and s e a l  rupture  f r m  
gas pressure buildup. High f a i l u r e  rates have been experienced ,and substan- 
t i a l  improvements a r e  required i f  r e l i a b l e  operat ing l i f e t imes  of 3 t o  5 
years a r e  t o  be obtained. 

The problem of acquir ing the  technology f o r  extended cycle  l i f e  w i l l  be 
time consuming s ince  non-destructive methods f o r  determining the  cycle 
capab i l t t y  do riot exist. A t  the  present t i m e ,  v e r i f i c a t i o n  of a 5 year l i f e  
requires terri:ing representa t ive  c e l l s  f o r  t he  f u l l  5 years. Work on non- 
des t ruc t ive  tent methods (i.e., methods f o r  determining l i f e  capab i l i t y  
from l i m i t e d  t e s t i n g )  w i l l  be continued. As the  s i z e  of s o l a r  c e l l  a r r ays  
is increased,  ba t t e ry  s i ze  must a l s o  be increased i n  order  to avoid t h e  
weight and cost: pena l t i e s  t h a t  are normally assoc ia ted  with using la rge  
nmbers  of the  cur ren t  s m a l l  capaci ty  cells. 
large capaci ty  (100 ampere-hours) nickel-cadmim c e l l s  and experimental t e s t s  
on thenoal nmodels of f u l l  s i z e  batteries are underway. 

Work has been ini t ia tedl  on 

The sealed b a t t e r i e s  t h a t  are being used i n  the  space program today cannot 
withstand the  high temperature (105-145°C) required f o r  t he  s t e r i l i z a t i o n  of 
spacecraf t  ccrmponents t o  be landed on planetary sur faces  such as Mars. 
Nickel-cadmiiinn, silver-cadmium and s i lve r - z inc  b a t t e r i e s  using a mixture of 
water and potassium hydroxide e l e c t r o l y t e  are being inves t iga ted  and evaluated 
fo r  landing capsule ba t t e ry  appl ica t ions .  The organic separa tors  used i n  
present batltteries tend t o  d i s i n t e g r a t e  under s t e r i l i z a t i o n  temperatuies. 
Work is underway on new separa tor  materials and w i l l  need t o  be continued i n  
FY 1968. I n  addi t ion  to s t e r i l i z a t i o n  condi t ions,  landing capsule b a t t e r i e s  
w i l l  need t o  withstand high-G loads during atmospheric en t ry  and a t  :impact. 
Development €s required t o  achieve mechanical ruggedness. 

The hybrid roetal/gas ba t t e ry ,  which is made possible  by the  develapment 
of high-per.6onnance f u e l - c e l l  e lec t rodes ,  has been shown t o  y ie ld  a t  l e a s t  
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z i  50% increase i n  energy dens i ty  over t he  bes t  conventional prinuiry b'iittery 
system. These preliminary ind ica t ions  must now be followed up to 0bt.ixi.n 
the  engineering data required i n  assess ing  the  s u i t a b i l i t y  of t he  technology 
fo r  fu tu re  mission p o s s i b i l i t i e s .  

Whereas batteries have been maintained a t  o r  near room temperature i n  
ispace thus f a r ,  fu tu re  mission requirements i nd ica t e  t h a t  b a t t e r i e s  operat ing 
a t  extreme temperatures may be needed. 
caxtreme1.y high temperatures. 
operat ion at extreme temperatures w i l l  r equi re  subs t an t i a l  work over the 
next several  years. 

These may be extremely l o w  or 
The problem of  coping with long-teim ba t t e ry  

Fuel cel ls)  a r e  used i n  conjunction with primary b a t t e r i e s  t o  provide a l l  
the  e1ec:tric power f o r  t he  Gemini and A p o l l o  spacecraft .  However, these  
nystems, although adequate f o r  mission durat ions of a few weeks, possess 
cirawback:s which discourage t h e i r  use on advanced manned missions requi r ing  
.Erom 30 to  9 0  days r e l i a b l e  operation. These drawbacks include membrane 
degradation, e lec t rode  corrosion, and narrow operat ing l i m i t s .  I?rel&ininary 
experimental data  have been obtained on a two ki lowatt  breadboarded f u e l  
cel l  of imprcived design t h a t  operated f o r  about 75 days. Engineering models 
axre being assirnibled f o r  s t ack  t e s t i n g  a t  off-optimum conditions t o  determine 
the  fuel cel1.s' s e n s i t i v i t y  to  va r i a t ions  i n  reac tan t  pressure and temperaturts, 
t o  e lec t  rode, e l e c t r o l y t e  and c a t a l y s t  temperature and to  va r i a t ions  in  the  
water content. of the  e lec t ro ly te .  Start-up, shut-down, and re-start aharac- 
1teristic:s need to  be studied. 
i d t h  improved s t a b i l i t y  and more e f f i c i e n t  oxygen d issoc ia t ion .  

Work is  also needed to  obta in  cathode catalystri 

Early luniair  s h e l t e r s  w i l l  make extensive use of f u e l  ce l l  powerplaats. 
conjunction with solar or nuclear powerplants, f u e l  cells w i l l  be useld t o  
power roving, vehicles ,  l a rge  por tab le  too l s  and the  lunar s h e l t e r  durtng the  
i t w ~  week: lwatr night  or  during emergency repairs of the  primary p o w e r  systems. 
'fie high cost. of t ranspor t ing  r eac t an t s  (hydrogen and oxygen) to  the (noon 
w i l l  make i t  des i r ab le  to  recover the  f u e l  ce l l  product water f o r  drinking 
and especial1.y fo r  regeneration i n t o  hydrogen and oxygen f u e l  f o r  re-'use i n  
the  fuel. cell.. During FY 1968 work w i l l  be undertaken t o  ob ta in  the  data 
needed t o  assess  the  f e a s i b i l i t y  and performance capab i l i t y  of  w a t e r  e l ec t ro lys i s  
and reactant  processing and s torage  p l an t s  s u i t a b l e  for i n s t a l l a t i o n  on the  
lunar surface. 

In  

There is ei general  need t o  provide f o r  research on the  proper t ies  )of elec- 
t r o l y t e s  andl on t he  mechanisms of reac t ions  occurring a t  electrode-elrectrolyte 
in te r faces .  A b e t t e r  understanding of  t he  mechanisms t h a t  govern electro- 
chemical. rea.c:tions is  needed to  guide r a t i o n a l  choices of new e l e c t r o l y t e s  
annd improved, s t ruc tu res  of electrodes.  
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Electric Propulsion 

The objectLvcc of t h i s  p a r t  of  t he  program is  to provide the  advanced tech- 
nology leading to t h e  development of electric th rus to r  systems f o r  space 
propulsion. 
s o l a r  o r  nuclear power generation systems f o r  prime propulsion o f f e r  t he  
p o t e n t i a l  of subs t an t i a l  increases  i n  payload, reductions i n  veh ic l e  weight 
o r  reductions i n  t r a v e l  t i m e  genera l ly  i n  proportion t o  the  energy requi re -  
ments of the  contemplated missions. E l e c t r i c  t h rus to r  station-keepiny, and 
a t t i t u d e  cont ro l  systems o f f e r  a primary advantage of reduced system weight 
when compared with conventional chemical t h r u s t  systems f o r  long dura l ion  
app l i ca t ions ,  ‘fhese performance improvements r e s u l t  from the  high sp twi f i c  
impulses devce loped by e l e c t r i c  th rus  tors which convert e l e c t r i c a l  energy 
i n t o  k i n e t i c  energy of a propellant.  However, a major requirement t h a t  must 
b e  a t t a ined  Elor e f f e c t i v e  appl ica t ion  is  a capab i l i t y  f o r  thousands oj hours 
of r e l i a b l e  operation. In addi t ion ,  high o v e r a l l  t h rus to r  system e f f i c i ency  
is of major :hnportance f o r  prime propulsion app l i ca t ions  because t h e  t o t a l  
power required €or operat ion of t h e  th rus to r  system, and thus the p o w e r  plant  
weight and the  mission payload capab i l i t y ,  is  d i r e c t l y  dependent on thrustor 
system eff ic iency.  

Such th rus to r  systems when used i n  conjunction with l ightweight 

E l e c t r o s t a t i c  t h rus to r  systems i n  which the  propel lant  atoms (or heavy 
particles) axe e l e c t r i c a l l y  charged and then acce lera ted  by an e l ec t r c i s t a t i c  
f i e l d ,  w i l l  cxmtinue to rece ive  t h e  major emphasis i n  FY 1968. Two types,  
t h e  electron-bombardment and contact  ion  engines which d i f f e r  bas i ca l ly  i n  
the  propel lant  charging or ion iza t ion  technique, have made the  most pr ogress. 

One of  t h e  most important l i f e  l imi t ing  components i n  an electron-trombardent 
engine i s  the  cathode t h a t  produces the  e l ec t rons  necessary f o r  propel l a n t  
ionizat ion.  In FY 1967 endurance tests of s eve ra l  t h r u s t o r s  u t i l i z i n g ,  cesium 
and mercury a s  tho propel lan t ,  and including severa l  types of  cathode design, 
were successfu l ly  conducted with a maximum of 8200 hours being obtained by a 
cesium thrustor, .  These da ta  lead t o  the  conclusion t h a t  t he  cathode l i f e  
problem has heen resolved and t h a t  i t  is  f e a s i b l e  t o  bui ld  1-2 ki lowatt  
t h rus to r s  with the  required operat ing l i fe t ime.  
a f u l l  system test, including th rus to r ,  power conditioning and propel lant  
feed system, was ca r r i ed  out f o r  about 500 hours. 
t h e  l eve l  of confidence necessary t o  proceed i n  the  planning of a seccind 
space f l i g h t  i n  the  SERT series u t i l i z i n g  a mercury thrus tor .  
a t t e n t i o n  w i  11 s h i f t  from l i f e  t e s t i n g  toward f u r t h e r  performance improvementsi 
such a s  e f f i c i ency  a t  lower s p e c i f i c  impulses. Also, t he  e f f e c t  of a varying 
power p r o f i l e  such as may be encountered i n  missions der iving power from 
photovoltaic mirays on engine performance and cont ro l  systems w i l l  be evaluated. 
During FY 1967, study on in t e rac t ions  between the  propulsion system arid the  
spacecraf t  were i n i t i a t e d .  
rad io  frequency in te r fe rence  (RFI), and i n t e r a c t i o n  with t h e  space environment 
w i l l  continue t o  be inves t iga ted  during FY 1968. 

I n  addi t ion ,  during FY 1967 

The above r e s u l t s  provided 

In FY 1968 

Effec ts  such a s  plasma beam impingement or1 s t ruc tu re ,  

Some of these  e f f e c t s ,  such as 
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r ad io  frequency in te r fe rence ,  w i l l  be evaluated during the  SERT f l i g h t .  h e  
s tud ie s  of so:lar-powered mid-course propulsion f o r  planetary missions continue 
t o  show promise and these  e f f o r t s  w i l l  continue i n  FY 1968. 

I n  the  contact  ion engine the  propel lant  atoms are ionized by coming i n  
contact with ZI hot  material, o r d i n a r i l y  porous tungsten. Although the  
d i f f i c u l t i e s  i n  obtaining s u i t a b l e  ion ize r  materials have caused a de-emphasis 
i n  research 0 1 1  t:his type of engine f o r  prime propulsion, t he  l eve l  of tech- 
nology required f o r  usefu l  a u x i l i a r y  t h r u s t o r  development appears to  be 
ava i lab le .  This: progress has l ed  t o  t h e  start of development of a very l o w  
tlhrust (XO-51.1m)~ version f o r  f l i g h t  test and eventual possible  use i n  the 
App l l c a t i o n s  Techno logy Sat e l  li te  (ATS) series. 

A r e s i s t o j e t  system is being flown on the  ATS-1 spacecraf t  as tan experl-  
ment durling F'I 1.967. h i s  I s  one vers ion of an electrothermal  engine which 
acce le ra t e s  pi:opellant by hea t ing  and subsequently expanding through a con- 
vent ional  cor~irerging-diverging nozzle system. The system on ATS-1 is being 
evaluated f o r  l a t e r  appl ica t ions  i n  an a u x i l i a r y  propulsion r o l e  on the  ATS-D 
and ATS-P synchronous satellites. 
t o  be of intei:eait f o r  cancel l ing aerodynamic drag of la rge  o r b i t i n g  spacecraf t  
such as orbit:itng labora tor ies .  
i n i t i a l  goal of 2100 hours w a s  i n i t i a t e d  i n  FY 1967. 
in FY 1968. 
hea te r  with rcidioisotope heat  sources is being evaluated. 

System s t u d i e s  have also shown the  r e s i s t o j e t  

Life  t e s t i n g  of  resistojet t h r u s t o r s  with an 
This work w i l l  continue 

:In addi t ion ,  the  poss ib le  replacement of t he  r e s i s t o j e t  e l e c t r i c a l  

E1ectromagaet:ic t h rus to r s ,  which employ the  i n t e r a c t i o n  between high cur ren ts  
and magnetic :Eit!lds t o  develop t h r u s t ,  could o f f e r  performance and design 
advantages i n  ccmparison with the  much more highly developed electron-bombardment 
ion engine due t:o t h e i r  p o t e n t i a l  s imp l i c i ty  and smaller size.  
they w i l l  continue t o  rece ive  a t t e n t i o n  i n  FY 1968. 
mance con t inws  t o  be an important problem. 
diagnost ic  ins t runenta t ion  w i l l  be employed during FY 1968 i n  attempts t o  
e limina t e preseri t measurement uncer t a l n t  ies  . 

Consequently, 
The v e r i f i c a t i o n  o f  perfor-  

Improved t e s t i n g  enviromment and 

SNAP-8 Develooment 

1966 1967 -1968 
Developent  . . (. . . . . . . . . . . . . . $4 s 000,000 $5 , 500,000 $9 , 700,000 

Ihe object:ive of t h i s  p ro jec t  is to  obta in  the  technology leading t o  the  
eventual deve:Lopment of  a 10,000 hour, 35 electrical ki lowatt  nuclear e l e c t r i c  
generating syotcm s u i t a b l e  f o r  space appl ica t ions  i n  the  mid-1970's a n d  beyond. 
Pr inc ipa l  app:li<:ations proposed f o r  SNAP-8 are la rge  ea r th  o r b i t i n g  space 
s t a t i o n s ,  lunrir explorat ion,  d i r e c t  TV broadcast s a t e l l i t e s  and manned planetary 
missionsu 
conversion sjra t em techno logy. 

r n ~ i r l g  FY 1968 SNAP-8 development w i l l  emphasize component and power 



SNAP-8 is  a j o i n t  NASA-AEC development with the  AEC responsib1.e f o r  reactor 
development and NASA responsible  f o r  t h e  power conversion system and :for f u l l  
system in tegra t ion .  SNAP-8 u t i l i z e s  a rercury-Rankine tu rboe lec t r i c  Conversion 
Loop to convert thennal power developed by a compact reactor i n t o  electrical 
power. The design approach places  p r i o r i t y  on maximupi use of cur ren t  state- 
of- the-ar t  and provides f l e x i b i l i t y  to adapt to a range of p o t e n t i a l  riiissione 
with a minimum of changes i n  the  system. 

Under the  d i r e c t i o n  of  t h e  Lewis Research Center SNAP-8 components have now 
been t e s t e d  i n  the  f i r s t  power conversion system breadboard and t.he e l ec t r i ca l .  
output ,  a t  reference conditions,  has  been measured a t  33 KW. A l s o ,  s t a b l e  
opera t ion  and con t ro l  have been demonstrated under simulated space vehic le  
load conditions. 
Test r e s u l t s  i nd ica t e  t h a t  t h e  system pmps,  alternator, and conc1ense:i: are 
general ly  sa t i s f ac to ry .  
from 830 hours to i n  excess of  4500 hours. 
cor rec t ion  have been i d e n t i f i e d  i n  the  present  tu rb ine  mechanical1 design and 
ti l i f e  problem has  been found to exist i n  t h e  b o i l e r  tubes. A l s o ,  t e s t i n g  of 
t:he complete power conversion system has ind ica ted  the  need t o  Lnrprovr? turb ine  
aerodynamic performance. 
but add i t iona l  improvment i s  required. 

Over 23,000 hours of componmnt t e s t i n g  have been acc:omplishsd. 

Endurance achieved t o  da t e  f o r  these  components ranges 
Technical problems requi r ing  

Progress has  been made i n  improving b o i l e r  *performance 

I n  FY 1967 the  endurance t e s t i n g  of conponents and t h e  cor rec t ion  of de f i -  
c ienc ies  noted from tests were continued. 
I’Y 1968. 
i n  late FY 1967 and continuing i n  FY 1968. 
corrosion a r e  continuing i n  order  t o  provide so lu t ions  to t h e  boliler itube 
l i f e  problem. 
began operat ion i n  FY 1966 are continuing and i n  t h e  remainder of FY 1967 NASA 
expects t o  complete the  inves t iga t ion  and cha rac t e r i za t ion  of aul:omat Lc s t a r t  tip 
procedures f a r  t h e  power conversion system under simulated space conditions.  
The f i r s t  power conversion system w i l l  be used to test and v e r i f y  turb ine  
design correct ions.  

This e f f o r t  w i l l  continue through 
An improved turb ine  has been designed and W i l l  be t e s t e d  beginning 

Experiments i n  hea t  1:ransFer and 

Also, operat ions of t h e  f i r s t  power conversion system which 

Funds requested f o r  FY 1968 provide f o r  the cont inuat ion of the coinponent 
It cmd system technology program and supporting inves t iga t ions  as required. 

is expected t h a t  a 2500 hour performance and endurance q u a l i f i c a t i o n  t e s t  w i l l  
be run on t h e  improved SNAP-8 turbine.  It is intended t h a t  t he  impporting 
:Lnvestigations, which are underway and w i l l  be continued i n  FY 1!368, id11 
:lead t o  the  design and start of f a b r i c a t i o n  of  an improved prototype (boiler 
i n  FY 1968. Test ing of o ther  major components w i l l  be continued t o  f u r t h e r  
J3dVanCe the  demonstrated endurance capab i l i t i e s .  Test ing wi l l  be continued 
t o  assess t h e  capab i l i t y  of t he  components to survive and funct ion following 
shock and v ib ra t ion  assoc ia ted  with launch i n t o  space. Component and system 
technology development w i l l  continue to be supported by t e s t i n g  at t h e  Lewis  
Research Cen 1: ex. 



Operation of the f i r s t  power conversion system w i l l  be continued i n  FY 1968 
with the aim of providing performance and endurance da ta  on the turb ine  a l t e r -  
na tor  under system design condi t ions a s  w e l l  a s  providing add i t iona l  <iinduranc(e 
da ta  on other  system components. 

Space E l e c t r i c  Rocket T e s t  (SERT) 

19613 --- 1966 1967 

Spacecraft  and Experiments 

Agena (Launc'h Vehicle 
$lt,100,000 Development................... $3,000,000 --- 

Procurement Program). ......... (---) ($500.000) (2!5 , 300,000) 
Tota l  ( including Launch 

Vehicle ...................($ 3,000,000) ($500,000) @5,400,~0) --- 

The overa.l.l ob jec t ive  of t he  SERT f l i g h t  program is t o  provide infformation 
on the  operat:ion of electric th rus to r  systems i n  the  space environment. The 
.first f l i g h t  i n  the  series, SERT I, w a s  successfu l ly  concluded i n  Ju ly  1964. 

. 'phis suborbi.t:al. f l i g h t  demonstrated t h a t  an ion  beam could be neu t r a l i zed  i n  
space, and hmwe removed a bas ic  uncer ta in ty  as t o  t h e  f e a s i b i l i t y  of ion 
engines. 

During FYI 19167 plans were defined f o r  a second f l i g h t  i n  the  SERT series 
. ;and i n i t i a l  work toward such a goal  w a s  s t a r t e d  using FY 1966 funds. The 

objec t ive  of t h d s  t e s t  is  to provide a long term evaluat ion (minimum of s i x  
months) of  t he  performance and r e l i a b i l i t y  of an ion th rus to r  system i n  &he 
space envirorme!nt and t o  study such o the r  ion  engine e f f e c t s  as rad io  frequency 
interference!,, propel lant  deposi t ion on spacecraf t  and spacecraf t  po ten t ia l .  
' a i s  informat:ion i s  required for t he  f u r t h e r  assessment of ion  propulsion fo r  
use i n  prime pxopulsion appl icat ions.  

The t:echnice.l plan f o r  t he  SERT I1 development calls f o r  a s i n g l e  launch 
of a THORAD-Age!na from Western Test Range to i n j e c t  the  Agena, together  with 
ithe at tached SE;RT e x p e r b e n t  package, i n t o  a near-polar sunl ight  o r b i t .  Two 
complete 1 it31 ion  th rus to r  systems w i l l  provide redundancy. The Agena system, 
which has been previously employed extensively,  w i l l  provide t h e  necessary 
e l e c t r i c a l  Fmwe!r from a solar ar ray ,  con t ro l  system and te1emetr:y system. 
!Resent planning c a l l s  f o r  t he  launch to take place during the  f i r s t  half  of 
cca lendar year 1.969 . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

- OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

L PROGRAM OBJEC'FIVES AND JUSTIFICATION: 

NUCLEAR ROCKETS PRO(;RAM 

The objec t ive  lof the nuclear rockets program is  to  develop the rrecesr;ary 
research,  design and engineering da ta ,  test hardware and general  technology 
of nuclear engine systems u t i l i z i n g  graphi te  sol id-core r eac to r s  fo r  possible  
advanced spacle missions and t o  inves t iga te  and evaluate  advanced reac tor  con- 
cepts  which may o f fe r  improvements i n  nuclear rocket propulsion technol.ogy. 

The use of nuclear rocket propulsion would provide s ign i f i can t  perfo:i:mance 
advantages fo r  many possible  advanced space missions such as high energy 
e a r t h  o r b i t a l  operat ions,  lunar l o g i s t i c s  operat ions , deep space probe!; 
with heavy spacecraf t ,  and manned explorat ion of the planets .  Payload 
increases  of 25 to  100 percent o r  more are possible  through use of n u d e a r  
rocket s tages  i n  connection with Saturn V. For manned planetary landiiig 
missions, spacecraf t  weight i n  ea r th  o r b i t  is  subs t an t i a l ly  less with 
nuclear rocket propulsion than with chemical propulsion, the weight dilf- 
ferences ranging from 1 t o  2 mil l ion pounds fo r  favorable mission modeis and 
times, t o  many mil l ions of pounds f o r  less favorable mission opportuni1:ies. 

The nuclear rocket program i s  a j o i n t  AEC-NASA e f f o r t ,  managed by a 
s ingle  o f f i c e ,  t h e  Space Nuclear Propulsion Off ice  which w a s  establisht!d 
by interagency agreement between AEC and NASA. 
development work is conducted both i n  AEC labora tor ies  (e.g. ,  the  Los 
Alamos S c i e n t i f i c  Laboratory) and NASA cen te r s  (e.g., L e w i s  Research 
Center) although the major port ion of the work is conducted by intlustr:r. 

Research and techrio1og:r 

This program supports the objec t ive  of continued development of nuclitar 
rocket technology f o r  possible  fu ture  use. However, i f  a decis ion i s  
reached t o  proceed with the development of a nuclear rocket engine,  an 
ac: t ivi ty  ca r r i ed  under "allowance for contingencies" in the overall. national 
budget, the program described herein w i l l  provide the log ica l  nuclear 
rocket technology support. 

SLIMMARY OF RESOlJRCES REQUIREMENTS& 
19h8 

-I- 
1966 1967 

- 

Supporting research and 

NERVA...................... ...... 35,356,000 33,494,000 ;!6,000,000 

$58,000.000 $53.000,000 2 1 6  500 000 -.- 
technology ..................... $20,644,000 $16,506,000 $1.6,500,000 

NRDS operat ions .................. 2.000.000 3,000,000 - 4,000,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dis t r ibut ion of Program Amount by I n s t a l l a t i o n :  
Marshall Space F l igh t  Center.. . $1,125,000 $1,500,000 $2,950,000 
Lewis Research Center.. . . . . . . . .  6,444,000 3,515,000 4,200,000 
Space Nuclear Propulsion Off ice  50,431,000 47,985,000 39,350,000 



Supporting Rerearch and Technology 

1968 - 1966 1967 

Rocket r t a c t o r  research. . , . . . $14,901,000 $10,786,000 $ 8,,500,000 
NUC lear rocket engine systems 4,393,000 3,970,000 4,, 700,OOO 

Vehic le tcwhimlogy. . . , . , . . . . . l.M0,000 -, 2 .800.000 
S d f e t ~ , . . . . . . . . . . . . . . , . . . . , ~ ,  250,000 230,000 500,000 

1,100,000 

TOtS1ee.0. b....e...eee..*.. $30-6&-0q $16- &&500-00q 

The supportimg r raearch  and technology e f f o r t  (SR&T) ruppl le8  threc! b a r i c  
needs: (1) general SR&T data for cur ren t  p r o j e c t s  ; (2) b a r i c  tachno'liogy 
f o r  t he  devnlolprent of f u t u r e  generations of nuc lear  rocket enginer cimd 
vehicle,; u a d  (3) f c 8 s l b f l i t y  ana tyres  of advanced nuc lear  propulsiar 
concepts, 

Rocket Reactor Rerearch 

NASA conducts two major activit ier wi th in  the  scope of rocket raac11:or 
rerearch including: 
and performance p o t e n t i a l  of advanced nuc lear r e a c t o r  propulsion concepts 
and (2) the  developaent and purchare of jet nozzles and l i qu id  hydroypn 
feed systems, turbopump ryrtema, t o  support t he  reactor test8 a t  the  Nuclear 
Rocket Developwmt S t a t i o n  (NRDS), and the  provirion of l i qu id  hydrogen t o  
conduct t he re  developments and the  reactor tests. 

(1) research  i n t o  the  problem6 determining fca8:libility 

Advanced concept work is  concentrated on var ious  t y p o  of cav i ty  rmctors, 
i n  which the f i r s i o n a b l e  materialr are i n  gaseour or l i qu id  form. In-house 
c a p a b i l i t y  and re rearch  i n  centered a t  the  Ltwio Research Center. 
the c a p b i l i t i e r  of indus t ry  8nd u n i v e r s i t i e s  are applied through caiatracts 
and rerearch grants,  A t  t he  present level of development, e m p b a i r  La on 
laboratory re rearch ,  t o  provide the  b a r i c  research  data,  During FY 1968, 
e f f o r t  muat be expended t o  provide new r e m a r c h  tools and methotla t o  extend 
our kn<nrledg;e concerning he re to fo re  una t ta inable  p rc r ru res  and 1:empe r a tu re r  
t h a t  would e x i s t  i n  c a v i t y  reactors. 

AL80, 

NASA has  f'unded t h e  development of a l i qu id  hydrogen turbopump feed 
ryrtem t o  be ured t o  test the  high-power Phoebus-2 and NERVA reoc tor r .  
These turbapmps are an advancement i n  t h e  technology e r t ab l i shed  i n  the  
feed syrteuiai used for KIWI and NRX reac tor r .  
de l ivered  amid u t i l i z e d  i n  q u a l i f i c a t i o n  and f a c i l i t y  tertr  conducted a t  
NRDS. Additianal feed ryrtem hardware w i l l  be procured during IPY 1968 
to assure m a i l a b i l i t y  bf pumping rystems t o  conduct t he  r eac to r  tcrtr. 

Two of the8e u n i t r  hava been 

zhe devel.opwnt of l fqu id  hydrogen regenera t ive ly  cooled, exhaust nozzles 
required ts meet the  Phoebus-2 r e a c t o r  requirementa has  been underway rime 
FY 1965. 'Ilhir nozzle development w i l l  be completed during RI 1968 with the  
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del ivery  of t:he nozzles f o r  t he  Phoebus reactor tests. 

Nuclear R o c k e t  Engine Systems 

This research provides the  necessary advanced camponent technology f o r  
nuclear rockel: engines. It seeks t o  provide information f o r  specifying 
clharactexirtic:~ of f u t u r e  generations of nuc lear  rocket engines as w e l l  
81 e s t a b l i s h  41 $:enera1 base of information on t he  design and operation1 of 
components and erngines. This In-house e f f o r t  is conducted by the  Lewis 
Research Cent:c!r with o the r  work being accamplished under i n d u r t r i a l  anld 
un ive r s i ty  ccmtracts p r inc ipa l ly  under Lewis Research Center 's  directj.on. 

The work OFL turbomchinery is d i rec t ed  a t  the  unique problems pored by 
aqpplication t:o a nuclear rocket engine, and is coordinated with turbmachin-  
e ry  research conducted f o r  advancement of chemical combustion r o c k e t  techno- 
lq3y * 

Nuclear: rocket: engine system resecrrch a l s o  inc ludes  research and development 
oE pneumatic transducers and con t ro l  components which are lers s e n s i t i v e  t o  
r ad ia t ion  dawige! than n o w 1  electromechanical devices. 

Engine dynatdc:s are under inves t iga t ion  using the  Nuclear Rocket Dynamics 
and Control P a c i l i t y  a t  Lewis. 
flow rocket c:igi.ne rystemr tests were conducted with more than 26 runa having 
been made on LI cold flow nuclear rocket engine t o  inves t iga t e  the  s t a r t - u p  
dynamlcs of t he  engine. These runs have included the  f i r s t  boo t s t r ap  starts 
oE the  nuclear rocket engines, and s t a r t - u p  tests i n  which the  turbopump 
WiBS detiberat:c!ly run i n t o  s ta l l  t o  determine the  s t a r t - u p  performance of a 
niuc lear i:ocke!l: engine under such conditions. This information supported 
a n a l y s i s  and power tests of t he  breadboard engine i n  FY 1966. 

I n  t h i s  f a c i l i t y ,  t he  f i r s t  nuclear colld 

The r ad ia t ion  e f f e c t s  e f f o r t  conducted as part of t he  engine systems 
research work:,, is d i rec t ed  toward def in ing  the  behavior of materi,als in 
combined r ad ia t ion ,  cryogendc, and vacuum environnsnts. Work i n  t h i s  a rea  
i s  continuing: in t he  Plum Brook Reactor. 

Very high kt!axing speeds and space environmental condi t ions  create d i f -  
f i c u l t  develalmwnt problems i n  regard t o  bearings,  seals and lubrication. 
An in-pi1.e bearing test  loop is i n  operation a t  Plum Brook f o r  research on 
high speed betiring conf igura t ions  i n  a combined r a d i a t i o n  and crylogenic 
eiivi r onmen t . 

Researcih on1 nawel designs and materials f o r  f a b r i c a t i o n  of higher perform- 
aince nozzles w i l l  continue i n  FY 1968. E f f o r t s  w i l l  be made t o  extend the  
cu r ren t  t:echnology beyond the  i n i t i a l  limits needed to  provide nozzles f o r  
t he  NERVA engine. 
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For several years ,  M A  ha1 rupported the  Nation81 Bureau of Standard8 
Cryogenic Engineering Laboratory i n  rerearch and engineering r e l a t ed  t o  the  
ube of l iqu id  hydrogen, While t h i s  support has come primarily f r a  t h k  
nuclear  rockel: program, the rerearch ha8 benefi ted a l l  program t h a t  use 
l iqu id  hydrogtrn by rupplying bas ic  property da ta  and cryogenic engineering 
rnrpport, mf.0 j w o g r a  w i l l  be continued In FY 1968. 

Safety 

Safety work i r  an i n t e g r a l  part of the  ove ra l l  nuclear rocket pirograln. 
It include8 e f f a r t  on hydrogen u f e t y  by the  Bureau of Mner aimed a t  
unique u f e t y  problcar a rsoc ia ted  with handling large quantities of 
l iqu id  hydrogem in ground t ea t  f a c i l i t i e r  and the  evaluatlan of counter- 
~ ~ a r u r e  e y r t a u  to  a s ru re  s a f e  d i rposa l  of nuclear engines in- f l igh t .  
spec ia l  interetrt  are s tudiea  and re rearch  i n t o  means f o r  rapid , controllled 
venting of l iqu id  hydrogen t o  reduce ueight  and provide an add l t l~ona l  velo- 
c i t y  incremeat follawing a premature l o r s  of t h r u r t  during f l i g h t ,  

Of 

Vehic le Technology 

Thir portiai of the  program provide8 baric design information which w i l l  
anrist the  deosl.opwnt of nuclear  rocket vehicle8 f o r  f l i g h t  drr:loa app l i -  
cntiare, 

Studies  of m d u l a r  vehic le  c m c e p t r  were I n i t i a t e d  i n  FY 1965, llhe 
modular concept ha8 p a r t i c u l a r  a t t r a c t i o n  r ince  one bas ic  tank/engine 
system (refer red  t o  a8 a propulsion module) could a a t i r f y  a v a r i e t y  of 
drrionr. 
detai l  to  deterwdne the  f e a r l b l l t y  of such a concept and t o  point  out areas 
requi r ing  advanced technology e f fo r t .  

The modular s tud ie s  have defined a configurat ion i n  r ~ f f i c i ~ e n t  

Cenera1 f l i g h t  8yrtem technology ac t id t i e r  undemmy i n  p r i o r  year8 
cont inwe.  
be continued durLng FY 1968. H o s t  of the  ground test module work w i l l  be 
conducted in-h~aure a t  Marrhall Space F l igh t  Center t o  take advanttrge of the 
avai lab le  experience a t  t h a t  Center. 

Pe~aign of a ground t e a t  module -8 i n i t i a t e d  i n  R 1967 auld dl1 

1966 1967 19 68 

Engine Wrten d c v e l o p m e n t ~ ~ ~ ~ . ,  $ 5,975,000 
Component and rub.ystem develop- 

Ground test and operation8 
m n t o  0 e 0 0 0 0 0 0 o o  0 0 0 0 0  0 * 11,657 ,000 

14,803,000 WPPorto . e 0 0 . 0 

Propellantr .  ... . . , . . . . , , . . . 2.921.000 

$ 5,042,000 $ 5,,160,1300 

12,654,000 10 ,, 300,~l)OO 
2.05o.Ooo 2 . 5 O O ~ l r n  I- 
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During FY 1968 e f f o r t  w i l l  be di rec ted  towards the  test activities requir-  
ed t o  s a t i s f y  the remaining objectives of the  NERVA technology progrcm. 
Ef fo r t s  w i l l  support f ab r i ca t ion  of t he  remaining 1,100 mega-watts tliermal 
test art icles and t h e  test activities conducted a t  t h e  Ruclear Kocketi: 
bcve lopacnt Station. 

The remaininlg test activit ies ofethe NBRPA program include two reactor 
asserabl&ee t o  inves t iga te  corrorim e f f e c t s  up t o  approximately 60 dl.nutes 
test durat ion,  and a ~ r i e r  of ground experimental engines which1 prill. de- 
monstrate engine operation in a downward f i r i n g  engine test stand. !Ilhese 
ground sxpettmcntal engines w i l l  have provisions f o r  remote maintenarrce 
and replacement of major 8Uba88enblitE. 
reactor W i l l  ba t es ted  a t  ra ted  power i n  Test Cell "C" a t  IRDS. 
the  f i n a l  MeWA technology tert reactor, NRX-A7, wi l l  be tes ted,  

I n  e a r l y  FY 1968, the NIRX-A0 
I n  l.968 

Activation O P  Engine T e s t  Stand- 1 and the  Engine Maintenance Assembly 
and Msareembly F a c i l i t y  W i l l  be completed i n  late F'Y 1967. A serierii of 
cold flow tne t i r  using an unfueled experimental engine asregbly u d l l  Ile 
conducted in E'PS-1 t o  demonstrate readinesr of the test stand and the!) 
capab i l i t y  of  ithe engine t o  boots t rap  i n  conjunction with the f a c i l i i y  
exhaust sysb~em,, Two experimental engine assemblies W i l l  be tested. The 
ob j ec t ives  o E  these tests include determination of the  moat desirable! 
techniques f o r  s t a r t i n g  and con t ro l l i ng  a nuclear rocket engine, dcracnstra- 
t l on  of shutdown techniques using l iqu id  hydrogen f o r  cooling (as i n  apace) 
and demonstrlet:ton of the c a p a b i l i t i e s  of t he  downward f i r i n g  test stand. 
The c a p a b i l i t i e s  of these engines f a r  remote maintenance w i l l  a l s o  br tert-  
ed . 

I n  FY 196!), the f inal  work i n  the  technology phase of the  NtRVA program 
is  expected to  be performed. 

.- I!luc:lear Rocket Dtveloprnent S ta t ion  - Operations 

196EL 
-I_- 

1966 1967 

Genera 1 8il:e rrupport. . . . . . . . . . 
Cap1 t a  1 eqrr:tpmaQnt . . . . . . . . . e . $1,800,000 $2,600,000 $3,600,000 

600,000 - 200.000 400,000 - 

The aisricni of the  Nuclear Rocket Development S ta t ion  (NRD6) is t o  provide 
a site for ground s ta t ic  t e s t i n g  of t he  r eac to r r ,  engines and eventua~lly 
the propulsi4m modules or rocket s tages  aosociated with nuclear rocket 
development,, 
t ion ,  Westirrghcmuse Astronuclear Laboratory, and Lor Alaros Sc ien t i f i c  
Laboratory, with overall management arsigned t o  the  AGC-NASA Space Nuic lear 
Propulsion Office. 

The major u r e r s  of the  S ta t ion  are Aerojet-General Corpora- 
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Maintenance, housekeeping and management funct ions must be provided a t  
the site.. 'J!tbene funct ions t8ken together  c o n s t i t u t e  general  s i te support. 
'l'hey include rout ine maintenance and operation of the  f a c i l i t i e s ;  fo r  example, 
cus tod ia l  seirvi.ce8 , maintenance of roads,  grounds, and u t i  Zity systems and 
furnishing of t i t i l i t ier ,  bui lding operat ing suppl ies ,  f i r e  protect ion,  and 
cafeteria seitvi.ce~. 
to  maintain rind operate plumbing , elec t r i c a l  , carpenter ,  welding and machine 
shops atr well'l as support f a c i l i t i e s  and equipment. 

Included also are the servicer of a support cont rac tor  

The ao0ount:ts nhown i n  t h i s  sec t ion  provide f o r  NASA's share of the  general  
s i t e  operaticms, the major part of which is now funded by the  AEC. LIASA'a 
share of the  "IS Operation cost w i l l  increase  from $3,000,000 i n  FY 1967 
t o  $4,000,000 i n  FY 1968, t o  cover the add i t iona l  support required f a r  the 
E-MAD and ET!;-:L f a c i l i t i e s  which w i l l  become opera t iona l  a t  the end cid 
FY 1967 and the increasing e f f o r t  associ8ted with engine tes t ing .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

OFFICE OF ADtrqNCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM 

PR-I OBJESCJVES AND JUSTIFICATION: 

The purpo,se of the chemical propulsion program is t o  e s t a b l i s h  a foundation 
i n  technology on which to  develop and improve propulsion c a p a b i l i t i e s  fo r  the 
na t ion ' s  fu1:ura space missions. 
endeavors by examining the fundamental aspec ts  of problems t h a t  a r i s e .  The 
program covers research i n  propulsion d i sc ip l ines ,  engineering da ta ,  new cycle 
and design concept evaluation, design, f ab r i ca t ion  and experimental t e s t ing ;  
and f o r  the advancement of propulsion t o  meet requirements f o r  extended orbit:- 
a1 and lunar operat ions,  and f o r  planetary observation and landing mjssions. 

The program a l s o  supports cur ren t  ml ss ion 

Our present  space mission c a p a b i l i t i e s ,  f o r  both launch vehicles  and space- 
c r a f t ,  are heavi ly  dependent on chemical propulsion. Chemical propulsion 
systems are used f o r  launch vehicles ,  escape stages, lunar  and planetary 
landing moduil.es, i n  o r b i t  and de-orbi t  maneuvers, midcourse correctioln, 
a t t i t u d e  conkrol, rendezvous, propel lant  s e t t l i n g ,  as w e l l  as personnel t r ans -  
por t  devices ' Basic and experimental s tud ie s  of chemical propulsion systems 
m u s t  extend through the rocket t h r u s t  range from micro ounces t o  mi l l ions  of 
pounds. A cmncentrated e f f o r t  to r e a l i z e  the f u l l  p o t e n t i a l  of chemical pro- 
pulsion i n  systems t h a t  can be developed a t  r e l a t i v e l y  low cos t  is a p r inc ipa l  
purpose of t h i s  work. Chemic:al propulsion work covers l iqu id  and s o l i d  pro- 
pe l l an t  systems and hybrid systems, which are a combination of the two main 
propel lant  types. Increased knowledge of propulsion processes,  design tech- 
niques, p roper t ies  of materials, and f ab r i ca t ion  techniques provide t h e  bas i s  
fo r  advancedl system development. 
physical  p roper t ies  of propel.lants, combustion phenomena , ign i t ion ,  nlon- 
equilibrium and c l a s s i c a l  thermodynamic processes,  development of new mater ia l s ,  
understandint; and con t ro l l i ng  the processes of f lu id  mechanics, gas dynamics, 
heat t r ans fe r  a t  extremely hi.gh r a t e s  and s o l i d  mechanics. 

The s tud ie s  a l s o  cover measurement of 

New propul.sion s y s  t e m  problems and i d e n t i f i c a t i o n  of fu tu re  requirements 
are a l s o  part: of the program. Ef fo r t s  a r e  made t o  match propulsion s y s t e m  
capabi l i ty  t.0 performance needs of spacecraf t  and where necessary,  t o  con- 
cent ra te  e f for t .  t o  improve propulsion system e f f i c i ency  and increase p e r -  
formance of the vehicle.  Such ana lys i s  leads t o  assessment of new methods 
and design c:onc:epts. Basic s c i e n t i f i c  and d i sc ip l ina ry  examinations of the 
propulsion techmology a re  complemented by an experimental demonstration 
program t o  d i sc lose  the problems of design methods, f ab r i ca t ion  and t e s t  
procedures, and p r a c t i c a l  operat ing l i m i t s .  Information on necessary funding 
and f a c i l i t i . e s  of a contemplated advanced engine system r e s u l t  from t h i s  work. 
The col l  aticm of d i sc ip l ina ry  research inves t iga t ion  and advanced engineering 
technology dew lopment provide the base f o r  advancement of chemical rocket 
propulsion c cipaibi li t ies . 



NASA f i e ld  centers provide d i rec t ion  and support of chemical propulsion 
a c t i v i t y  and are su f f i c i en t ly  d ivers i f ied  t o  cover the vast  array of  om- 
ponents and systems involved. Work is  done in-house using unique government 
f a c i l i t i e s  and by contract  w i t h  i ndus t r i a l  and academic organizations where 
appropriate. 

SUMHARY OF RESOURCES REQUIREMENTS : 

1966 

Supporting reisearch and 
technology.. ................. $32,950,000 

M-1 engine project.... ......... 2,000,000 
Large so l id  motor project . .  .... 4,750,000 

Total........................ $39.700,000 

Dis t r ibu t ionof  Program Amount by Ins t a l l a t ion :  

John F. IGenmedy Space Center, 
NASA.... . . . . . . . . . . . . . . . . . . .  $193,000 

Manned Spacecraft Center.. ... 625,060 
Mars ha1 1 Space Fl ight  Center . 7,050,000 
Goddard Space Fl ight  Center.. 550,000 
J e t  Propii1s:Lon Laboratory. *. . 3,511,000 
Langley ILesearch Center. ..... 2,869,000 
L e w i s  Research Center.. ...... 17,186,000 

Western !;upport Office.. ..... 5,265,000 
NASA Headquarters ............ 2,451,000 

1967 

$30,138,000 

3,500,000 
--- 

$33,638,000 

*..- 
$550,000 

3,790,000 
450,000 

3,338,000 
2,5 16,000 

11,890,000 
5,279,000 
5,825,000 

BAS IS OF FUNILSQUIREMENTS : 

Supporting Research and Technology 

1966 

Liquid  Roclcet Research and 

Solid Rocket Yropulsion 

L iqu id  Roclcet Experimental 

Solid Rocket Experimental 

Advanced Technology.. ........ $12,295,000 

Research and Technology.. .... 5,045,000 

Engineering.. ................ 12,660,000 

Engineer fing .................... 2,950,000 

Tota L.. ........................ $32,950,000 

196 7 

$11,690,000 

4,50 7,000 

10,984,000 

2,95 7,000 

$30,138,000 

1908 -- 

$38,000,000 
-111 --- 

38 000 000 LL 

$l(lO ,000 
1 ,O(IO ,000 
7,9!10,000 

4!10,000 
4,6(@ ,000 
2,7;1'5,000 
9,725,000 
7,6!+0,000 
3,7!10,000 

1968 --.- 

$12,4S10,000 

5,051'0,000 

17 ,oca ,000 

3,5CjO ,000 

938,0(~~0,000 

- 
-- 
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Liquid Rocket Research and Advanced Technology 

The 1iqu:td rocket research and advanced technology p ro jec t  provides re- 
search i n  t h e  d i sc ip l ines  associated with l iqu id  rockets.  It also st.udies 
advanced propulsion concepts t o  select fu tu re  mission r e l a t ed  program f o r  
fur ther  examination i n  the experimental engineering e f f o r t .  200 t a s k s  are 
ncw included i n  t h i s  e f f o r t .  Half are i n  broadly based applied research 
applicable to t a l l  l i qu id  engines; a t h i r d  are aimed a t  spacecraf t  engine 
requirementti spec i f i ca l ly ;  the  remainder a t  launch vehicle  engine problems. 
45% of the work is in-house,  45% is  contracted with industry and 10% i s  con- 
t racted with un ive r s i t i e s .  

Research includes fu tu re  requirements ana lys i s ,  combus t i o n  and combustion 
i n s t a b i l i t y  retrearch, s tud ie s  of i g n i t i o n ,  c a t a l y s i s ,  and propel lant  i n j e c t i o n ,  
the hydrauliic and hydrodynamic behavior of pumps, total  system dynami cs  , 
examination of promising high performance propel lan ts ,  including monopro- 
p e l l a n t s ,  new materials of construct ion,  f ab r i ca t ion  processes and te  chniqws , 
and design d a t a  af engineering handbook type. 

The high cxtergy space s to rab le  propel lan t  e f f o r t  has made s i g n i f i c a n t  
progress recent: l y  . High performance with d i f f i c u l t  -to-hand le  prope 11 a n t  
systems , such as oxygen d i f  luoride-diborane, has now been demonstrated. The 
oxygen d i f  lusride-diborance (OF2-B2%) combination provides about 20 specif ic .  
impulse unit:ts over the next bes t  space s to rab le  competitor. Further research, 
on chamber ccxwtruction and cooling w i l l  be conducted. 

The launch vehicle  work includes in-depth analysis  and experiments t o  
determine the optimum configuration of mult iple  chambers expanding on a plug 
nozzle t o  eximine high pressure combustion, tocharac te r ize  flow problems i n  
large duc t s ,  t o  provide da t a  fo r  cool-down and thermal design of large 
components, t o  study transient.  behavior of mult iple  engine systems, t o  
advance i n j e c t o r  design concepts, and t o  develop methods f o r  more economical 
fabr ica t ion  of engine components. The turbopump i s  being c r i t i c a l l y  analyzed 
t o  determine how bes t  t o  design a pump f o r  rapid cool-down, and t o  determine 
how much vapor a pump can ac tua l ly  inges t  as a funct ion of its speed. This 
work will provi.de defined margins f o r  s tar t  and restart conditions.  Ef for t  
t o  i den t i fy  andl exp lo i t  subst .ant ia l ly  cheaper ways of construct ing rocket 
engines,  whi 1.e maintaining high performance, l i g h t  weight, and r e l i a b i l i t y  
w i l l  be expanded. This e f f o r t  w i l l  c a p i t a l i z e  on combining improvements of 
design techniques with new ways of f ab r i ca t ing  materials. 

Solid Rocket Propulsion Research and Technology 

The s o l i d  propulsion research and technology p ro jec t  develops the basic 
so l id  propuls,icln science and technology. 

Solid and hybrid systems have c e r t a i n  areas of performance supe r io r i ty  f o r  
space mi.ssions due t o  improved r e l i a b i l i t y ,  s imp l i c i ty ,  l o g i s t i c  and ground 
support charaicter is t ics  as well as po ten t i a l  development and operat ional  
economy. I n  addi t ion  t o  boosters fo r  launch vehicles ,  so l id  motors a re  used 
extensively in upper stage and accessory appl icat ions such as separa t lon ,  
sp in ,  propel lant  s e t t l i n g ,  gas generat ion,  and abort .  
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New demands on s o l i d  propel lan t  motors, such as prec i se  propulsion outputs ,  
accurate commaad cut-off,  and a limited number of s t o p - r e s t a r t  cyc le s ,  neces- 
si tate a b e t t e r  understanding of the  fundamentals of i g n i t i o n  and combustion. 
Recent advances i n  s teady-s ta te  and t r a n s i e n t  combustion theory have lead t o  
successfu l  demonstration of s o l i d  motors capable of i n t e r rup ted  comburtion 
and l imited s t o p - r e s t a r t  cycles. A more profound s c i e n t i f i c  background is  
needed. 
motors w f l l  receive continued a t t e n t i o n  i n  FY 1968. 

Command s t o p - r e s t a r t  and t h r u s t  v a r i a t i o n  i n  s o l i d  propellani: space 

Hybrid systems o f f e r  advantages f o r  some missions, but technology Iproblems 
m u s t  be resolved. High performance propel lan ts  which are becoming ava i l ab le  
need assessment of t h e i r  k i n e t i c s  of decomposition, chemical e r o s i v i t  1 ,  
i n s t a b i l i t y  c h a r a c t e r i s t i c s ,  physical  p rope r t i e s ,  s e n s i t i v i t y ,  arid prlocessing 
c h a r a c t e r i s t i c s .  

Liquid Rocket Experimental Engineering 

The experimental engineering e f f o r t ,  i n  both l iqu id  and s o l i d  propiellant 
rocket engines,  develops d a t a  and experience on engine components and systems, 
genera l ly  in breadboard form, through experimental demonstration t e s t s .  These 
tests ve r i fy  engineering design concepts and generate sound design and material 
specificaticars f o r  new equipment based on test  r e s u l t s ,  def ine  bes t  operating 
conditions,  and lead t o  good estimates of development procedures, funlding and 
test equipment requirements. 

Launch Vel&.le Systems - NASA has been engaged f o r  s eve ra l  years i n  exam- 
ina t ion  of the technology f o r  advanced high performance rocket engines using 
cryogenic (h.ydxogen and oxygen) propel lan ts .  The NASA e f f o r t  and comple- 
mentary work: supported by the! Department of Defense i n  the development of 
technology f o r  engines using cryogenic propel lan ts  have proceeded through 
design ~tudi,r:s and are now engaged i n  t e s t i n g  cri t ical  components of such 
advanced engines. 
chamber pree,b;ures, the  o ther  involves a t o r o i d a l  combustion chamber with H 

trunceted p1.0g nozzle. I n  the  latter concept, chamber pressures are lower;; 
high perfornuince is achieved by g r e a t e r  expansion of gases i n  a given length. 

Two approaches have evolved; one operates at  high combw!titm 

The diveroe technologies of these concepts w i l l  be explored with scale 
model hardware, with p a r t i c u l a r  a t t e n t i o n  t o  an t i c ipa t ed  t rouble  a reas  i n  
fu tu re  IIargei: appl ica t ions .  I n  FY 1968 emphasis w i l l  be placed on t e s t i n g  of 
subsystems c u d  components such as turbomachinery, i n j e c t o r s ,  combustion 
chambers, valves and ca i t ro l t r ,  and the assembly of these components t o  
examine t h e i r  dynamic in t e rac t ion .  Sys tern i n t e g r a t i o n  tests and design 
in t eg ra r ion  of an advanced engine w i l l  follow i n  fu tu re  years.  
w i l l  provide the necessary background f o r  advanced engine developments of the 
1970's. 

This work 

Work on these engine technologies has been coordinated with t h e  DCID 
through j o i n t  working groups, ad hoc comaittees, and subpanel repor t ing  t o  
the Support ISpirce Research and Technology Panel of t he  Aeronautics arid A S ~ K O -  
naut ics  Coordinating Board. 



Space Prq,uls ion Systems - The space propulsion experimental work covers 
three areas : (1) advanced systems u t i l i z i n g  conventional ear th-s  to rab le  pro- 
pe l l an t s  ; (;!;I daep-cryogenic systems u t i l i z i n g  l iqu id  hydrogen i n  con junct ion 
with e i t h e r  Liquid oxygen or  l iqu id  f luorine;  and (3) the space-storable 
high-energy riy8tems. The s to rab le  propel lant  systems appear m o s t  s u i  t ab l e  
fo r  maneuvei::Lng spacecraf t  i n t o  o rb i t  around the planets  and onto t h e i r  
surfaces;  the  normally Liquid ear th-s torab les  f o r  the near term missions and 
the high pei:.Eoi:mance semi-cryogenic space-storables f o r  the more ambi t i ous  
missions of the  future .  The deep cryogenics are adaptable  t o  missions where 
the l imited s t o r a b i l i t y  of l iqu id  hydrogen presents  no problem. 

A c t i v i t y  in the ear th-s torab le  propel lant  area is diminishing, although 
improvementit m u s t  be made i n  systems t o  be used f o r  the Voyager mission. 
Technology imrlt on ea r th  s t o r a b l e  systems w i l l  continue un t i l  the Vo)lager 
f l i g h t  conffiguirations are f i n a l .  The areas t o  be s tudied i n  FY 1968 are 
th rus t  c h d ) e r  design, pos i t i ve  expulsion, f l u i d  flow regula t ion ,  valves and 
tank pressui: izntion. 

Oxygen-h!ydrogen sys terns are now operat ional  f o r  s h o r t  term m i s s i o n s .  The 
technology needed t o  extend l iqu id  hydrogen storage t i m e  is  being advanced. 
A high-perf omumce f luorine-hydrogen engine is being demonstrated. This work: 
w i l l  be continued t o  provide c r i t e r i a  f o r  the design,  f ab r i ca t ion ,  inspect ion 
and serv ic ing  of f l i g h t  weight l iqu id  f luor ine  propulsion systems. 

The p r inc ipa l  e f f o r t s  i n  FY 1968 w i l l  be i n  the space-storable propel lant  
area, with focils on t w o  propel lan t  combinations: oxygen d i f luo r ide  stnd 
diborane (01?2-132H6) and oxygen d i f  luoride and a representa t ive  liquidiied 
petroleum gas Euel. 

The Lewirs Research Center and the  Jet  Propulsion Laboratory are efiitablish- 
ing  the perEorinance a t t a i n a b l e  with these high energy propel lants  over a wide 
range of operating condi t ions,  including chamber pressures ,  t h r u s t  lc!vels and 
mixture ratios. FY 1968 e f f o r t s  w i l l  concentrate heavi ly  on the syst.em 
aspects of using these propel lant  combinations. This work w i l l  lead t o  the 
preparat ion of preliminary model spec i f i ca t ions  f o r  high performance space- 
c r a f t  engine s. 

Attent ion w i l l  a lso be d i rec ted  t o  extending the space s t o r a b i l i t y  of 
these mi1dl:y cryogenic propel lants .  Experimental d a t a  are needed t o  determine 
the requirements f o r  i n su la t ion ,  thermal i s o l a t i o n  and equipment o r i en ta t  ion 
t h a t  w i l l  maintain the space s t o r a b l e  propel lan ts  i n  equi l ibr ium indr!finitely 
so t h a t  no tank venting w i l l  be required.  

Auxil iar ,yPropuls ion Systems - Auxiliary propulsion systems are important 
f o r  vehicle  re  tro, mid-course and rendezvous maneuvers and t o  maintain vehic1.e 
a t t i t u d e  i n  f l i g h t .  Because of repeated use,  these small systems m u t i t  be 
developed t o  extremely high r e l i a b i l i t y .  Operational d i f f i c u l t i e s  with 
current  systems ind ica t e  a need f o r  fu r the r  work i n  t h i s  area. 
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Monopropellant aux i l i a ry  systems have the lowest s p e c i f i c  impulse, bu t  show 
adequate sys tern performance fo r  many aux i l i a ry  appl ica t ions .  Earth-s torable  
propel lan t  systems are used i n  many current  programs such as the  Apollo. 
High energy propel lant  aux i l i a ry  systems are being examined f o r  use i n  
advanced launch vehicles  and spacecraf t .  

The major e f f o r t  i n  the monopropellant a r ea  has been with hydrazinle, 
(N2H4). Several f l i g h t  development programs have been committed t o  u(se of 
hydrazine aux i l i a ry  systems. Continuing work with monopropellant hydrazine 
w i l l  cover design improvements t o  the c a t a l y s t ,  evaluat ion of blended pro- 
pe l l an t s  for 1c.w temperature s t o r a b i l i t y ,  use fo r  propel lant  tank pressuriza-  
t ion  and power generation appl ica t ions .  

Support of' ear th-s torab le  propel lant  systems is d i rec ted  to  e l imina t ion  of 
i g n i t i o n  prahlerns which have been the apparent cause of s eve ra l  space system 
f a i l u r e s  . 

The high energy oxygen-hydrogen propel lant  combination has been under 
inves t iga t ion  f o r  aux i l i a ry  propulsion use. 
from the s ta$e main tanks of high performance stages such as Centaur and 
Saturn is being invest igated.  

The use of oxygen and hydrogen 

Work on space s to rab le  propel lan t  aux i l i a ry  propulsion systems is j u s t  
ge t t i ng  under way. Due t o  the high combustion temperatures associated with 
the  f luo r ine  family of oxidizers  used i n  space s to rab le  systems, a primary 
problem is thrulst chamber design. Novel approaches t o  uncooled designs w i l l  
be i n w s  t iga.t e d  . 

Solid Rocket Experimental Engineering 

Act iv i ty  i n  t h i s  area is divided i n t o  launch vehic le ,  spacecraf t ,  and 
aux i l i a ry  propulsion motors. 

Launch Vehkle  Propulsion - Solid launch vehicle  motors are appl icable  f o r  
the f i r s t  or boost stages of launch vehicles .  The main e f f o r t  i n  t h i s  pro jec t  
is  to  develop technology t o  support  the la rge  sol id-propel lant  c l a s s  of 
motors. 

The eva lua t ion  of advanced materials f o r  la rge  motor cases is being under- 
taken. Maraging steel  has been s a t i s f a c t o r y  f o r  the  260" c la s s  of motor, but 
exact ing inspect ion and weld r epa i r  standards m u s t  be maintained. 
small flaw ccluld cause motor case f a i l u r e  during hydro tes t ,  inves t iga t ions  of 
steels t h a t  resist such f a i l u r e  are underway. 
opments are f inding many uses outs ide the  space program. 

Since a 

These steel  technology devel- 

Less cost1.y nozzle materials and methods f o r  refurbishing f i r ed  nozzles 
are under study. The materials which are cur ren t ly  used f o r  nozzle ab la t ive  
sec t ions  will.  be replaced by cheaper materials as they are proven successful  
i n  small motor tests. 
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Thrust vecto:r cont ro l  is being invest igated.  
motor appl ica t ion  w i l l  be se lec ted  on the bas i s  of small-motor demonstrations *, 

The b e s t  system f o r  fu tu re  

SpacecrafitAropulsion - Solid propel lan t  motors a re  used on small space- 
c r a f t  , such iM Surveyor, f o r  rnaj o r  propulsion maneuvers, such as dece 1I.erat ing 
t o  land on the moon. High s p e c i f i c  impulse, low i n e r t  weight space st.:or- 
a b i l i t y ,  and i n  some cases a degree of c o n t r o l l a b i l i t y ,  are important design 
fea tures .  

An experirrren1:al p ro j ec t  wag s t a r t e d  t o  demonstrate solid-propellant:. motors 
which meet the :impulse, t h rus t  cont ro l ,  and s t r u c t u r e  requirements f o r  space 
missions e 

and with th rus t  restart capab i l i t y  w i l l  be demonstrated. 
A motor with a high performance beryllium-containing propel. l a n t  

Auxiliary Jkopuls ion  - Solid propel lant  motors are extensively mecl fo r  
r e t r o ,  u l lage ,  escape, and a t t i t u d e  cont ro l  appl icat ions.  Thrust leve Is of 
these motors vary from a f r a c t i o n  of a pound t o  thousands of pounds. One of 
our goals i s  to e s t a b l i s h  cons is ten t  c r i t e r i a  f o r  such propulsion systems. 

Large Sol id  Motor Pro jec t  

1968 --- 1966 1967 

Large s o l i d  motor project .  ,, . . . . . . . . e $4,750,000 $3,5OO,OOO --- 
The 260- inch diameter s o l i d  motor demonstration program is being completed 

with funds appropriated f o r  Fx 1967. 
t o  e s t a b l i s h  the! technologies of l a rge  s o l i d  motors t o  the poin t  where design 
and developamit could be undertaken with confidence a t  the t i m e  when a need 
f o r  f l i g h t  hardware emerges. 

The objec t ive  of t h i s  program has been 

Major progress has  been made toward accomplishing these objectives through 
the construct ion and f i r i n g  of two 260-inch diameter rockets.  The completion 
and f i r i n g  of a t h i r d  and f i n a l  rocket  of t h i s  s ize  i n  June, 1967, i s  expected 
to  f u l f i l l  thick major ob jec t ives  of the  l a rge  s o l i d  demonstration program. 
Spec i f ica l ly ,  th le  technologies t h a t  w i l l  have been demonstrated a r e  t h e  selec- 
t i on  of motor case mater ia l  and establishment of f ab r i ca t ion  techniques; the 
design and se1.ection of mater ia l  f o r  the ab la t ive  nozzle;  the design of 
igniters; and t h e  establishment of o ther  inc identa l  but pe r t inen t  processes 
and technique E;. 

Supporting research and technology a c t i v i t y  r e l a t i n g  t o  la rge  so l id  rocke ts  
w i l l  continue i n  FY 1968. This work w i l l  be concentrated on motor case mater- 
i a l s  research and on methods af obtaining high r e l i a b i l i t y  with a view toward 
enhancing the pos i t ion  of the  la rge  so l id  rocket a s  a lbw cos t ,  highly reli- 
ab le  system of the  future .  

RD 18-7 



RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1968 ESTIMATES 

OFFICE OF A W A E E D  RESEARCH A N D  TECHNOLOGY AERONAUTICS PRCX&M 

PROGRAM OBJECTEES AND JUSTIFICATION: 

The ro l e  O E  the  Aeronautics program i s  t o  provide through research 1:he 
technology t o  iyprove the e f f i c i ency ,  u t i l i t y ,  and s a f e t y  of a i r c r a f t .  
The program eincoinpasses work i n  aerodynamics, s t ruc tu res ,  materials, a.i.r 
breathing prolpulsion, operat ional  aspec ts ,  including sa fe ty ,  noise ,  anal 
sonic boom, and ipilot and a i r c r a f t  i n t eg ra t ion ,  Studies  i n  these area:; 
point  t o  the most pro f i t ab le  paths f o r  technological advances i n  the frtture. 
For example, t h e  XV-SA fan-in-wing a i r c r a f t ,  the  t i l t -w ing  XC-142A V/STOL 
t ranspor t ,  and the variable-sweep wing f o r  the F-111 a l l  appeared several  
years ago as research concepts. In  the years between the f i r s t  i n d i c a ~ i o n  
of the value <of the concept and the f i r s t  f l i g h t s  of the vehic les ,  NASA 
aided i n  the de ta i led  formulation of the concepts and i n  substant ia t ini ;  
through research the over -a l l  c a p a b i l i t i e s  of p r a c t i c a l  vehic les  based 
on these concepts. 

IXlring development of these new a i r c r a f t  NASA conducts extensive wind 
tunnel t e s t s ,  simulator programs, and f l i g h t  inves t iga t ions  using appro- 
p r i a t e  t e s tbed  a i r c r a f t  t o  v e r i f y  predicted performance and operat ional  
c h a r a c t e r i s t i c s  of these vehic les  and to  a i d  i n  the so lu t ion  of problems 
of a developmental nature.  This advanced technical  development i n  support 
of mi l i t a ry  and c i v i l  a i r c r a f t  procurement is  performed a t  the request 
of the cognizant government agencies and i n  cooperation with the requesting 
agency's cont rac tor ,  

Research i n  Aeronautics i n  FY 1968 w i l l  include s tud ie s  d i rec ted  toward 
improvement of subsonic a i r c r a f t ;  s tud ie s  of new materials and s t r u c t u r a l  
design concepts required to  f ab r i ca t e  reliable l ightweight s t r u c t u r e s  su i t -  
able  f o r  a long l i f e  under high temperature condi t ions f o r  supersonic ,and 
hypersonic a i r c r a f t ;  s tud ie s  of air-breathing propulsion cyc les  and en;)ine 
components t o  increase e f f i c i ency  and permit the design of e f f i c i e n t  l i gh t -  
weight engines for  V/STOL a i r c r a f t ,  supersonic t ranspor t ,  and hypersonic 
a i r c r a f t ;  and s tud ie s  d i rec ted  toward improving f l i g h t  s a f e t y  and incrleasing 
operat ional  f l e x i b i l i t y  e spec ia l ly  under adverse or all-weather f l i g h t  
condi t ions including general  business and p r iva t e  a i rp lanes  of present  and 
proposed a i r c r a f t  . 

Experimental research and development a i r c r a f t  and engineering test-  
p i l o t  prof ic iency a i r c r a f t  considered necessary t o  ca r ry  out  and support 
the aer0nautic.s e f f o r t  are included under t h i s  program. 
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SUMMARY OF R J ~ V R C E S  REQUIREMEWS : 

1968 1966 1967 -I 

Supporting research and 
techno logy, .................... 

X-15 reseinrcll a i r c r a f t . .  ......... 
Super son i c  t i c  ans po r t ............. 
V/STOL a i r c r a f t . .  ................ 
Hypersonic: ramjet engine.. ....... 
XB-70 f l i g h t  research program.. .. 
Airc ra f t  noise reduction.. ....... 
Quiet engine development.. ....... 
Delta X-1.5 a i r c ra f t . . . . . . . . . . . . . .  
F-111 a i r c r a E t . . . . . . . . . . . . . . . . . . .  
F-106 aircraEt . . . .  ............... 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  

$10,186,000 
883,000 

12,331,000 
3,200,000 

9,896,000 
5,000,000 

--- --- --- --- --- 

$9,582,000 
878,000 

11,090,000 
5,550,000 
2,000,000 
2,000,000 
4,800,000 --- --- --- --- 

$18 ,, 600,000 
4 :I 000,000 

11 $I 100,000 

7 :I 000,000 
10 :I 000,000 
3 :I 500,000 
2 :I 000,000 
1 :I 000,000 

500,000 
2 I, 000.0ocJ 

7 :I 100,000 

$41.496,000 $35.900.000 - & ~ O O . O O O  

Distributki. of Program Amount by Ins t a l l a t ion :  

1968 1966 1967 - 
Ames Re,search Center.. ......... $4,995,000 $5,980,000 $11 ,,OOO,OOO 
Electronics Research Center.. . .  190,000 94,000 150,000 
Fl ight  Research Center.. . . . . . . .  12,605,000 5,191,000 20 ,, 500,000 
Langley Research Center. . . . . . . .  11,926,000 12,873,000 18,,900,000 
Lewis Reseoarch Center.. ........ 9,716,000 10,359,000 14 ,, 200,000 
NASA Headquarters. ............. 2.064 .OOO 1,403,000 2,050.000 

BASIS OF FUI@-REQUIREMENTS: 

Supporting Research and Technolonv 

1968 1966 1967 - 
Aircraf t  aerlodynamics.. .......... $2,032,000 $1,625,000 $2,500,000 

A i r  breathing propulsion ......... 2,250,000 2,500,000 3 ,500,000 
Aircraf t  operating environment... 3,989,000 3,205,000 3,100,000 
Systems dynamics. * * 

Aircraf t  loads and s t ruc tures . . . .  1,915,000 2,252,000 2,800,000 

................ - 6,700.000 
Total . . . . . . , . . . . . . . . . . . . . . . . . . .  $10.186.000 $9,582.000 $18 - 

* Prior  t o  'FY 1968 Aircraf t  operating environment and Systems dynamics were 
ca l led  Operating Problems. 
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A i r c r a f t  Aerodynamics 

Research i n  eerodynamics i s  a continuing e f f o r t  on a i r c r a f t  componcmts 
and t h e i r  coinbinattons, the  flow f i e l d  and boundary l aye r  phenomena as- 
sociated w i t h  t h e m ,  and the  pred ic t ion  of t h e i r  aerodynamic c h a r a c t e r i s t i c s  
a t  low and high speeds. This area of a c t i v i t y  involves the formulation and 
refinement of appl icable  theory and ca l cu la t ive  methods, the improvement of 
wind-tunnel c a p a b i l i t i e s  and experimental techniques, and the app1ical:ion 
of these too l s  to  the improvement of a i r c r a f t  technology. 

Wind-tunnel and ana ly t i ca l  inves t iga t ions  aimed a t  improving s t a b i l i t y  
and cont ro l  of general  av ia t ion  a i r c r a f t  w i l l  be conducted. The firsl: 
ob jec t ive  i n  t h i s  a rea  w i l l  be t o  devise s t a b i l i t y  and cont ro l  concep1:s 
which tend t o  increase the forgiveness of the a i r c r a f t  i n  adverse weal:her 
operat ion and i n  c r i t i c a l  maneuvers such as landing. A second objectCve 
w i l l  be t o  extend the e x i s t i n g  speed, range, and payload c a p a b i l i t i e s  
of the c l a s s  without increasing s i z e  or  cost. 

Improved aerodynamics f o r  subsonic and t ransonic  a i r c r a f t  w i l l  conlcinue 
t o  be sought fo r  attainment of higher c r u i s e  speeds and f l i g h t  e f f i c i e n c i e s ,  
lower speeds and power requirements during approach and landing ( f o r  Ln- 
creased sa fe ty  and reduced noise) ,  and wider s t a b i l i t y  and cont ro l  margins 
t o  ease the p i l o t ' s  workload. While the  primary t a rge t  fo r  t h i s  rese,nrch 
w i l l  be the next generation of subsonic j e t  t r anspor t s ,  any fundament(n1 
advances i n  the technology obtained should also be of benef i t  to  o ther  
a i r c r a f t  types. 

Theoret ical  and experimental s tud ie s  aimed a t  determining e f f i c i e n t  
aerodynamic configurat ions fo r  volumetr ical ly  e f f i c i e n t  hypersonic 
c ru i se  vehicles  are being performed and w i l l  be continued as p a r t  of a 
systematic program t o  provide aerodynamic, p r inc ip l e s  f o r  developing 
highly e f f i c j e n t  hypersonic a i r c r a f t .  

Although l i f t - d r a g  r a t i o  i s  an important aerodynamic e f f i c i ency  
parameter in obtaining extended c r u i s e  f l i g h t ,  i t  is  not the so l e  deter-  
mining f ac to r  i n  the se l ec t ion  of an e f f i c i e n t  hypersonic vehicle .  Assess- 
ment of other fundamental aerodynamic phenomena, such as, shock impingement, 
boundary layer  t r a n s i t i o n ,  in te r fe rence  e f f e c t s ,  heat  loads as they a f f e c t  
sk in  f r i c t i o n ,  will be made i n  d e t a i l  and included i n  the design p r inc ip l e s  
fo r  aerodynamic configurat ions.  In tens ive  e f f o r t s  w i l l  be d i rec ted  a t  
developing improved methods of predic t ing  the magnitude and d i s t r i b u t i o n  
of aerodynamic heat ing on complex configurat ions representa t ive  of hypersonic 
a i r c r a f t .  Through t h e s e  configurat ional  s tud ies  the  degree of agreement 
between experimentally determined aerodynamic c h a r a c t e r i s t i c s  and those 
predicted by ava i l ab le  ana ly t i c  techniques w i l l  be assessed. The e s t ab l i sh -  
ment of t h i s  methodology will. be somewhat similar t o  the computer programs 
of supersonic: a i r c r a f t  technology but modified and extended t o  the hypersonic 
speed regirw through the use of appropriate  theory. 
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The funds requested are f o r  both s m a l l  and la rge-sca le  models, wind 
tunnel model support systems, spec ia l  instrumentation, and support se rv ices  
con t r ac t s  ,, 

The techno1.ogy r e s u l t i n g  from the  research as discussed above w i l l  b e  
in tegra ted ,  through the  N A S A / A l r  Force Systems Command Steer ing  Group 
f o r  j o i n t  prog;irani planning, i n t o  the  Hypersonic A i r c r a f t  Technology 
program. 

A i r c r a f t  Loads and S t ruc tu res  

A structurrr:! design problem common t o  a l l  a i r c r a f t  i s  f a i l u r e  due t o  
f a t igue ,  the  weakening and cracking which occurs under repeated s t r e s s i n g  
f o r  a l l  struct:ural  materials. Research on f a t igue  extends from s tud ie s  
d i rec ted  towards a more accura te  d e f i n i t i o n  of t he  a i r c r a f t  loads important 
t o  fa t igue  t o  c y c l i c  loading tests of components, representa t ive  of a i r -  
frame s t r u c t u r e s .  Increased emphasis is  being placed on s t u d i e s  of r a t e s  
of crack growt:h under repeated loads and the  s t rength  c h a r a c t e r i s t i c s  
remaining i n  a s t r u c t u r e  contaming a f a t igue  crack. 

The preven1::ion of f l u t t e r  of sk in  panels i n  t ransonic  and supersonic 
f l i g h t  i s  a dF:?ficult problem. This f l u t t e r  arises from the  complex 
in t e rac t ion  oi numerous aerodyriamics and s t r u c t u r a l  e f f e c t s .  A continu- 
ing experiment:al e f f o r t  involving wind tunnel s t u d i e s  i s  being maintained 
t o  evaluate the r e l a t i v e  e f f e c t s  of var ious  parameters including assess -  
ment of f l .u t ter  c :harac te r i s t ics  of  new proposed designs. Complementary 
analytical .  s tud ie s  are being conducted t o  improve f l u t t e r  pred ic t ion  
methods f o r  usie i n  design.  

Research i s  being d i r ec t ed  Coward the  development of a n a l y t i c a l  
and experiment.al techniques t o  obta in  more accurate methods of  pred ic t ion  
of t he  dynamic: response o f  an a i rp l ane  t o  atmospheric turbulence. A 
p a r t i c u l a r l y  proniising technique, i n  which the  a i rp l ane  gus t  response 
can be determined by means of  niodel tests i n  a wind tunnel ,  is  being 
evaluated.  AI so being sought a r e  improved techniques f o r  pred ic t ing  
s t ructural .  response t o  engine and boundary layer noise. 

Hypersonic f l i g h t  presents  a formidable t a sk  i n  s t r u c t u r a l  design and 
materials utiI.l .za~tion t o  obta in  light-weight s t r u c t u r e s  fo r  the severe heat- 
i ng  environment:. Three s t r u c t u r a l  des ign  problem areas are the  cryogenic 
hydrogen tanka.g;e, the  ho t  wing and the  cooled engine i n l e t s .  
and wind tunnel. tests under combined loading and high temperatures and 
complementary t h e o r e t i c a l  s t u d i e s  are being i n i t i a t e d  and expanded. 

Laboratory 

A i r  Breathing Propulsion 

The primary goals  of the  a i r  breathing propulsion research program 
are t o  increase the performance, r e l i a b i l i t y ,  s a f e t y ,  and economics of 
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operat ion i n  current  and fu tu re  subsonic and t ransonic  aircraft f o r  c:oPaaercia 1 
and m i l i t a r y  supersonic appl ica t ions ,  and t o  explore t h e  p o t e n t i a l  of hyper- 
sonic  propu'lsion systems. The extensive propulsion research e f f o r t  d i r ec t ed  
toward advanced supersonic t ranspor t  aircraft is  described under the  heading 
"Supersonic 'l'rtmsport. 'I 

Research is being i n i t i a t e d  t o  determine a n a l y t i c a l l y  and experimentally 
noise  generrition and transmission processes i n  fan  blade rows and assoc ia ted  
ducting. 
w i l l  be s tudied t o  determine e f f e c t i v e  means of reducing noise  a t  tht! source, 

Fan blade row modifications as w e l l  as t i p  speed and loading changes 

Research w i l l  be conducted on i n l e t s ,  exits, and a f t e rbod ies  t y p i c a l  of 
high bypass r a t i o  propulsion systems an t i c ipa t ed  f o r  very la rge  subsonic 
a i r c r a f t  . 

I n  the  hypersonic area, research w i l l  continue on r ep resen ta t ive  hypersonic 
i n l e t s  and ,Inlet  cont ro l  systems. 
d i f fus ion ,  inin:imum combustion length,  c a t a l y t i c  i g n i t i o n ,  f u e l  injeci: ion,  and 
i g n i t i o n  optim.Lzation w i l l  continue. 
authorized l a s t  year i s  t o  be completed. 

Basic s tud ie s  of supersonic mixin$; and 

The advanced syn the t i c  a i r  facii.lity 

A i rc ra f t  Operating Environment 

Research in t h i s  area is  d i rec ted  toward improving f l i g h t  s a f e t y  ctnd in-  
creasing the opera t iona l  f l e x i b i l i t y  of cur ren t  and advanced design t i i r c r a f t .  
Research on a i r c r a f t  noise  i s  a l s o  included. 

A i rc ra f t  noise  a l l e v i a t i o n  research w i l l  continue a t  the  increased l eve l  
of e f f o r t  es tab l i shed  during the  previous f i s c a l  year with emphasis on f u l l -  
s ca l e  hardware and f l i g h t  tests. Control of fan  cornpressor noise ,  the g r e a t e s t  
source of annoyance during approach t o  landing, w i l l  be s tud ied  usin13 acous t l -  
c a l l y  t r e a t e d  fan i n l e t  and discharge ducts  on a four-engine jet  t ranspor t  ti:) 

determine the noise a l l e v i a t i o n  poten t ia l .  I n  add i t ion  the  economic and per.. 
fororance p e n a l i t i e s  t h a t  would ensue i f  such systems were t o  be r e t r o - f i t t e d  
t o  present jet  t ranspor t s  w i l l  be determined. Research on s t eep  appiroach 
techniques f o r  minimizing the  noise  under t h e  f l i g h t  path by increas tng  the  
d is tance  of the  a i r c r a f t  from t h e  ground has ind ica ted  the  need f o r  iiew, more 
pos i t i ve  methods of rap id ly  con t ro l l i ng  the  f l i g h t  path of t ranspor t  a i rc raf t :  
i n  climbout and landing approach. F l igh t  tests of t he  d i r e c t  l i f t  cont ro l  
concepts developed through ana lys i s  and wind tunnel  tests w i l l  be ca r r i ed  out: 
using a four-engine jet. transport prototype modified t o  incorporate  (5 d i r e c t  
l i f t  control  system. 

Research w i l l  continue on methods t o  improve con t ro l  of  a i r c r a f t  (during 
t h e  landing r o l l  out. A program has been i n i t i a t e d  t o  eva lua te  t h e  e f f ec t ive -  
ness of grooved runways as a means t o  improve cont ro l  on w e t  runways. Labora- 
to ry  tests w i l l  be  made t o  a r r i v e  a t  optimm runway groove spacing and 
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configuration. Based on these  results the  NASA's Wallops I s land  runwJiy is 
to  be grooved properly and various aircraft  operated therefrom t o  evaluate  
opera t iona l  iSSpiectS encountered i n  f u l l - s c a l e  s i t u a t i o n s .  

Ai rcraf t  cont ro l  d i f f i c u l t i e s  while i n  rough air  and operat ing undm in -  
s t r m e n t  f l i ;$ht  r u l e s  have been ca re fu l ly  documented i n  the  recent  pafit. 
research w i l l  continue using a var iab le  s t a b i l i t y  a i r c r a f t  t o  change cont ro l  
character  i s  t : L  cs t o  determine favorable a i r c r a f t  / p i  l o t  coupling f o r  rough a i r  
f l i g h t .  The r e s u l t s  of the  program w i l l  be appl icable  a l s o  to  the  al:l.ied 
problem of f l i g h t  path cont ro l  during condi t ions of clear a i r  turbulence (CAT:). 
Means to  de tec t  c l e a r  a i r  tubulence i n  advance of the  a i r c r a f t  t o  pernilit t h e  
p i l o t  t o  take adequate penetrat ion precautions o r  evasive maneuvers are a l s o  
under study iaS par t  of a coordinated governmental e f f o r t .  

The 

Based upon previously-funded s tud ie s ,  refinement of computer sfmulittions 
of seat/passcenger r e s t r a i n t  s;ystems w i l l  make ava i l ab le  f o r  the  f i r s t  time 
meaningful design cri teria on which the  seat designer can r e l y  i n  providing 
g rea t e r  s a fe ty  iand su rv ivab i l i t y  to  the  passenger involved i n  an a i rp l ane  
crash. 

Basic research s tud ie s  on f u e l  i g n i t i o n  sources and mechanisms of f u e l  
i g n i t i o n  i n  tanlks and vents ,  inves t iga t ions  of t he  behavior of a i r c r a f t  metals 
when s t ruck  b y  l ightning,  the  e f f e c t  of l igh tn ing  s t r i k e s  on fue l  sysIems, 
and inves t iga t ions  of co Id flame phenomena i n  the  SST environment shottld 
provide a grea te r  measure of s a f e t y  aga ins t  i n - f l i g h t  f i r e s  as w e l l  act an 
understanding O E  f ac to r s  a f f e c t i n g  post crash f i r e  prevention. 

Rnpir€cal .and a n a l y t i c a l  inves t iga t ions  of tu rb ine  d i sk  burs t  containment/ 
def lec t ion  s~:lhemes w i l l  be continued. 

Other research programs are concerned with: a r t i f i c i a l  precipitatji.on of 
moisture t o  prevent generation of warm fog; sampling t h e  velocity-accr:leration- 
a l t i t u d e  experiences of  commercial a i r c r a f t  during rout ine  operat ions; ;  and 
r e l a t i n g  radar  r e f l e c t i v i t y  t o  areas of in tense  l ightning,  winds, and h a i l  
i n t e n s i t y  to  Lmprove Operational procedures near severe storms. 

A i rc ra f t  System Dynamics 

Research i n  t h i s  area i s  d i rec ted  toward obtaining a b e t t e r  undersl.anding 
of t he  in t e r r e l a t ionsh ip  between the  p i l o t  and the  vehic le  he controlr:. 
includes iinp:rovLng methods f o r  a i r c r a f t  cont ro l ,  t h e  measure of p i l o t  accep- 
tance of vehic le  handling c h a r a c t e r i s t i c s  and improvement i n  the  capab i l i t y  
of grounld and f l i g h t  p i lo ted  s imulators  f o r  handling q u a l i t i e s  inves t iga t ions  
of a l l  c l a s ses  of a i r c r a f t .  
var iab le-s tab i lLty  a i rp l ane  s tud ie s  of p a r t i c u l a r  handling q u a l i t i e s  problems 
of ex i s t ing  a i r c r a f t ,  c r i t e r i a  w i l l  be formulated f o r  new c lasses  of ci i rcraf t .  

This 

In addi t ion  t o  continued ground-base simidator and 
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Improved methods f o r  con t ro l  of  fu ture ,  huge jet  t ranspor t  a i r c r a f t  t o  
provide s a t i s f a c t o r y  handling q u a l i t i e s  during low ceil ing-low v i s i b i l i t y  
approach and landing w i l l  be inves t iga ted  using e x i s t i n g  ground-based simula- 
t o r s  and by f l i g h t  tests with a current  jet  t ransport .  Of p a r t i c u l a r  concern 
are the  slow p i t ch  and maneuvering responses of such a i r c r a f t  a t  l o w  speeds. 
An increased e!ffort i n  general  av ia t ion  w i l l  be d i r ec t ed  a t  wind tunnel ,  
simulator,  andl f l i g h t  s tud ie s  t o  determine s t a b i l i t y  de r iva t ives  and o the r  
handling q u a l i t i e s  data pe r t inen t  t o  easing t h e  f l i g h t  con t ro l  problem fo r  
non-pro f essionla 1 p i  l o t s  . 

X-15 Research Ai rc ra f t  

1968 1966 1967 -I 

Aerodynamics ,................ $267,000 $160,000 $40,000 
Loads and dtructures... . . . . .  10,000 2 15,000 230,000 
Propulsion........ .......... 
Operating eowironment....... 606,000 503,000 30,000 
Systems dynamics. ........... * * 3,700.000 

--- -I- -0 -  

Total ...................... S8a;t 000 $878 OOQ A- 
* Pr io r  t o  FY' 1968 Operating Environment and System Dynamics w e r e  ca l l ed  
Operating Problems . 

The X-15 R.esearch program provides da ta  on manned, maneuverable hypersonic 
f l i g h t .  
f l i g h t  i n  i t s  t r u e  environment. 
i n s i g h t  i n t o  problems of aerodynamics, s t r u c t u r e s ,  propulsion and operat ions.  
The X-15 resu.l.ts provide confidence and guidance to research i n  ground-based 
hypersonic re6earch f a c i l i t i e s  enabling explorat ion i n  depth of many hyper- 
sonic  f l i g h t  problems. Major programs which w i l l  use t h i s  X-15 c a p a b i l i t y  i n  
the  fu tu re  a r e  the Hypersonic Ram jet  Experiment and t h e  advanced technology 
d e l t a  wing designed t o  inves t iga t e  the  programs of hypersonic c r u i s e  a i r c r a f t  
propulsion syrbtems and configurat ions,  respect ively.  

The 8:-15 provides the  only means i n  t h e  world f o r  studying hypersonic 
Experimental r e s u l t s  to d a t e  have given bas ic  

I n  addi t ion  t o  a continuing program i n  basic hypersonic f l i g h t  research,  
t h e  operationa.1 success of t he  X-15 program has opened i t s  use t o  space 
sciences as a c a r r i e r  vehic le  f o r  c e r t a i n  experiments requi r ing  i t s  unique 
performance ca,pabi l i t ies .  For example, research on horizon seekers f o r  
s a t e l l i t e s ;  high-speed h ighza l t i t ude  photography and s t e l l a r  u l t r a v i o l e t  
r ad ia t ion  has been performed using the  X-15 as a c a r r i e r  vehicle .  
of research w i l l  be continued during FY 1968. 

*is type 

Total  funding, r e s p o n s i b i l i t y  f o r  t he  opera t iona l  support of t he  X-15 
research prog,xam, conducted i n  cooperation with the  Department of Defense 
s ince  i t s  incept ion,  w i l l  be t r ans fe r r ed  to  the  NASA on January 1, 1968, 



f o r  the  renadncler of FY 1968 and a l l  subsequent years,  i n  accordance with 
the  decis ion of t he  NASA-DOD Aeronautics and Astronautics Coordinating Board. 
This support: hats cost  approximately $8,000,000 per year. Therefore, operat ional  
support of t:he program f o r  one-half of f i s c a l  year 1968 i s  $4,000,0001. 

- Supersonic Transport 

1966 1967 -, 1968 . 

Aerodynamics. . . . . . . . a . $585,000 $700,000 $800,0001 
Loads and structures. .  . . . . 385 , 000 800,000 700,0001 

Operating environment.. . . . 2 , 101,000 800,000 800,0001 
Propulsion. . . . . . . a . . . 9 , 260,000 8 , 790,000 7,000,000~ 

System dytlim.l.cS. . an * * - 1>8OOsOOO! 

$12,33 1,000 $11,090,000 &, 100, OOO! 

* Prior t o  IT1 31968 Operating Environment and System Dynamics were ca l l ed  
Operating Prob Hems. 

By inter-agency agreement, NASA w i l l  continue to provide technical  support 
and assistawe bo the  Federal Aviation Agencp (FAA) i n  the  evolut ion of t he  
U. S. prototyppe supersonic t ransport .  I n  addi t ion  NASA, by v i r t u e  of its 
s t a tu to ry  rc!sponsibility, w i l l  conduct a continuing research program to pro- 
vide the  teclinology f o r  improved and advanced airframes, propulsion systems, 
and operat ional  concepts appl icable  to  t h i s  type of a i r c r a f t .  

AerodynamxLc research w i l l  be d i r ec t ed  to  extend the  technological state- 
of- the-ar t  t o  higher  c r u i s e  speeds, increase aerodynamic e f f i c i ency  through- 
out the  s p e d  range, and improve supersondc flow f i e l d  pa t t e rns  t o  minimize 
generation o €  sonic  boom. 
u l t i m a t e  useFulness of supersonic t ranspor ta t ion ,  w i l l  be pursued by continued 
a n a l y t i c a l  mid experimental tsf f o r t  i n  wind tunnels on shape optiminza t i o n ,  
minimization of perfonnance pena l t i e s  f o r  adequate s t a b i l i t y  and cont ro l ,  
development of techniques fo r  deal ing with a e r o e l a s t i c  def lec t ions  of t h e  
s t ruc tu re ,  wid reduction of tiesign con t r a in t s  imposed by sonic  boom considerations.  

These objec t ives ,  of prime importance to  the  

The e f f e c t s  of low-density f u e l s  such as l iqu id  methane and hydrogen on thle 
character is t : tcs  of t h e  aerodynamic configurat ion w i l l  be determined. P a r t i c u l a r  
a t t e n t i o n  wjill be given t o  the  t ransonic  and low-speed as w e l l  as the1 supersonic 
c h a r a c t e r i s t t c s  of promising advanced concepts. 
design stud:t~as w i l l  be performed concurrently as needed t o  guide and focus 
the a c t i v i t y .  

F e a s i b i l i t y  and prel  b i n a r y  

Wind tunnel tests and associated d i r e c t  t echnica l  support w i l l  be provided 
fo r  the  Nat:ioml Supersonic Transport Development Program as required. 
support w i l l  include necessary use of NASA f a c i l i t i e s  and key personrile1 by t h e  
FAA*and i ts  eont rac tors  i n  the  course of prototype development. 

This 

I *Currently the Department of Transportation. 
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Design problems associated with gus t  loads w i l l  continue t o  rece ive  increa-  
s ing  attenti .on.  The supersonic t ranspor t ,  (SST) because of la rge  s i z e  and 
high speed, wil.1 exh ib i t  a g rea t e r  response than current  subsonic t ranspor t s  
to t he  la rge  s i z e  or  long wavelength dis turbances of the  atmosphere. Special  
a i rborne  instrumentation cur ren t ly  being developed w i l l  be u t i l i z e d  in f l i g h t  
t o  obta in  a d e f i n i t i o n  of atmospheric turbulence f o r  these  conditions.  I f  
the long s lender  fuselage of the  SST has a s i zeab le  dynamic bending rlesponse 
t o  turbulence a problem of passenger and crew comfort arises. 
and experimmtal  wind tunnel s tud ie s  w i l l  be continued aimed a t  minimizing 
the  B t ruc tu ra  1 response t o  atmospheric disturbances.  

Analyt ical  

The NASA-l?AA-USAF have in i t . i a ted  a j o i n t  program t o  measure the  colsmic 
and solar radizition environment a t  SST a l t i t udes .  Measurements w i l l  be made 
with NASA irrst~:uments ca r r i ed  a l o f t  i n  balloons,  launched a t  the  Churchi l l  
Research Range,, and i n  KB57F a i r c r a f t ,  supplied by the  USAF. The objec t ive  
of t h e  NASA rnerisurements w i l l  be t o  map the  components of r ad ia t ion  a s  
protons,  nerrierons, stars and heavy primaries. In te rac t ion  between these 
p a r t i c l e s  and the  atmosphere cannot be prec ise ly  defined a t  present.  

FAA inst r iment  packages (containing a t i s s u e  equivalent dosimeter, a 
‘l inear energy t r ans fe r  spectrometer, and a geiger  counter) w i l l  a l s o  be 
i n s t a l l e d  in the  USAF RB57F a i r c r a f t  t o  measure r ad ia t ion  intensit ies1 to  
complement t h e  NASA component measurements. 

Measuremantr3 w i l l  be made over a three  year period of increasing siolar 
sunspot a c t i v i t y  and a t  d i f f e r e n t  geographical locations.  Establishment 
of the  r ad ia t ion  environment w i l l  permit an ana lys i s  t o  be made of t he  biolo-  
g i c a l  significinnce of the  r ad ia t ion  and ind ica t e  what precaut ions,  ij’ any, 
need be taken during high a l t i t u d e  f l i g h t .  

Operatioinal research on sonic boom w i l l  be concentrated upon fu r the r  
explorat ion of var ious atmospheric e f f e c t s  on boom s igna tures  such as 
temperature, turbulence,  wind shears  and humidity. I n  addi t ion ,  laboratory 
s tud ie s  of s t r u c t u r a l  response t o  booms and f i e l d  tests of boom seismic 
e f f e c t s  w i l l  be expanded following the  i n i t i a t i o n  of these  programs :I.n the  
later p a r t  of the present f i s c a l  year. 

The General Purpose Airborne Simulaeor (modified Je t -S tar  aircrafll:) and 
the  new six-degree-of-freedom motion Advanced Ai rc ra f t  Simulator wi1:L be 
used t o  inves t iga t e  handling q u a l i t i e s  problems unique t o  supersonic t rans-  
port  operat ions and to  simulate a complete SST mission p ro f i l e .  
take-of f and landing c e r t i f i c a t i o n  criteria f o r  SST’s w i l l  be eva1ua;l:ed. 

I n  i tddit ion,  

An incrtrtrsingly l a rge r  in-house propulsion research e f f o r t  is being conducted 
t o  provide the  advanced technology required f o r  second generation supersonic 
t ranspor t  engines. 
i n s t i t u t e d  during FY 1965, 1966, and 1967, and w i l l  be focused on advanced 
engine components and materials. 

I n  general ,  the  work w i l l  be a cont inuat ion of t he  effort:  
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Some of the *promising compressor and turbine blade element designs will be 
incorporated into single stage and multistage wheels for further reserwch. 
Advanced coolin,g techniques and the use of advanced materials will also 
receive consLderation and study during this period. Combustor and augmentor 
research will continue to follow the trend of advancing the initial ccmbustioi~ 
research from sinal1 scale models and segment rig work to larger scale model 
studies. The work on lubrication systems, bearings and seals will be directed 
to increasing tlhe reliability and life of these critical elements. 

V/STOL Aircraft 

1966 1967 -I 1968 

Aerodynamics. .............. $1 , 055,000 $1 , 000,000 $1 ,"JoO, 000 
Loads and structures....... 40 , 000 200 , 000 LOO 3 000 

Operating environment...... 1,825,000 Z s 350,000 LOO, 000 * 2 . ~ ~ 0 0 . 0 0 0  System dynamics... ......... * 
Propulsion................. 280,000 2 , 000 , 000 2 , ~ 0 0 , 0 0 0  

Total.................... a. L00.000 

* Prior to FY 1968 Operating Environment and System Dynamics were called 
Operating Prfob lems. 

Research on V/STOL aircraft will be directed at improving the performance 
of the more promising types and at easing the difficult flight control problem 
existing during the transition from conventional flight to hover, parlLicularly 
during poor or zero visibility conditions. 

Wind tunnel and flight research will be continued on the hingeless and jet 
flap rotor principles offering the potential of increasing the cruise performance 
of helicopters, reducing the rotor generated vibration and improving ithe 
control power. Studies will continue on the use of small wings and aiaxiliary 
thrusting devices to reduce the rotor thrust and lift requirements in cruise, 
and hence increase efficiency. 
effort with the U. S. Army in view of the great importance of helicopiters to 
that organization. 

Much of this activity will be a cooperative 

Two promising techniques for improving short take-off or landing (!;TOL) 
aircraft performance will be given major attention. 
taining a rotating cylinder has been shown by wind tunnel tests to be very 
effective in converting propeller thrust to lift, enabling very low speed 
flight. An effort is being made to arrange for release to NASA, from the Navy, 
one of the COiIN aircraft in order that it can be modified to contain the rotating 
cylinder flap and enable carrying this research to flight. 
wing flap arrangement which effectively utilizes air bled from the jet engine 
compressor to provide a substantial augmentation in wing aerodynamic lift. 
This technique evolved from a joint program between the NASA, the Camdian 

The first, a flap con- 

The second is a 
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Defense Board:, and De  Havilland of  Canada who are undertaking prel iminary wind 
tunnel  study. 
sophis t ica ted  model and, i f  t he  i n i t i a l  promise remains, plans w i l l  bcl developed 
t o  ca r ry  the  technique t o  f l i g h t  research. 

The j o i n t  wind-tunnel program w i l l  continue with a morcl 

Wind-tunne:L research w i l l  continue t o  be d i r ec t ed  a t  improving hover per- 
formance of wrt:ical take o f f  on landing (VTOL) a i r c r a f t .  Detailed s t u d i e s  w i l l  
be made of advanced propel le rs ,  ducted fans,  l i f t  fans,  l i f t - c r u i s e  fans,  and 
d i r e c t - l i f t  engines, and of t h e  i n s t a l l a t i o n  and noise  problems of these  
propulsion types i n  var ious designs i n  order t o  inprove hovering, e f f i c i ency  
and reduced ttdverse in t e r f e rence  e f f ec t s .  
continue t o  f ind  arrangements providing good l eve l s  of con t ro l  and s t a b i l i t y  
throughout ti:crneition from conventional f l i g h t  t o  hover. 

Studies  of these  designs w i l l  a l s o  

As noted t r t r r l l i e r ,  the  most d i f f i c u l t  problem i n  V/STOL operat ion i s ,  t h a t  
of f l i g h t  path cont ro l  during t r a n s i t i o n ,  p a r t i c u l a r l y  under poor v i s i b i l i t y  
conditions. 
a i rp l ane  hand ling qua l i t i es ,and  providing the  p i l o t  proper informatiori i n  a 
r ead i ly  undei::~ teindable fom. 

The problem contains  two major elementsj providing the  prciper 

Studies of V/STOL handling q u a l i t i e s  follow two l i nes :  F i r s t  an e s t ab l i sh -  
ment of desi~:ablle handling q u a l i t i e s  i n  general ,  and second, techniques fo r  
obtaining these  i n  given V/STOL concepts. The f i r s t ,  which a l s o  has  an i m p o r - *  
t a n t  input t o  the  FAA's c e r t i f i c a t i o n  problem, is being s tudied  through use 
of va r i ab le  s i t ab i l i t y  a i r c r a f t  and ground based simulators.  Continued use 
w i l l  be made of t he  X-14 a i rp l ane ,  t h e  CH-46 he l i cop te r ,  and t h e  6-degree- 
of-freedam sluaulator. Increasing refinement of  these  s tud ie s  w i l l  leoid t o  a 
c lea re r  d e f i n i t i o n  of critericr t h a t  V/STOL a i r c r a f t  must meet i f  i t  isi t o  be 
opera t iona l ly  successfu l  . 

Studies  of t he  way i n  which the  var ious promising concepts can meet these  
criteria w i l l  continue with wind-tannel models p a r t i c u l a r l y  aided when the  
new V/STOL firci:Lity comes i n t o  operat ion and i n  f l i g h t  research. 
programs using the  P-1127 f i g h t e r  and the  XC-142A t ranspor t  w i l l  be a c t i v e  
i n  1968. 
being made f w c  t i  j e t - f i g h t e r  VTOL research a i rp l ane  program now i n  the) f eas i -  
b i l i t y  study s tage  by NASA an3 AFSC. 

Fliy,ht 

Thirough the  NASA/Air  Force V/STOL Technology Panel, plans ai-e 

A l l  of t he  problems related to f l i g h t  con t ro l  during t r a n s i t i o n  ara" amplified 
when operat ion under poor v i s i b i l i t y  condi t ions i s  considered. 
handling q u a l i t i e s  progrms are conducted w i t h  t h i s  cons t r a in t  i n  view. Two 
programs w i l l  continue which a r e  r e l a t i n g  handling q u a l i t i e s  requiremants to 
t h e  informat:lon a p i l o t  requi res  t o  perform the  t a s k  and t o  provide information 
enabling a r t r t ional  d iv i s ion  o f  e f f o r t  between t h e  p i l o t  and automatic: guidance 
and cont ro l  !rystans. 
VTOL a i r c r a f t  are underway using a Bel l  204B he l i cop te r ;  f o r  STOL a i r c x a f t  
the  system s tud ie s  a r e  being ca r r i ed  out  i n  a Convair 340 a i r c r a f t .  
t i ons  t o  the  problems become evident from t h i s  research,  t h e  work w i l l .  be 

A l l  oi' t h e  

Studies providing t h i s  information f o r  he l i cop te r s  and 

As solu-  



t r ans fe r r ed  to more appropr ia te  VTOL and STOL a i r c r a f t .  
a i rp l ane  re:€erxed t o  earlier i s  expected to be an important t o o l  i n  completion 
of t h i s  res ear ch . 

The VTOL research 

The growing a i r  breathing propulsion research program w i l l  expand to include 
research on ?propulsion systems appropr ia te  f o r  V/STOL a i r c r a f t .  Lift fan 
types and l:L:@ht weight t u r b o j e t s  
a t t en t ion .  

of s m a l l  volwne w i l l  r ece ive  s p e c i a l  
1No:tse cont ro l  will form a major cons t r a in t  i n  t h i s  research. 

Hypersonic Research Engine 

1966 1967 _II 1968 

Propulsiorr. ................. $5,000,000 $2,000,000 $7,,000,000 

This proflecir was  i n i t i a t e d  t o  a c c e l e r a t e  t he  technological  advanctment of 
a i r  breathing propulsion f o r  hypersonic atmospheric f l i g h t  by: (1) providinll 
a focus f o r  app l i ca t ion  and in t eg ra t ion  of fundamental and engine component 
research;  (:2) generating f a c t u a l  engine data as a b a s i s  f o r  fu tu re  decisions;,  
(3) guiding and s t imula t ing  fu ture  hypersonic a i r  breathing propulsicm research;  
and (4) estab1:lshing the  v a l i d i t y  of e x i s t i n g  hypersonic engine resesirch and 
development meithods and f a c i l i t i e s ,  and e s t ab l i sh ing  fu tu re  requirements. 

Three cont rac tors  pa r t i c ipa t ed  i n  p a r a l l e l  f e a s i b i l i t y  and preliminary 
design s tud ie s  of a l i qu id  hydrogen fueled research engine capable of operatXng 
a t  speeds between Mach 3 and 8 with combustion occurr ing i n  both a subsonic 
and supersonic a i r  stream. The Garrett Corporation w a s  se lec ted  to conduct 
t he  de t a i l ed  design, experimental wind tunnel  v e r i f i c a t i o n ,  f ab r i ca t ion ,  and 
proof test o f  :its proposed concept. 
ing t h e  severe environment of hypersonic f l i g h t ,  and regenera t ive ly  cooled 
surfaces  w i l l  be used wi th in  the  engine to maintain s t r u c t u r a l  i n t e g r i t y .  

This engine must be capable of withstand- 

Upon de l ivery  of t he  research engine, a test program w i l l  be initji.ated to 
determine the  performance l eve l s  and opera t iona l  problems assoc ia ted  with 
t h i s  hypersonic propulsion system. 
X-15 aircraEt ips a test vehic le  t o  obta in  the  necessary test  environment. 

This w i l l  be  accomplished by using the  

- XB-7OISST Fl ight  Research Pro jec t  

1966 1967 - - 1968 .. 
-0 -  - - .. Aerodynam:ics........ ....... $5 , 146 , 000 

Loads and structures... . . . .  600,000 
Propulsion.. ............... 850,000 
Operating environment. 3,300,000 * --.. 

--- --.. --- - 0 .. 
System dyiiam:ics... ......... * $2,000, OOQ al!, 000, OOQ 

Total.................... -6 000% ~ $1(!&00.00~~ 

* Pr io r  t o  ;FY 1968 Operating Environment and System Dynamics were ca:llled 
Operating Prsob lems . 
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The po ten t i a l  of t he  A i r  Force XB-70 aircraft as a research t o o l  t o  obta in  
research infoxmation and advanced technology f o r  design, development, construc- 
t i o n ,  and f l i p h t  test of t h e  prototype supersonic t ranspor t  has been recognized 
for severa l  years. The NASA research por t ion  of t h e  XB-70 program began i n  
FY 1963 with i n s t a l l a t i o n  of  instrumentat ion i n  t h e  two XB-7OA a i r c r a f t  during 
manufacture alrtd the  subsequent acqu i s i t i on  of c e r t a i n  data during the  p r e l i m i -  
nary USAF f l i g h t  test program. The second phase, beginning e a r l y  November 
1966 consis ts  of continuation and expansion of  t h e  i n i t i a l  program plus  the  
start of resc:ctrc:h which could not be done during t h e  USAF f l i g h t  program. 

In  the  secmncl phase bas ic  theo r i e s  and the  r e s u l t s  of small-scale t e s t s  
performed i n  4:round-based f a c i l i t i e s  w i l l  be evaluated. E f fo r t s  w i l l  be  
d i rec ted  towamd ana lys i s  of t he  e f f e c t s  of veh ic l e  s i z e  and weight; t he  effectis 
of i n e r t i a  ccmibined with l o w  aerodynamic damping a t  the  higher  operat ing 
a l t i t u d e s  of  t he  SST; and t h e  e f f e c t s  of s t r u c t u r a l  e l a s t i c i t y  and deformation 
on t he  bas ic  tterodynamics of t:he vehicle.  
t h i s  second phase are d i rec ted  toward a b e t t e r  understanding of sonic  boom 
phenomena and t h e i r  e f f e c t  on persons on t he  ground. 
wi l l  continue t o  be t h e  subject  of major research e f f o r t s  i n  ana lys i s  and 
ground based f a c i l i t i e s ;  t he  XB-70 program w i l l  provide v i t a l  guidance and 
assessment of the  i n i t i a  1 planning of these  programs, assur ing  t h a t  major 
programs such a s  the  supersonic t ranspor t  w i l l  proceed on a sound basis.  

The h ighes t  p r i o r i t y  tests during 

These problems have and 

During the f i r s t  phase, t he  in s t runen ta t ion  and da ta  acqu i s i t i on  w a s  funded, 
f o r  those mecururements of i n t e r e s t  to  NASA and the  FAA. The cost of operating; 
the  a i r c r a f t  was funded by the  Department of t he  A i r  Force. I n  the  second 
phase ( the  prtasent NASA-USAF XB-70 Fl ight  Research Program authorized by a 
NASA-DOD Memorandum of Understanding signed on May 28, 1965) the  t o t a l  cost  
o f  t h e  progrcun i s  shared equa:Lly by the  Department of  t he  A i r  Force anld the  
NASA. 

The FAA pcut ic ipa tes  i n  the  o v e r a l l  planning of the  program, including 
determination of t he  s p e c i f i c  program objec t ives  and p r i o r i t y  of  t he  objec t ives  
and is kept informed on the  progress of t he  program. 

-- Airc ra f t  Noise Reduction 

1966 1967 -, I. 968 

Operating cti;lv:ironment.. . . . 0-0 $4,800 , 000 $3, f i  00,000 

Two important a spec t s  of a i r c r a f t  no ise  a l l e v i a t i o n  are covered by the  
research t o  lwe ca r r i ed  out  i n  t h i s  program area (1) the  research and develop- 
ment necessary to  provide means f o r  minimizing t h e  noise  rad ia ted  from the  
compressor and :€an discharge ducts  of  turbofan engines such as are ins! t a l l e d  
i n  present ly  operat ing coaraercial jet a i r c r a f t ,  and (2) research d i r ec t ed  
toward devehpiiig a more p o s i t i v e  means f o r  accura te  f l i g h t  path cantiBol which 
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would be required in order to make use of steeper approach paths for landing 
thus increasing the distance of the aircraft from the ground in the vfcinity 
of the airpoxt and lowering the noise level. 

Both project elements were initiated in FY 1967 and will continue in 
FY 1968 and will involve wind tunnel testing, simulation, design, ground 
testing and flight testing to produce flight proven hardware which may then 
be utilized by the aircraft industry as the economics of the situation warrants. 

In FY 19618 the study and developaent of means of minimizing the noise'radiated 
from turbofaai engines will be in a phase of construction and ground run up 
testing of selected turbofan engine nacelle combinations utilizing acoustic 
treatment and choked inlet approaches. 
to more positive means of flight path control will enter the construction and 
modification phase for the installation of direct lift control devices on a 
suitable fotn:-engine commercial jet transport as a preliminary to planned 
flight tests,, 

In the same period the research relatled 

Quiet Engine Development 

1966 1967 -I 1968 

Basic resceaixh has shown that the elements of a turbojet engine can each 
be modified In design to permit substantial noise reduction with small pena1t:y 
in performance. 
system is completely unavailable. The interaction of the various components 
will differ substantially from any turbojet propulsion system now in use. 
The objective of the Quiet Engine project is to combine all of the low noise 
elements into ~a single operating system having approxhately 20,000 pounds 
of thrust, and designed to operate at high subsonic flight speeds. 

Information on the successful operation of such a propulsion 

Based on theoretical and basic laboratory research, compressors, jI.ncludiq 
both fixed ;and rotating components, burners, turbines, and nozzles, will be 
designed to permit maximum noise reduction with a minimum performance penaltjr. 
These elements will be constructed in operational form and size appropriate 
to 20,000 pounlds of thrust. They will be combined into complete propulsion 
system(s) aind research conducted in the Propulsion System Laboratory at the 
Lewis Research Center. 
individual elements of the system, particular attention must be paid to the 
interaction between elements to assure satisfactory system operation over a 
wide range of conditions. 

In addition to establishing the performance of the 
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Delta X-15 A i r c r a f t  - 

1966 1967 -,1968 
Aerodynami . : 8. .  .............. --- $550,000 

450.000 
--. --- --- ..... Loads and ~ t i x ~ c t u r e s .  ,. -I 

Total. ...................... 
The NASA imd t h e  USAF have been engaged i n  formulating a j o i n t  long-range 

program plarinirig e f f o r t  on hypersonic a i r c r a f t  technology. Ground and f l igh t :  
programs have evolved a f t e r  considerable study and numerous interageri cy 
discussions to provide t h e  pe r t inen t  hypersonic research. The f l i g h t  program 
includes on;ly high p r i o r i t y  p ro jec t s  i n  which both agencies are p a r t i c i p a t i n g  
jo in t ly .  A p a r t  of t h e  f l i g h t  research program is t h e  d e l t a  X-15 prciject 
which is being conducted by t h e  NASA. 

An e x i s t l h g  X-15 a i r c r a f t  w i l l  be modified by s u b s t i t u t i n g  a h ighly  i n s t r u -  
mented, slender: delta-wing f o r  t h e  present wing and ho r i zon ta l  t a i l  surfaces.  
The bas ic  ob.jectives are t o  ob ta in  unique i n - f l i g h t  aerodynamic, s t r u c t u r a l  
and  material!^ research information on an a i r c r a f t  with a r ep resen ta t ive  wing 
designed f o r  fl!ight i n  t h e  hypersonic speed range up t o  Mach number 81. Current 
wind tunnels; capable of opera t ing  above Mach number 5 do not f u l l y  dup l i ca t e  
the  hypersoriitc f l i g h t  environment. Detailed f l i g h t  measurements w i l l  be 
obtained fo r  ccmparison with ground f a c i l i t y  r e s u l t s  and, a t  the  same time, 
w i l l  provide the  b a s i s  f o r  eva lua t ing  and upgrading ground f a c i l i t y  t e s t  
techniques. 

I n  FY 19ei6 aind FY 1967 wind tunnel tests necessary t o  def ine  and designate 
a s t ruc tura l .  wing configuration including t h e  development and s e l e c t i o n  of 
pe r t inen t  iristrumentation were i n i t i a t e d .  This ground based research w i l l  
continue i n  FY 1968. 

A minimal. ccintractual study was i n i t i a t e d  i n  FY 1967 which is concerned 
with an ana1.ysi.s of t h e  f e a s i b i l i t y  of converting an  X-15 t o  a delta-wing 
configuration and the  generation of  preliminary and l imi ted  design data. 
FY 1968 fundal are requested f o r  an o v e r a l l  engineering design p r e r e q u i s i t e  
t o  the  f ab r i ca t ion  and assembly of t h i s  delta-wing X-15 a i rp lane .  

F-111 A i r c r a f t  

1966 1967 -,1968 
Propulsion .................. --- -..- $250,000 

250.000 System d m a d c s .  0 0 
--. --- 

-I 

Total.................... 0.- -0. * - 
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The ob jectlvtrs of  t h i s  program are to ob ta in  i n - f l i g h t  v e r i f i c a t i o n  and 
va l ida t ion  of wind tunnel  and t h e o r e t i c a l  p red ic t ion  of  aerodynamic characteris- 
t i c s  and perPormance of va r i ab le  geometry a i r c r a f t  to def ine  areas i n  which 
more research i t 3  needed and t o  provide confidence f o r  t he  design of fu tu re  
vehicles .  The  I F - 1 1 1  is the  f i r s t  production variable-sweep a i r c r a f t  t o  reach 
f l i g h t  s t a t u s .  The program todate has acclmulated a la rge  amount of  wind 
tunnel test data  t h a t  is ava i l ab le  f o r  comparison with data t o  be obtained 
i n  f l i g h t .  A nrmber of problems can be inves t iga ted  only i n  f l i g h t  relsearch 
such as the  ccnnbined and in t e r - r e l a t ed  e f f e c t s  of aerodynamics; s t r u c t u r e s ;  
systems; inleits and e x i t s ;  and the  pilot-in-the-loop. 

This progrim w i l l  be ca r r i ed  out using an F-111 loaned t o  NASA by the  
Department of t he  A i r  Force under a reimbursable support agreement; NASA funds 
the  maintenance and spare  p a r t s  and opera t iona l  support of t h e  a i r c r a f t .  

F-106 Ai rc ra f t  

1966 1967 1968 
$2, ClOO, 000 -0- ..-- Propulsion, ~,............... 

The supersonic t ranspor t ,  i n  add i t ion  t o  a t t a i n i n g  high e f f i c i ency  while 
i n  the  c ru i se  condi t ion,  must a l s o  maintain a high l eve l  of performance a t  
the  lower spetrdn assoc ia ted  with take o f f ,  holding t r a f f i c  pa t t e rns ,  subsonic 
c ru ise ,  and txansonic acce lera t ion .  To provide t h i s  high l eve l  of  performance 
over a broad range of f l i g h t  speeds, t he  i n l e t  and exhaust systems w i l l  be 
required t o  uuidsrgo a considerable change i n  geometry. The performance and 
operation of these  systems are s e n s i t i v e  t o  the  manner in which they a r e  
in tegra ted  i n t o  the  air f rame design, with the  i n t e r a c t i o n s  between airframe 
and propulsion s,ystem exer t ing  a s t rong  inf luence  on total performance. 

To study theee problems a small j e t  engine w i l l  be i n s t a l l e d  i n  a nace l l e  
t yp ica l  of thlri t  proposed f o r  t he  supersonic t r anspor t ,  and mounted on the 
lower wing of an F-106 a i rp l ane  s imi l a r  t o  t h a t  proposed i n  t h e  SST instal la-  
t ion.  Methodla of con t ro l l i ng  the  i n t e r a c t i o n  between i n l e t ,  nozzle and  air-  
frame t o  maintain high e f f i c i ency  under a l l  condi t ions w i l l  be s tudied i n  
t r u e  f l i g h t  environment. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1968 ESTIMATES 

OFFICI OF TRACUNG AND WTA ACQUISITION TRACKING AND WTA 
ACQUISITION PRO(;RAM 

PROGRAM OBJECZEES AND JUSTIFICATION : 

The purpose of t h i s  program is t o  provide responsive and e f f i c i e n t  %track- 
ing and da ta  acquis i t ion  support t o  meet the requirements of a l l  NASA Iflight 
pro jec ts .  In  addi t ion ,  support i s  provided, as mutually agreed, f o r  p ro jec t s  
of the Department of  Defense, o ther  Government agencies ,  and o the r  count r ies  
engaged i n  space research endeavors. 

Support i s  provided f o r  manned and unmanned f l i g h t s ;  f o r  spacec ra f t ,  
sounding rockets ,  and research a i r c r a f t ;  and f o r  e a r t h  o r b i t a l  and sub.- 
o r b i t a l  missions,  lunar and planetary missions, and space probes. 

Types of support provided include : (a) t racking t o  determine the pos i t i on  
and t r a j e c t o r y  oE vehic les  i n  space, (b) acqu i s i t i on  of da ta  from scielktific 
experiments and on the performance of spacecraf t  and launch vehic le  s y s t e m s ,  
(c)  transmission of commands from ground s t a t i o n s  t o  spacecraf t ,  (d)  c o m -  
munication with as t ronauts  and acqu i s i t i on  of medical da ta  on t h e i r  physical  
condi t ion,  ( e )  communication of information between var ious ground f ac j . l i t i e s  
and mission cont ro l  cen te r s ,  and ( f )  processing of da ta  acquired from the 
space vehicles .  Such support i s  e s s e n t i a l  f o r  the  c r i t i c a l  decis ions which 
must be made t o  ,assure the success of a l l  f l i g h t  missions,  and, i n  the case 
of manned missions, t o  insure the sa fe ty  of the as t ronauts .  

Tracking and data  acqu i s i t i on  support i s  provided by a world-wide nletwork 
of NASA ground s t a t i o n s  and con t ro l  cen te r s  supplemented by instrumentration 
sh ips ,  a i r c r a f t ,  and se lec ted  ground s t a t i o n s  of the  Department of Defti2nse. 
These f a c i l i t i e s  are interconnected by a network of ground communications 
l i n e s ,  undersea cables ,  high frequency r ad io  l i n k s ,  and communication Isatel- 
l i t e  c i r c u i t s ,  which provide the capab i l i t y  f o r  instantaneous transmission 
of data  and c r i t i c a l  commands between spacecraf t  and cont ro l  cen te r s .  
F a c i l i t i e s  a l s o  a re  provided t o  process i n t o  meaningful form the la rge  
amounts of data  which are co l l ec t ed  from f l i g h t  pro jec ts .  In add i t ion ,  in- 
strumentation f a c i l i t i e s  are provided f o r  support of sounding rocket liaunch- 
ings and f l i g h t  t e s t i n g  of research a i r c r a f t .  

The Research and Development appropriat ion provides funds f o r :  (a) the 
operat ion and maintenance of the world-wide f a c i l i t i e s ,  (b) the  procurliment 
of equipment and modifications t o  adapt the  f a c i l i t i e s  f o r  new and changing 
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f l i g h t  project requirements, and (c) the invest igat ion and development of 
advanced tra.c:king and d a t a  acquis i t ion equipment and techniques. The sub- 
sequent sect ions describe plans and re la ted  funding requirements t o  continue 
the Tracking, and Data Acquisit ion program in  each of these areas during 
FY 1968. 

SUMMARY OF FgLEtJRCES REQUIREMENTS: 

1966 

Operations, ................... $127,510,000 

Supporting re!search and 
Equipment., ................... 89,755,000 

technolcigy. ................. 13.800.000 

Total..  ..................... ~ 3 1 . 0 ~ 5 , 0 0 0  

---- Distributi.on of Program Amount by Ins t a l l a t ion :  

1966 

Manned Spacecraft Center.. .. $1,271,000 
Marshall. Space Flight Center 1,627,000 
Goddard Space Fl ight  Center. 155,425,000 
J e t  Propulsion Laboratory. .. 52,629,000 
Wallops Station..  ........... 5,300,000 
F l i g h t  Research Center.. .... 1,900,000 
Langley Ihsearch Center. (,.. . 1,800,000 
NASA Headquarters.. ......... 11,113,000 

BASIS OF FWOI-REQUIREMENTS : 

Operations 

1966 

Manned space f l i g h t  network.. . $37,909,000 
S a t e l l i t e  1iet:work.. ........... 27,640,000 
Deep space network.. ........... 25,350,000 
Other i n s tnmen ta t ion .  ........ 6,620,000 
Communicat: ions. ................ 23,890,000 
Data processing.. .............. 6,101,000 

Total . .  ........................ $127.510.000 - 

1967 

$197,400,000 
59,650,000 

13.800 .OOO 

$270.850,000 

1967 

$800 ,000 
191,400,000 
55,800,000 
6,600,000 
1,900,000 
2,450,000 

11,900,000 

19 67 

$65,200,000 
35,000,000 
35,900,000 

7,000,000 
44,300,000 
10,000,000 

$197,400,000 

1968 

$228,800,000 
55,100,000 

13 .,800,000 

329 7 ,,700.000 

P, 

-. 

1968 
.__I.-- 

..-- 
$800,000 

213,100,000 
60,400,000 

7,100,000 
2,000 $000 
2,000,OOO 

12,300,000 

1968 
.-I 

$78,000,000 
38,500,000 
39,800,000 

7,300,000 
52,700,000 
1 2  ,, 500,000 

$228,800,000 - 
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Manned Space F l i g h t  Network Operations 

The primairy function of  the Manned Space F l ight  Network is  t o  provide 
t racking,  da1t:a acquis i t ion ,  communications, and command support fo r  NASA's 
manned space f l i g h t  programs. The Network: (a) provides spacecraf t  t racking 
data which awe used to i n i t i a t e  and v e r i f y  o rb i t a l  maneuvers, (b) receives  
telemetered i.nformation concerning the condi t ion of the as t ronauts  a n d  the 
performance of the  spacecraf t ,  (c) communicates information t o  cont ro l  
cen ters  i n  zeal time fo r  c r i t i c a l  decis ions,  (d) t ransmits  commands t o  the 
spacecraf t ,  cincl (e)  records the engineering da ta  from the spacecraf t .  In 
addi t ion  t o  mqiport provided f o r  manned missions, se lec ted  s t a t i o n s  of the 
Network provide support to  unmanned deep space and e a r t h  o r b i t a l  p ro j ec t s  
of NASA and the Department of Defense. 

The Manned Space F l igh t  Network ,  having completed support of the Gemini 
program, haal successful ly  supported three  Apollo Uprated Saturn I missions 
and i s  being prepared t o  support addi t iona l  Apollo Uprated Saturn I niissions 
and the upcoraing Apollo Saturn V missions.  The Network, when completed f o r  
Apollo, wil l  cons i s t  o f :  (a )  ten 30-foot diameter antenna s t a t i o n s  loca ted  
a t  Cape Kennedy; Bermuda; Antigua; Ascension; Canary I s land;  Carnarvan, 
Aus t ra l ia ;  (;iiam; Kauai, Hawaii; Guaymas, Mexico; and Corpus C h r i s t i ,  Texas; 
(b) three 8!i-foot diameter antenna s t a t i o n s  located a t  Madrid, Spain; 
Canberra, Australia; and Goldstone, Cal i forn ia ;  and (c) one t ransport  able  
30-foot diarwter  antenna s t a t i o n  a t  Grand Bahama Island. In addi t ion ,  f i v e  
instrumental: Lori ships  and e igh t  a i r c r a f t ,  operated by the Department of 
Defense, and three 85-foot diameter antenna s t a t i o n s  of the Deep Space Net- 
work w i L l  provide support f o r  Apollo. Secondary support w i l l  be pro\lided by 
NASA s t a t i o n s  cat  Tananarive, Madagascar, and Canton Is land;  and by Jkpartment. 
of Defense s t a t i o n s  a t  Point Arguello, Cal i forn ia ,  and White Sands, 
New Mexico, using ex i s t ing  equipment. 

The s t a t i o n  a t  Kano, Nigeria,  w a s  c losed upon completion of the Gemini 
program, and support from the Department of Defense s t a t i o n  at Eglin A i r  
Force Base, F lor ida ,  w a s  terminated. In addi t ion ,  support by two sh ips ,  
the Rose Knot: Victor and the Coastal Sentry Quebec, w i l l  be phased outt early 
i n  the Apol1.0 program. 

IXlring FI! 1967, * f a c i l i t y  and equipment addi t ions f o r  Apollo support are 
being completed a t  e igh t  Manned Space F l ight  Network s t a t i o n s .  In Fy' 1968, 
s i x  more Matiired Space F l igh t  Network s t a t i o n s ,  the three  Deep Space Nletwork 
s t a t i o n s ,  arid the f ive  instrumentation sh ips  w i l l  be completed f o r  A F I O ~ ~ O  
support e 

There hat; been a correspondingly rap id  buildup of personnel t o  s t a f f  
the s t a t i o n s  arid t o  perform necessary computer programming, network engine- 
e r ing ,  and 1.ogiistics support which w i l l  continue i n t o  FY 1968. The FY 1968 
operat ions budget r e f l e c t s  a s i g n i f i c a n t  increase t o  cover both a f u l l  yeas 
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of c o s t s  f o r  those augmentations which are being e f f ec t ed  i n  FY 1967 arild 
i n i t i a l  cos t s  for those augmentations which w i l l  be e f f ec t ed  i n  FY 196;:). 

Also during F Y  1968, the e igh t  Apollo/Range Instrumentation Aircraftl: 
( A / R I A ) ,  which are being modified under the management of the Department 
of Defense, w i l l  become operat ional .  About 309. of the t o t a l  Manned Spiice 
F l igh t  N e t w o r k  operat ions increase from FY 1967 r e f l e c t s  Department of 
Defense est imates  €or operat ing these a i r c r a f t .  

S a t e l l i t e  Network Operations 

The primary function of the S a t e l l i t e  Network is  to  support NASA's 
unmanned s c i e n t i f i c  and appl ica t ions  sa te l l i t e  programs. The Network 
includes the (electronic  s t a t i o n s  of the Space Tracking and h t a  Acquis:i.- 
t i o n  Network (STAWN) operated by the Goddard Space F l igh t  Center,  
supplemented 'by the o p t i c a l  camera t racking s t a t i o n s  operated by the 
Smithsonian Astrophysical Observatory. The STAWN s t a t i o n s  provide a 
ground system which: (a) t racks  each sa te l l i t e ,  (b) determines the sta1:us 
of on board systems, (c) commands the  sa te l l i t e  funct ions,  and (d) acqitires 
s tored  o r  real-t ime da ta  from the satel l i te .  The o p t i c a l  camera track:i.ng 

. s ta t ions  provide spec ia l ized  serv ices  i n  precis ion o r b i t a l  t racking as well 
as backup sup,?ort t o  STAWN during launch and e a r l y  o r b i t  t rack ing  of 
s a t e  1 l i t e s  . 

STAWN s t a t i o n s  are located a t  Fort  Myers, F lor ida ;  Mojave, Ca l i fon i i a ;  
Quito, Ecuador; : L i m a ,  Peru; Santiago, Chi le ;  Johannesburg, South Africci; 
Tananarive, Madagascar; Canberra, Aus t r a l i a ;  Fairbanks, Alaska; S t .  Jo lm's ,  
Newfoundland; Wiinkf i e l d ,  England ; Rosman, North Carol ina;  and Toowoombii, 
Aus t ra l ia .  In addi t ion ,  a Range and Range Rate t racking system is loccited 
a t  Carnarvon, Aus t ra l ia ,  f o r  spec ia l ized  support. =ring the past  yea]', 
s t a t i o n s  a t  E a s t  Grand Forks, Minnesota, and Blossom Poin t ,  Maryland, were 
closed,  and a s t a t i o n  a t  Woomera, Aus t ra l ia ,  w a s  consolidated w i t h  the 
Canberra s ta t  ion. 

In e a r l y  FI 1967, the modifications a t  the Mojave and Rosman s ta t ior is  
fo r  support oE the successful  Applications Technology S a t e l l i t e  were 
completed along with the required s t a f f ing .  Also completed and s taffet l  
w a s  the  new s t a t i o n  a t  Toowoomba, Aus t ra l ia ,  f o r  support of the Appliccttions 
Technology Sa te l  l i t e .  

A s  par t  of a general  cos t  reduction program i n  FY 1967, ac t ion  has tieen 
taken t o  reduce the s t a f f i n g  l eve l s  a t  Quito, Ecuador; Winkfield, Englmd; 
and Mojave, CsliEornia. 
w i l l  be an ap.pro:rtimate decrease of 10% i n  the amount of d a t a  obtained 
from Explorer cl.ass s a t e l l i t e s .  
and c a l i b r a t i o n  services  have been made ; however, these l a t t e r  reductions 
a re  of a one-time nature  and these items w i l l  have t o  be res tored  t o  normal 
l eve l s  i n  FY 1968. 

As a r e s u l t  of these s t a f f i n g  reduct ions,  there  

Additional reductions i n  l o g i s t i c s  l eve l s  
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For FY l968,, the  budget request includes funds f o r  a 24-hour day, seven- 
Estimates f o r  FY days per w e e k  operat ion of the network at most locat ions.  

1968 a re  batted on operat ing the  Mojave, Winkfield, Quito,  and Tananarive 
stations a t  the reduced l eve l s .  Increases from FY 1967 are r e l a t e d  t o  
budgeting f o r  ii f u l l  year ' s  c o s t s  fo r  support of the Applications Technology 
S a t e l l i t e  i n  FY 1968, and r e s to r ing  l o g i s t i c s  and c a l i b r a t i o n  serv ices  t o  
normal level.:?. 

Deep Space Network Operations 

The primruty funct ion of the  Deep Space Network is  t o  support unmanned 
lunar and p1.rmetary space f l i g h t  missions. The Network: (a) provides, 
tracking dat:ri which are used t o  determine and m a k e  mid-course cor rec t ions  
t o  spacecraf t  trajectories, (b) acquires  engineering telemetry da ta  con- 
cerning performance of the spacecraf t ,  (c) t ransmits  commands t o  the space- 
c r a f t  t o  exec:ut.e the above funct ions,  and (d) receives  and records t h e  
s c i e n t i f i c  da ta  which are acquired from the  spacecraf t .  The Network cons i s t s  
of s t a t i o n s  1.oc:ated a t  Goldstone, Cal i forn ia ;  Woomera and Canberra, Aus t r a l i a ;  
Madrid, Spain; Johannesburg, South Afr ica ;  Ascension Is land;  and Cape Kennedy, 
F lor ida .  

The cont ro l  cen ter  fo r  the Deep Space Network i s  the Space F l igh t  Oper- 
a t i o n s  Faci1.1tty (SFOF) located a t  the Jet Propulsion Laboratory i n  Pasadena, 
Cal i forn ia .  The SFOF: (a) receives  information t ransmit ted v i a  ground 
communications from s t a t i o n s  of the  Deep Space Network; (b) processea the 
data; ( c )  disp lays  the  r e s u l t i n g  information so t h a t  mission d i r e c t o r s  and 
associated pro jec t  personnel can analyze mission performance and make c r i t i c a l  
decis ions i n  near real t i m e  concerning funct ions to  be executed by thle space- 
c r a f t ;  and ( ( I )  t ransmits  i n s t ruc t ions  t o  the s t a t i o n s  f o r  commands t h a t  must 
be sen t  to  the spacecraf t .  

The f l i g h t  missions of the  Lunar Orbiter,Surveyor and Pioneer projlscts 
w i l l  continue through FY 1968. A Venus fly-by mission is scheduled f l x  
launch i n  l a t e  FY 1967 and the f l i g h t  mission continues w e l l  i n t o  FY 
1.968. Increased support i s  required f o r  the Mariner I V  mission l a t e  in 
FY 1967 and ea r ly  FY 1968. I n  addi t ion ,  th ree  s t a t i o n s  i n  the Networlc 
(one each i n  Aus t ra l ia ,  Spain, and Cal i forn ia)  w i l l  provide f u l l  join\: 
support for the Apollo manned lunar missions. To meet t h i s  f l i g h t  
schedule, the Deep Space Network and the  SFOF must support th ree  o r  
more f l i g h t  missions simultaneously. 

With the Network reaching a record workload i n  FY 1968, some increases 
a r e  included i n  the FY 1968 budget request  f o r  add i t iona l  s t a t i o n  s t a f f i n g  
and network engineering support. In  addi t ion ,  the  SFOF computer capaci ty  
i s  being increased i n  l a te  FY 1967 t o  handle the projected workload requi r ing  
addi t iona l  s t a f f i n g  f o r  computer programming and operation. The FY 1968 
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budget also r e f l e c t s  c o s t s  .for a f u l l  year t o  operate  two major f a c i l i t i e s ,  
the  210-foot di,ameter advanced antenna f a c i l i t y  a t  Goldstone, and the  second 
85-foot diameter antenna f a c i l i t y  a t  Madrid, which became operat ional  during 
FY 1967. 

Other Instrumentation Operations 

Instrumentation systems are operated i n  support of sounding rocket  pro- 
grams conducted a t  Wallops S ta t ion ,  Vi rg in ia ,  and the  Churchi l l  Reseal'ch 
Range, Canada; and f o r  f l i g h t  research programs a t  the F l i g h t  Researcli 
Center,  Ca1i:Eornia. General purpose t racking , te lemetry,  da ta  handlirtg , 
recording, t.iining, p l o t t i n g ,  and communication s y s t e m s  are provided a$)  w e l l  
as spec ia l  purpose f ixed  and rnobile o p t i c a l  and sound ranging (acous t ica l )  
equipment. 

The instrumentation a t  Wallops S ta t ion  i s  operated by NASA cont rac tors  
and by o ther  Government agencies such as the Environmental Science Sei v i ces  
Administration, t he  National Bureau of Standards, the U. S .  Navy, the U. S .  
A i r  Force, and the  Mi l i ta ry  Sea Transportat ion Service.  Funds requirad f o r  
FY 1968 w i l l  permit approximately the same level of e f f o r t  as i n  priox years .  
The s l i g h t  increase is a t t r i b u t e d  t o  a f u l l  yea r ' s  c o s t s  fo r  t he  engineering 
e f f o r t  required t o  support e x i s t i n g  programs. 

The Langley Research Center funds f o r  the p a r t i a l  operat ion of two air -  
c r a f t  i n  support: of rocket programs a t  Wallops S ta t ion  and the Planetalry 
Entry Parachute program conducted a t  White Sands i n  support  of Voyager. 
In addi t ion ,  rnobile telemetry and o p t i c a l  equipment are maintained andl 
operated a t  wtrious sites along t he  eastern seaboard t o  support rocket 
f l i g h t s  from )la1 lops S ta t ion .  

Instrumentntion a t  the  Churchi l l  Research Range cons i s t s  of  general  
purpose track.i.ng,, telemetry,  command and con t ro l ,  and assoc ia ted  systems 
required t o  ccindluct sounding rocket  experiments a t  high a l t i t u d e s .  The 
Range i s  cont rac tor  operated under the management of the National Research 
Council of Canada which shares  the  costs with NASA as a cooperative e f f o r t ,  

The F l ight  Research Center opera tes  the Aerodynamics T e s t  Range cons is t ing  
of f a c i l i t i e s  a t  the  Edwards A i r  Force Base and t w o  up-range s i tes  a t  Ely 
and Beatty,  Nevada. Instrumentation a t  Edwards is  NASA operated with con- 
t r a c t o r  l o g i s t i c  support ,  whereas the  up-range s t a t i o n s  are e n t i r e l y  cm-  
t r a c t o r  operated. Programs supported include the  X - 1 5 ,  XB-70,  Re-entry 
L i f t i n g  Bodies, and var ious small a i r c r a f t  research p ro jec t s .  

Communications Operations 

NASA's t racking s t a t i o n s  and control cen te r s  are l inked together  by 
a s ing le  operat ional  communications system operated by the  Goddard Spa(-e 
F l igh t  Center.  Communications switching cen te r s  have been es tab l i shed  
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at  major locatilons, such as Goddard, London, Honolulu, and Canberra, Austra- 
l i a ,  t o  maximiz'e c i r c u i t  sharing. Requirements i n  most cases are being met 
by providing a l t e r n a t e  voice lda ta  c i rcu i t s  ins tead  of separate  voice ,land 
da ta  c i r c u i t s ,  thereby reducing the t o t a l  number of c i r c u i t s  needed. 

In the e a r l y  Mercury missions, considerable r e l i ance  w a s  placed on high 
frequency rad io  communications. A s  a r e s u l t ,  network communications were 
l imited and not of s a t i s f a c t o r y  r e l i a b i l i t y .  Although t h i s  s i t u a t i o n  i m -  
proved with (Gemini, it w a s  s t i l l  not possible  t o  transmit s u f f i c i e n t  
voice,  telemetry,  and t racking  data  from remote s t a t i o n s  to  the Mission 
Control Center o r  t o  provide s u f f i c i e n t  and r e l i a b l e  voice up-data an13 
commands from t h e  Control Center t o  the spacecraf t  i n  real  t i m e .  

In t h e  Apollo Program, the increased complexity of the missions and 
the number of vehicles  t o  be supported requi re  real-time cen t r a l i zed  i n i s -  
s ion  cont ro l .  'To achieve the required cen t r a l i zed  con t ro l ,  i t  is  e s s e n t i a l  
t h a t  there  ble highly r e l i a b l e  and la rge  capaci ty  communication l i n k s  between 
a c e n t r a l  f a c i l i t y  and the remote stations.  

F o r  Apollo, these communication l i nks  are being provided by satellil-e 
as w e l l  a s  clonventional means. Comnunications sa te l l i t es  w i l l  provide 
a l t e r n a t e  voiceldata  and te le type  c i r c u i t s  to  the Apollo ground s t a t i o n s  
a t  Canary Is land,  Ascension Is land ,  and Carnarvon, Aus t r a l i a ,  and t o  [:he 
three Apollo in se r t ion / in j ec t ion  sh ips  located i n  the At l an t i c ,  I'acif Lc, 
and Indian Oceans. 

More than lone ha l f  of the increase i n  comnunications c o s t s  from FY 1967 
t o  FY 1968 i s  r e l a t e d  t o  communications s a t e l l i t e  services .  Although 
pa r t i a l  year funding fo r  these serv ices  has been budgeted i n  FY 1967, the 
f i r s t  f u l l  year of se rv ice  and c o s t s  w i l l  occur i n  FY 1968. This incrludes 
not only the cos t  of providing overseas communications v i a  sa te l l i t e  rErom 
the s t a t i o n s  and sh ips  t o  the  communication s a t e l l i t e  ground terminalr; 
located i n  the United S t a t e s ,  but a l s o  the domestic cos t  of t ransmi t t ing  
the data froin the ground terminals  to  the Goddard Space F l igh t  Center ,  

The FY 1968 budget also r e f l e c t s  the f i r s t  f u l l  year of operat ions (:osts 
f o r  providing real- time t e l ev i s ion  coverage from the Apollo spacecraf t  t o  
t h e  Mission Control Center a t  Houston. Most of the  remainder of the  ]in- 
creased budget 'request i n  FY 1968 is f o r  providing communications fo r  the 
new s t a t i o n s  becoming operat ional  f o r  Apollo. 

Data Processing Operations 

Information received i n  the form of t racking and telemetry da ta  from 
s a t e l l i t e s  and :space probes must be processed i n t o  a form t h a t  can be 
used by both those performing the real-time cont ro l  of the  space vehic:le 
and those responsible f o r  analyzing the s c i e n t i f i c  data  acquired by the 
spacecraf t .  



Tracking (da ta  a r e  processed t o  provide o r b i t a l  elements which are used 
t o  supply s t a t  ions with pred ic t ions  on fu ture  passes of the spacecradk, 
and to provide pos i t ion  information t h a t  can be used by the scientif:i.c 
experimenters to determine where i n  the t r a j e c t o r y  the s c i e n t i f i c  measure- 
ments were made. 

Telemetry data must be processed t o :  (a) separate  the information f’rom 
the various s c i e n t i f i c  experiments aboard the spacecraf t ,  (b) cons011 date  
information from each experiment, (c) apply the necessary sca l ing  fac t o r s  
and c a l  ibra1:ioiis of the measuring instruments,  and (d) c o r r e l a t e  the: e 
measurementi3 with the pos i t ion  da ta  mentioned above. Processed d a t a  i s  
the primary product of the spacecraf t  missions, and it  i s  through ana lys i s  
of t h i s  data  b:y the experimenters t h a t  a b e t t e r  understanding of space i s  
achieved. 

Several pr~>jtzcts ,  p a r t i c u l a r l y  those i n  the Observatory class, require  
extensive pre-mission o r b i t  s tud ie s ,  including spacecraf t  pos i t ion  piedic-  
t i ons  and mutual v i s i b i l i t y  analyses.  Studies a r e  a l s o  required to  work 
out operationa.1 methods and procedures t o  be used during the ac tua l  oiission 
operation. 

Support must be given t o  a wide va r i e ty  of programs which vary from the 
small Univet:sit:y Explorer sa te l l i tes  to  the la rge  Solar ,  Geophysical,, and 
Astronornical! Observatories,  and the Applications s a t e l l i t e s  i n  the f i e l d s  
of cornunitxiit ions and meteorology . 

The M 1968 budget request is  based upon the workload which w i l l  r e s u l t  
from previously launched s a t e l l i t e s  t h a t  w i l l  continue t o  requi re  suFiport , 
p l u s  additional1 s a t e l l i t e s  t h a t  are scheduled to  be launched during the 
period. Not: only is  there  a projected increase i n  the number of sa te l l i tes  
t o  be suppo~xed i n  FY 1968, but the s a t e l l i t e  systems and the on-board 
experiments w i l l  be of grea te r  complexity. This w i l l  r e s u l t  i n  an imrease 
i n  the o r b i t a l  computations, telemetry da ta  processing, and mission r e l a t e d  
computer support. The projected workload f o r  FY 1968 is wel l  above the 
current  year and w i l l  require: a corresponding increase i n  funds. 

Equipment 

19 68 1966 1967 P 

Manned space f l i g h t  network.. ... $48,523,000 $25,550,000 $24,0100,000 
S a t e l l i t e  iretiwork............... 14,500,000 11,300,000 10, G~OO,OOO 
Deep space network.. ............ 13,420,000 10,100,000 9 , a’oo , 000 
Other inst.i:unientation.. ... ., ..... 3,500,000 4,500,000 4,5100,000 
Communicat:itons .................. 7,200,000 6,200,000 4,700,000 
Data procelssi.ng ................. 2,612,000 2.000.000 2,100.000 

Total. . . ,  ..................... $89,755,000 $59,650,000 $55, l o w  
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Manned Space F l igh t  Network Equipment 

IXlring 1966, the Manned Space F l igh t  Network s t a t i o n s  used Gemini 
network systems t o  support the f i n a l  Gemini and e a r l y  Apollo Uprated 
Saturn I missions. Concurrently, the s t a t i o n s  were being modified anld 
augmented for support of the  more complex missions of the  later A p o l h  
Uprated Saturn I and Apollo Saturn V programs. This modification and 
augmentation program i s  continuing, and a l l  s t a t i o n s ,  including sh ips  
and a i r c r a f t ,  a r e  scheduled t o  be f u l l y  operat ional  f o r  Apollo lunar 
mission support by e a r l y  1968. 

The FY 1968 budget includes funds fo r  design improvements and equipment 
modifications required as a r e s u l t  of t e s t s  and simulations t o  ensure 
s t a t i o n  readiness fo r  Apollo lunar  mission support. In addi t ion ,  onclo 
t h i s  readiness  has been achieved, a continuing e f f o r t  i s  required t o :  
(a) maintain the demonstrated capab i l i t y  throughout the f l i g h t  program, 
(b) improve systems c a p a b i l i t i e s  fo r  more e f f e c t i v e  operat ions,  (c)  p'ro- 
vide equipment f o r  requirements pecul ia r  to  s p e c i f i c  missions,  and ( d )  
meet new requirements such as the recent ly  defined Apollo Uprated Saturn 
I rendezvous missions. 

The mult iple  launch rendezvous missions as cu r ren t ly  planned i n  the  
Apollo Applications program w i l l  r equi re  dual iz ing the f i v e  s ing le  Unified 
S-Band s t a t i o n s  to  provide the number of RF channels which are needed, 
I n i t i a l l y ,  design of the Unified S-Band systems a t  the s t a t i o n s  a t  Canary 
I s land;  Bermuda; Antigua; Texas; and Guaymas, Mexico, was based on recluire- 
ments fo r  t h e i r  support of s ing le  launch, nonrendezvous, Apollo Upratled 
Saturn I o r b i t a l  missions and ea r th  o r b i t a l  phases of the Apollo Satuirn 
V lunar missions. These mission phases requi re  only two Unified S-Baind 
RF l i nks  as compared t o  a maximum of four l i n k s  required from s ta t ion! ;  
supporting t h e  t ranslunar  and lunar phases of Apollo lunar missions. 
A l l  Manned Space F l igh t  Network land s t a t i o n s ,  except the f i v e  noted 
above, have been designed with the "dual" Unified S-Band capab i l i t y .  

Recent manned space f l i g h t  mission planning has incorporated mult ipte  
launch rendezvous missions i n  the Apollo Uprated Saturn I mission s e r i e s  
and four Unified S-Band RF l i n k s  w i l l  be required a t  s t a t i o n s  supporting 
these missions. Funds a r e  requested i n  FY 1968 f o r  procurement of 
se lec ted  subsystem equipment necessary t o  provide t h i s  'tdual't Unified 
S-Band RF capab i l i t y  a t  the f i v e  s t a t i o n s .  

A more ref ined  ana lys i s  of support workload at the new Unified S-Band 
s t a t i o n  a t  t h e  Merritt Is land Launch Area (MILA) has revealed a need lEor a 
second antenna. Although the majori ty  of the s t a t i o n ' s  instrumentation is 
capable of perflorming important pre-launch and launch support t a sks  con- 
cur ren t ly  with ac tua l  mission support ,  the  a v a i l a b i l i t y  of only a sin1,:le 
antenna systlem requires  t h a t  these tasks  be accomplished sequen t i a l ly ,  



The overlapping Apollo Uprated Saturn I and Apollo Saturn V programs require  
simultaneous support of spacecraf t  i n  f l i g h t  and a l s o  v i r t u a l l y  continuous 
pre-launch checkout a c t i v i t i e s .  To enable t h i s  simultaneous support ,  thus 
avoiding cos t ly  delays i n  pre-launch checkout of spacecraf t  subsystems, 
funds are requested i n  FY 1968 t o  provide an addi t iona l  Unified S-Band an- 
tenna system fo r  the MILA s t a t i o n .  Funds are also requested f o r  comple- 
t i o n  of the Unified S-Band cont rac t  which provided f o r  the antenna and 
associated e l ec t ron ic s  f o r  a l l  network land s t a t i o n s .  

A s  i n  the G:emini program, t racking  and da ta  acqu i s i t i on  requirements 
f o r  missions i n  the Apollo program vary from mission-to-mission i n  accord 
with the miseion objec t ives  and f l i g h t  plans. I n  general ,  i t  is necessary 
to  make small changes i n  network equipment to  enable support of these chang- 
ing requirements. Equipment changes mst a l s o  be made t o  improve systems 
performance t o  cor rec t  a reas  of marginal capab i l i t y  i d e n t i f i e d  i n  p r i l x  
mission suppalrt. Funds a r e  requested i n  FY 1968 f o r  provis ion o f  these 
mission-by-mission equipment changes i n  a l l  systems areas. 

During FY 1967 and 1968, the  Apollo instrumentation sh ips  w i l l  be 
subjected t o  evaluat ion and c a l i b r a t i o n  t e s t s .  These t e s t s  a r e  spec i f -  
i c a l l y  designed to  h ighl ight  any shortcomings i n  the  functioning of t h e  
new e l ec t ron ic  and navigation systems now being i n s t a l l e d  on the  ships .  
P a s t  experience of both the Department of Defense, i n  the case of the 
Advanced Range Instrumented Ship program, and NASA, i n  the case of thlp 
Gemini support equipment provided f o r  the Rose Knot Victor and Coastal  
Sentry Quebec sh ips ,  has indicated t h a t  equipment modifications w i l l  Ibe 
necessary t o  co r rec t  shortcomings found during the  t e s t s .  The FY 196,s 
budget includes funds to  meet the cur ren t  estimate of the  amount required 
fo r  these changes. 

Funds are requested i n  FY 1968 t o  cover the remainder of the estimalted 
NASA share of c o s t s  f o r  the e igh t  Apollo/Range Instrumentation AircraEt 
(A/RIA) which are being modified under the management of the A i r  Forccz 
National Range Division of the Department of Defense. 

Funds a l so  a re  requested f o r  network support to  cover the engineering 
e f f o r t  required f o r  systems checkout, shipment of equipment t o  the neI:work 
s t a t i o n s ,  provision of standard test  equipment, minor f a c i l i t i e s  modi'Eica- 
t i ons ,  and s t a t i o n  c a l i b r a t i o n  and simulation equipment. Also included are 
funds . fo r  procurement of spare p a r t s  inventor ies  needed to  prevent loiiig 
periods of s t a t i o n  downtime during missions. 

S a t e l l i t e  Network Equipment 

During the  p a s t  four years ,  the  S a t e l l i t e  Network has been implemented 
t o  achieve a general  purpose support capabi l i ty .  This implementation 
program was Ideslgned to ensure t h a t  the Network i s  responsive t o  the 
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t racking,  conunand, and da ta  acqu i s i t i on  requirements of individual  s a t e l -  
l i t e s ,  and a t  the same time t o  provide the capaci ty  f o r  supporting uplrJards 
of t h i r t y  orbliting s a t e l l i t e s .  To meet t h i s  large and var ied workloaid, a 
computer study was conducted on a s i t e -by - s i t e  b a s i s  and a determination 
made of the  equipment needs a t  each Space Tracking and Data Acquisit ion 
Network (STAIIAN) s t a t ion .  The r e s u l t i n g  implementation is  now nearinlg 
completion and during FY 1968 e f f o r t  w i l l  be d i rec ted  towards improving 
the u t i l i z a t i o n  of ex i s t ing  capab i l i t y .  

Major emphasis w i l l  continue gowards improving s t a t i o n  tutn-around 
t i m e  between spacecraf t  passes and toward automating se lec ted  s t a t i o n  
functions.  Switching and c a l i b r a t i o n  equipment w i l l  be added a t  each 
s i t e  so t h a t  the necessary ground support equipment f o r  a given s a t e l , -  
l i t e  can  be  quickly se lec ted  and checked out.  This procedure w i l l  reljuce 
the turn-around t i m e  which i s  the period during which a s t a t i o n  i s  rei:on- 
figured t o  provide support f o r  successive spacecraf t  passes. In addil:ion, 
s o l i d  state command t ransmi t te rs  and encoders, which w i l l  replace obsoles- 
cent u n i t s  a t  se lec ted  s t a t i o n s ,  a r e  being designed with operat ional  
c h a r a c t e r i s t i c s  t ha t  a r e  compatible with s t a t i o n  operat ions cont ro l  
consoles f o r  eventual automation. 

The Minitrack frequency coverage w i l l  be extended from i ts  present 
136-137 Mc/s range t o  136-138 Mc/s. The e x i s t i n g  Minitrack frequency 
coverage forces  the numerous s c i e n t i f i c  s a t e l l i t e s  t o  operate  i n  a na:i:row 
frequency spectrum and r e s u l t s  i n  rad io  frequency in te r fe rence  a t  the 
S T A N  s t a t ions .  The planned increase i n  the Minitrack frequency coverage 
w i l l  double t h e  spectrum avai lab le  f o r  spacecraf t  assignments and marliedly 
reduce the incidence of rad io  frequency in te r fe rence .  The necessary i lod i -  
f i ca t ions  to  produce t h i s  extension of capab i l i t y  include readjustmenr: 
of the antennas and changes i n  both the preamplif iers  and RF port ions of 
the  receivers .  

In addi t ion  to providing general  purpose c a p a b i l i t y  t o  meet the greilt 
majority of suplport requirements, c e r t a i n  project-unique equipment must 
be procured i n  IX 1968. Both se lec ted  s t a t i o n s  and cont ro l  cen te r s  w:i.ll 
be augmented t o  meet new requirements caused by mission-to-mission 
changes i n  successive f l i g h t s  of ongoing programs such as the Applications 
Technology S a t e l l i t e ,  Orbi t ing Geophysical Observatory, and Nimbus. These 
equipments include computer per iphera ls ,  displays,  and pulse code modii- 
l a t i o n  s:ysteins. 

Funds for 1% 1968 are a l s o  necessary f o r  the more rout ine  and sustaxning 
type e f f o r t  nequired t o  maintain a global network. 
requi res  minor construct ion,  repair  and a l t e r a t i o n  of the s t a t i o n s ,  ecpip- 
ment f o r  t e s t i n g  and c a l i b r a t i o n  t o  maintain a high l eve l  of network 1co- 
f ic iency ,  and spec ia l ized  spare p a r t s  and components t o  s u s t a i n  operal ions.  

This type of e f f o r t  
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Deep Space Network Equipment 

The projected workload f o r  the Deep Space Network r equ i r e s  a contirituing 
e f f o r t  i n  FY 1968 t o  ensure an adequate level  of support. In  addi t ion  t o  
normal updating and replacement of equipment to  s u s t a i n  the  e x i s t i n g  support 
capab i l i t y ,  the  e f f o r t  includes equipment to  accommodate mission-to-mission 
changes, and modifications and addi t ions  required f o r  more e f f i c i e n t  
operation. 

The major equipment augmentation i n  the Deep Space Network during the 
pas t  th ree  years has been f o r  the s t a t i o n  monitoring and con t ro l  prog,ram. 
Or ig ina l ly ,  under t h i s  program, a s ing le  standardized set of equipment 
was i n s t a l l e d  at each s i t e  to  serve the  needs of mult iple  f l i g h t  p ro jec t s .  
'In FY 1966 iuid FY 1967, equipment addi t ions  under t h i s  program provided 
the capnbili1:y f o r  continuous semiautomatic monitoring of equipment per- 
formance a t  th ree  s i tes .  Incorporation of t h i s  c a p a b i l i t y  a t  the four re- 
maining sites, which was deferred from the  FY 1967 program, w i l l  be provided 
with FY 1968 funds. 

Also durini; E'Y 1968, prototype modules w i l l  be procured f o r  the  rece iver  
system to  rex1uc.e the  turn-around t i m e  when mult iple  missions must be sup- 
ported.  Mort! r e l i a b l e  cryogenic equipment f o r  cool ing the  receiver-m,aser 
system w i l l  be provided, and new components w i l l  be acquired f o r  th ree  
s t a t i o n s  t o  tichieve i n t e r s t a t  ion t i m e  synchronization which i s  needed f o r  
precise  t r a j e c t o r y  ca lcu la t ions .  

In FY 1967, equipment f o r  a high-voltage power supply f o r  the t ransmi t t ing  
system a t  the Goldstone 210-foot antenna s i te  is  being purchased. Addi- 
t i o n a l  equipment t o  complete the high power t ransmi t t ing  system, cons is t ing  
of a spec ia l ized  cassegrain cone and receiver-maser components i s  included 
i n  the  FY 1968 request .  This higher performance system i s  required tr> 
ensure pos i t i ve  spacecraf t  cont ro l  under adverse a t t i t u d e  or o the r  non- 
nominal conditions.  

Estimates are included in the  FY 1968 request  f o r  s u s t a h i n g - t y p e  r e p a i r s  
and modifications t o  the  antennas, servos,  col l imat ion towers, recordt13rs, 
ranging, and timing subsystems. Modifications are required f o r  and dl rec ted  
toward more r e l i a b l e  operat ion and reduced maintenance t i m e .  

I n  the  Space F l igh t  Operations F a c i l i t y  (SFOF) at  the J e t  Propulsion 
Laboratory, a Deep Space Network m n i t o r i n g  system w i l l  be added cons is t ing  
of telemetry processing and d i g i t a l  d i sp lay  equipment. The f l i g h t  rnii3sion 
areas of the SFOF w i l l  be provided special displays f o r  support of the  
Mariner 1969 mission. Addit ional ly ,  equipment w i l l  be acquired f o r  tlie 
i n i t i a l  and long lead-time design and development of the  da ta  processing 
system required fo r  support of Voyager-generation programs. 



The FY 1968, program includes funds f o r  network support and spares  which 
are required t o  s u s t a i n  cur ren t  operat ions and t o  improve network per-  
formance and r e l i a b i l i t y .  Included are such i t e m s  as generators ,  power 
system modifications,  microwave modifications,  c a l i b r a t i o n  and test equip- 
ment, i n t e r f ace  and in t eg ra t ion  equipment, i n t r a s i t e  communications, (and 
cabling. 

Other Instrumentation Equipment 

A wide va r i e ty  of f ixed and mobile equipment i s  used t o  provide ins t ru-  
mentation support f o r  sounding rockets  and re-entry vehicles  launched from 
Wallops S ta t ion  and o the r  locations, and f o r  f l i g h t  research p ro jec t s  con- 
ducted a t  the F l igh t  Research Center. This equipment is under a continuous 
preventive maintenance program t o  assure  the necessary r e l i a b i l i t y  for 
mission support. In addi t ion ,  an improvement program is undertaken wlnere- 
by individual subassemblies or components of major systems a r e  mudifiled 
or  replaced t o  improve the range, speed, accuracy, and f l e x i b i l i t y  of the 
systems.  The requirements fo r  these improvements a r e  generated by thle 
la rge  number and types of rockets  i n  the cur ren t  and planned launching 
schedules and by the high performance c h a r a c t e r i s t i c s  of the  f l i g h t  rle- 
search pro j ec t 8 .  

A t  Wallops S ta t ion ,  funds w i l l  be required i n  FY 1968 t o  modify surlplus 
Department of Cefense radars  f o r  support o f  the In te rna t iona l  Cooperative 
Sounding. Rocket Program, and t o  procure non-recoverable f l i g h t  hardware 
required t o  support the var ious missions. 

b r i n g  J?Y 1968, the  F l igh t  Research Center w i l l  continue conversion 
of the Aerodynamics T e s t  Range from S-Band to  C-Band frequencies. FY 
1968 funds a re  required f o r  conversion of a surplus  radar  t o  C-Band, €or 
i n t eg ra t ion  of the  system i n t o  e x i s t i n g  instrumentation, and f o r  asso1:iated 
ground support and test  equipment. Also i n  FY 1968, new da ta  readout 
equipment w i l l  be i n s t a l l e d  and telemetry da ta  d isp lay  equipment will be 
improved t o  provide real-time d isp lays  i n  support of the  high speed air-  
c r a f t  research programs (XB-70, X-15, F-111, e tc . ) ,  and the  1i.ft:ing blady 
programs. 

A t  Langley Research Center, FY 1968 funds are required f o r  updating 
existing. telemetry vans, and t o  i n i t i a t e  the conversion of the t e l eme t ry  
s t a t i o n  to  S-Band. Modifications w i l l  be made to  equipment aboard this 
support a i r c r a f t  operated by Langley f o r  support of Radio Attentuatioia 
Measurement (RAM) and Scout re-entry program launches from 'Wallops , aiid 
the Planetary Entry Parachute program experiments a t  White Sands. 

Communications Equipment 

A major modification of the Goddard communications switching center  
w a s  undertaken during FY 1967 t o  handle the high speed da ta  transmissions 
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required fox Ap0110. The major e f f o r t  i n  FY 1968 w i l l  be t o  add equipment 
t o  the  s o l i d  s t a t e  switching cen te r s  a t  London, Honolulu, and Canberra, 
t o  u s e  more e f f i c i e n t l y  the high speed da ta  c i r c u i t s  pr imari ly  assoc ia ted  
with Apollo. This pro jec t  w a s  o r i g i n a l l y  planned f o r  implementation i n  
FY 1967, but: wets deferred because of fund l imi ta t ions .  

This high speed da ta  transmission equipment w i l l  provide a transmission 
capab i l i t y  of up t o  7200 b i t s  pe r  second as compared t o  the present 2400 
b i t s  per sec.oncl over a standard voiceldata  c i r c u i t .  A d i r e c t  r e s u l t  is 
improved c i r c u i t  u t i l i z a t i o n  and a r e l a t i v e  savings i n  c i r c u i t  cos t s .  

Telephone and t e le type  equipment w i l l  be i n s t a l l e d  a t  Madrid and Goldstone 
t o  permit ccinunumications between co l loca ted  85-foot antenna sites. Funds 
a re  a l so  inc1.ucled t o  improve the microwave sys tems a t  these s i t e s .  

The FY 19611 request also includes funds fo r  replacement of equipments 
such as high frequency rad io  terminals ,  fo r  s m a l l  p a r t s  used i n  the fabrica-  
t i o n  of prototype assemblies such as cont ro l  and ind ica to r  panels ,  and f o r  
the spares  required t o  sus t a in  the network. 

Data Processing Equipment 

The operat.j.ona1 data  processing equipment requi res  a continuing pro- 
gram of minor redesign, modification, and improvement, as w e l l  as normal 
maintenance ancl r epa i r .  While the da ta  processing l i n e s  a re  designed to  
be as fl.exib1.e as possible ,  changes and updating are necessary to  meet the 
requirements of new programs and t o  accommodate mission-to-mission changes 
within ex i s t ing  programs. Changes a r e  d i rec ted  toward acce lera t ing  t h e  
reduction of data  and thus preventing the acqu i s i t i on  of new processing 
l i nes .  The €T 1968 budget includes funds to  provide the  components neces- 
sary fo r  these modifications and improvements. 

E f fo r t s  wi l . 1  also continue i n  FY 1968 to  provide a ''quick look" data  
ana lys i s  capcibi.1ity f o r  the experimenters on s c i e n t i f i c  sa te l l i t e  pro- 
grams. This is p a r t i c u l a r l y  important f o r  la rge  s a t e l l i t e s  such a s  t h e  
Applications Technology S a t e l l i t e ,  the  Orbi t ing Geophysical Observatory, 
and the 0rbi.l:ing Astronomical Observatory which have a capab i l i t y  of 
operat ing i n  vatrious modes based on decis ions which are made on the ground 
and transmit.t:ecl as commands to the  spacecraf t  v i a  ground s t a t i o n s .  Addi- 
t i o n a l  i:ecording and display equipment i s  required t o  present i n  rapid and 
meaningful form the information which i s  e s s e n t i a l  i n  making these 
dec i s  ions. 

The FY 1968 budget includes funds t o  provide an improved da ta  teduc- 
t i o n  capab i l i t y  a t  the Langley Research Center. 
equipment wi l . 1  be procured fo r  use with the c e n t r a l  computer to provide 
a near-real-t ime capab i l i t y  for processing t e l eme t ry  da ta  from programs 

Peripheral  and in t e r f ace  
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conducted by Langley such as the Radio At ten tua t ion  Measurement (RAM) and 
scout re-entry programs. This c a p a b i l i t y  is  necessary to  assure  t h a t  a l l  
s i g n i f i c a n t  dat.a are ava i l ab le  and analyzed p r i o r  to  the  next scheduli!d 
test .  

Test equipment, spares ,  and replacement components are needed t.o 
maintain the da ta  processing l i n e s  a t  peak operat ing e f f ic iency .  Funcls 
are included i n  the FY 1968 request  f o r  these items. 

Supuortinp Research and Technology 

New systems...... ............... 
Integrated systems ana lys i s ,  

development, and test......... 
Antenna subsystems. ............. 
Receiving ,and t ransmi t t ing  

Data handling and control.. . . . . .  
Data processing and reduction..  . 
Spacecraft  subsystems..... ...... 

subsystems.... ................ 

Total......................... 

1966 

$1 , 163,000 

2 , 685,000 
2,146,000 

2,704,000 
2,398,000 
1 , 222,000 
1,482 .OOO 

$13.800.002 

1967 

$644 , 000 

3 , 622,000 
1,598,000 

2,426,000 
1,822,000 
1 , 784,000 
1,904,000 

$13.800 .OOO 

19611 -- 
$1 , 144,000 

3 , 10h ,000 
1,27:1! ,000 

2,52.'i,OOO 
2 , 14:) ,000 
1 , 62h , 000 
1.98di .OOO 

$13.80(,!.000 

Supporting Research and Technology (SR&T) is the a c t i v i t y  whereby ccm- 
cep t s ,  techniques, and hardware are developed, t e s t ed ,  and evaluated IEor 
use i n  the var ious networks t o  meet support requirements. 

With the increasing number, complexity, and durat ion of the  f l i g h t  
p ro jec t s ,  the emphasis has been on the development of general  purpose 
network c a p a b i l i t i e s  t o  accommodate a wide range of projec t  require-  
ments. Associated with these general  purpose c a p a b i l i t i e s  has  been a 
need f o r  increased r e l i a b i l i t y  and l i f e t i m e  of hardware systems and 
improved opera t iona l  techniques. This i s  r e f l e c t e d  i n  the FY 1968 
budget request as described below. 

New Systems 

The major new e f f o r t  under t h i s  category i s  to  inves t iga t e  the  f e a s l b i l i t y  
of a Data Relay S a t e l l i t e  System (DRSS) which would use satel l i tes  i n  syn- 
chronous o r b i t s  t o  support e a r t h  o r b i t a l  missions,  p a r t i c u l a r l y  mannetd 
missions. 
and control centers  r e s u l t i n g  i n  reduced operat ions costs and improvei3 re- 
l i a b i l i t y  i n  the  transmission of data.  It i s  planned to e n t e r  the deEini t ion 
phase of t h i s  progr.am i n  FY 1968. 

Such a system could receive and t ransmit  da ta  between spacecraf t  



Integrated Systems Analysis,  Development, and T e s t  

Ef for t  i n  t h i e  category is addressed pr imari ly  toward so lu t ion  of over- 
a l l  network proiblems. Mission and network analyses a r e  conducted to 
determine changes which may be required within the network to  ensure the 
rendering of proper fu ture  support. Exis t ing operat ional  techniques iire 
a l s o  inves t iga ted  and re f ined  to  f a c i l i t a t e  and improve network operat ions.  
F ina l ly ,  experimental s i t e s  are supported t o  evaluate  and checkout, uiider 
f i e l d  conditi 'ons, a l l  advanced equipment and software techniques. 

Antenna Subsystems 

A s  a continuing e f f o r t ,  t h i s  category provides f o r  the evaluat ion ojl! the  
l a t e s t  advances i n  antenna subsystem technology. Components of t h i s  riub- 
system, par t icu. lar ly  the microwave elements and feed configurat ion,  ai'e 
v i t a l  elements .in t h e  spacecraft-to-ground communication l ink .  Other con- 
t inuing e f f o r t  includes s tud ie s  of antenna s t ruc tu re  and surface d is -  
t o r t i ons ,  antlentla point ing prec is ion ,  alignment, and servo dr ives .  

Receiving and Transmitt ing Subsystems 

I n  previous years ,  rece iver  development a c t i v i t y  has been d i rec ted  p r i -  
m a r i l y  towarti increasing performance c h a r a c t e r i s t i c s .  I n  FY 1968, thcl 
e f f o r t  w i l l  IN? di rec ted  toward improving the  operat ional  aspec ts  of the 
receiver  sys lxm which includes rap id  checkout and ca l ib ra t ion .  

Work w i l l  a l s o  continue on the automation of rece iver  systems, the 
inves t iga t ion  of modulation and demodulation techniques f o r  use i n  conr 
munication a t  planetary d is tances ,  and improvements t o  high power trans- 
mi t t e r  systenii;. 

Data Handling and Control 

I n  FY 1967,, the e f f o r t  under t h i s  t a sk  a rea  has been d i rec ted  towaril 
providing greriter operat ional  f l e x i b i l i t y  i n  the networks. This f l e x i b i l i t y  
i s  particu1ar;ly c r i t i c a l  i n  such areas as antenna repos i t ion ing ,  frequiency 
changing, and s h i f t i n g  t o  d i f f e ren t  demodulation formats. 

This effor t .  w i l l  be continued i n  FY 1968, along with s tud ie s  on a calm- 
puter ized technique fo r  the rapid assessment of the  operat ing s t a t u s  and 
pos i t ion  of m t e l l i t e s .  Another area supported is  the  modification of 
s t a t i o n  s tored program computers t o  perform mult iple  funct ions such as  
ranging, t racking,  data  handling, and da ta  compression. 

Data Processing and Reduction 

Effor t  i n  t h i s  area w i l l  continue to be d i r ec t ed  i n  FY 1968 toward more 
e f f ic ien t :  methods of processing, reducing, and displaying extremely large 
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volumes of s c i e n t i f i c  data.  An inves t iga t ion  and prototype development 
program is  undeiway t o  provide a progressively automated c e n t r a l  data 
reduction c a p i b i l i t y  a t  the Goddard Space F l ight  Center f o r  s c i e n t i f i c  
and appl ica t ion  s a t e l l i t e  support. Similar  analyses and s tud ie s  a r e  
underway a t  the J e t  Propulsion Laboratory t o  develop the design cr i ter ia  
for  the next generation data  processing complex to  support deep space 
missions. 

Spacecraft  Subsystems 

The primary obljective i n  t h i s  t a sk  area i s  t o  develop RF components 
and techniques for use on spacecraf t  subsystems. Work has been under- 
way on a set of r e l i a b l e  s o l i d  state t r ansmi t t e r s  t h a t  can be appl ied 
t o  a wide va r i e ty  of NASA programs. Similar ly ,  i n  M 1968, addi t iona l  
work w i l l  be undertaken t o  develop components and techniques appl icable  
t o  handling and s to r ing  da ta  on board the spacecraf t .  
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RESEARCH AND DEVEUXMWT 

FISCAL YEAR 1968 FSTIXATES 

The primary objectives of the Technology Utilization program are tci 
establish efjEccctive mechanisms and systems for assuring that all new 
scientific, tlechnological and engineering knowledge resulting from N A U  
programs is ildentified, collected, evaluated and made available in the! 
form which its roost useful; to establish effective mechanisms for announcing 
and disseminating this new knowledge in order to assure the widest practical 
application and utilization thereof; and to improve our understanding of 
the management of large scale research and development programs and the 
impact of the sipace program on the nation's economy. 

1966 1967 l968 

Identification.. ................ $1,220,000 $1,263,000 $1,;1!65,000 
Evaluation..................,... 680 , 000 650,000 lii50,ooo 

Analysis..,.,........,..*. ...... 850*00 0 1,000 s 000 1,(;100 000 
Diss~ill(ltion......*.*.......... 2,000,000 2,085,000 2,085,000 

Total......................... s4.759.ooo $5.000.0oQ &!- 
Pistributtpnof Pr oItram Amount bv Ins t a 1 lat ioa: 

1968 1966 1967 - 
NASA Headquarters...........*. $4,750,000 $5,000,000 $4,1300,000 

Jdent i f i cat io n 

Teams of r;pecialists from universities, research institutions and private 
industry, with the assistance of Technology Utilization officers at NASA 
Headquarters and field installations, search through selected areas of NASA 
scientific and technical endeavor in order to record significant NASA advances 
which have parte!ntial utility for the nonaerospace sector of the nation. 
activity is c:oniplemented by the identification of individual technological 
innovations by Technology Utilization officers at NASA field installations 
and by NASA contractors. 
on the identlification and reporting of new technology by NASA contractors. 

This 

Continued increased strong emphasis will bel placed 



Research i n s t i t u t i o n s  whose se rv ices  are primari ly  directed toward 
indus t r i a  1 c l i e n t s  make preliminary evaluat ions of technological  innovclit ions 
reported to NASA, analyze and formulate p o t e n t i a l  i n d u s t r i a l  uses f o r  
s e l ec t ed  innovations,  and where appropriate ,  prepare b r i e f  reports desexibing 
these technological  advances. These b r i e f  reports, along with t h e  mort18 
comprehensive survey reports stemming from t h e  aforementioned technology 
searches,  are published and made widely ava i l ab le  to the  s c i e n t i f i c ,  iirdus- 
t r ial  and acedlemic camunities, but are espec ia l ly  d i r ec t ed  toward the  
s c i e n t i s t s  and engineers of nonaerospace industry.  

PissePainati OR 

Univers i t ies  and research i n s t i t u t i o n s  are employed t o  develop regilonal 
c a p a b i l i t i e s  t:o store, r e t r i e v e ,  and i n t e r p r e t  to local indus t ry  the  technol- 
ogy developed1 by NASA. These information centers  s t rengthen our na t iona l  
technica l  re6:out'ces by encouraging rap id  loca l ized  app l i ca t ion  of t he  
technology generated i n  t h e  course of NASA activities. 
teams assist medical research i n s t i t u t i o n s  i n  def in ing  medical problems i n  
engineering t:tsrnis, scour NASA technology f o r  so lu t ions  t o  these  problems, 
and then assirit t he  medical research i n s t i t u t i o n s  i n  adapting NASA technology 
t o  practical t i o h t i o n  of t he  defined problems. This p i l o t  program s t a r t e d  
t h i s  pas t  yecur Fs proving t o  be a very e f f e c t i v e  mechanism t o  relate NASA 
information t o  rhe important unmet cumuni ty  needs i n  t h e  f i e l d  of m e d l i c a l  
research and h e s l t h  care. Experimental programs are underway to u t i l i z e  
t h e  published and filmed r e s u l t s  of NASA programs i n  un ive r s i ty  graduate 
classrooms, imd to assist o the r  Federal  agencies,  such as the  Off ice  cif Sal ine 
Water, Bureau of Mines, Off ice  of  Law Enforcement of  t he  Department oi 
J u s t i c e ,  Vocational Rehabi l i ta t ion  Administration, etc. , i n  achievemait of 
t h e i r  missions by appl fca t ion  of NASA technology. Limited experimentriil use 
of demonstraltlons, models, motion p i c tu re s  and exh ib i t s  i n  order  t o  ac:hieve 
b e t t e r  conrpluniccntion regarding t h e  p o t e n t i a l i t i e s  of  t h e  more 8ignific:ant 
new p rocesse ,~  and techniques is plauned. Determination of what probltms 
exist a t  the  iaram-poachlne i n t e r f a c e  i n  on-l ine information r e t r i e v a l ,  'Itearning 
how usefu l  such a system could be t o  t h e  p rac t i c ing  s c i e n t i s t  or engineer,  
and determination of what hmmn f a c t o r s  engineering changes are required f o r  
t he  most e f f e c t i v e  syst-are  being looked i n t o  i n  a small way now. 

Biomedical appl ica t ion  

&&l lvs is 

A major area of  concern is t h a t  of promoting a b e t t e r  understandiwg both 
wi th in  and ou t s ide  t h e  agency of new and improved techniques f o r  managing 
la rge  and complex research and develowent  a c t i v i t i e s .  This concern llias 
included support of research i n  such areas as t h e  organizat ion and manage- 
ment of  large R&D pro jec t s ,  t h e  d i v e r s i f i e d  roles of t h e  research dirlector, 
goverment- industry cont rac tors  systems, and top  level pol icy and decls ion 
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making in large MID organizations. 
impact of NASA, programs on the nation's economy. 
conducted on the econoaiic aspects of new technology resulting from the 
space program sural generally promoting an understanding of how NASA functions 
within and infillueurces the economy. During FY 1968 NASA will continue to 
support a prog;i:ami of research and analysis directed to these objectives. 

A second area of concern has been the 
Studies are being 
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