
National 
lace Adn 

Aeronautics 
2inistratwn 

BUDGET ESTIMATES 

1 

F I ~ C A  L YEAR 1965 
Volume VI1 

2 

.I 

ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS 

TRACKING AND DATA ACQUISITION PROGRAMS 

RESEARCH AND DEVELOPMENT 

CONSTRUCTION OF FACILITIES 



MATl.ONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAE 1965 ESTIMATES 

@VANCED RESEARCH AND TECHNOLOGY PROGRAMS 

ZIRACKING AND DATA ACQUISITXON PROGRAMS 

TABLE OF CONTENTS 

VOLUME VI1 

Page No. 

Summary Tabla:; 

Resear chi arid Ikvelopmcnt 

Research zmd development summary by budget a c t i v i t y . . . . .  SUM 1 

Research and development summary of budget a c t i v i t i e s  
by prog;i:arn.. .......................................... SUM 2 

Summary <):E research and development budget plan by 
pro€:rani,........................ ...................... SUM 4 

Cons t ruc: t ion o f Fac I 1 i t 1 cs 

Sunnnary o : E  construct ion of f a c i l i t i e s  budget p lan  by 
budget i~c t iv i ty . . . . . . .  ................................ SUM 6 

Summary o . E  construct ion of f a c i l i t i e s  budget p l an  by 
loca t ion  1)y program off ice . .  .......................... SUM 7 

Research and Lkvclopment 

ADVANCED RESI5hRCH AND TECHNOLOGY PROGRAM 

BASIC ~ S E I ~ ~ K  ............................................ RD 12-1 

SPACE VEHICXJ SYSTEMS........ ............................. RD 13-1 
Supporting research and technology ...................... RD 13-2 
Scout re,-entry. . .  ....................................... RD 13-7 
FI~.................................................... RD 1.3-7 
Saturn-1i~unched meteoroid......... ...................... RD 1.3-8 
L i f i n g  body f l i g h t  and landing tests..................,. RD 1.3-8 



ELECTRONIC SJIS?I.S ........................................ RD 14-1 

Supporting; research and technology ...................... RD 14-1 
RD 14-7 Small f l i g h t  p r o j e c t s  ................................... 

1 

HUMAN FACTOR: SJ!STPMS ...................................... RD 15-1 

RD 15-2 
RD 15-5 

Supporting research and technology ...................... 
Small flig;tit p r o j e c t s  ................................... 

NUCLEAR-ELECZCNLC SYSTEMS .................................. RD 16-1 

Supporting research and technology ...................... 
SNAP-8 development ...................................... RD 16-1 

RD 16.11 . 
SERT ...,.... ............................................... RD 16-13 

Supporting research and technology ...................... 
NERVA ..................................................... RD 17-7 
Nuclear rocket  development s t a t i o n  opera t ions  ........... 

RD 17-2 

Eu) 17.11 . 

CHEMICAL PRO.P.:LSION ....................................... RD 18-1 

Supporting r'esearch and technology ...................... RD 18-2 
Experimental engines .................................... RD 18-5 

SPACE  POW^..... , .......................................... RD 19-1 

Supporting research and techLlology ...................... RD 19-2 

AERONAZPrICS ............................................... RD 20-1 

Supporting research and technology ...................... RD 20-2 

Supersoni'c  transport..................^.......^......... RD 20-5 
X.15 .................................................... RD 20-5 

V/STOL .................................................. RD 20-6 

TRACKING AND DATA ACQUISITION PROGRAM 

TRACKING ANBSTA  ACQUISITION...........................^. RD 21-1 

Supporting; research and technology ...................... RD 21-2 
Network ope ra t ions  ...................................... RD 21-5 
Equipment and components ................................ RD 21-10 

ART&TDA ii 



Cons t ruc t ion o_fJac i li t ies  

Ames Research. Cienter (Mountain View.  California) .......... CF 1 
Electronics Research Cznter ( location to be determined) ... CF 2 
Goddard Space Flight Center (Greenbelt. Maryland) ......... CF 3 
Je t  Propulsion Laboratory (Pasadena. California) .......... CF lk 
Langley R.esemc.h Center (Hempton. Virginia) ............... CF 6 
Lewis Researc.h Center (Cleveland. Ohio) ................... CF 7 
Various LI.)cat.ions ......................................... CF 12 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1.965 ESTIMATES 

RESEARCH AND DEVELOPMENT 
SUMMARY BY BUDGET ACTIVITY 

F i sca l  Year 
Budnet Activitiea Fiscal Year Fisca l  Year 1964 F i sca l  Year 

and Pronrina! 1963 1964 Supplemental - 1965 ._ 

MANNED SPACE I'LIGHT. . $1 I 503 58 3,000 $2,649,800,000 $141,000,000 &yO11,900,00p 

Gemini............. 288,090,000 383,800,000 --- 308,400,000 
Apollo....... ...... 1,183,965,000 2,243,900,000 141,000,000 2,1577,500,0013 
Advanced mi.ssi.ons.. 11,391,000 22,100,000 --- 26,000,00~3 
Comp 1 e t  e d xiis  E: ions. 20,137,000 --- --- .. - - 

6.958, SPACE APPLICPLTIONS. . 000 $103,300,000 --- $86,100,000 

Meteorology........ 54,051,000 67,800,000 37,500,000 
Communicaticma.. . . . 32,075,000 13,500,000 --- 
0 t h  e r  app licat: ions. 10,832,000 22,000,000 --- 12,600,000 

36,000,000 

UNMANNED INVEl'iTNG&- 
TIONS I N  SIy'li.. . . . $489,951,000 $602,700,000 --- $649,8OO,OOQ 

Spacecraft: develop- 
ment and opera- 
tions;. . . a b .  ,,. . . . . 384,222,000 477,600,000 --- 521,600,000 

deve 1.opnieni: . . . . 105,729,000 125,100,000 --- 128,200,~OOO 
Launch veh:ic:Le 

SPACE RESEARCJI AND 
TECHNOUUat ,. -,. . . . . $255,962,000 $298,100,000 - -- $1283 9 300,OOQ 

Launch vehftcles and 

Propulsion m d  
spacecraf t .  . . . . . 38,547,000 111,900,000 --- 104,400,000 

space power,. . . . . 167,415,000 186,200,000 --- 178,900,OCO 

$37,000, OClO AIRCRAFT TECIE9O:LOGY.. Sl5,598,000 $22,100,000 --- 
2,742.000 S250.000,OOO ---, <;313,900&9 SUPPORTING OI?ER4TIONS $15 

Tracking and data  

Facil i t ly t r a in ing ,  
a c q u i s i t i m . .  . . . . 122,142,000 210,000,000 --- 267, goo,, 000 

and research 
46,000 I OC,O 

26,000.000 $l41,000,00d $4,382,000,0@ -- TOTAL PUN........... $2,514,794,000 $,9 
grants. .  . . . . . . . . 30,600.000 40,000,000 --- 

. -  
SUM 1. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

RESEARCH AND DEVELOPMENT SUMMARY 
OF BUDGET ACTIVITIES BY PROGRAM 

F i s c a l  Year 
Budget A c t i v i t i e s  F i s c a l  Year F i s c a l  Year 19 64 l’iscal Year 

and Pr ov rains 1963 19 64 Supplementa 1: I 1965 .-- 

MANNED SPACE ---- FLIGHT $1,503,583 , 000 $2,649,800,000 $141,000, OOC! $3,0 11,900,0(~ 

Gemini,.......... 288,090,000 383,800,000 - - -. 308,400,000 
Apollo........... 1,183,965,000 2,243,900,000 141,000,000 2,677,500,000 
Advanceld m i  ssi on6 11,39 1,000 22,100,000 - - I. 26,000,000 
Completed imissions 20,137,000 --- - - I. -.. - 

SPACE APPLICATIONS $9 6,9 58,000 $103,300 , 000 - - I. $86,100,000 

Meteorology.,... . 54,051,000 67,800,000 - - .. 37 ,500,000 
Communications... 32,075,000 13,500,000 --.. 12,600,000 
Other app l i ca t ions  10,832,000 22,000,000 - - .. 36,OOOfi)O 

Adva n c e d 
technologica 1 
sa t e l l i t e s . .  . (8,668,000) (18,500,000) - - .. (31,000,000) 

u t i l i z a t i o n . .  (2,164,000) ( 3,500,000) - - .. ( 5,000 ., 000) 
Technological 

UNMANNED INVE STI - 
GATIONS I N  SPACE $489,951,000 $602,700,000 --*I $649,800,000 --- 
S pac ec r a f t  

development and 

Geophysics and 

Lunar and 

- - .. 52 1,600Jbb operations. .  . . . 384,222,000 477,600,000 - 
astroncmy .. . . (147,689,000) (186,200,000) --.- (190,200,000) 

plane t e  ry 
explor2,tion.. (222,802,000) (270,800,000) --- (300,400,000) - .- ( 31,000,000) Bioscience.. . . . ( 13,731,000) ( 2 ~ , 6 ~ ~ , ~ 0 ~ )  

deve l o p e n  t.. . . . 105,729,000 125,100,000 -- - 128,200,000 
Launch veh 1 c 1.e 

SUM 2 



F i s c a l  Year 
F i s c a l  Year 1964 

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

-. 1965 - 1963 and Programs 

SPACE RESEARCH AND --- 
TECHNOLOGY --- 

-I $283,300 20011 -- $298,100,000 $255,962,000 

Launch vehic les  
and spacecraf t .  111,900,000 --- 88,547,000 

Space vehi.cle 
systems....... 

E l e c  t r oni c. 
systems..... .. 

Human fact:or 
systems.. . . . 

Basic research..  

$ (43,990,000) $ (49,000,000) - - .. $ (38 , 800, OOi3) 

(17,071,000) (28,700,000) - - .. (28,400 , 000) 

(16,200,000) 
(21,000 , 000) 

( 9,790,000) 
(17,696,000) 

(13,200 , 000) 
(21,000,000) - - .- - - .. 

Propulsion c m d  
space pow'er . . . . . 
Nuclear-e 1.ec:tric 

systems.. . . . . . . 
Nuclear racke ts .  
Chemic a1  

propu1s:j.cn. . . . 
Space power, . . . . 

186,200,000 - - .- 167,415,000 

(39 , 893,000) 
(69,465,000) 

(49 , 722,000) 
( 8,335,000) 

$15,598,000 

(44,700,000) - - .I 
(82,700,000) - - *- (48,100,000) 

( 58,000,000) 

(45,800,000) -- - 
(13,000,000) -- - (59,800,000) 

(13,000,000) 

$37,000,000 --- $22,100,000 e 
AIRCRAFT TECMIO1,OGY 

SUPPORTING 
OPERAT IONS 2,313,900 *OOg $152,742,000 

Tracking; arid da ta  
acquis i t ion , ,  . . . . 

Sustaining 
un ive r s i ty  
program , ,,. ,,.. . . 

(267,900,000) (122,142,000) (210 , 000,000) - - -  

( 46,000, OCO) ( 30,600,000) ( 40 , 000,000) --- 

TOTAL. ,, , . ,, . . . . $2,514,794,000 !33,926,000.000 $141.000,00~ - -  $4,382,000,0C2 - 

SUM 3 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

SymARY OF RESEARCH AND DEVELO PMENT BU DGET PLAN BY PwGIiM 

Fiscal Year 
Fiscal Year Fiscal Year 1964 Fiscal Year 

1963 1964 Sumlement<& 1965 

m D  SPACE ELIGHT.. $1.503.583.000 $2.649.800.000 $141.000.00(~ &3.-000 

383,800,000 
2,243,900,000 

22,100,000 
-I- 

308,400,000 
2,677,500,000 

26,000,000 
-0- 

Gemini.. . . . . . . . . . . . 288,090,000 

Advanced miimions. . 11,391,000 
Completed m.i.ssions . 20,137,000 

& ~ l l ~ . o . e o . o . . . o o o  1,183,965,000 

SPACE S C m A @ ,  
A P m N  0 2-0 $615.345.000 

--I- 

141,000,000 
..-I- ..- - 

- $776.900.000 $742.500.000 

Geophysics amd 
astronomy........ 

Lunar and pl.anretary 
exploration.. . . . . 

Sustaining tmiver- 
s i t y  prog,rani.. . . . 

Launch vehicle 
developmerit. . . . . . 

Bioscience.,.. ..... 
Met eoro1ogi.c al. 

satellite::;.. . . . . . 
CoEnunic a t  ions; 

sa t e l l  itel; . , . . . . . 
Advanced techriolog- 

i ca l  satel.lj.tes. . 

147,689,000 

222,802,000 

30,600,000 

105,7 29,000 
13,731,000 

54,051,000 

32,075,000 

8,668,000 

186,200,000 190,200,000 

270,800,000 300,400,000 

40,000,000 

125,100,000 
20,600,000 

128,2001,000 
31,000,000 

67,800,000 37,500,000 

13,500,000 12,6OCI,OOO 

18,500,000 31,000, CiOO --- 
-WAND 

TECHNOLOGY. o o $27 1.560 .OOO - $320.300. ClOO 

21 , 000 , 000 
$320.200.000 

21,000,000 Basic rese~t~xh.. . . . 
Space vehicle 

systems., 0 . 0  . . . . . 
Electronic systems . 
Human factox 

systems. ., , . ,,.. . . . 
NUC lear  -elcx t icic 

systems. , . ,.. . . . . 
Nuclear rockets. . . 
Chemical. pi:c)pnlsion 
Space pawer. . #. . . . . 
Aeronaut:ics. . . . . . . . 

17,696,000 

43,990,000 
17,071,000 

9,790,000 

39,893,000 
69,465,000 
49,7 22,000 
8,335,000 

15,598,000 

49,000,000 
28,700,000 

38,800, CIOO 
28,400, CIOO 

13,200,000 16 , 200,000 

44,700,000 
82,700,000 
45,800,000 
13,000,000 
22,100,000 

48,1OO,(JOO 
58,000,000 
59,8OO,OOO 
13,000,000 
37 , 000,000 

SUM 4 



Fiscal  Year 
Fiscal  Year Fiscal  Year 1964 Fiscal  Year 

1963 1964 SuoDlementqk 1965 

TRACKING AND 
ACQUISITIO&<t 4, . $122.142.000 $210 .OOO .OOO $141 .OOO .OOQ 3 26 7.900.00& 

TECHNOLOGY --- $5.000.000 YTILIZAT1OkL.o o 0 $2.164.000 $3.500.000 - -  
TOTAL PLAN. ... .. $2.514.794.000 $3.926.000.000 $l41.000.00~ $4,382.000.0OQ -- -- 

SUM 5 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
FISCAL YEAR 1965 ESTIMATES 

- SIJMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN 
BY BUDGET ACTIVITY 

F i s c a l  Year 
Bucl~g: Act iv i ty  1963 - 

1. Manned Spi2ce F l igh t .  ......... $543,809,100 

2. Space App'Lications. .......... 193,605 

3. UNnimnti5 Invest igat ions i n  
Space. ..................... 47,261,650 

4. Space Xesearch and Technology 106,849,300 

5.  A i r c r a f t  Technology.. ........ 1,697,000 

6.  Supporting Operations........ 42,608,495 

Total  Plan................. $742,419,150 

Fisca l  Year 
1964 

$495,17 9,000 

3,933,000 

18,574,200 

56,832,800 

100,000 

98,881,000 

$673,500,000 

Fis,cal  Year' 
1965 - 

$23L8. ,330,000 

.. - .. 

:' ,018,000 

2(;  ,620,000 

- 9,03 1,000 .- 

__. $ 2 8 L  ,000 ,OO~O ... .- 

SUM 6 
718-881 C, - f i 4 .  :' 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

--- !3Ll'MMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY 
LOCATION BY PROGRAM OFFICE 

F i s c a l  Year F i s c a l  Year E'isca'll Year 
19 1'5 5 

-7- 
1963 1964 

Off ice  of ManEd Space Flight. . .  $543,809,100 $488,315,000 ~!24.910,000 

John F. Kennedy Space Center,  

Manned Spacecraf t  Center...... 
Mar s h a l l  SFlace F l igh t  Center . . 
Michoud Plhnt................. 
Mississippi.  Tes t  Facil i ty. . . . .  
Various Loc:at.ions.. . . . . . . . . . . . 

NASA..........o.....oooooooo 296,479,100 
25,369,500 
41,740,500 
28,910,000 
78,407,000 
72,903,000 

279,236,000 
35,172,000 
28,980,000 
8,688,000 

93,656,000 
42,583,000 

89,520, 
25,166, 
15,288, 

6,534, 
61,991, 
26,411, 

000 
000 
000 
000 
000 
000 

Office of ~E~IZ! Science and 
Applications,, . . . . . . . . . . . . . . . . . $47,455,255 $21,710,700 &3 59,000 

--- --- Ames Reseai:ch Center, . . . . . . . . . 930,000 

Jet  Propu1t:;ion Laboratory.. . . 10,208,050 
Goddarcl Spiact? F l igh t  Center.. . 18,902,355 17,032,500 51 00,000 

2,998,200 3, :114,000 
John F. Keiinedy Space Center,  

Lewis Kesesrch Center......... 1,186,500 
Various Locations.. .. .. . . .. . . . 6,799,350 
Wallops Seation............... 770,000 e-- 1,tl04,000 

NASAI..e..,................. 8,659,000 1,680,000 1,;'41,000 --- --- --- 

Off ice  of AtJva_nced Research and techno lo^.................... $110,378,650 $56,179,300 $27,j91,000 

Ames Research Center.......... 
E lec t ronics  Research Center... 
F l igh t  Research Center........ 
Je t  Propulsion Laboratory..... 
Langley Re search Center.. . . . . . 
Lewis  Resemarch Center. . . . . . . . . 

13,711,000 

1,757,000 

10,094,300 
44,630,000 

--- 
--- 

11,044,000 

1,157,000 

8,204,300 
18,634,000 

--- 
--- 

6,081,000 
10,000,000 

LOO, 000 
4,  $54,000 

810,000 

--- 

Nuclear R c1ck.e t Development 
Station.. . . . . . . . . . . . . . .,. . . . . 

Various Lmcations. . . . . . . . . . . . . 3,240,000 --- 14,835,000 
25,351,350 13,900,000 5,846,000 

SUM 7 



Fiscal  Year 
1963 

Office of TrI&.ing and Data 
A c q u i s i t i ~ ~ ! . . . . . . . . . . . . . . . . . .  $40,776,145 

Goddard Space! Flight Center. . 2,915,000 
John F. Kerinedy Space Center, 

N A S A . . . . . . . . . . . . . . . . . . . . . . .  --- 
Various Lc1c:at:ions. ........... 34,470,395 
Wallops St  zition. ............. 3,390,750 

--- Fac i l i ty  Pl;oinJ.ng and Design.. . 
TOTAL E'l&l.. .............. $742,419.150 

Fiscal  Year 
1964 

$96,805,000 

4,000,000 
92,300,000 

505,000 

10,490,000 

$673,500,000 

Fiscal  Year 
1965 

.$6,14,0,000 

8C0,OOO 

-1 5,  OCl 0,000 

2 8 1  000 000 -A,- 

S1.M 8 



RESEARCH AND DEVEWPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVAXLED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAM 

pROGR4M OBJEC’E&YES AND JUSTIFICATION: 

The purpose of the  Basic Research program i s  t o  i n i t i a t e  and adminis ter  
fundamental research t o  obta in  bas i c  knowledge f o r  our r ap id ly  advancing tech- 
nology. In order  t o  improve our technological  knowledge and technique:;, NASA 
w i l l  conduct basic  research i n  the  phys ica l  and mathematical sciences.  Work 
i n  the  mechanisms of energy conversion i n  atoms w i l l  be h e l p f u l  i n  f ab r i ca t ing  
new gaseous and s o l i d  s t a t e  l a s e r s  f o r  use i n  space communication and i:rack- 
ing;  m a t h m a t i c a l  research i s  leading toward an improved c a p a b i l i t y  of  pre- 
d i c t i n g  the  motion of a space vehic le ;  explora t ions  i n  plasma behavior w i l l  
provide information h e l p f u l  t o  the  development of space power syst:ems m d  
e l e c t r i c a l  en@,in.es f o r  spackcraf t  propulsion; and research devoted t o  inate- 
r ials w i l l  prclvide techniques t o  develop newer and l i g h t e r  ma te r i a l s  operat-  
ing  a t  higher temperatures f o r  space vehic les  and supersonic a i r c r a f t .  

SZMMARY OF RE:SOIIRCES REQUIRJ5MENTS : 

1965 1963 1964 - 
Support: ing research and 

technology.. ............... $17,696,000 $21,000,000 $ 2  1,000,000 

Total. co:;t:;. ............... $17,696,000 $21,000,000 42 1,000,000 --- 
BASIS OF FUNIZAEQUIREMENTS : 

Supporting Research and Technolonv 

196’1 1963 1964 - 
Fluid physics... ............ $6,716,000 $7,820,000 $7,800:,, 000 
Electrophysics.............. 3,160,000 3,960,000 4., 000 I/ 000 
Materials................... 7,080,000 8,020,000 8,000 I 000 
Applied mathematics......... 740,000 1,200,000 _. I ,200 ,a 

$21,000,000 _s23. I 0 0 0 , ~  --- Total  costs............... 917.696,OOO 

Flu id  Physics 

F lu id  physics research  provides a fundamental understanding of tlrie flow 
processes of l i q u i d  and gas mixtures  involved i n  a i r c r a f t ,  spacecraf t ,  and 
advanced propul-sion systems. This research i s  concerned with the  flow of 

RD 12-1  



gases at very high temperatures (up to 40,000° Fahrenheit in the case of 
spacecraft entry). At these temperatures, gas mixtures are composed no1: only 
of electrically-neutral molecules, but also of atoms, ions and electrons with 
varying characteristics and accelerated chemical reactions. Thus, theoce- 
tical work in fluid physics cuts across conventional disciplinary 1,ines of 
fluid mechanics, chemistry and physics, and experimentally requires the use 
of advanced laboratory facilities and instrumentation techniques for pr3- 
ducing and measuring high speed and high temperature phenomena. A s  in xost 
basic research efforts, the work is performed on a continuing basis over a 
time span of many years. 

Examples of some of the projects and the particular emphasis to be 
given to them in fiscal year 1965 include: 
characteristic:!;, and the heat, viscous, and electrical conductivities and 
chemical reaction rates of planetary gas mixtures at temperatures up tc 
40,000 Fahren1ie:Lt; the experimental measuremenit of convective and radiant 
heat transfer on spacecraft nose shapes f o r  Earth, Venus and Mars entrj,, and 
the assessment O E  the effects of ablation products on conventive and radiant 
heat transfer; application of fluid physics principles to understand the 
mechanism of (combustion instability of liquid fuel rocket engines; the 
development of the physics of accelerating and decelerating ionized ga!; 
flows by means of magnetic and electric fields; and the extension of know- 
ledge of flow reactions at very low gas densities. 

the measurement of radiation 

Electrophvsics 

Electrophysics includes experimental and theoretical investigation into 
the reactions of electronic, atomic and nuclear states of solids, liquids 
and gases which are influenced by the static or dynamic Iorces or gravtta- 
tional, nuclear, magnetic and electric fields. Information from this re- 
search is generailly applicable to engineering advances in such fields as 
space power, radiation effects and electronic communications. 

Research iLs underway to determine and explain the mechanisms of energy 
transfer i.n t:he atomic levels of solids and gases. This will lead to new 
sources for the stimulated emission of coherent electromagnetic waves 
(lasers) in the region from gamma ray to millimeter wavelengths. 
sources may be applicable to electronic communication and navigation for 
spacecraft. 

Such signal 

Theoretical and experimental superconductivity research will find ways 
to increase it'ne critical temperature and magnetic field strength of super- 
conductors. 
magnetic Eields which may conceivably be used to shield spacecraft from 
undesired solar particle radiation. 

Superconducting coils offer a superior method for obtaining 

Investigation is underway to  reduce the energy losses in superconducting 
fields which would make them particularily attractive for use with gyroscope 
rotors. If the losses can be reduced to an acceptable level, then a new 
engineering technique will be available for further work on an iniprovl2d 
gyroscope for spacecraft guidance. 

RII 12-2 



Also, experimental research  is being conducted on the  f i s s i o n - e l e c t r i c  
c e l l .  Thirj new technique, i f  successfu l ,  w i l l  use  t h e  neutron f l u x  of a 
f i s s i o n  reac tor  to  i n i t i a t e  a c t i o n  of the  f i s s i o n - e l e c t r i c  ce l l  thereb:y 
d i r e c t l y  producing electric power. 
phenomena, cur ren t  leakage, secondary e l ec t ron  con t ro l  and design and 
f ab r i ca t ion  of laboratory u n i t s ,  

The work includes high vol tage  breakdown 

For f i s c a l  year 1965, bas i c  research w i l l  be continued on the  mecltla- 
nisms of energy t r a n s f e r  i n  atoms of s o l i d s  and gases,  on t h e  r eac t ion  
between ionized gases and magnetic f i e l d s ,  and on superconductivity theory 
and p r a c t i c e  . 

Materials 

Space ve:hic:les and high speed a i r c r a f t  r equ i r e  superior  l igh t -weight  

This program supports  in tegra ted  bas i c  research and 
materials resj.st:ant t o  hea t ,  stresses, corrosion,  erosion,  r ad ia t ions ,  and 
the  vacuum of space. 
technological. developments i n  ma te r i a l s  t o  help meet t h e  demand. 

Basic:  m~t1:ei:ials research  involves the  s tudy of t h e  chemistry and physics 
of s o l i d s  and t h e  na ture  and behavior of metals, ceramics, and polymer s. 
Research and development of new production processes and forming and ;joining 
techniques a r e  required for  t h e  t r a n s l a t i o n  of bas ic  and appl ied  research 
t o  reproducib Le and economical engineering materials. 

I n  f i s c a l  gear 1965 a vigorous materials program ranging from t h c  
Studies  of fundamental c h a r a c t e r i s t i c s  t o  advaneed technology w i l l  be 
pursued and rshould result i n  a l l o y s ,  ceramics, and polymers b e t t e r  a b l e  t o  
perform required functions i n  space vehic les .  P a r t i c u l a r  emphasjs w i l l  be 
placed: 
space environment, p a r t i c u l a r l y  looking fo r  t he  s y n e r g i s t i c  ef fec:ts 
produced by t h e  d i f f e r e n t  components of t h a t  environment; and on t h e  NASA 
polymer chemistry research  program t o  y i e l d  polymers capable of c1eair.nble 
s t r u c t u r a l  p rope r t i e s  a t  low temperatures, super ior  polymers capable for use 
a s  adhesives i n  honeycombs and laminates and as binder i n  p a i n t s ,  elastomers 
fo r  u s e  as e l a s t i c  s t r u c t u r e  a t  low temperature, and polymers which appear 
usefu l  for e lec t ron ic  appl ica t ion .  

on gaining an understanding of t he  behavior of materials i n  t h e  

Applied Mathematics 

Work in .  app l i ed  mathematics includes research i n  math-tiCi31 techniques 
necessary or re levant  fo r  app l i ca t ion  t o  aeronaut ic  and space problems i n  
science o r  engineering. 
poss ib le  for r ap id  and economic considerat ion of condi t ions not  y e t  achieved. 

A mathematical approach is sometimes t h e  only one 

I n  f i sc : c i l  year 1965 the  appl ied nrathematics program w i l l  sponsor 
con t r ac t s  or grants  fo r  i nves t iga t ions  i n  aerodynamic mathematics for 
pred ic t ing  w h i c l e  motions within p lane tary  atmospheres; for  mathemat ical  
work seeking t h e a r e t i c a l  so lu t ions  t o  problems connected with rocket  
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propulsion; and for research on control of motion and att i tude o f  vehic les  
i n  orb i t .  Research i s  a l so  planned i n  the areas of  new procedures for 
improvement of orbit  prediction, and abstract numerical analyses aimed at  
more e f f i c i en . t  explo i tat ion of  expensive computing f a c i l i t i e s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE O F  ADVAIUSD RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM 

PROGRAM OBJEC7!IJ3S AND JUSTIFICATION: 

The ob j m c t  ives o f  t he  Space Vehicle Systems program are t o  iden t i  fy 
and solve cri tt ical t echn ica l  problems bearing on present  generat ion space 
veh ic l e s ,  and t o  advance t h e  s ta te-  of- the-ar t  t o  enable t h e  development of 
more advanced space vehicles .  

The space vehicle  r ep resen t s  a system of enormous complexity i n  which 
the  major elements must be brought together  and in t eg ra t ed  i n  such a wily as 
t o  in su re  r e l i a b l e  and e f f i c i e n t  performance. The space veh ic l e  resea:i:ch 
and technology program r e f l e c t s  the  broad scape of mission and operat ional  
requirements. 

Comprehensive knowledge must be obtained on atmospheric winds a n j  turbu- 
lence ,  aerodyramic forces  and moments bu f fe t ing  and f l u t t e r ,  aerodynamic 
heat ing of t h e  v e h i c l e  during a scen t ,  and heat ing o f  t he  base and afterbody 
due t o  the  high-temperature exhaust. The refinement o f  s t r u c t u r a l  design 
r equ i r e s  knowl.eclge of t h e  dynamic behavior o f  t h e  l a rge ,  highly s t r e s s e d  and 
f l e x i b l e  veh ic l e s  and r equ i r e s  f u r t h e r  evolut ion and development of new and 
advanced s t r u c t u r a l  materials and p r i n c i p l e s  of s t r u c t u r a l  design. 

I 

Comprekmwive knowledge of t he  space environment i s  required.  NASA w i l l  
hi.gh-.cm:rgy charged p a r t i c l e  r a d i a t i o n s  and the i n t e r a c t i o n s  c f t h e  study: 

r a d i a t i o n  wit11 matter and new means of sh i e ld ing ;  t h e  d i s t r i b u t i o n  anc 
populatiori of hazardous p a r t i c l e s ,  and the  phenomena of hypervelocity impact 
and peneti:at:ion, and means f o r  p r o t e c t i o n  of  spacec ra f t  from pene t r a t ion ;  
t h e  high vaciiJm of space; thermal r a d i a t i o n  from t h e  sun; weightlessness which 
inf luences t h e  behavior and con t ro l  of p rope l l an t s  and o t h e r  f l u i d s ;  and 
t h e  control  of spacecraf t  temperatures. 

Atmosphere en t ry  and s o f t  landing of unmanned and manned spacec ra f t  pose 
continuing v e h i c l e  design problems. A broad research program i n  t h e  <areas 
of aerothermodynamics, f l u i d  physics,  s t r u c t u r e s  and materials is required 
t o  produce b a s i c  understanding of high-temperature gas p r o p e r t i e s ,  flow 
f i e l d s ,  d i s t r i b u t i o n  of r a d i a t i v e  and convective hea t ing ,  s t a b i l i t y  slid 
c o n t r o l ,  a b l a t i v e  materials and thermal p ro tec t ion  systems, and high-tempera- 
t u r e  s t r u c t u r a l  design. 

To guide t h e  o v e r a l l  program of t h e o r e t i c a l  and experimental research,  
continuing studlies are being conducted of advanced space miss ioni~  and veh ic l e  
concepts. Il-tes;e s t u d i e s  have the  s p e c i f i c  ob jec t ives  of a s ses s ing  new missions 
o r  f l i g h t  operat ions,  providing i d e a s  and innovation i n  space veh ic l e  concepts, 
and i d e n t i  fyi.ng t echn ica l  problems r equ i r ing  long-lead-time research. 
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Another r e s p o n s i b i l i t y  of t he  space v e h i c l e  research and techno1og;y 
program is  app l i ca t ion  of promising new r e s u l t s  and of the  bes t  current.  know- 
ledge t o  the  :Eonnulation of space v e h i c l e  design c r i t e r i a .  

SUMMARY OF RESOURCES REQUIREMENTS : 
1963 1965 .- 1964 

Supporting research and 

Scout reen.t:ry hea t ing  
technology........... .... 
expe r imtmt: s .............. 
expe:rinittnt:s.. ............ 
experinitmts.. ............ 
landing tests.. .......... 
exper inwnts (S- 55). . . 

F I R E . . . . . . . . . . . . . . . . . . . . . . . .  
Saturn- lawiched meteoroid 

Small spacx: veh ic l e  f l i g h t  

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

Scout-1.auric:hed meteoroid 

$26,900,000 

2,000,000 
3 ,(l00,000 

2 ,~,00,000 

3,000,000 

1 ,!~00,000 

$26,300,000 

1,500,000 
8,000,000 

8,000,000 

2,800,000 

900,000 

1,500,000 

' $20,226,000 

1,383,000 
13,912,000 

3,940,000 

1,724,000 

--- 
2,805,000 

$43,990,000 

--- 
Total  c o s t s . .  ............ 

BASIS OF FUNI) RIZOUIREMENTS: 

SupportinR Research and Technology 

1965 
_c_ 

1964 1963 

$ 5,432,000 
5,177,000 

$ 5,432,000 
5,177,000 

Spacecraft  aerothermodynamic.. ... 
Spacecraft  loads and s t r u c t u r e s . .  
Launch vehdc1.e aerothermo- 

dynamic I. ....................... 
Launch vek.dc1.e loads and s t ruc -  

t u r e s . . . *  ........................ 
Space vehi. (: 1 e environment a1 

f a c t o r s .  ........................ 
Advanced space veh ic l e  concepts.. 
8pace veh ic l e  design c r i t e r i a . .  .. 

$ 5,126,000 
3,306,000 

879,000 914,000 1,214,000 

3,797,000 2,467,000 3,797,000 

7,030,000 
2,350,000 

1,,300,000 

7,030,000 
2,650,000 
1,300,000 

6,847,000 
1,501,000 
100,000 

----A - 

Total, coistrs.. .................. $26,300,000 - $26,300,000 $20,226 .OOO 

Considerable progress  has been made during f i s c a l  year  1964 t o  e s t a b l i s h  
the  heat ing d i s t r i b u t i o n  on the  f ron t  face of b lun t  shaped spacecraf t  a t  
lunar  r e t u r n  speeds. Extensive t e s t i n g  has been accomplished to def ine  the  
heat ing on t he  a f t e rbod ies  of  Apollo-like conf igura t ions  where complex flow 
phenomena make p r e d i c t i o n  and wind-tunnel t e s t i n g  d i f f i c u l t .  A free-:l3.ight 
model technique has been devised f o r  high-heating rate shock tunnels  which 
should eninblle a much b e t t e r  determinat ion of t he  af terbody heat ing.  F.esearch 
on t h i s  problem w i l l  r ece ive  continued emphasis i n  f i s c a l  year  19165. 
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Research w i l l  a l s o  be continued on t h e  aerothermochemical prc)pertiLes o f  
a i r  and various predicted atmospheres o f  Mars and Venus a t  t he  very hi.gli 
temperatures as sclciated with e n t r y  f l i g h t .  More r e f ined  theo re t i  ca7 and ex- 
perimental  reseaxch on r een t ry  heat ing w i l l  be continued i n  f i s c a '  year 1965, 
p a r t i c u l a r l y  far t h e  very high speeds a s soc ia t ed  with Earth r een t ry  up011 re- 
tu rn  from in t e rp l ane ta ry  f l i g h t  where t h e  r a d i a t i v e  heat ing become:; increas- 
i ng ly  important:. 

Recent research has shown t h a t  zero- o r  l o w - l i f t  spacec ra f t  confij;ura- 

It is  d i f f i c u l t  t o  maintain 
t i o n s  can be achieved t o  reduce t h e  h o t  gas r a d i a t i v e  and t o t a l  heatins; a t  
very high (entry speeds (25,000 t o  45,000 mph). 
i n  t h e  hot environment t h e  r e l a t i v e l y  sharp nose required on these configura- 
t i o n s .  Some promising techniques w i l l  be s tudied f u r t h e r  i n  f i s c a J  yeitr 1965. 

Signif ic imt  progress  was made i n  the  p a s t  year  t o  improve thle aerodynamic 
performance, s t a b i l i t y ,  con t ro l  and general  f l y ing  c h a r a c t e r i s t i c s  of  advanced 
" l i f t i n g  body" type spacecraf t  throughout t he  speed range from reen t ry  t o  
landing. Such spacecraf t  o f f e r  considerably improved maneuverability during 
r een t ry  f l i g h t  and approach to  landing compared t o  spacec ra f t  of the  Apollo 
and Gemini t y p e s .  These spacec ra f t  a l s o  permit horizontal. landing much l i k e  
the  X-15.  Some weight p e n a l t i e s  f o r  t hese  d e s i r a b l e  f ea tu res  and a more 
d i f f i c u l t  problein of assur ing adequate r een t ry  hea t  pro tec t ion  are impcised. 
The heat ing its aggravated by complex flow phenomena f o r  these configurat ions 
with canopies, aerodynamic con t ro l  su r f aces  and o t h e r  protuberances thzit a r e  
only p a r t i a l l y  understood. Research on the  heat ing and aerodynamics w i l l  
continue t o  be a n  important p a r t  of t h i s  work. Also, research w i l l  be con- 
t inued on emergency landing and abor t  f l i g h t  problems f o r  t h i s  c l a s s  oY 
vehicle .  

Last  year evidence indicated t h e  heat ing o f  a probe i n  a Venus atmofiphere 
a t  speeds above 20,000 miles pe r  hour may be less than previously indicated.  
This w i l l  'be examined i n  g r e a t e r  d e t a i l  i n  f i s c a l  year 1965. 
on the  composition o f  t he  Mars atmosphere has a l s o  changed t h e  views on a 
probe shape s u i t a b l e  f o r  Mars e n t r y  f l i g h t .  Such a probe shape w i l l  have 
g r e a t e r  aerodynamic heat ing and s t a b i l j  t y  problems than previously expected 
and w i l l  r equ i r e  considerable research i n  order  t o  provide adequate da t a  on 
heat  p r o t e c t i c a  and con t ro l  during en t ry .  

New evidence 

I n  f i s c a l  year  1965 research on landing and recovery a i d s  f o r  b a l l i s t i c  
type spacec ra f t  w i l l  concentrate  on aerodynamic and deployment problems of 
s t e e r a b l e  parachutes,  pa rag l ide r s ,  aerodynamic dece le ra to r s ,  r o t o r s ,  rletro- 
rockets  and cclmhinations of such devices. 

Spacecraft  L o a m  

The prop-am provides the  technology f o r  improved and r e l i a b  Le s t r u c t u r a l  
performance o f  f l i g h t  vehicles .  The t rend toward more thorough ground qua l i  f i -  
c a t i o n  i s  a d i r e c t  consequence o f  more s t r i n g e n t  mission requirements involv- 
i ng  performance improvement and longer operat ing t i m e s .  Applied research t o  
a s su re  the  ti.rxe1.y a c q u i s i t i o n  o f  appropriate  a n a l y t i c a l  methods and experimental 
f aci li t i  ea w i l l  be continued . 
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Work w i l l  continue on obta in ing  research information f o r  t he  clesigii of 
thermal pro tec t ion  systems f o r  spacecraf t  atmospheric entry.  Current eEfor t  
is  d i r ec t ed  toward r e t a i n i n g  the  high thermal e f f i c i ency  of a b l a t i n g  mdrer- 
i a l s ,  while improving t h e i r  s t r u c t u r a l  p rope r t i e s  t o  an acceptab le  LeveL. 

Research 4.11 be continued on the  s t r u c t u r a l  advantages of cmiposite 
mater ia l s .  Filament re inforced  composites e x h i b i t  super ior  s t r eng th  charac- 
t e r i s t i c s  and appear to  be p a r t i c u l a r l y  advantageous f o r  t he  containment of 
cryogenic f l u i d s  such a s  l i q u i d  hydrogen. The major problem l imi t ing  their 
immediate use <:enters about mechanical compat ib i l i ty  of l i n e r  mater ia l s .  
Primary e f f o r t  i s  d i r ec t ed  toward providing an acceptable  so lu t ion  t o  the  
l i n e r  problem. Addit ional  research ob jec t ives  i n  spacecraf t  loads and 
s t r u c t u r e s  arc! concerned with environmental v ib ra t ions ,  a n a l y t i c a l  methods 
and landing hipact .  

Launch Veh i c  l e  Aero thermodvnami c s 

This reseiirch e f f o r t  i s  aimed a t  t h e  so lu t ion  of aerodynamic and thermo- 
dynamic p rob lms  of cu r ren t ly  approved launch vehic les  and provides the nec- 
essary  body of technological  knowledge t h a t  w i l l  be required f o r  t h e  develop- 
ment of the  more h ighly  advanced launch veh ic l e s  of t he  fu ture .  The research  
e f f o r t  i n  f i s c a l  year 1965 w i l l  placeemphasis on launch veh ic l e  hea t ing  
during f l i g h t  with p a r t i c u l a r  re ference  t o  the  e f f e c t  of nozzle c l u s t e r i n g  on 
base hea t ing ,  improved experimental methods f o r  the  labora tory  inves t iga t ion  
of base hea t in5 ,  and measurements of t he  r a d i a t i v e  hea t ing  component due t o  
the  incandescent rocket  exhaust plumes. Research w i l l  also continue on tra- 
j e c t o r i e s  and s taging;  launch vehic le  s t a t i c  and dynamic s t a b i l i t y ;  veh ic l e  
aerodynamic forces ;  loads,  and flow phenomena; and hinge moments on gimballed 
rocket  nozzles. 

Research w i l l  a l s o  be continued on l a rge  rocket  engine noise.  Th:i.s w i l l  
include a n a l y t i c a l  and experimental s t u d i e s  on the  generat ion,  propagation, 
and e f f e c t s  of no ise  under a v a r i e t y  of opera t ing  condi t ions.  This re- 
search w i l l  include s t u d i e s  of aerodynamic noise  genera t ion  by boundary 
layers ,  wakes,  and separated flow, and absorpt ion of l o w  frequency acous t i c  
energy i n  atmospheres. 
of the  fu ture ,  emphasis w i l l  be placed on the  aerothermodynamic p rob lem of  
new and d i f f e r e n t  launch veh ic l e  concepts 

With p a r t i c u l a r  re ference  t o  the  advanced vehi1:les 

capable of recovery anti re-use,  

Launch Vehicle Loads and S t ruc tu res  

This NASA e f f o r t  i s  d i r ec t ed  toward increas ing  the  e f f i c i e n c y  and r e l i a -  
b i l i t y  of laurichi veh ic l e  s t r u c t u r e s ,  through a b e t t e r  understanding of t he  
loads imposed on t h e  veh ic l e  by atmospheric winds and b u f f e t  lOad:P, and by 
s t r i v i n g  f o r  1 . i~;hter  s t r u c t u r e s  capable of withstanding these  loads. One of 
the  s ign i f ica .n t  accomplishments during f i s c a l  year  1964 w a s  t h e  advance made 
i n  dynamic mciclel.ing technology a t t e s t e d  to  by the  exce l l en t  c o r r e l a t i o n  of 
t he  1/5-scralc! Saturn I v ib ra t ion  da ta  with the  f u l l - s c a l e  test data.  The 
present  level. of e f f o r t  w i l l  continue i n  most areas of s t r u c t u r e s  research  
i n  f i s c a l  year  1965 with an acce le ra t ed  e f f o r t  i n  a few areas .  
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I n  t h i s  regard,  s t u d i e s  of l a rge  launch veh ic l e  s t r u c t u r a l  configura- 
t i o n s  w i l l  be macle where novel design app l i ca t ions ,  such as the  use of s e m i -  
t o r o i d a l  t a n k s ,  w i l l  permit s h o r t e r  veh ic l e s  with improved s t r eng th  and 
r i g i d i t y  c h a r a c t e r i s t i c s .  
f u e l  temperatureci with no leakage and low hea t  t r a n s f e r ,  a d e t a i l e d  i n v e s t i -  
ga t ion  of new materials and t h e i r  app l i ca t ion  to  l ightweight  tanks,  liners, 
and i n s u l a t i o n  w i l l  be conducted. 
add i t iona l  impetus. 
s t r u c t u r e s  t o  lrliilds and o t h e r  loads w i l l  continue t o  be s tud ied .  The increasedl 
use of models t o  a i d  these  inves t iga t ions  w i l l  a l s o  be studied. 

I n  order  t o  provide adequate cohtainment of low 

The p red ic t ion  of  design loads w i l l  r ece ive  
Methods f o r  the  p red ic t ion  of  t he  dynamic response of 

Space Vehicle Environmental Factors  

This  e f f o r t  concerns environments encountered beyond the  atmosphere 
t h a t  are important to  space veh ic l e  design, and the  e f f e c t s  of these  eiiviron- 
mental f a c t o r s  OR space vehic les .  
space r a d i a t i o n  e f f e c t s  and sh ie ld ing ,  meteoroid environment and impact hazard,  
zero  g r a v i t y  f l u i d  behavior,  high-vacuum technology, and thermal r a d i a t i o n  
and temperature cont ro l .  

The f i v e  P r i n c i p l e  a reas  a r e  high-energy 

I 

I n  t h e  high-energy r a d i a t i o n  and sh ie ld ing  area, one of the  majoi: e f f o r t s  
i s  the  t r anspor t  of charged p a r t i c l e  r a d i a t i o n  through matter. 
y ie ld ing  theclret ical  es t imates  of e l ec t ron  pene t r a t ion  w i l l  be continued with 
experimental v e r i f i c a t i o n  being obtained for the  t h e o r e t i c a l  r e s u l t s .  A 
long-range program, now i n  i t s  second year ,  f o r  s tudy of t he  i n t e r a c t i o n  of 
protons with mat te r  w i l l  continue. Studies  of electromagnetic sh i e ld ing  con- 
cep t s  w i l l  b e  continued a s  a p o t e n t i a l l y  l i g h t e r  weight, more e f f e c t i v e  means 
of shielding,. 
two kinds of research  e f f o r t  a r e  being undertaken. One w i l l  provide engineer- 
ing da ta  f o r  inmediate design use i n  r a d i a t i o n  e f f e c t s  on s p e c i f i c  components. 
Another e f f c~ i - t  of a more bas ic  na tu re  w i l l  provide a b e t t e r  understanding of 
the  underlying mechanisms of r a d i a t i o n  damage. 

A program 

In  the  a r e a  of r a d i a t i o n  e f f e c t s  on components and systems, 

The problem of  def in ing  t h e  meteoroid hazard to  spacecraf t  is one of  
both immediate imd Long-range importance. 
hence increaned t i m e  of exposure t o  the  hazard,  the  danger from t h i s  siource 
increases ,  Major research progress  w a s  made during t h e  p a s t  year  w i t h  the  
conclusion of t h e  successfu l  Explorer XVI sa te l l i t e  experiment i n  which the  
f i r s t  d i r e c t  meteoroid pene t r a t ion  measurements were made. 
t he  real €)eginn.ing o f  a series of  sa te l l i t e  experiments, discussed under fl.ight 
pro jec ts ,  whose ob jec t ive  i s  t o  e l imina te  i n s o f a r  as poss ib l e  the  l a rge  un- 
c e r t a i n t y  that: p re sen t ly  e x i s t s  with regard t o  t h e  populat ion and penet ra t ing  
power of  hazardous meteoroids. I n  add i t ion  t o  the  f l i g h t  experimlents,, t he  
r ad io  meteor pro jec t  w i l l  be continued i n  which meteors are observed and t h e i r  
p rope r t i e s  measured by r ad io  r e f l e c t i o n  techniques as they e n t e r  the  Iiarth's 
atmosphere to determine t h e i r  phys ica l  c h a r a c t e r i s t i c s  as wel l  as  the1.r d i s -  
t r i b u t i o n  i n  space and t i m e .  To properly assess the  hazard from any given 
meteoroid d i s t r i b u t i o n ,  t he  phenomena assoc ia ted  with high-veloci ty  impact muet 
be understood. Theoretical impact s t u d i e s  and labora tory  experinienqs using the  
bes t  ava i l ab le  p a r t i c l e  acce le ra t ion  techniques will be Continued. In a d d i t i o n ,  
several approaches t o  t h e  problem of obta in ing  the  y e t  unat ta ined t r u e  meteoroid 
v e l o c i t i e s  and masses i n  the  labora tory  w i l l  continue under development. 

With increased  mission dura t ion  and 

The experiment marked 
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Some two years  of comprehensive experimental. research , using a modest 
s i zed  drop tower f a c i l i t y ,  has r ecen t ly  been completed. 
w i l l  be on research on the  dynamics of f l u i d  motion under small acce le ra t ions  
(near-weightlessness) i n  f l i g h t  experiments and i n  ava i l ab le  drop tower 
f a c i l i t i e s .  

Major cu r ren t  emphasis 

The program i n  t h e  vacuum area w i l l  be pr imar i ly  concerned with the 
advancement o f  techniques f o r  producing b e t t e r  vacuums i n  the  laboratory and 
f o r  measuring these  vacuums with prec is ion .  

An impoi:ttint problem i n  the  design o f  spacecraf t  i.s maintaining temper- 
a tures  i n  t h e  des i red  range. Research on a c t i v e  temperature control. systems 
(i.e. those i n  which the  thermal c h a r a c t e r i s t i c s  o f  a veh ic l e  a re  var ied  
during a mission) w i l l  be continued, as w e l l  as fu r the r  deveZopment of improveld 
passive systems which w i l l  not degrade i n  e f f ec t iveness  during extended space 
f l igh t  f o r  long t i m e s  t o  t he  space environment. Solar  r ad ia t ion  design s t u d i e s  
w i l l  be continued t o  develop improved l i g h t  sources ,  b e t t e r  techniques fo r  
c a l i b r a t i o n ,  -Improved o p t i c s  and the  poss ib l e  use of thermal s c a l e  mocleling. 

Advanced Space Vehicle Concepts 

This  e f f o r t  involves t h e  study and ana lys i s  of advanced missions,  
spacecraf t ,  and launch veh ic l e s  beyond p resen t ly  approved p ro jec t s .  Principal. 
ob jec t ives  a r e  t o  understand problems assoc ia ted  w i t h  advanced mi.ssions; t o  
assist i n  guiding t h e  o v e r a l l  research e f f o r t s  of t h e  Of f i ce  o f  Advanc:ed 
Research and Technology by the  i d e n t i f i c a t i o n  o f  c r i t i ca l  and long-lead-time 
problem a reas ;  and t o  provide fo r  t h e  innovation and invent ion of new conceptti 
and vehic  Les. 

I n  f i s c a l  year 1964, research e f f o r t s  i d e n t i f i e d  research xequi.i?ements 
and provided concepts i n  support  of  manned o r b i t a l  l abora tory  and manned and 
unmanned p lane tary  missions.  Consideration was a l s o  given t o  the  po ten t i a l  
and probkms o f  advanced nuclear  and nuc lea r - e l ec t r i c  veh ic l e  system8 , 

Space Vehicle Desfgn Criter ia  

This e f f o r t  i s  d i rec ted  toward the  improvement of fu tu re  NASA soace 
veh ic l e s  by providing t h e  designers  with a b a s i c  and uniform se t  of  c m d i t i o n s  
f o r  use i n  designing launch veh ic l e s ,  spacecraf t ,  and en t ry  and 'Landing 
veh ic l e s ,  as wel l  as in t eg ra t ed  space vehic les .  F i sca l  year  19615 funds w i l l  
continue t h i s  e f f o r t .  

A number of  ind iv idua l  c r i te r ia  monographs dea l ing  wi th  s p e c i f i c  design 
top ic s  are now i n  prepara t ion  a t  NASA Centers ,  some of  which shoclld be 
published i n  calendar  year  1964. These w i l l  be coordinated with o t h e r  Federal  
departments and with indus t ry  t o  ob ta in  wide acceptance of the  c r i t e r i a  and 
t o  a i d  t h e  u 1 1 . t i m a t e  development of na t iona l  c r i te r ia  f o r  designing space 
vehic les .  
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FLIGHT PROJEC12E 

Flight: expeximents are used when ground f a c i l i t i e s  cannot provide 
adequate simu31ation of t h e  space environment, when information about t h e  
na ture  of t he  space environment is  important t o  space design,  o r  when data 
i s  needed to ( x r r e l a t e  o r  v a l i d a t e  important r e s u l t s  from ground f a c i l i t i e s .  

Scout Reentry Heating Experiments 

19h5 
-I_. 

1963 1964 

Spacecraft  and support  se rv ices . . .  $1,383,000 $500,000 $1 ,000,000 
Launch vehic les . . . . . . . . . . . . . . . . . . .  --- 1.000,000 - 1 ,000,000 

Total  costs . . . . . . . . . . . . . . . . . . . . .  $1,383,000 $1,500,000 $2,000,000 -- 
These t e s t s  measure the  performance of promising hea t  s h i e l d  ma te r i a l s .  

Ground f a c i l i t i e s  provide only p a r t i a l  s imulat ion of t he  hea t ing  environment 
for bodies en ter ing  the  atmosphere a t  v e l o c i t i e s  higher  than  ICBM spee i s .  
The objec t ive  of t he  Scout r een t ry  experiments is  t o  ob ta in  da t a  on hea t  
s h i e l d  materials,  under f l i g h t  condi t ions  a t  en t ry  speeds of 28,000 f e e t  per 
second and higher .  Early experiments developed and demonstrated the techniques 
f o r  obtaining, hea t ing  da ta  a t  high en t ry  v e l o c i t i e s  bu t  d id  not achieve the  
expected ve1oc:it:y because of d i f f i c u l t i e s  with t h e  launch veh ic l e .  

Beginninl; with t h e  second f l i g h t  planned i n  calendar  year  19164, provi-  
s ions  f o r  recovery w i l l  be incorporated i n  t h e  Scout en t ry  experiments. The 
funds request:c?d f o r  f i s c a l  year 1965 w i l l  provide f o r  one experiment i n  t h i s  
s e r i e s .  

FIRE - 
1965 - 1963 1964 

Spacecraft: and support  se rv ices . .  $ 9,912,000 $ 6,470,000 $ 1,,890,000 
Launch veh i c  Le. .................. 4,000,000 1,530,000 1,,110,000 

Total  c 3 s t s  ................... $13,912,000 3 8,000,000 $000,000 

The ob jec t ive  of t h i s  p ro jec t  i s  t o  i n v e s t i g a t e  the  heat ing environment 
and e f f e c t 8  
a t  37,000 feet per second. 
po in t s  f o r  va l ida t ing  r e s u l t s  from labora tory  t e s t  f a c i l i t i e s  and w i l '  provide 
guidance for  applying experimental and theoret ical .  reen t ry  da ta  generated by 
laboratory rlesearch. The p r o j e c t  provides two f l i g h t  a r t i c l e s  and a prototype 
spacecraf t .  

ar'ound a b lunt  Apollo-shaped veh ic l e  during an actual  reent ry  
The f l i g h t  t e s t s  will. provide c r i t i c a l  anc:hor 

Fiscal. year 1965 funds provide f o r  changes i n  the  second f l i g h t  space- 
c r a f t  ar i .s ing from r e s u l t s  of  the  f i r s t  f l i g h t  and check-out, 1-aunch, da t a  
reduct ion,  and repor t ing  of  resul ts .  
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Saturn-Launched Meteoroid Experiments 

1965 - 1963 1964 

Spacecraft: arid support..  ...... $ 3.940.000 $ 8,000,000 ~ 6 0 0 , 0 0 0  

Total  c:osl:s.. .............. $ 3,940,000 $ 8 , 000,000 $2,600.000 
-I 

The expr fmen t s  t o  be launched on development Saturn vehi c l  es  will expose 
an area almonl: I00 t i m e s  t h a t  o f  t he  Scout-launched experiments t o  meteoroid 
penetrat ion.  
metal su r faces  a s  t h i ck  as 0.01 5 inches,  approaching nominal veh ic l e  wall 
thicknesses used i n  p rope l l an t  tanks f o r  Apollo and o t h e r  p r o j e c t s .  

This w i l l  permit measurements of t he  frequency of pene t r a t ion  o f  

Small Space Vehicle F l igh t  Experiments 

1965 - 1963 1964 

Behavior and handling o f  cryo- 
genic  p rope l l an t s  a t  zero G.. $ 719,000 $ 1,050,000 $ 640,000 

Wind shear measurements.. ....... 113,000 200,000 200,000 
Met eo r s inml ;I t ion. .............. 535,000 750,000 610,000 
Reentry de 1: eo t ion. .............. 84,000 200,000 150,000 ... 100,000 --- Meteoroid pene t r a t ion  probe.. 273,000 
Secondary environmental experi-  . 

ment:s. ......................... --- 500.000 1.400,OOO 

Total  costs . .  ................ $ 1,724,000 $ 2,800,000 $3,000,000 - 
This p r o j e c t  provides a number of b a l l i s t i c  t r a j e c t o r y  f l i g h t  experiment 8 

using small 1.i1ulich rockets  t o  v e r i f y  r e s u l t s  obtained i n  ground f a c i l i t i e s ,  
and t o  invest-igate problems which can only be s tudied under a c t u a l  space 
environmental. conditions.  Current ob jec t ives  include: s t u d i e s  of the be- 
havior  ancl hruid’ting of cryogeni c p rope l l an t s  ( l i q u i d  hydrogen) and t h e i r  
a s soc ia t ed  systems i n  the  zero g r a v i t y  and near-zero g r a v i t y  condi t ior  ; 
measurements o f  wind shea r  p r o f i l e s  i n  the  v i c i n i t y  of major-rocket launching 
bases;  simu1ar:ion of meteors by f i r i n g  p e l l e t s  of known s i ze  i n t o  the  atmo- 
sphere frcnn i:eentry rockets  t o  provide a b a s i s  f o r  deducing the  s i z e  c f  photo- 
graphics?] y c)l)sarved n a t u r a l  meteors ; measurement o f  r ada r  cross-sect ion of 
r een te r ing  ob-jects as a f f e c t e d  by t h e  ionized a i r  surrounding the  ob jec t ;  and 
secondary expcxj-ments, flown on launch veh ic l e s  funded elsewhere, t o  e s t a b l i s h  
the  effect:s o €  t h e  space environment on t h e  physical  c h a r a c t e r i s t i c s  c f  a 
wide v a r i e t y  o f  spacec ra f t  materials. 

L i f t i n g  Body Flight and Landinp Tests 

1965 - 1963 1964 

--- $ 900,000 $ 1,900,000 - - Fl igh t  vehl.clLe & support services.. $ 
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Present manned spacecraf t  are of t h e  blunt-body, b a l l i s t i c  cm semi- 
b a l l i s t i c  type (Mercury, Gemini and Apollo), capable of coping with en t ry  
hea t ing  a t  speeds as high as lunar  r e t u r n  v e l o c i t y  but  with very l imi ted  
maneuverabili ty.  Entry spacecraf t  of t h e  l i f t i n g  body class, int.ermeiiiate 
between b a l l i s t i c  configurat ions and winged configurat ions,  promise good 
maneuverability i n  the  atmosphere coupled with a b i l i t y  t o  withstand the  en t ry  
heat ing associated with lunar  r e t u r n  o r  r e t u r n  from missions even beyond the  
Moon. However, before  p r a c t i c a l  appl ica t ion  can be made of t he  1.iftiiig 
body concept, it i s  e s s e n t i a l  t o  determine t h e  f ly ing  c h a r a c t e r i s t i c s  and 
whether p i l o t s  can handle such vehic les .  

A preliminary inves t iga t ion  of t h e  approach and landing c h a r a c t e r i s t i c s  
of one promising type of l i f t i n g  body configurat ion has been accc~mpli~shed by 
the  F l i g h t  Research Center using a simple, inexpensive g l i d e  vehic le  con- 
s t r u c t e d  (of s t e e l  tubing and plywood. This l ightweight vehic le  was tiested 
extensively by ground and a i r  tow with r e l e a s e  i n t o  f r e e - f l i g h t .  
been demonstrated t h a t  i t  can be  flown and landed successful ly .  

It has now 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVPSCXD RESEARCH AND TECHNOLOGY ELECTRONIC SYSTEMS I”R0GRAM 

PROGRAM OBJECllIVES AND JUSTIFICATION : 

The Electxonic  Systems program provides,  through research  a n d  technology, 
the  b a s i s  f o r  developing r e l i a b l e  and e f f i c i e n t  components, and f l e x i b l e  and 
proven tec.hni.clues f o r  u l t ima te  use i n  guidance, con t ro l ,  communications, 
t rack ing ,  ine;t:rumentation and d a t a  processing systems. The spectrum o f  
research a c t i v i t y  ranges from labora tory  and t h e o r e t i c a l  i nves t iga t ions  which 
make poss ib le  new approaches, t o  f l i g h t  experiments employed t o  examine the  
f e a s i b i l i t y ,  o r  provide environmental v e r i f i c a t i o n  of new devices  or  theo r i e s .  

SUMMARY OF REXJJRCES REQUIREMENTS: 

19 63 19 64 

Supporting research and 

Small f l i g h t  :projects . .  ......... 1,536,000 3,800,000 
technology.. .................. $15,535,000 $24,900,000 

Tota l  costs................... Q17,071,000 $28,700,000 

BASIS OF FUNgSEQUIREMENTS : 

Supporting Research and Technology 

19 63 19 64 

Guidance sys t ems . . . . . . . . . . . . . . . .  $3,565,000 $5,265,000 
Control systems., , . . . . .  ......... 2,858,000 4,850,000 
Communications.................. 2,802,000 4,315,000 
Tracking and d a t a  acqu i s i t i on . . .  L,329,000 3,220,000 
Data handling and processing..  .. 1,897,000 3,530,000 
Instrumentation.. . . . . . . . . . . . . . . .  3,084,000 3,720,000 

Total co6,ts.. .................. $15,535,000 Q24.900.000 

$25,400,000 - 3,000,000 

$5,4i35,000 
5,4150,000 
4,4 55,000 
3,0150,000 

3,560,000 
3,3130,000 

Guidancs: Systems. The guidance system research  and technology program 
is d i rec t ed  towards the  de r iva t ion  of information necessary t o  understand 
and design s i m F t l e ,  r e l i a b l e  and l ightweight  sensors ,  re fe rence  elements and 
assoc ia ted  cctmponents which make up a guidance system. 
s i z e s  technique and component research in i n e r t i a l ,  o p t i c a l ,  passive and 
ac t ive  electromagnetic phenomena f o r  p r inc ipa l  use i n  the  sensing and 

The program empha- 
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re ference  funct ions.  T ra j ec to ry  ana lys i s  provides t h e  framework €or examin- 
ing  energy requirements,  e r r o r  analyses ,  and sensor  and d a t a  processing trade 
o f f s  f o r  any spec i f i ed  space mission. 

The a reas  of  research i n  which p o t e n t i a l  improvements appear most l i k e l y  
are i n  cryogenic (super-conducting magnetic) and e l e c t r o s t a t i c  gyros,  and i n  
atomic and m:icron s i z e  p a r t i c l e  gyros and accelerometers.  
1965 program will continue these  t a s k s  where progress  warrants  and i n  addi-  
t i o n  proposa'ls fo r  gyros and accelerometers using atomic and micron s i z e  
particles haue.been evaluated f o r  i n i t i a t i o n .  

The f i s c a l  year 

Various f ac to r s  r e l a t e d  t o  f u t u r e  missions such as range, dura t ion ,  
energy aviailiablle and abor t  d i c t a t e  the  need f o r  on-board, autonomous, 
navigat ion systlems. 
on-board o p t i c a l  space navigat ion instruments  ( s imi l a r  t o  s ex tan t s )  and on 
e l ec t ro -op t i ca l  sensors  f o r  use a s  s tar  mappers. 
techniques f o r  da ta  c o l l e c t i o n  and closed-loop guidance systems Eire p tanned. 

NASA i s  emphasizing research i n  such passive dev:.ces a s  

In add i t ion ,  t e l e v i s i o n  

The cu r ren t  e f f o r t  i n  a c t i v e  guidance phenomena such as radar  and l a s e r  
type devices and systems i s  research  ana lys i s  o r i en ted ,  and is  d:irected 
towards examining the  requirements and performance parameters from which 
conceptual designs can be formulated. I n  p a r a l l e l  with t h i s  a c t i v i t y  a 
l imi ted  e f f o r t  w i l l  be  continued i n  explor ing s p e c i f i c  sub-systems and 
techniques t.o provide improved systems f o r  l a t e r  vers ions  of exist.ing space- 
c r a f t .  

----.I Control Systems. Control System research  and development seeks t o  
o p t i m i z e  f l i g h t  con t ro l  techniques f o r  manned and unmanned veh ic l e s .  Analyt-, 
i c a l  and experhnental  s t u d i e s  of sensors ,  c o n t r o l l e r s ,  and ac tua t ion  
mechanisms are conducted i n  order  t o  devise  combinations which rnaximj.ze 
p robab i l i t y  (sf ove r -a l l  mission success.  

Explo i t  a t  ion of phenomena inherent  i n  the  space environment is pursued 
f o r  con t ro l  purposes. I n  the  on-going program, the  u t i l i z a t i o n  of  s o l a r  
r a d i a t i o n  pressure  i n  combination with a momentum exshange device wi: . l  be 
inves t iga ted  as a device f o r  c o n t r o l l i n g  the  o r i e n t a t i o n  of a vehiclf!. The 
Ames Research Center has  completed ground-based s t u d i e s  of a gravity-gradient: 
vehic le  o r i e n t a t i o n  system which uses  a s i n g l e  passive damper. Bearings,  
rods,  anld dampers f o r  such veh ic l e s  have been developed. A technological  
f l i g h t  test  w i l l  be proposed €or f u l l y  demonstrating the  f e a s i b i l i t y  of a 
passive vehicle  o r i e n t a t i o n  system. 

The work i n  c o n t r o l s  has a l s o  emphasized no-wearing p a r t  con t ro l  sensors  
and ac tua t ion  devices ,  i n  o rde r  t o  ob ta in  the  g r e a t e s t  vehic le  l i f e  r e l i a b i l -  
i t y .  
accuracy of t hese  devices.  

A research program has been undertaken to  increase  the  s e n s i t i t i t y  and 
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A no-moving p a r t  gas valve i s  being developed f o r  micro- thrusters  i n  
t h e  2-6 micropound range, as a r e s u l t  of research completed i n  t h e  pas t  year 
r e l a t e d  ti:, the d i f fus ionof  hydrogen through a palladium a l loy .  
cont ro l  research w i l l  be conducted, i n  addi t ion  t o  app l i ca t ion  of adaptive 
and optimal cont ro ls  t o  s p e c i f i c  classes of vehicles .  

Theoret ical  

A por t ion  of t h e  manned con t ro l s  research i s  r e l a t e d  t o  the  inves t iga-  
t i o n  of the  cont ro l  and d isp lay  requirements f o r  fu tu re  space veh ic l e s ,  where 
new and unexplored mission t a sks  are involved, such as rendezvous, luiiar 
landing, and mid-course a t t i t u d e  cont ro l .  

Much of t h e  cont ro l  systems e f f o r t  is  r e l a t e d  t o  understanding man's 
operat ion as a cont ro l  element, and development of a r a t i o n a l  design pro- 
cedure f o r  manned systems. 
t e s t i n g  of e l ec t ron ic  and mathematical models of cont ro l  tasks .  
planned i n  f i s c a l  year  1965 t o  examine quan t i t a t ive ly  the  effect: ;  of display 
dynamics upon t.he a n a l y t i c a l  manual con t ro l  system models developed t 3  date.  

In  f i s c a l  year  1965, emphasis w i l l  be placed on 
It is a l s o  

Communi5g.ions Systems. Communications Systems research provides 
technology t c ,  minimize spacecraf t  volume, weight and power devoted t o  the  
transmission of da ta .  
spacecraf t  power and account f o r  a s i g n i f i c a n t  percentage of t h e  w e i g h t  of 
t he  spacecrstft,  The communications systems research e f f o r t  i s  d i r ec t ed  
towards solviing t h i s  problem by explor ing new technologies here tofore  not 
employed f o r  space communications. 

Present  communications systems are prime consumers of 

To achitwtz t h i s  ob jec t ive ,  t h e  research emphasis i s  placed on submil l i -  
meter and o p t i c a l  technology, which, due t o  i t s  shor t e r  wavelength allows 
considerable reduct ion i n  physical  s i z e  and weight of t he  associated compo- 
nents.  Also,  i n  e l e c t r o n i c  components, emphasis i s  placed on t h i n  f i lm  and 
microe1ec:troiiics which show promise of smaller s i z e ,  weight, and power, as 
well as improved r e l i a b i l i t y  and considerable  immunity t o  r ad ia t ion .  

A laser s igna l  t ransmission measurement program was i n i t i a t e d  in f i s c a l  
year 1964 and will be continued i n  f iscal  year  1965. 
i d e n t i f y  t h e  atmospheric e f f e c t s .  on  the  coherence character of r ad ia t ion  
and w i l l  det:czrmine which new techniques o r  procedures can be employec t o  
minimize such e f f e c t s .  

This program w i l l  

Submi1L:imzter electromagnetic r a d i a t i o n  has  received l i t t l e  research 
a t t e n t i o n  df.eected towards communications; however, these  frequencies) o f f e r  
considerable promise f o r  deep space communications. 
t he  e f f o r t  to :improve t h e  s ta te -of - the-ar t  i n  sources and de tec to r s  w i l l  be 

measurements under real is t ic  aerospace condi t ions.  

During f i s c a l  year  1965,, 

, continued. A1!30, an e f f o r t  will be i n i t i a t e d  i n  r a d i a t i o n  t ransmission 

NASA ha.s : in i t ia ted  s t u d i e s  i n  f i s c a l  year  1964 t o  determine the  
f e a s i b i l i t y  of achieving microelectronic  micropower devices;  t h a t  is, 
extremely srnnl l  ac t ive  and passive devices  which perform conventional func- 
t i o n s  such 41,s ampl i f ica t ion ,  switching and d i g i t a l  l og ic  a t  power level 
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orde r s  of magnitude below those i n  use today. A program w i l l  be i n i t i a t e d  
i n  f i s c a l  year 1965 t o  f a b r i c a t e  prototype devices.  

I n  f i s c a l  year 1965, s t u d i e s  w i l l  be conducted in to  t h e  pe r t inen t  
app l i ca t ions  of microe lec t ronics  i n  the  Sa turn  V vehic le .  
have been se l ec t ed  which w i l l  be converted t o  microelectronics .  These 
systems w i l l  be thoroughly t e s t e d ,  evaluated,  and compared with the  e x i s t i n g  
subsystems t o  determine the  advantages t h a t  app l i ca t ion  of m i c r o e l e c t r m i c  
techniques offer. 

Three subsystems 

Tracking: Arid Data Acquis i t ion Systems. This  research  covers the  devel- 
opment of technology t h a t  w i l l  enable  more accura te  ground determinat ion of 
spacecraf t  orhit :al  parameters,  such as range, range rate and angular pos i t i on .  

Emphasis i s  placed on two approaches: o p t i c a l  t rack ing ,  which, t heo re t -  
i c a l l y ,  w i l l  tmable o rde r s  of magnitude improvement i n  both range r a t e  and 
angular d a t a  concerning t h e  spacec ra f t ;  and l a rge  e f f e c t i v e  aper ture  antenna 
technology wh:Lch w i l l  a f fo rd  an improvement i n  the  range and da ta  a c q u i s i t i o n  
c a p a b i l i t y  of t h e  ground based system. 

Development of real time o p t i c a l  t rack ing  technology w i l l  provide' an 
accurate  means of t racking  during r een t ry  and development of techniques,  and 
w i l l  enable a g r e a t e r  po r t ion  of t h e  d a t a  acqu i s i t i on  equipment t o  be located 
a t  t he  ground terminal .  

The s i z e  of ground antennas o r  r a d i a t i n g  aper ture  has  a d i r e c t  r e l a t i o n  
t o  da t a  acqu i s i t i on  c a p a b i l i t y  -- t h e  l a r g e r  t h e  aper ture  the  g r e a t e r  t he  
capab i l i t y .  During f i s c a l  year 1964, experimentation r e l a t e d  to  "s ignal  
combiningvt conf irmed t h a t  a r ray ing  of ind iv idua l  ape r tu re s  can be accomplished 
with the  threshold of de tec t ion  of t he  a r r a y  lower than t h a t  of t.he individual  
antennas. As a r e s u l t ,  a s tudy has been i n i t i a t e d  t o  determine t.he type of 
experimental  f a c i l i t y  t h a t  w i l l  be required i n  order  t o  f u l l y  eva lua te  the  
technique and uncover the  e f f e c t s  of the atmosphere on the  signal. combining 
procedure. This e f f o r t  w i l l  be continued during f i s c a l  year  1961i. 

The S-66, Polar Ionosphere Beacon S a t e l l i t e ,  has o p t i c a l  corner  r e f l ec -  
t o r s  which will enable considerable  experimentation t o  be conducted i n  f i s c a l  
year  1965 on balth non-cooperative t racking  and ground based d a t a  acqu i s i t i on .  

Also  i n .  f i s c a l  year  1965, l abora tory  experiments w i l l  be conducted on 
the  f e a s i b i l i t y  of acqui r ing  da ta ,  via opt ical  techniques,  without t h e  use of 
a t r ansmi t t e r  aboard the  spacecraf t .  I f  t h i s  research  v e r i f i e s  t he  theo re t -  
ical  calculaCions,  then it w i l l  be poss ib l e  to  consider  e a r t h  or lbi ta l  satel- 
l i t e s  without: transmitters wi th  the  a t tendant  increase i n  r e l i a b i l i t y  and 
performance of t he  s a t e l l i t e .  

ResearcAi w i l l  continue on two b a s i c  problems assoc ia ted  wi th  o p t i c a l  
t r ack ing  -- prec i s ion  p o s i t i o n  sensing techniques and p rec i s ion  con t ro l  of 
t he  d i r e c t i o n  of  a laser beam. I n  t h e  former, t he  e f f o r t  will be concerned 
pr imar i ly  with the  in t e r f e romet r i c  angle  measurement techniques , which show 
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promise of at least an order  of magnitude improvement i n  accuracy. 
closed-loop con t ro l  research  w i l l  u t i l i z e  e l e c t r o - o p t i c a l  techniques,  which 
w i l l  al low complete e l e c t r o n i c  con t ro l  of the  l a s e r  beam. 

Prtixision 

Data Hanilinn and Processing. I n  f i s c a l  year 1965 work w i l l  be 
i n i t i a t e d  on add i t iona l  kinds of computer memory systems, notably those 
using continuclus shee ts  of " f e r r i t e "  (magnetic ceramic) plates .  Such 
inves t iga t ions  w i l l  produce memory systems having the  capac i ty  t o  r e t a i n  
l a rge  amounts of information, and capable of rap id  d a t a  r e c a l l .  
d a t a  processing c a p a b i l i t i e s ,  p a r t i c u l a r l y  where the  handl ing of t e l e v i s i o n  
images i s  concerned, w i l l  accordingly be g r e a t l y  improved. 

On-board 

Research concerning systems and computer programs f o r  t he  handling of 
t e l e v i s i o n  i ~ l i ~ g t ~ s  i s  cont inuing,  Work was begun on a new type of TV image- 
forming device employing thousands of  l i g h t  sensit ive elements c a l l e d  
"phototransisl:oi:sf1. The response of each pho to t r ans i s to r  can be determined 
by e l e c t r o n i c  means much simpler than the  complex switching and synchroniz- 
ing  systems i:eqiiired f o r  conventional TV e l e c t r o n  beam scanning. 

Televis ion systems w i l l  be analyzed, t he  i n t e n t  being the  reduct jon  o f  
t he  burden on the  communications channel, with some improvement i n  the image 
i t s e l f .  Expcxted TV sys t em improvements should soon make p rac t i cab le  d i r e c t ,  
immediate viewing of t he  l u r a r  su r f ace  o r  of o the r  nearby ob jec t s  - f o r  
example, art i f i lc ia l  s a t e l l i t e s .  

New, advanced devices  which f a c i l i t a t e  d i r e c t ,  rap id  communication 
between men ,and da ta  processing complexes w i l l  be developed and t e s t ed .  
These include spec ia l  keyboard devices ,  spec ia l  d i sp l ays ,  and appropr:i.ate 
computer programming and o the r  required system developments. In  additiion 
t o  man-machine l i n k s ,  devices which improve communication among c.ompur:ers 
w i l l  be s tud ied  and improved. 

Instrumentation. Anticipated requirements involve the  devel.opmeiit of 
instruments u t i l i z i n g  minimum power and y ie ld ing  information i n  ii fonn s u i t -  
ab le  f o r  immediate use o r  d i g i t a l  computer processing. These devices  must 
be r e l i a b l e  and p rec i se ,  have adequate response speed, and be ab1.e t o  
opera te  desp i t e  extremes of temperature and r a d i a t i o n  l e v e l s .  

Instruments w i l l  be needed t o  determine t h e  c h a r a c t e r i s t i c s  of  t i e  
atmosphere, e lectromagnet ic  environment, and g r a v i t a t i o n a l  and p a r t i c l e  
f i e l d s  which surround the  major bodies i n  the  s o l a r  system. 

One of the: most d i f f i c u l t  measurements i s  the  determinat ion of atmos- 
pher ic  pressmure! as we move away from Earth.  Available devices  are accurate  
i n  the  lower p a r t  of t he  Ea r th ' s  atmosphere, but  are of questioncable accuracy 
i n  the  hard vac:uum of  deep space. 



Present electromagnetic r a d i a t i o n  sensors  cover only narrow frequency 
A s e r i e s  of u n i t s  must be used t o  cover t h e  op t i ca l - to - in f r a red -  bands. 

range. Broad-band r ad ia t ion  sensors  w i l l  be developed t o  cover the  complete 
range 

The physical  condi t ion  of personnel i n  spacecraf t  and t h e  e s s e n t i a l  l i f e  
support  systems w i l l  be monitored by biomedical instruments of optimum design,  
and must be in t eg ra t ed  i n t o  the  ove r -a l l  space veh ic l e  instrument.atioii. 

Recently s t r i k i n g  r e s u l t s  have been achieved i n  the  a r e a  of design and 
f a b r i c a t i o n  of miniatur ized,  completely se l f -conta ined ,  medical sensors .  
These can be appl icable  t o  biomedical instrumentat ion s ince  they a r e  e a s i l y  
a t tached  t o  ast .ronauts o r  animals,  are self-powered, and transmit: t h e i r  
information -- c.oncerning hear t -bea t  and r e s p i r a t i o n ,  f o r  example - t o  r ad io  
rece ivers  which may be  yards away. 
a small f r a c t i o n  of a cubic inch,  were success fu l ly  t e s t e d .  

Such u n i t s ,  occupying a volume of only 

A laborti tory micro-balance w a s  developed a t  Ames of such s e n s i t i v i t y  t h a t  
i t  has detec:t:ecl the  pulsa t ions  of t h e  h e a r t  of a developing embryo wi th in  a 
q u a i l  egg. 

In fisc:al year  1965, i n  add i t ion  t o  improvements i n  t h e  minia tur ized  
wi re l e s s  sensors ,  s tud ie s  w i l l  be i n i t i a t e d  i n  t h e  general  area of  sensing of 
t he  presence of n o n - t e r r e s t r i a l  l i v i n g  organisms. 

Engineering instruments a r e  those sensors  needed t o  acqui re  information 
concerning t h e  behavior of the  space systems themselves - t h e  ground t e s t  
f a c i l i t i e s ,  the  prototype o r  f i n a l  vers ions  of spacecraf t  during checkout, 
t h e  1aunc:h i;:ysi:ems, and the  spacecraf t  i n  f l i g h t .  Such information rriust be 
made immc!di;rte Ly ava i l ab le  t o  ground opera t ions  personnel and spacec ra f t  
crews - wheix such e x i s t  - during pre-launch, launch, and a l l  post-lzunch 
phases. 

I n  f i s c a l  year  1965, NASA w i l l  p lace  s p e c i a l  emphasis on measurcsments at: 
high vacuum. Applicat ion of t he  mass spectrometer t o  t h e  problem of determiri- 
ing t h e  composition of gas mixtures a t  extremely low pressures  w i l l  he 
s tud ied .  
pressure-measuring device may be used w i l l  be g r e a t l y  reduced. 

Tlie lowest pressures  at which a gas molecule damped diaphragm 

I n  ,addition, reduct ions i n  s i z e  and weight and increases  i n  spec!d of 
response of devices making use of t he  "gas chromatography" p r i n c i p l e  will be 
accomplished. This technique should be of g rea t  va lue  i n  the  anialys:.s of 
manned spacecraf t  a r t i f i c i a l  atmospheres. 

I n  l i g h t  of i t s  general  a p p l i c a b i l i t y  t o  a l l  instrumentat ion prDgrams, 
a t t e n t i o n  w i l l  be given t o  new concepts i n  t h e  d i g i t a l  t ransducer  a rea .  Sol id  
s ta te  t ransducers  present  encouraging p o s s i b i l i t i e s  and w i l l  be emphasized i n  
f i s c a l  year  15165. 
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While the foregoing developments represent  s p e c i f i c  s t e p s  t o  be taken 
i n  f i s c a l  year. 1.965, research w i l l  a l s o  be continued on instrumenitation f o r  
high and low t:eniperature measurement, fo rce  and torque measurement, and on 
p a r t i c l e  de tec t ion  devices of enhanced performance. 

Small P l i g h t  P ro jec t s  

1963 

Radio at terniat:ion measure- 
ments (RPJI) .................... $1,305,000 

Scanner.. ......................... 110,000 

1 2 1  .ooo 
Spacecraft  o r i e n t a t  i on  

controll s,yst:em (SOCS) ......... 
Total  cos t s  #, .................. $1.536 ,000 

Radio At.J:erruation Measurements (RAM) . This 

1964 

$2,000,000 
1 , 800 , 000 

$3,800,000 

1965 --- 

:j2,000,000 
1,000,000 

f l i g h t  p ro jec t  i s  designed 
t o  provide! t h e  f l i g h t  experimentation and v e r i f i c a t i o n  of t h e  i n t e r a c t i o n  of 
e1ectromagnet:iLc r a d i a t i o n  with t h e  ionized plasma generated by reenter ing  
spacec ra f t ,  atid t h e  evaluat ion of means whereby t h e  e f f e c t s  of thl; plasma 
on rad io  wavc!:i niay be minimized o r  eliminated. F l igh t  experiments a r e  
e s s e n t i a l  t o  our understanding of t h e  i n t e r a c t i o n  of rad io  waves with plasma, 
as it i s  not poss ib le  t o  s imulate  t h e  varying condi t ions encountered during 
reent ry .  Data obtained from f l i g h t s  conducted w i l l  supply t h e  technological  
base upon which so lu t ions  t o  t h e  comnunication black-out problem will be made 
f o r  both manrwd and unmanned reent ry  at speeds of 25,000 f e e t  per second and 
above. 

Scanner, l%e Scanner p ro jec t  has  t h e  ob jec t ive  of making d e t a i l e d  
measurements, from high a l t i t u d e s ,  of t h e  n a t u r a l  r a d i a t i o n  gradien ts  which 
def ine  the  e:irtti's horizon. 
proven tec:hni.clue f o r  gather ing s ta t is t ical  da ta ,  possibly i n  eartih s a t e l l i t e  
spacecraft . .  
characteri.sti.c:s,, 
of payload backup equipment and instrumentat ion provided. Technical advances 
i n  Scanner over previous experiments w i l l  be t h e  use  of star-mapping techniques 
t o  c o r r e l a t e  sensor  point ing d i r ec t ions  with observed da ta ,  and t 'he  acquis i -  
t i o n  of extrcrneiy high r e so lu t ion  gradien t  data .  
14-16 microns ind ica t e  an independence from clouds and seasonal e f f e c t s  f o r  
t h i s  frequency 'band. Further s tudy i s  necessary t o  v e r i f y  t h e  optimum 
frequency f0.r horizon sensor development and app l i ca t ion  and t o  assess; the  
spacecraf t  0:rientation accuracy a t t a i n a b l e  with horizon scanner techni.ques. 

A secondary ob jec t ive  i s  t o  develop a f l i g h t -  

The pro jec t  i s  an extension of t h e  cur ren t  research on hcr izon 
Two f l i g h t  experiments are planned with an add i t iona l  set 

Recent measurements a t  

RD 14-7 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVAIJCED RESEARCH AM) TECHNOLOGY HUMAN FAC~OR SYSTEMS PRC~GRAM 

PROGRAM OEUECTtJ3S AND JUSTIFICATION: 

Future aerospace p ro jec t  successes depend upon t h e  e f f e c t i v e  u t i l i z a t i o n  
of man, both :rpace and ground based. 
providing i:esesrch supporting the  successful  consummation of t hese  pro: ects. 
Spec i f i c  program ob jec t ives  are (1) t o  o b t a i n  a b e t t e r  understanding of 
man's capabi1:Ltiles and l i m i t a t i o n  and t o  determine h i s  u t i l i z a t i o n  i s  Ed- 
vanced aerospace systems, (2) t o  o b t a i n  information which w i l l  be the  h a s i s  
f o r  designs O E  sys t ems  f o r  maintaining t h e  high operat ing e f f i c i e n c y  of 
crews during programmed and emergency phases of advanced aerospace mis:,ions, 
and (3) t o  determine o v e r a l l  human f a c t o r  requirements and i n t e g r a t e  them 
i n t o  t h e  desi,gn of advanced aeronaut ical ,  a s t r o n a u t i c a l  and ground support 
systems. 

The Human Factor  Systems Program is 

The major program e f f o r t  i s  located a t  Ames Research Center with p i t r t i c i -  
pat ion by [other NASA cen te r s ,  o the r  government agencies,  u n i v e r s i t i e s  and 
industry.  The intra-NASA and Department of Defense-NASA review prc1cedu::es f o r  
l i f e  sciences t a sks  avoid dup l i ca t ion  of e f f o r t  and provides a b e t t e r  
balanced na t iona l  l i f e  sciences program. Intra-agency coordinat ion of 
supporting research and technology t a sks  i s  conducted through t h e  Li fe  
Sciences Subpanel of t he  Supporting Research and Technology Panel, Aeronau- 
t i c s  and Astronaut ics  Coordinating Board. This across-the-board c:oopecative 
e f f o r t  makes c e r t a i n  of a maximum u t i l i z a t i o n  of current  data  and c a p a l i l i t i e s  
i n  the  l i f e  sciences. 

Future manned space missions depend on t h e  e f f e c t i v e ,  s a f e  u t r l i z a t i o n  of 
man f o r  extended periods of time. 
minimum payload weight can be r e a l i z e d  by u t i l i z i n g  man as a primary o r  
backup compon.ent.. Determination of t h e  assignment of such t a sks  is dependent 
upon t h e  physical  condi t ion of the  crew, t h e i r  performance and t h e i r  a b i l i t y  
t o  communicate. Throughout t hese  missions, man w i l l  be subjected t o  a 
v a r i e t y  of nat:ural and mission dependent environments such as vaciium, tem- 
perature ,  acc:eleration, weightlessness,  r ad ia t ion ,  and magnetic f i e l d s .  
We must know t h e  physiological  and psychological e f f e c t s  of each m i q u e  
environmental- f a c t o r ,  as we11 as the i n t e r a c t i o n  of  these f a c t o r s  t o  i n su re  
t h e  effect:ivc! i n t e g r a t i o n  of man as a p a r t  of t he  t o t a l  system. 

Maximum r e l i a b i l i t y  and safe ty , ,  and 
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SUMMARY OF RESOUI1CES REQUIREMENTS : 

Supporting Research and Technology 

Supporting research and 

F 1 i gh t pro  g ram : 
technology.............. ..... 
Small 'biotechnology f l i g h t  

p r o j e c t s  ................... 

1963 

$9,678,000 

112,000 

1964 

$13,200,000 

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

BASIS OF FUND REQUIREMENTS: 

Advanced concepts.............. 
Human re,search and performance. 
L i f e  support and p ro tec t ive  

' systems ...................... 
Man-systems i n t e g r a t i o n  ....... 

$9,790.000 

1963 

$ 311,000 
4,275,000 

3,407,000 
1,685,000 

$13.200.000 

1964 

$1,053,000 
3,488,000 

5,216,000 
3,443,000 

-- 1 9 6 . I j  

$13,200,000 

3,000 ,000 

-- 1 9 6 . I j  

$ 900,000 
4,057,000 

5,000,000 
3,243,000 

Tota l  cos ts . . . . . . . . . . . . . . . . . .  S9.678.000 S13.200.000 

Advanced Concepts 

Studies  i n  advanced concepts analyze problems and t h e i r  so lu t ions  i n  
terms of concepts beyond the  present  s t a t e  of  s c i e n t i f i c  and t echn ica l  art.  
Continuing f i s c a l  year 1965 research i n  t h i s  a r e a  inc ludes  i n v e s t i g a t i o n s  
i n  systems ana lys i s ,  human analogs, and bionics.  Bionics concerns the  
ana lys i s  of olperating p r i n c i p l e s  and of t he  cons t ruc t ion  of n a t u r a l  bio-  
l o g i c a l  systems t o  determine what they may con t r ibu te  t o  t h e  sc ience  and 
technology of systems which include man. Other research  inc ludes  i n v e s t i -  
gati'ons of cy'bernetic organisms (cyborgs) which involve t h e  development of 
mechanisms which work l i k e  o r  may be combined with man. 
elementary l e v e l ,  t h i s  science o f f e r s  such devices  as mechanical limbs 
which may lbe con t ro l l ed  as one c o n t r o l s  h i s  own limbs. 
w i l l  o f f e r  a u x i l i a r y  devices  which w i l l  extend man's a b i l i t y  t o  perceiTre 
and ac t .  For example, t he  e l e c t r i c a l  t ransmission of information t o  the  
audi tory  cen te r s  of t he  b ra in  would bypass the  e a r  e n t i r e l y .  
as t ronauts  would not  need earphones ; a i r c r a f t  p i l o t s  could have unimpeded 
communications and ye t  be ab le  t o  monitor t he  airborne sounds of t h e i r  
veh i c  1 e . 

On the  most 

Advanced concepts 

Space su i t ed  
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Human Research and Performance 

Space r equ i r e s  man t o  adapt t o  new environmental condi t ions  such its 

zero g rav i ty ,  zero o r  i n t ense  magnetic f i e l d s ,  va r i ab le  degrees of ion:i.zing 
r ad ia t ion ,  varioiis p re s su res  and types of  a r t i f i c i a l  atmospheres, r e l a t i v e  
s o c i a l  depr iva t ion ,  and t o x i c  e f f e c t s  r e s u l t i n g  from contaminants. Thcse 
environmental d i f fe rences  and t h e i r  combinations are analyzed i n  terms of 
t h e i r  e f f e c t s  on man's p r i n c i p a l  body systems; e.g., cardio-vascular,  
r e sp i r a to ry ,  c e n t r a l ,  nervous, g a s t r o - i n t e s t i n a l ,  and endocrine. They are 
a l s o  analyzed i n  terms of e f f e c t s  on t he  whole man when l i v i n g  and working 
i n  the  space environment. Research r e s u l t s  w i l l  be used t o  e s t a b l i s h  
design requirements f o r  l i f e  support  and p ro tec t ive  systems and in, deter- 
mining the  most e f f e c t i v e  u t i l i z a t i o n  of man i n  f u t u r e  space missions. 

I n  the  hermetic space vehic le ,  many items not normally considered 
tox ic  o r  hazardous can c r e a t e  problems. 
charac te r ized  by a slow loss o r  evaporat ion of  p l a s t i c i z e r s  o r  solvent:;. 
The closed a i r  cyc le  of t h e  space veh ic l e  allows such a i r  add i t ives  t o  
concentrate ,  and reduced pressure  i n  t h e  vehic le  a c c e l e r a t e s  such 
evaporations . 

For example, most p l a s t i c  i s  

Toxic substances previously unknown are a p o t e n t i a l  hazard t o  ground 
personnel. New f u e l s  are p r imar i ly  t h e  source of  such exposures. An 
ex tens ive  tox ico log ica l  program has been i n i t i a t e d .  

Shielding systems using cryogenic super-conducting magnets o f f e r  
p ro tec t ion  from ioniz ing  r a d i a t i o n  with small weight penalty.  Such systems, 
however, produce in t ense  magnetic f i e l d s .  Research is i n  progress  t o  
determine the e f f e c t s  of  such f i e l d s  on body chemistry and nerve conduction. 
Such f i e l d s  have d e f i n i t e  b io log ica l  e f f e c t s ,  but more in t ens ive  r.esea.lrch 
i s  required.  

Breathing systems using t h e  conventional 5ps i  and 100% oxygen a r e  
Pure oxygen causes  a number of unsa t i s f ac to ry  f o r  long term exposure. 

t ox ic  r eac t ions  t o  body t i s s u e ,  and t h e  combination of 100% oxygen 
and low pressure  causes lung de te r io ra t ion .  Fur ther  i nves t iga t ions  a r c  
being conducted t o  determine t h e  optimum gas pressure  and mixture f o r  long 
term use. Such d a t a  i s  a p r e r e q u i s i t e  f o r  extended space f l i g h t s .  

Calcium l o s s  from bones and reduct ion i n  vascular  tone have been 
observed following b r i e f  per iods  of zero g r a v i t y  exposure. An inves t iga-  
t i o n  i s  i n  progress  t o  determine the  ex ten t  of  t h i s  problem and c o r r e c t i v e  
measures t o  prevent o r  counteract  i t s  e f f e c t s .  

L i f e  Sumor t  and P ro tec t ive  Systems 

L i f e  Bupport and p ro tec t ive  Bystems research has  two major goa ls :  
(1) development of  design concepts f o r  l i f e  support  equipment which can 
meet human requirements during long-term space f l i g h t s ,  and (2) accumulation 
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and va l ida t ion  oE biotechnology d a t a  which can be used i n  t h e  design of 
manned spacecraf t  and e x t r a v e h i c u l a r  systems. I n  equipment design, 
emphasis i s  on systems which r e q u i r e  a minimum of a u x i l i a r y  power, on 
regenerat ive s y s t e m s  which requi re  a minimum of suppl ies ,  and on brio- 
instrumentation and associated d a t a  processing equipment f o r  adaptive 
cont ro l  systems. 
i n  a r e a l i s t i c  space environment. 

I n  design d a t a  s tud ie s ,  emphasis i s  on man's pexformimce 

I n  f i s c a l  year 1965 research i n  biotechnology w i l l  cover (1) work on 
advancing the  s ta te -of - the-ar t  d i sp lays ,  s p e c i f i c a l l y  i n  analog types,  which 
present  man with unambiguous v i sua l  cues, (2) fu r the r  surveys of e x i s t i n g  
psychological and environmental d a t a  t o  determine t h e  v a l i d i t y  of these  
d a t a  i n  the  space environment, and, (3) bioinstrumentation and biodata  
processing equipment, including d a t a  d isp lay ,  t o  optimize manmachine 
in t eg ra t ion  and t o  minimize the  work of the  man i n  con t ro l l i ng  h i s  envlron- 
ment . 

Some advanced d isp lay  systems,to improve navigat ion and att i t :ude 
cont ro l ,  w i l l  be f l i g h t  tes ted .  Ground based s imulators  using these  
advanced systems w i l l  be operated i n  conjunction with comput,irrs f o r  
so lu t ion  of i n  f l i g h t  v i s i b i l i t y  problems f o r  a11 environments. 

Work on p ro tec t ive  systems w i l l  cover (1) prel iminary designs of 
manned ex t ravehicu lar  locomot ion and p ro tec t ive  systems f o r  both "zero-G" 
and lunar  environments, (2) continuing s tud ie s  on advanced space s u i t s ,  
and (3) preliminary s tud ie s  on r e s t r a i n t  equipment, r ad ia t ion  pro tec t ion ,  
support equipment, and escape systems appl icable  t o  e a r t h  o r b i t a l , ,  lunar ,  
and in t e rp l ane ta ry  missions. 

F i sca l  year 1965 e f f o r t  w i l l  provide expanded labora tory  t e s t i n g  of 
preliminary systems r e s u l t i n g  from t h e  advanced s t u d i e s  and f e a s i b i l i t y  
experiments. Research cen te r  a c t i v i t y  w i l l  be divided between Langley, 
Lewis  and Ames,. 

Man-Systems In t eg ra t ion  

Key ac t iv i t ies  i n  manned-system in t eg ra t ion  involve: (1) determining 
human engineering performance and engineering design c r i t e r i a  f o r  use i n  
design of future: aerospace systems; (2) analyzing and simulating f u t u r e  
poss ib le  aerospace missions t o  determine add i t iona l  research requirements, 
design requirements, or poss ib le  experiments; and (3) implementing research 
experiments, t:hrough ground demonstrations and check out ,  which are intended 
t o  be flown i r t  o the r  f l i g h t  programs. 

Continuing e f f o r t s  a r e  aimed a t  improved s a f e t y  i n  a i r c r a f t ,  Included 
a re  s tud ie s  s f  p i l o t s '  a b i l i t y  and passenger comfort i n  f l i g h t  through 
turbulent  a i r , ,  t:he a b i l i t i e s  of p i l o t s  t o  react t o  sudden changes i n  
cont ro l  systesis,, o r  t o  abrupt changes i n  information input ,  such a s  t r a n s i -  
t i o n  between instrument and v i sua l  f l i g h t  o r  from normal t o  emergency 
displays.  
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. 
A contrac: t e f f o r t ,  begun i n  f i s c a l  year1963, cont inues t o  i n v e s t i g a t e  the 

a b i l i t y  of man to maintain space systems when wearing a space s u i t .  The 
i n t e n t  is t o  tierive design c r i t e r i a  f o r  space systems. Future inves t iga t ionsare  
planned t o  incorpora te  the  zero-G environment. A s p e c i f i c  invest igat ic tn  is 
being made as to  the r o l e  man can play i n  maintaining o r  r epa i r ing  nuclear  
power and propulsion systems. The r o l e  of man i n  reusable  booster  systems 
was inves t iga ted  from a f l i g h t  systems s tandpoint  i n  f i s c a l  year, 1964; and 
cont inuat ion of t h i s  e f f o r t  w i l l  be extended i n t o  the  area of ground support ,  
maintenance and turn-around, 

Further  i nves t iga t ion  w i l l  determine design requirements f o r  manned 
in te rp lane tayy  and lunar  base missions. These i n v e s t i g a t i o n s  w i l l  provide 
improved guide l ines  f o r  research on subsystems. 
payloads f'or advanced missions are being used i n  s imulat ion s t u d i e s  of t a sks  
and procedures. 

Mockups of p o t e n t i a l  

S m a l l  Biotechnology F l i n h  t Pro 1 oc t a  

19 63 

Small biotechnology f l i g h t  
pro jec t€# .  . . . . . . . . . . . . . . . . . . .. . Slt2,ooo 

19 64 

--- $3 , O ( V  ,000 

There is inadequate information concerning human reac t ions  during,  and 
supporting equipment needs f o r  long _duration manned f l i g h t s .  
multi-phased approach u t i l i z i n g  f ixed  ground-based environmenta 1 and 
eimula t i o n  faic:il.ities i n  conjunct ion with bal loons,  a i r c r a f t ,  b a l l i s t i c  
rocke ts ,  satal:llj.tes and manned space veh ic l e s  is necessary t o  provide the  
answers. 

An order ly  

Small f li4hi: p r o j e c t s  and experiments ob ta in  da t a  not  possibl 'e through 
ground experlmentation. Experiments w i l l  be included i n  ongoing f l i g h t  
p r o j e c t s  as "piggy-back" payloads,  where the  f l i g h t  c h a r a c t e r i s t i c s  and 
engineer ing dc?s:tgn f e a t u r e s  are compatible. 

F104 and X-15 f l i g h t s  conducted a t  F l i g h t  Research Center t o  obtaiin improved 
psychological anid physiological  da ta .  Biotechnology experiments, such as, 
hea t  t r a n s f e r  anid f l u i d  flow experiments w i l l  be in t eg ra t ed  i n  b i o s a t e l l i t e  
p ro jec t  f l i g h t s  t o  ob ta in  d a t a  required f o r  design of advanced SpiaCe s u i t s  
and l i f e  support. systems. 
planned f o r  i n t e g r a t i o n  with Saturn f l i g h t s .  These experiments demonstrate 
the  e f f e c t s  of prolonged zero g r a v i t y  (6  months or more) on t h e  physiology 
and perfomanic:e c a p a c i l i t y  of test subjec ts .  The combined d a t a  from these  
small bioteckaio1.ogy f l i g h t s  w i l l  provide information on the  e f f e c t s  of the  
space environment on humans, and w i l l  provide c r i te r ia  f o r  maximum 
u t i l i z a t i o n  of man i n  f u t u r e  space systems. 

Advances in sensing and d a t a  ana lys i s  techniques w i l l  be integratled i n  

Experiments u t i l i z i n g  small m a m m a l s  are being 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ELECTRIC PICLOGRAM 

PROGRAM OBJEC'EHES AND JUSTIFICATION: 

Nuclear e l e c t r i c  power generating systems o f f e r  the  most practical .  

Nuclear e l e c t r i c  propulsion systems have the  highesl: 
sources of e l e c t r i c  power i n  t h e  ki lowatt  and megawatt levels f o r  fu tu re  
spacecraf t  pover. 
performance po ten t i a l  of any system capable of development wi th in  the pre- 
d i c t a b l e  fu ture .  

The nuclear e l e c t r i c  program is intended t o  explore and evaluate  the  
advantages and disadvantages, t he  l i m i t a t i o n s  and problems of t he  var ious 
power and propulsion concepts and t h e i r  subsystems, and develop the  mo:%t 
promising concepts f o r  mission u s e .  The program covers: (1) technology 
development which includes gathering bas ic  da ta  f o r  component design and 
component f a b r i c a t i o n  for evaluat ion i n  ground and f l i g h t  f a c i l i t i e s ;  snd; 
(2) the development of se lec ted  systems. 

SUMMARY OF RESWRCES REQUIREMENTS: 

196 5 --- 1963 1964 

Supporting research and 
technology ..................... $19,463,000 $24,600,000 $25,0010,000 

SNAP-8 devel.opment ............... 15,994,000 15,500,000 t8,000,000 
Space electr ic :  rocket test  (SERT) 3,188,000 4,000,000 5,100,000 
Small nuclear e l e c t r i c  propul- 

s ion  and power f l i g h t  pro jec ts .  1,248,000 600,000 --- 
Total  cos t s .  ................... $39,893,000 944,700,000 %+SI 100.000 --- 

BASIS OF FUND-&.QUIREMENTS : 

Supporting Research and Technolow 

1965 --- 1963 1964 

Nuclear el.ect::ric power ($9,084,000) ($1 2,600,000) ($13 ,.OCiO, 000) 

Space envii:~~unent e f f e c t s . .  .... 450,000 931,000 840,000 
Liquid metal ;and metal vapor 

propeitt i e  s and technology. ... 2,640,000 3,517,000 3 ,9010 ,000 
Gaseous sys teins and components. 30,000 1,512,000 1 ,1E~O,OOO 

RD 16-1 



Dynamic sys t.em and components . 
Direct c o n w r s  ion. ............. 
Advanced coricepts and mission 

ana lys i s . .  ................... 
E l e c t r i c  proFsi1s;ion 

E1ectrostat.j.c propulsion.. ..... 
Elect ro  t hernial. propulsion ...... 
Electromagrwtic propulsion..  ... 
Component t: rxhno 1 ogy ........... 

Total  cos1:s ................... 

1963 

$3,195,000 
1,700,000 

1,069,000 

($10,379,000) 

6,997,000 
1,298,000 
1,092,000 
992,000 

$19,463,000 

1964 

$3,336,000 
1,694,000 

1,610,000 

($12,000,000) 

5,662,000 
1,623,000 
2,330,000 
2,385,000 

$24,600,000 

1965 
w-3- 

$3 ,8810,000 
1,700,000 

1,500,000 

($.L2,000,000) 

5,700,000 
1,700,000 
2,500,000 - 2,100,000 

&25.000,000 

Nuclear I G c t r i c  Power. 
t h e  technologly needed f o r  t he  design bas i s  of t he  energy conversion equip- 
ment of advanceti, nuclear  electric power generat ing systems. By ".advanced" 
i s  meant systxme which w i l l  be higher  i n  power, l i g h t e r  i n  weight, w i t h  
longer opc!rat::ing l i v e s  than systems now being developed, such as SNAP-8. 
Advanced syst:em:; ate required f o r  both e l e c t r i c  rocket propulsion and fu tu re  
a u x i l i a r y  power appl ica t ions .  

The Nuclear Electric Power subprogram provides 

Specific: performance requirements w i l l  depend upon t h e  s p e c i f i c  app l i -  
ca t ions  ; ovel:ial:L technology program goals  are e l e c t r i c a l  power levels from 

pounds per e l t1~~1:r ical  k i lowa t t ,  and opera t ing  l i v e s  of years .  
hundreds of ki'towatts t o  tens  of megawatts, weights of less than twenty 

The Rankine cyc le  l i q u i d  metal turbogenerator systems, t he  Braytcln cyc le  
gas  tu rb ine  type system, and t h e  thermionic d i r e c t  conversion type system 
are t h e  yrinc: ipril approaches under inves t iga t ion  f o r  conversion of thermal 
energy of e l e c t r i c a l  energy. Other concepts are ee ing  explored t o  a l e s s e r  
extent  f o r  spec ia l  app l i ca t ions ,  such as t h e  S t i r l i n g  p i s ton  engine ccncept 
f o r  very Now rpower use.  

The technology program is being conducted f o r  t he  most par t  under t h e  
technica l  diirection of t h e  Lewis  Research Center, with a s m a l l  supporting 
e f f o r t  a t  t h e  Jet Propulsion Laboratory. 

Space Environment Ef fec t s .  This technology area i s  concerned mainly 
with t h e  space meteoroid problem as it e f f e c t s  r a d i a t o r  design. 
megawatt power range, armor needed f o r  meteoroid p ro tec t ion  has  been 
est imated t o  be as much as 50 percent of t h e  t o t a l  r a d i a t o r  weight. Ibeter- 
minations of the  mechanics of meteoroid pene t ra t ion  and t h e  b e s t  approaches 
f o r  pro tec t ion  are of f i r s t  p r i o r i t y  importance i n  providing long lif4!, 
l i g h t  weight e l e c t r i c  power systems. 
including a l l  f l i g h t  t e s t i n g ,  is described i n  t h e  Space Vehicle Systeriia 
program. 

I n  t h e  

The o v e r a l l  problem of space mel:eoroids, 
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The envirorunental e f f e c t s  program cons i s t s  o f :  

(1) Siniulsition of meteoroid impacts using hyperve loc i ty  p a r t i c l e  
acce le ra to r s .  Simulated meteoroid impacts i n t o  t a r g e t s  of  s imple  geometry 
have been conduc:ted during f i s c a l  year 1964. The r e s u l t s  have e s t ab l i shed  
the  damage mechanisms l i k e l y  t o  occur i n  a r e a l  impact; such as dimpling, 
s p a l l i n g ,  craI:ei:ing, etc.  Target configurat ions c lose ly  s imulat ing space 
r a d i a t o r s  a r e  p re sen t ly  being s tudied .  These include l i q u i d - f i l l e d  tubes,  
with varying thicknesses  of armor and bumper conf igura t ions .  
year 1965, add i t iona l  r a d i a t o r  s ec t ions  w i l l  be f ab r i ca t ed  and ex tens ive  
t e s t i n g  w i l l  be performed. 

I n  f isca 1 

(2) Ana Lytical  s t u d i e s  t o  support  the  experimental meteoroid siniula- 
t i o n  program,, 
c a p a b i l i t y  of p red ic t ing  the  a c t u a l  ex ten t  of damage using e x i s t i n g  f a c i l i -  
t ies as w e l l  as a method f o r  p red ic t ing  damage a t  a c t u a l  meteoroid v e l o c i t i e s  
which cannot 'De simulated i n  the  labora tory .  
year 1965,, 

Studies  employing "b las t  wave" theory have demonstratec. a 

The work w i l l  continue i n  f i sca l .  

(3) 
Earth meteoroids t o  improve the  r e l i a b i l i t y  of the  meteoroid physical  
property and f l u x  d i s t r i b u t i o n  da ta  now ava i l ab le .  

Coiitiinuing examination of photographic and radar  records of  near- 

Radiators require  ceramic coa t ings  t o  improve the  e f f i c i ency  of t he  
hea t  r e j e c t i o n  (by r ad ia t ion )  process.  Present  programs have indlicatttd a 
dozen promising coat ings,  some of which w i l l  be s u i t a b l e  f o r  SNAP-8 and 
Surveyor € l i g h t  r a d i a t o r  app l i ca t ions .  Long term tests (up t o  15,000 hours) 
have been conducted on four  of these  coat ings.  I n  f i s c a l  year  1965, t:he 
performance ( o f  coat ings a t  higher  temperature l e v e l s  w i l l  be eststblislied. 
S tudies  of tmechniques f o r  applying beryl l ium armor t o  r e f r a c t o r y  m e t a l  a l l o y  
tubing and the  development of d i f f u s i o n  b a r r i e r s  t o  prevent blry1.lium from 
a l t e r i n g  the  emiss iv i ty  p rope r t i e s  of the  ceramic coa t ings  discussed above 
w i l l  be s t a r t e d .  

Liquid M.sal and Metal Vapor P rope r t i e s  and Technology. This work dea ls  
with the  ma te r i a l s  problems a s soc ia t ed  with high temperature l i q u i d  mletal 
systems and the  accumulation of  the  thermophysical and t r anspor t  proplerties 
of the  a l k a l i  metal working f l u i d s  a t  the  high temperature l e v e l s  requi red  
f o r  l i g h t  weight systems. 

The mater ia l s  program includes:  

(1) Accumulation of da ta  on the  physical  p rope r t i e s  of promising 
a l loys .  

(2) The development of s u i t a b l e  a l l o y s  of t he  r e f r a c t o r y  e l e m e n t s  such 
as columbium arid tantalum, f a r  use as tubing and tu rb ine  materials as w e l l  as 
materials s u i t a b l e  f o r  use i n  high temperature electrical generators .  

(3)  We:Lding and experimental  f a b r i c a t i o n  s t u d i e s  of r e f r a c t o r y  a l loys .  



(4) Ivietliodr; of improving chemical ana lys i s  techniques for de ’cemiining 
the  amounts of such impuri t ies  a s  oxygen i n  l i q u i d  r o e t d s ,  sincc c3rro;ion 
ra’ies m d  cm?n-.~-t”;lw,ient a r e  extxnieljr sensi-Live t o  impurity l e v e l s  . 

( 5 )  Cor:.-osfion t e s t i n g  with bo i l ing  a l k a l i  metal  punped loops 
ref luxing cap:;-iles . 

Programs gere s t a r t e d  i n  all of t h e  above areas  i n  f i s c a l  year 1963. 
Tests  i nd ica t e  t h a t  columbium base a l loys  a r e  s a t i s f a c t o r y  f o r  bo i l i ng  
potassium at ,2,030 degrees Fahrenheit .  
columbium ~LLloy pumped corrosion loops v i t h  l i q u i d  sodium p r i l l  have bectn 
operated up t o  2,000 degrees Fahrenhei t  f o r  evaluat ing and enduracce 
t e s t i n g  coinponents such as valves,  f low meters, pumps and hea ters .  A 
prototype (corrosion t e s t  loop with b o i l i n g  potassium i s  under construc-;ion 
and ~511 be completed i n  f i s c a l  year  1965. A l k a l i  metal  journa l  fieariiig 
mater ia l s  a r e  present ly  being evaluated and equipment i s  being constructed 
f o r  measuring t h e  f r i c t i o n  and w e a r  c h a r a c t e r i s t i c s  of candidate ,iOUIZ1itl 
bear ing ma te r i a l s  i n  potassium a t  temperatures on the  order  of 1,000 dl?grees 
Fahrenheit .  
high vacuum of’ 

By t h e  end of f i s c a l  year  1961: t r r o  

SizrLl r f r i c t i o n  and wear t e s t s  a r e  planned f o r  mater ia l s  i n  
Torr over t h e  same range of temperatures. 

The dispers ion hardened, tantalum-base a l l o y  development program h a s  
r e su l t ed  i n  i . rd t , i a l  a l l o y  compositions which should exh ib i t  hip$ creep 
s t rengths  up t o  3,000 degrees Fahrenheit .  
continue i.n f ’ i s c d  year  1965. 

All of these  programs ~ J i l l  

Prior. t o  fi-scal year 1963, l i t t l e  da ta  vas ava i l ab le  concerniiig t h e  
thermodynmic: , physical  and t r anspor t  p roper t ies  of l i q u i d  metals a t  
temperatures :Ln t h e  l,5OO-2,OOO degrees Fahrenheit  range. 
these  properl;:ies f o r  potassiun are cu r ren t ly  being obtained under cent r a c t  . 
These are:: :Liquid viscos i ty ,  1-iquid s p e c i f i c  hea t ,  vapor pressure,  heat  
of vapori::ation and f i s i o n ,  liquid thermal conduct ivi ty  mi6 prcssui-e- 
volwne-teripe:.-;~tu~.e reJ a t ionships  . An enthalpyen-;ropy diaGrm mid the vapoi‘ 
s s e c i f i c  1iea-L l?cvi: been calculated Prom these data. 

A nmbzr  of 

I n  f i s c a l  year 1965 work vi11 be coinple-ted on t h e  vapor thermal 
conduct i r i ty  ~ 1 3 .  surface tension of potassium, plus most of t h e  above 
proper t ies  for cesium. 

--- Gaseous %stems and Components. The Bi*ayl;on cycle gas tu rb inc  pover 
system mqy be used x i t h  a space or ien ted  f i s s i o n  r eac to r  o r  i so tcpc  heat  
source. 
as working f l u i d s .  
nents  and suksystems with performance and endurance t e s t i n g  inihciuse. 
r a d i a l  f l o w  compressor-turbine packages were del ivered i n  f i sca l  year 1964 
and w i l l  be t e s t e d  i n  f i s c a l  year  1965. 
and e l e c t r i c a l  generator packages development has been s t a r t e d  in m i d - f i s c a l  
year  1964. 
test e q u i p e r . t  p lus  construct ion of some higher  temperature coinponent 5 .  

The i n e r t  gases, Neon, Argon and Krypton, a r e  being stuC-ied :?or use 

Three 
The program cons i s t s  of cont rac t ing  f o r  systcrn COIIFO- 

Addi t ional  Lxial  f l o v  equipmnt  

!The funds i n  f i s c a l  year  1965 f o r  t h e  most p a r t  covei- spe2ia l  
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Dynamic qCzi;ems and Corayonents. E f f o r t  i s  concerned with t h e  tech-  
nology associE,ted with t h e  key components of turbogenerator  system; of 
both the  intermediate temperature (1,500 degrees Fahrenheit) ,  supe :-all 0;. and 
the  high tzipc:rz.liure (2,000 Zegrccc Fahrenheit) rct.h%ctory cllo; ,:rfles . 
Thesa kc:r coziponcnts inc lucic d1ca.U r,ictal vapor ‘Lurbines, p m ~ s ,  .Liquid 
me-La1 lubrice.t,ed journa l  bearings,  b o i l e r s ,  e l e c t r i c a l  generators,, condensers 
and seals. 

The firad; l;~.ro f u l l - s c a l e  potassium vapor turb ine  t e s t  f a c i l i t i e s  i n  
t h i s  countzy vei-e put i n  operation i n  f i s c a l  year  1964 a t  General J l e c t r i c ,  
Cincinnati., and a t  Lewis. The cont rac tor  f a c i l i t y   sill provide pxformance 
t e s t s  w i t h  po’;a:;siwn and w i l l  be completed i n  f i s c a l  year  1964 a t  the  con- 
t r a c t o r  f ~ i c i l - i t y .  
conditions i L L 1  be s t a r t e d .  
design det;ail-:j of tu rb ines .  

A one thousand hour endurance t e s t  t o  simulate erosive 
The Lewis f a c i l i t y  v i11 be used t o  inves t iga t e  

Present :?rograms have been concerned with obtaining t h e  f i rs t  dat’a on 
the  b o i l i n g  ruid condensing of potassium i n  s ing le  tubes a t  temperatures up 
t o  2,200 zmd .L,!jOO degrees Fahrenheit ,  respec t ive ly .  
bo i l i ng  oper:kions a t  temperatures above 1,500 degrees Fahrenheit  have been 
accumulated. 
1965 

Over 8,000 hourf of 

A multi- tube potassium b o i l e r  ~5.11 be t e s t e d  i n  f i s c a l  j’ear 

%TO f a c i l i t i e s  a t  Lewis a r e  used t o  inves t iga t e  l i q u i d  metal pump 
problems. 
of cont rac t  * n r k  on electromagnetic ymps vas completed i n  f i s c a l  yea:. igQ+, 
and const:ruc-tion of promising components an3 subsystems r.ri2.l begin i n  f i s c a l  
year 1365. 

Tes t ing  w i l l -  continue i n  f i s c a l  year 1965. The a n a l y t i c a l  phase 

The f i r s t  i’vlly instrumented t e s t  r i g  for Journal  bearings L.,tiili::ing 
m t e r  as the l ub r i can t  and operat ing i n  t h e  flow region en’iicipated for 
space potrer conversion systems t is completed i n  e a r l y  f i s c a l  yeax- 198;. 
Adequate fiats t o  perniit t h e  evaluat ion of promising designs can be ob-;ained 
i n  t h i s  r i g .  
uated’ exp~”rP,ientally.  
f i s c a l  ye.ar 1965 f o r  proof t e s t i n g  the  bearings shotring promise f ro in  -;he 
wa’ier t e s t  r i g .  

Si;: advanced journa l  bear ing  configurat ions have been e-ral-  
A l i q u i d  metal  bear ing  t e s t  r i g  vi11 be b u i l t  :in 

Work began i n  f i s c a l  year  1964 t o  prove t h e  endurance capabj. l i t i l?s of 
a low power S t i r l i n g  p is ton  engine f o r  use with e i t h e r  a radioisotope or 
solar energy source. This engine i s  t h e o r e t i c a l l y  more ef f ic ien t ;  t h z i  o ther  
energy conversion systems i n  the  lot; power s i z e s .  
i s  plonned t c  i n i t i a t e  t he  design and construct ion of a radioiso1;ope package 
f o r  t h i s  engine and t o  design a power systen with a l l  i t s  componcmts, i n -  
cluding pumps, radiator, and con t ro l  elements. 

In  f i s c a l  yea]. 196,j, it 

Direct  C’or.version. The absence of r o t a t i n g  components, bea;?ings, s e a l s ,  
e t c . ,  makes iz. d i r e c t  conversion of heat  t o  e l e c t r i c i t y  p o t e n t i a l l y  rn 
a t t r a c t i v e  ccmcept from t h e  r e l i a b i l i t y  standpoint.  
under investigE.tion by NASA i s  t h e  use of thermionic emi t te r  sys-;cms. 

The major concept 
The 
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major technological obstacle i s  the development of a sat isfactory fuel  
element which can  operate for  a long time at  a temperature l e v e l  of 
3,500 degrees Fdhrenheit, a l eve l  far beyond the present s ta te  of 
t h e  a r t .  
l u r g i c a l  s t u d i e s  of t h e  compat ib i l i ty  of  fuel and emi t t e r  ma te r i e l s .  
p a t i b i l i t y ,  i:n terms of tempera-ture l i m i t s  f o r  t h e  r e f r a c t o r y  cla2.ding 
ma te r i a l s ,  has been e s t ab l i shed  f o r  carbide and oxide fuels. 
have been Iconfiucted i n  t h e  Val l5c i tos  Tes t  Reactor on a number of  Tuels.  
In f i s c a l  ;year 1965, fhe l ed  diode t e s t i n g  will begin i n  t h e  Plumbl*ook .;est 
r e a c t o r .  In-Fi le  t e s t s  of 5,000 hours equiva len t  opera t ing  l i f e  irj.11 .?e 
completed 3n the  promising c l ad  bels . 
s e a l s  tcchnolcGy . 

The irorli t o  d a t e  under con t rac t  has been concentrat ing cn me-ial- 
(!om- 

I n - p i l e  -;ests 

Work ~ J i l l  continue on insidator and 

Advanced Ccncepts and Mission Analysis. Major e f f o r t  dea l s  Trith nag- ---- 
netohycirodynandc (IDID) approaches to e l e c t r i c  power generat ion.  Component a 

inves t igz t lonz  on a lithium-cesium l i q u i d  mag?etohydrodynmnic ilev-cc a r e  
being done. 
Ranlrine magnetohydrodynamic systaerns . 
generator  corc:ept us ing  t h e  d i r e c t  conversion t o  e l e c t r i c i t y  of' t ' i ~  high 
energy p a r t i c  I.es emit ted by rad ix iso topes  i s  being supported.  

1,evis is rrorking in-house and under con t r ac t  on sinC;:Lc fluid 
A program i n v e s t i g a t i n g  an e l e c t r i c a l  

To def ine  the perfomance p o t e n t i a l ,  t echnologica l  probleri arebas, 
veight:;, and wdui-ance, a number of power plant systcni studies hav:. bcen 
performed which cniphasi ze engineering d e t a i l  r a t h e r  than the p a r a w t r i  c 
approach. 
e l e c t r i c  ma::j-riwi) and p r o p d s i v e  power (1 t o  5 megawatt e l e c t r i c ) .  
i c a l  s tud ie s  of t h i s  type w i l i  cont inue i n  f i s c a l  year  1965. 

St,td.-es include work, on sy$tems f o r  a u x i l i a r y  power (130 I i i lotmtt  
~ r a l y t - .  

Electro:;-ta-;ic ---I Propulsion. This t h r u s t o r  e f f o r t  provides fundcunerltal 
process a i d  rt:~~:!.ied ~oi:iponent rcscaxh  i n f o m a t i o n  n e c e s s a y  for C1.e i s -  
v d  o~mciii; 0: e l e c t r o s t a t i c  thi-,is'iors in t h e  reace of a P7- s-rt teiith' E of a 
po~ui:ri -LO Inll1tli*cil:; OP ~ O V J ~ C ~ S  at s p e c i f i c  impul-ses of 3,500 .to l 0 , C C O  seconds 
o r  pente:? .  
acce le ra t ing  io:ns, on e l e c t r i c a l  theory  r e l a t i n g  t o  e f f e c t s  of bu i ld ing  up 
a s ~ a c e  cliarg?, and on t h e  composition and behavior of ion beam.  Apylied 
techno1og.r includes : 'che fac.bors in f luenc ing  f a b r i c a t i o n  of  porclus metal  
ion eriiitters; design cons idera t ions  of e l e c t r i c a l  c i r c u i t r y  and components; 
design of prope l l an t  feed  and ;;torage components; s e l e c t i o n  of vexiou:; 
materials f0.r t h e  cons t ruc t ion  of  t h e  d i f f e r e n t  components; effec4,s 0:: 
sca l ing  engine perfomance; size; c l u s t e r i n g  of low poim? engine modiiLes i n t o  
high pover l e v e l  e iq ines ;  and ins tnunenta t ion .  

Data i s  ob ta i r ed  on means of genera t ing  ions,  on meen:; 02' 

Inves t i ea t ions  i n t o  t h e  generat ion of ions  by br inging  cesium or 
mercury atoms i n  contact  i&th a varm sur face  ( sur face  contac t  i on iza t ion )  
w i l l  provide da t a  and eva lua t ion  of t h e  most s u i t a b l e  porous -tun{:sten ion 
emi t t e r s .  Tt.e condi t ion of t h e  ion  emi t t e r s  can l i m i t  t h e  lLfe of t h ?  ion 
engine. Two p r i n c i p a l  phenomena vhich inf luence  t h e  s e l e c t i o n  0:' the ion 
emi t t e r  ina,ter-lel and design or  f a b r i c a t i o n  techniques a re :  g ra in  2roiit;h 
o? t h e  poi-0~:- ' x r i ~ s t e n  ion ize r  which can cause shrinkage and bl'crkage of 
the i o n i z e r  or c losure  of t h e  pores;  and impur i t i e s , i n i ' i i a lP j  t h c  cesiuni 
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introduced by corrosion of that metal., i n  contact  s d t h  hot  cesimi,  vhi:h 
could a f f e c t  the  ion ize r  by mems of a recluc'iion i n  mrk funct ion, ,  o x i k t i o n  
o r  clogging of' the  feed system. 

Prelimine.ry- r e s u l t s  of recent  s tud ie s  ind ica t e  t h a t  tungsten made by 
s i n t e r i n g  sphe r i ca l  p a r t i c l e s  may be an exce l len t  i on ize r .  
f i s c a l  year  1.51651 w i l l  provide more information t o  judge t h e  quali-; les o f  
sphe r i ca l  pok2!er i on ize r s .  

The p:roe;ran i n  

Work wil.1- c!ontinue t o  apply braz ing  and e l ec t ron  beam wielding tech-  
niques t o  t h e  p~.mblem of a t t a i n i n g  leak- f ree  seals between the porous ion 
emi t te r  aril i%s support s t ruc tu re ,  p a r t i c u l a r l y  i n  l a r g e r  ion engines. 

A new type of surface contact  ion source,one which operates  z t  high 
current  d e n s i t i e s  with s imultmeous emission of ions and e lec t rons  ,has 
demonstrat;ed :?oughly an order magnitude increase  i n  e f f i c i ency  over o the r  
cur ren t  sc)ur(xs.  The present  f i s c a l  year  l98t and 1965 study i s  CiesiCned 
t o  improve t h e  degree of ion iza t ion  without undue power input  increasc s ,  
and t o  expand t h e  r e s u l t i n g  plasma t o  a dens i ty  d i s t r i b u t i o n  from lihich the  
ions can be corrmniently ex t rac ted  and acce lera ted .  

Several  s tudies  of means of generat ing ions through electron bonhard- 
ment of t a r g e t s  a r e  being continued t o  provide design information :Cor the  
developnent of delectron producing cathodes vhich w i l l  demonstrate high 
e f f i c i ency  a:Lmg v i t h  long l i f e ,  and t o  examine the  problem of extrac';ing 
high inteiisi . ty 'beams from the  source. 
which produce high beam curren t  d e n s i t i e s  with t h e  promised long l i f e  a r e  
being inves t iga ted  along with t h e i r  a s soc ia t ed  acce le ra to r s .  

Other e lec t ron  bombardment ion sources 

Accelerat ion of ions v i thout  causing ion impact erosion of t,kie 
acce le ra t ing  electrodes i s  EL problem a rea  which i s  c lose ly  r e l a t e d  to engine 
life. 
long l i f e  by: studying means of  iniproving t h e  bean cur ren t  dens i ty  p r o f i l e  
by developing improved e lec t rode  configurat ions,  by analyzing and imp coving 
the  ion  op t i c s ,  and f i n a l l y  by d ive r t ing  ions tovard n o n c r i t i c a l  areas. In 
addi t ion  a fundamental study on the  spu t t e r ing  erosion of  acccle:.xtor; i s  
being conducted us ing  electrock mater ia l s ,  pi-opellants and voltage di ff cr-  
ences typ ica l  c f  ion  engines. 

Thz research program i n  t h i s  a r ea   rill be d i r ec t ed  toTmrS1 a t t e i n i n g  

One of the major questions regardine; f e a s i b i l i t y  of' ion engine operation 
i n  space i s  whether ion beams can be neut ra l ized  before leaving the  engine 
t h r u s t  chmitlc!r exit. It is  expected t h a t  f i n a l  proof of t h i s  f e a s i b i l i t y  
w i l l  be d.etemi.ned i n  the  Space E l e c t r i c  Rocket 'Test  I f l i&t  p ro jec t .  
Studies  are bei.ng continued i n  f i s c a l  year  1965 of the  fundanentil. pbenomena 
involved a n d .  of t he  optimizati,on of encine neu t r a l i ze r  systems. 

Several. co l lo id  p a r t i c l e  sources a r e  being s tudied t o  0btai.n hi&?er 
t h r u s t  per mil; a rea  than with conventional ion  engines. 
these  stuX.c:s i s  t o  provide means of charging and acce le ra t ing  previcus ly  

'prepared mil-:-i--micron s i z e  p a r t i c l e s .  Development of  diagnost ic  i n s t r m e n t a -  
t i o n  i s  being continued. 

The objec t ive  of 
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The objec t ive  of l a r g e  ion engine experiments i s  t o  provide -the i n f o r -  
mation needed. t o  develop engine systems (mul t i -k i lova t t  t o  1.5 megwat t s )  
capable of mir;sj.ons i n  c i s - lunar  and p l ane ta ry  space, and t o  explore and 
provide experjmental conf innat ion of t h e  problems involved i n  developing 
such l u g e  ion engines. 

T h i s  effort;  includes development of contact  ion iza t ion  engines, and 
an e l ec t ron  1)oml)ardment ion iza t ion  engine. The surface contact  ion engine 
shows promise of y ie ld ing  highest  overall  engine e f f ic iency  f o r  vslues of 
spec i f i c  impiilse above about 7,000 seconds. 
capabi l i ty ,  1;M.s type of engine i s  t h e  most l i k e l y  choice for u l t i n l a t e  use 
with 1ight;weFgh'; e l e c t r i c  power generating systems on in t e rp l ane ta ry  
missions.  The e lec t ron  bombardment ion  engine on t h e  o the r  hand o f f e r s  t he  
highest  effic:i.eiicy i n  t h e  intermediate  range of s p e c i f i c  impulse from about; 
4,000 seconds u:? t o  7,000 seconds, and i s  the  most l i k e l y  choice f o r  1.se 
on e a r l y  finterp.lanetary missions. 

Because of i t s  high impulse 

To achieve r e l i a b l e  high pover ion engines t h e  bu i ld ing  block technique 
i s  u t i l i z e d ,  3eveloping l o ~ r  power engine modules and sca l ing  or clustering 
these  module,; i n t o  t h e  high power (megawatt) l e v e l  regime. 
a four  phase p r q y a m :  
imately 1 ki lowat t )  f o r  laboratory and f l i g h t  evaluation ( S p x e  Elect:-ic 
Rocket Te,st I) of such bas ic  problems as beam neut ra l iza t ion ;  (27 develop- 
gent of-3 k i lowat t  f l i g h t  prototype modules for sca l ing  or c lus t e r ing  t o  
t h e  30 k i lowat t  s ize ;  (3) development and q u a l i f i c a t i o n  of 30 ki l .o~mt- ;  
systems f o r  determining sca l ing  and system performance problems f o r  reach- 
ing  t h e  next higher power l e v e l  p la teau  (100 Iri lormtts t o  1 megamatt); and 
(4)  pro jec t ing  t h e  design c r i t e r i a  of t h e  30 ki lowat t  engine i n t o  the many 
megawatt power engine regime. 

This invo:.ves 
(1) t h e  f ab r i ca t ion  of small engine modules (ayprox- 

During Fhase 1 and Phase 2, a c i r c u l a r  s t r i p  sur face  contacl; ion 
engine 17as designed, f ab r i ca t ed  and tested which provided 40 perc:ent 
e f f i c i ency  att 8. spec i f i c  impulse of 4,500 seconds, impulse and 8$ a t  
8,700 secondz impulse, and t e s t e d  for more than  200 hours. This  nodule 
was then scaJ.ed. i n t o  a h igher  k i l o m t t  power s i z e .  
ducted on other. ty-pes of surface contac'c ion enGines,cvch a s  thc l i n e z r  
s t r i p  i o n  enl;irie discussed 13s i; yeax ,vliich prescnt  
problems f o r  s ca l ing  than the  previously tes'Ged contact  ion  engines. 

. 

Studies  have been con- 

fever cng inwr ing  

A l s o  d~ii*i.ng Phase 2, a cesium e lec t ron  bombardment engine was designed 
and devel.opaC1 irhich showed good perfomance between 4,500 end 7,OOO seconds 
s p e c i f i c  impulse. 
type are:  (11) ion iza t ion  of a high percentage of propel lant  atans with a 
minimum  pow^!^? u t i l i z a t i o n ;  (2) ion acce lera t ion  through t h e  engine with a 
minimum of cAectrode erosion; (3) the  requirement f o r  100 percent n e u t r a l i -  
zat ion of' t h e  :-on beam by inJec t ing  c lec t rons  from a cathode source i n t o  
t h e  beam a t  ';he acce le ra to r  exit" so t h a t  the  beam w i l l  leave thz t h r u s t o r  
with a neuti.-ttl charge; and (IC) 
( ion ize r )  wli:Lch will permit maximum propel lan t  u t i l i z a t i o n  e f f i c i e n c j  e s  wi th  
minimum hea t  r ad ia t ion  lo s ses .  

The most se r ious  developnent problems of this engine . 

evelopment of mater ia l s  f o r  t h e  ion EmitAer. 
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The dbjec t ive  of smll ion engine experiments i s  t o  develop t,hrus.;ors 
with long . l i f e ,  with high r e l i a b i l i t y ,  m d  with the  capab i l i t y  foi' a l a rge  
number of r e s t a r t s  over a period of severa l  months 01" years .  EngTrie s:jstems 
w i l l  be capzble of being in'iegrated i n  e, th ree  axis a'iti'cude conti-ol %id 
s t a t i o n  1;eepir.g system for vwious  01-bi'i missions. Thrustors will. ais, be 
s u i t a b l e  f o r  I . i f t i n g  o r  t r ans fe r ing  snlall s a t e l l i t e s  from one o r b i t  t o  
another.  
operation over. E. one year l i f e  span and u_l.timately f o r  three t o  fLvc yisrs .  
Once these  th.iuEtors become ava i lab le  they s s i l l  be placed on 8 fl i .ght 
simulator a t  t h e  Goddard Space F l igh t  Center t o  obtain system per2omance 
data over a rmg;e of s t a t i o n  keeping a t t i t u d e  con t ro l  missions requi re -  
ments. Th.esc da ta  16ll then be compared v i t h  o the r  methods f o r  s-;a;tion 
keeping a t t i t u d e  control- t o  detemiinc t h e  most promising approach. 

The srrall ion engine . \ r i l l .  be i n i t i a l l y  d e s i p e d  f o r  cyc:_?.c 

One s,maIL. ion engine i s  scheduled f o r  laboratory demonstratior- i n  
September 196Ik. 
of the  1aborai;oiy prototype system developed during f i s c a l  year  13%. 
development Elrid engine t e s t  cont ro l  and poi~er. elements isJill be perfomed 
and simulettoii f a c i l i t y  t e s t s  ~ri.11 be conducted. 

I n  f i s c a l  year  1965 , performance t e s t s  ~ci.11 be continued 
The 

Elect;roI;heimal Propulsion. The objec t ives  of this prograrn are t c  
advance the t~&~olog,y of electrothermal  engines ,so t h a t  e f f i c i e n t  a n d  
r e l i a b l e  e lec- i r ic  engine systems can be b u i l t  i n  t h e  spec i f i c  impulse range 
of TOO t o  2,500 seconds f o r  a t h r u s t  range of t en ths  of a pound t o  pozsibly 
severa l  hund%d:; of pounds, a t  power l e v e l  range of a few k i lowat t s  t c  
possibly s e w  riL megatmtts . 
experimental ;tlidies a r e  being conducted on components and bas i c  proccsses, 
including ele3-b rode 
hea ts  t he  propel lant ;  t h e  procc:ss of converting e l e c t r i c a l  energy t o  t h r u s t  
energy; t he  :?hysical mechanism:; which t r a n s f e r  heat  from the  prore.2lartt 
gases t o  -the surrounding s r a l l s  of t h e  acce le ra to r  of electrodes;  sclecution 
of propellants md methods f o r  s t o r i n g  these  propel lan ts  ; and e lec ts - ica l  
c i r c u i t r y  ( l i g h t m i g h t  , e f f i c i e n t  e l ec t ron ic  components). 

To achieve these  objec t ives  a n a l y t i c a l  ar.d 

Geometry required t o  generate t h e  e l e c t r i c  arc t h a t  

E lec t ro thema1  engines ( including t h e  a r c  j e t  and t h e  r e s i s t o j e t  
develop t h r u s t  by e l e c t r i c a l l y  heatinG a gaseous propel lan t  ,such z s  kyrdrogm, 
and expanding i t  through a nozzle.  
t h e  r e s i s t o j e t  concepts i s  t h e  manner of propel lan t  heat ing.  I n  the  itrc 
j e t  t h e  propel lant  i s  heated by  passing it through an e l e c t r i c  dj scha Tee , 
while i n  the r e s i s t o j e t  t he  propel lan t  i s  heated by passing it bc:t,rree:i 
e l e c t r i c  res i s tance  heated elements. 

The d i f fe rence  between the  arc je-; and 

The objec t ive  of t h e  small r e s i s t o j e t  and a r c  j e t  engine expcrim-nts i s  
t o  develop t k m s t o r s  with long l i f e  an& high r e l i a b i l i t y , a n d  a capability for 
a, l a rge  number of r e s t a r t s  over a period of seve ra l  months o r  y e m s .  
engine systems .trill be capab1.e of being in t eg ra t ed  i n  a th ree  axi-s a t t i t u d e  
cont ro l  and Ete.tion keeping system for various o r b i t  missions.  
w i l l  also be able to l i f t  or transfer small sa te l l i t e s  from one orbit to 
another. 
continuously for at least 90 days. Later resistojets  and are j e t s  wi l l  be 

The 

%e t h r u s t o r s  

Ini t ia l  resistojet and arc j e t s  w i l l  be capable of operati.ig 
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designed fo r  c y c l i c  operat ion over one year  and, u l t ima te ly ,  th ree  t o  
f i v e  year l i f e  spans. 

The objec t ive  of l a rge  a r c  j e t  engine experiments is t o  deve1.0~ 
experimental a rc  j e t  t h r u s t o r s  i n  t h e  30 k i lowat t  t o  4 megawatts power 
range t o  provide t h e  technology f o r  s ca l ing  from small engines t o  s i ze3  
f o r  fu tu re  mission appl ica t ions .  The bui ld ing  block technique is bein,; 
u t i l i z e d ,  s t a r t i n g  with t h e  development of a 30 kilowatt  engine cirpabli? 
of operat ing continuously f o r  90 days t o  several months. A 30 ki lowat t  
DC engine has  been designed and fabr ica ted .  
f u l l y  demonstrated f o r  700 hours continuous running in a vacuum tank 
without any aFlpa.rent e lec t rode  e ros ion ,  component d e t e r i o r a t i o n  or sig- 
n i f i c a n t  malfunctions. 
impulse between 1,000 and 1,350 seconds. 
w i l l  be placed on performance improvement i n  an e f f o r t  t o  a t t a i n  high 
e f f ic iency  i n .  the  high s p e c i f i c  impulse range (2,200 seconds) f o r  t he  
250 kilowatt  d i r e c t  cur ren t  a r c  j e t  engine. 

This  engine has  been SUCCISS- 

Engine e f f i c i e n c y  w a s  45 percent a t  a s p e c i f i c  
During f i s c a l  year 1965 emphasis 

E l e c t r o m a i e t i c  Propulsion Research. The program objec t ive  :is t o  
conduct feasi .bi l . i ty  s tud ie s  of promising types of electromagnetic (MHD) 
engine system concepts f o r  propulsion appl ica t ion ,  p l ac ing  considerable 
e f f o r t  on such areas  as t h e  physics of plasma production and acce lera t ion  
processes.  1iicl.uded are a n a l y t i c a l  and experimental s tud ie s  t o  deternine 
the  mechanisni:; JJhich influence t h e  conversion of e l e c t r i c a l  t o  dynmic 
energy, t he  txansfer of heat  t o  surrounding media, t h e  coupling of 
ionized gases with i t s  assoc ia ted  e l e c t r i c  and magnetic f i e l d s  to produce 
t h r u s t ,  t h e  se l ec t ion  of propel lan ts ,  and t h e  devis ing  of methods f o r  
producing pl: ct.>mts 1. . 

This engine concept develops t h r u s t  by acce le ra t ing  a gaseous prclpel- 
l a n t  plasma :;11ch as argon o r  hydrogen by coupled e l e c t r i c  and magnetic f i e l d  
forces .  The tvo general  types of  magnetohydrodynamic acce le ra to r s  a r e  
pulsed and s i x d y  f low plasma acce le ra to r s  which d i f f e r  by t h e  manner i n  
vhich t h e  e le  Aromagnetic forces  that acce le ra t e  t h e  plasma a r e  crcatcd,  
and the  m m e r  .in which the  plasma i s  generated. These concepts show 
promise for oxwring  the  range of spec i f i c  impulses from TOO t o  greater 
than 10,000 soconds. 

F e a s i b i l i t y  s tud ie s  a r e  being conducted on f i v e  d i f f e r e n t  me.pctohydro- 
two  d i f f e r e n t  ccexi&- pulse dynmic p:lasms acce lera tor  concepts as follows: 

type acce:lerators,  a steady s t a t e  Hall curren t  acce lera tor ,  a m i c  ro:wre 
cyclotron resonance acce lera tor ,  and a t r a v e l i n g  wave acce le ra to r .  S x d y  
of the  flrandmentols of e l e c t r i c a l  discharge i n  plasmas and t h e  gcnera'Aon 
and acce lcra t ion  of a plasma i n  a converging t h r u s t o r  chamber i s  con- 
t inuing;  spec l f i ca l ly ,  t h i s  study w i l l  cover t he  mechanisms of the  i n i t i a l  
breakdoim of t he  propel lant  gas, e l e c t r i c a l  cu r ren t  i n t e n s i f i c a t i o n  a x 3  
l o c a l i z a t i o n  within the  gac, s t a b i l i t y  of t h e  e l e c t r i c a l  dischar(gc an1 
current  carry media through t h e  plasmaland t h e  coupling of t he  pksrna with 
t h e  e l e c t r i c  and mametic  f i e l d s  t o  produce magnetogasdynamic acce ler3 t ion  
of the  plasma.. The i n t r i n s i c  acce le ra to r  e f f i c i ency  ? r i l l  then bc de t2mined .  
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The pulsed d e l i c e  now i n  operat ion shows p o t e n t i a l i t i e s  of conversion t o  
a high repetitpicin r a t e  continuous \rave acce le ra t ion  which should Rxnction 
l i k e  a steaily f 3 . o ~ ~  machine. This would have considerable s ign i f icance  t o  
space engine design, s ince  the  t h r u s t  levels a t tendant  on s teady Flow 
acce lera t ion  would be considerably h igher  than f o r  ion engines. 

Laboratcry da t a  on the  small (10 k i lowat t )  General E l e c t r i c  repe t i -  
t i v e l y  pd.sed coaxial  accelcrat ,or i nd ica t e  g o m r  e f f i c i e n c i e s  of  i o  t c  11.5 
pcrcent at, 6,000 seconds specif ' ic inpulse. 
e a r l y  elec tri.c: propulsion app2.i ca t ion .  
dynamic n.c.cel.c:r:ttors a l s o  show p o t e n t i a l  for propulsion a p p l i c a t i x i  . 

This concept shovs p r m i s c  f o r  
The t r a v e l i n g  wave magnet 3hyd10- 

Compcmeri-; ','ethnology. Studies  i n  tbLs a rea  provide parametric ds t a  
which are reqiri:?ed t o  make desj gn t r ade -o f f s  betueen the  e l e c t y i c  t h n  s t o r s  
the  Dover condi-;ioning, stri tching equipment and t he  power supply system, 
t o  obtain opt  Lmm e l e c t r i c  propulsion system capab i l i t y .  Analysis w i l l  
def ine d-esigi requirements f o r  components as influenced by p o t e n t i a l  
mission i:equirenients. Tests  ~511 be performed on e l e c t r i c  p rop i s io r i  
sys ten1 components, such as e l ec t ron ic  components i n  t h e i r  opera t ing  mcdes, 
and propc:-la.ti t ,;torage and feed system coniponents f o r  long time Fc:?ioc.s 
i n  a zero G c3:iviroment. 

---- 

1nve:;tigx.t ions w i l l  be continued on mission appl ica t ions  fox e1ec:tri.c 
p r o p l s i o n ,  i n  order  t o  orient propuls ion and vehic le  requirements t o  
research work and objectives.  These studies must be continued and 
updated s ince emcr imenta l  design and perfoi-mance da ta  cont inua l ly  change, 
thereby a:Ffect;ing t h e  nature  aid r e s u l t s  of t h e  ana lys i s .  

S1m-8 Development 

196c - 1963 1964 4- 

The ob;cc%.;vc oi' t h i s  ?;-ojcct i s  t o  .levelon a 35 e l e c t r i c a l  k i l o n t t  
nucl car c l cc - t r i c  generating sys tem s u i t a b l e  f o r  s2ace appl ica t ions  i n  the  
1970's. The sys'mn riust bc capable of s t a r t i n g  and operat ing coii1,inu~usly 
and without maintenance f o r  10,000 hours 
Future missiclns requi r ing  e l e c t r i c a l  poirers within s ing le  o r  ~ ~ i u l - ~  :?le 
sUp-8 desipr capab i l i t y  range from l a r g e  o r b i t i n g  space station:; and lmnr 
bases to manred. and wzmenned plane ta ly  probes and s a t e l l i t e s .  
t he  only space power system mder development i n  t h i s  pover range. 

in t h e  space cnvirormelit . 
SISIP-8 i s  

SMP-8 c!eyelolpnent i s  a j o i n t  National Aeronautics and Space Admin- 
i s t ra t ion4tccni .c  Energy Commission propxtni. NASA i s  responsible f o r  



development of the  power conversion subsystem and i t s  in t eg ra t ion  with t h e  
nuc lear  subsystem i n t o  a r e l i a b l e  e l e c t r i c a l  generating system, 
subsystem, which includes t h e  reac tor ,  i t s  cont ro l  system and shieldin,; ,  i s  
t h e  r e spons ib i l i t y  of t h e  Atomic  Energy Commission. 

The rrlclear 

S"?-8 utLl i z e s  a b o i l i n g  mercury, turbogenerator cycle t o  convert 
thermal pover developed by 8, compact space nuc lear  r eac to r  i n t o  eLectr ica1 
power. 
of developnenl, r a t h c r  than on l i g h t  weight, and a l s o  considers f l w i b i l i t y  
t o  adapt 1~2th a minimum of change t o  a range of p o t e n t i a l  space m:issions. 
The proGrain i:; pi-esen'cly planned througl  t he  ground developxent phase ad- 
includes i n  c:::cess o~ 60,000 ticlurs os non-nuclear and nuclenr  tesuing t o  
develop the rc?quLred r c l i a b i l i t , y .  
required to m j e c t  waste heat  from t h e  pomr conversion process i s  deferred,  
pending assitpment of a spec i f i c  space mission. 

The d.cisign approach places  a inajor p r i o r i t y  on r e l i a b i l - i t y  a d  case 

Development of t h e  space r a a i a t o r  

During 1;:iscal year 1964 t he  redesign of a n  major pomr conv- a rs icn  
components t o  r e f l e c t  t he  more conscrvative system concept has be2n 
completed.. C3.e f ab r i ca t ion  of most components i s  well advanced, and t h e  
p re l imina~y  i;es-ting of sane major comyonents i s  underway. 
IaboratoTr p:mg:rms i n  m a t e r i d s  and corrosion have been expanded t o  
include long- term t e s t s  simulating both t h e  r eac to r  and pover conversi on 
loops. Tlie :iCiAP-8 experimental reac tor ,  t he  f i r s t  major s t e p  i n  the  
Atomic Energy Canmission r eac to r  development program, a f t e r  undergoin{; 
extensive nuc lear  physics t e s t s  a t  very low power, was brou@t t c  tlesj.gn 
porrer and temperature t o  obta in  data necessary fo r  t h e  d e s i a  of a f l f .ght-  
worthy reac tor .  

SupportLng 

Accoinplishments i n  t h e  remainder of f i s c a l  year  1964 >dl1 i rc ludt?  t h e  
f irst  t e s t i n g  of a fully-assembled turb ine  with hot  mercury vapor, fo l lomd  
by i n i t i a l  t e s t i n g  of a complete S W - 8  prototype pover conversicin suli- 
system a t  ra ted  power conditions.  
comglete power operation of t h e  SNAP-8 experimental reac tor .  
f i rs t  prototype r eac to r  w i l l  be near ing  completion. 

The Atomic Energy Commission ~ L l l  
Design (if the 

During f ' i scal  year 1965 t h e  p ro jec t  trill concentrate on obta in in3  
system performence of both  t h e  nuc lear  and non-nuclear subsys tem i n  
preparat ion f'or. combined o v e r a l l  sys tan  operat ions.  Test  operat:-ons , r i l l  
commence on ttrcr complete SIW-8 prototyye pover conversion subsy:;t;ems 
f o r  design v'cir i  Tication, ca l ib ra t ion ,  and evaluat ion work. Pave:? con- 
version subs;rsttem Terfomance and s t a r t - u p  vi11 be demonstrated :uid the  
T i r s t  of I"ov.1- 10,000 hour endui'ancc -Lcsts ~r j -11 be i n i t i a t c d .  
Energy Commi :;si.on - r i l l  i n i t l a i c  pover t e s t i n g  of t h e  f i rs t  proto sype 
SNAP-8 space reac tor .  Preparations for t he  f irst  nuclear  tes t in , ;  of a 
complete grcl-Lol,~e system i n  the .Itomic Znergy Comission Ground Prototype 
F a c i l i t y  a t  Sarita Susana will- be near ing completion. 

Thc Atonic 
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Subsequent inajor p r o j e c t  milestones as planned i n  j o i n t  National 
Aeronautics and :Space Adminis tration-Atomic Energy Commission coordina1:ion 
meetings are a s  Eollows: 

(1) Complete 90 days of power conversion subsystem endurance t e s t i n g  
u t i l i z i n g  prototype components i n  e a r l y  calendar year 1965. 

(2) The f i r s t  i n t e g r a t i o n  of a complete e l e c t r i c a l  g e n e r a t i m  sytitem 
and the f i r s t  generation of nuclear e l e c t r i c  power by a ground prcbtotype 
SNAP-8 system a t  Atomic Energy Commission's Ground Prototype Test Faci: . i ty 
i n  calendar year 1966. 

(3) Complete f i r s t  10,000 hour endurance test of prototype SNAP-0 
power conversion subsystem i n  calendar year 1967. 

( 4 )  !Delivery of a f l i g h t  prototype SNAP-8 system t o  NASA Plumbrook 
Space Propulsion F a c i l i t y  i n  calendar year 1967 f o r  space s imulat ion test. 

Space E l e c t r i c  Rocket T e s t  (SERT) 

1965 
-_I- 

1963 1964 

Spacecraft  design, develop- 
ment and support............ $2,588,000 $4,000,000 $5~1100,')00 --- -..- Launch vehicles..............~ 600,000 -I_- 

The purpclse of the  space e l e c t r i c  rocket  test f l i g h t s  is  t o  p r o v i j e  
required basic information on e l e c t r i c  engines and e l e c t r i c  engine systems 
not obtainable from experiments conducted i n  ground f a c i l i t i e s .  

A l l  e l e c t r i c  propulsion experimental inves t iga t ions  t o  d a t e  have taken 
place i n  ground vacuum chambers. 
engines, t he  problem of n e u t r a l i z i n g  the  ion beam by the  i n j e c t i o n  of 
e lec t rons  could not  be f u l l y  inves t iga ted  s ince  e lec t rons  omitted from the  
vacuum chamber- walls tended t o  automatical ly  n e u t r a l i z e  the  beam. 
tests, the tank e f f e c t s  were eliminated and successful  n e u t r a l i z a t i o n  was 
l imi ted  to1 microseconds. Therefore, study of the  n e u t r a l i z a t i o n  problem 
Over a longer per iod of t i m e  and demonstration t h a t  n e u t r a l i z a t i o n  w i l l  
occur i n  space is s t i l l  required.  In  addi t ion ,  such space environment f a c t o r s  
as magnetic f i e l d s ,  cosmic and s o l a r  r a d i a t i o n ,  and absence of gas molecules 
may significe.rit1.y a l ter  the  ion iza t ion  and n e u t r a l i z a t i o n  mechanisms of the  
engine . 

During the  i n i t i a l  experiments on ion 

I n  later 

Solving the n e u t r a l i z a t i o n  question and c o r r e l a t i o n  of tank da ta  
with flighLt dtittt are the  primary objec t ives  of the  Space E l e c t r i c  Rocket 
T e s t  I bal1isi:ic: f l i g h t s  now under a c t i v e  development. Space E l e c t r i c  Rocket 
Test I w i l l  b t ?  Launched by the Scout v e h i c l e  f o r  a b a l l i s t i c  f l i g h t  t i m e  of 
approximately 50 minutes a t  a l t i t u d e s  above 250 miles. The capsule w i l l  be 
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sp in - s t ab i l  izeci. Changes i n  capsule s p i n  rate caused by engine opera t l  on 
will be used t o  determine engine performance. The test  t i m e  w i l l  be  divided 
equal ly  between i3 cesium contac t - ion iza t ion  engine and a mercury e l ec t ron  
bombardment. engine of d i f f e r e n t  bas i c  designs and u t i l i z i n g  d i f f e r e n t  methods 
of beam neutral. i za t ion .  

The f i r s t :  ctnnplete capsule v i b r a t i o n  survey w a s  completed i n  April 1962. 
In  f i s c a l  year 1963 f l i g h t  simulation tests of an in tegra ted  test  capsule,  
with ion engines operat ing,  were conducted u t i l i z i n g  the  i d e n t i c a l  mobile 
launch inst.runwntation and equipment which i s  t o  be used during the  f l i g h t .  
During these tests both engine power converters  f a i l e d .  Solut ion of t t . is  
problem required a lengthy research and development ground test program, 
including repeated t e s t i n g  of the engines and redesigned converters  i n  
vacuum tanks. During f i s c a l  year 1964 successful  tests were conducted on 
the t e s t  caps i l e  using the redesigned power converters  through the  complete 
f l i g h t  sequencx, including engines operat ing during capsule spin.  

The resul.1:~ of the above tests w i l l  be fac tored  i n t o  the f i n a l  caFlsule 
The prototype and f l i g h t  capsules w i l l  be assembled and subsystem designs.  

and ground t e s t ed  under simulated f l i g h t  conditions p r i o r  t o  launch. 

Because Space E l e c t r i c  Rocket Test I indica ted  a g rea t e r  need f o r  da ta  
i n  the area of power converters ,  a research program w a s  s t a r t e d  i n  f i s c a l  
year 1964 t:o pirmride the  technology f o r  t he  design of r e l i a b l e  long-l i f 'e  
converters.,  :[n addi t ion ,  a ground tes t  program w i l l  evaluate  the  performance 
capab i l i t y  of e l e c t r i c  engine systems f o r  use i n  station-keeping and a t t i t u d e  
cont ro l  system: before  f l i g h t  of the  system. 

I n  f iscal ,  year 1965, Space E l e c t r i c  Rocket T e s t  I launches w i l l  bc! 
completed. 
e l e c t r i c  engines f o r  station-keeping and a t t i t u d e  cont ro l  systems will be 
w e l l  underway,, 
e f f o r t  w i l l .  de teirmine the necess i ty  f o r  f u r t h e r  space e l e c t r i c  rocket  test 
f l i g h t s .  

The ground test programs on power converters  and evaluat ion of 

The r e s u l t s  from t h i s  work and from the electric propul.sion 

RD 16-14 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVA.NCE:D RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PRIXRAM .-- 

PROGRAM OBJEC1'IYE:S --- AND JUSTIFICATION: 

This  program provides t h e  research ,  design and engineer ing data, test 
hardware, and g;eneral technology requi red  t o  assure t h a t  nuclear  rocket  
systems can be developed a t  t h e  power l e v e l s ,  opera t ing  t imes,  restart  con- 
d i t i o n s ,  m.d s p e c i f i c  impulse values  needed i n  advanced space explora t ion  
missions.  

It is genwetlly accepted t h a t  nuclear  rocket  propuls ion w i l l  be. required 
In  advanced missi.ons beyond Apollo, such a s  a lunar  l o g i s t i c s  f e r r y ,  very 
heavy deep space instrumented probes, and manned explora t ion  of thie planets .  
This  a rea  of mzmned p lane tary  expedi t ions  is considered among the  major 
app l i ca t ions  f'or nuclear  rocke ts ;  a nuclear  rocke t  propeIled Mars spacecraf t  
can bt? 1 / 3  t o  ]./IO t he  weight of a chemically propel led spacecraf t .  

The emphatsis i n  the  nuclear  rocke t s  program is on l ay ing  a foundation 
for r a p i d  dleve!l!opment of nuclear  rocket  systems t h a t  w i l l  be requi red  t o  
accomplish heanry payload, high energy missions i n  space. 

Nuclear rc!ac:tor research  and engineer ing work is of major importance, 
s ince  t h i s  a rea  c:onst i tutes  t he  major new technology p a r t  of t he  program. 
addi t ion ,  ernpkuisis i s  placed on non-reactor components whose opera t ing  requi re -  
ments t a x  the  iwciilable technology and on the  study of t he  fundamental hea t  
t r a n s f e r ,  f l u i d  flow, s t r e s s ,  and nuclear  phenomena involved. An esser  t i a l  
p a r t  of thi .s  program is work on experimental  ground tes t  engine systems t o  
develop a ful l .  understanding of the  i n t e r a c t i o n  of components i n  nuclear  
rocket  engi.nes arid of the  system performance c h a r a c t e r i s t i c s .  
form a b a s t s  f o r  f l i g h t  system development and provide information r e q t i r e d  
by mission pliaincxs t o  incorpora te  nuclear  c a p a b i l i t i e s  i n  advanced m i r  s ions.  
The e f f o r t  is ,  therefore ,  d i r ec t ed  t o  u l t ima te  use i n  f l i g h t  systems. 

In  

These de t a  

This is i i  j o i n t  Atomic Energy Commission-National Aeronautics and Space 
AdministraLion pirogram wherein t h e  Atomic Energy Conmission has primarj. 
respons ib i l . i ty  for  t h e  nuclear  r eac to r  research  and engineer ing work, and 
t h e  National Aeronautics and Space Administration is  respons ib le  fo r  t t  e 
non-reactor ccnqponents of t h e  system, for  combining t h e  r eac to r  and o t t e r  
components int:o engine systems, fo r  veh ic l e  development, and for provic ing 
p rope l l an t s  thizt a r e  used throughout the program. The Space Nuclear Pr opul- 
s ion  Of f i ce  has  been e s t ab l i shed  by t h e  A t o m i c  Energy Comnission and 
National AC?rotiiIui:ics and Space Administration agreement t o  manage all e spec t s  
of  the  nucl-ear rocket  propuls ion e f f o r t .  The R I F T  (Reactor-In-Flight-Test) 
veh ic l e  system has been d i r ec t ed  by National Aeronautics and Space Admj n i s t r a -  
t i o n ' s  14arshaILL Space F l i g h t  Center. Research and technology work i n  t he  
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nuclear rocket: program i s  conducted both i n  A t o m i c  Energy Commission arid 
National Aersiauleics and Space Administration l abora to r i e s ,  such as the 
Los Alamos S c i e n t i f i c  Laboratory, Argonne National Laboratory, t he  Lewis 
Research Center, t he  Marshall  Space F l igh t  Center and a l s o  is 
industry and iiiniversities under cont rac t  . 
SUMMARY OF KE:P3U13CES REQUIREMENTS : 

1963 

Supporting IC e8 ear ch and 
technology.................... $12,878,000 

Kiwi............................ 3,856,000 
NERVA........................... 41,884,000 
RIFT............................ 10,847,000 
NRDS... --- ......................... 

Total  costs . . . . . . . . . . . . . . . . . . .  $69,465.00? 

1964 

$21,200,000 
1,500,000 

52,000,000 
7,500,000 
500,000 

$82.700.000 

BASIS OF FUND-gQUIREMENTQr 

Supporting Research and Technology 

1963 1964 

Rocket reac tor  research.. ....... $7,607,000 $12,265,000 
Nuclear rocket engine 

component research....... ..... 4,826,000 7,635,000 
Safety.  ......................... 200,000 500,000 
Vehicle technology. ............. 245.000 800,000 

Tota l  costs................... $12.878.000 921.200.000 

conducted i n  

$23,000,000 

34,500,000 

- 500 ,,= 
jS8.000 ,, 000 

--- 
--I 

19 61.5 --- 
$13,100 ,000 

8,300 ,000 
500,000 - I:, 100 ,ooo 

The r u p p c ~ t  ing research  and technology e f f o r t  suppl ies  four bas i c  
needs: (1) general  supporting research and technological da ta  for curren t  
p ro jec t s ;  (2) necessary bas ic  technology for  t h e  development of fu tu re  
generations of: nuclear rocket engines and vehic les ;  (3) f e a s i b i l i t y  anslyses  
of advanced nuclear propulsion concepts, and, (4) s tud ie s  on the  spec ia l  
s a f e t y  problems of nuclear rockets .  

The K.iwi  and NERVA technology p ro jec t s  represent  work s t a r t i n g  a t  a 
nominal 1,000 megawatt thermal power t o  serve  8s stepping s tones t o  higher 
power, a s  w e l l .  ais t o  provide design information, hardware, and systems t h a t  
could ultimat.trly be developed a s  f l i g h t  systems for  use i n  space. To 
provide basic: support t o  these  cur ren t  p ro jec t s  and t o  supply the  necessary 
broad techno1.ogl;cal b a s i s  for  design and development of fu tu re  s y ~ t e m s ,  a 
supporting; reoezirch and technology program has been es tab l i shed  t o  cover a l l  
t he  major technica l  area8 involved with nuclear rocket  engines and vehicles .  
The emphasis its on component research under t h e  proper environmental 
c d i t i ona  fo r  the  purpose of supplying design data and f o r  extending a v a i l -  agf e techno logyq. 
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Rocket 1kE:tor Research. The r eac to r  is t h e  key, new component clf a 
nuclear rocket  propuls ion system. Because i t s  p r i n c i p a l  funct ion is t o  hea t  
hydrogen t o  a n  extremely high temperature,  t h e  uranium fuel-bear ing m a t e r i a l s  
( f u e l  element::;) i n  t he  r eac to r  must opera te  c lose  t o  t h e i r  mel t ing po ln t s .  
The materFalr; for  t h i s  purpose a r e  se l ec t ed  from the  most ava i l ab le  r e f r a c -  
t o r y  materia:Ls, and are materials whose p rope r t i e s  and f a b r i c a t i o n  processes  
are not  w e 1 1  known. 
s t a b l y  through s ta r t -up ,  s teady-s ta te ,  shut-down, and restart, A t o t a l  
operat ing tirncs of  an hour or  more is  des i red  i n  some space a p p l i c a t i o r s .  
Reactor resea:cch is the  primary r e s p o n s i b i l i t y  of t h e  A t o m i c  Energy Conmission 
and cons i s t s  p r i n c i p a l l y  of t h e  advanced g raph i t e  r e a c t o r  work a t  Los Alamos. 
It a l s o  iriclude:; fas t - tungs ten  r eac to r  work a t  Argonne, some support  c f  t he  
water-moderal:lzd tungsten r eac to r  concept , and support ing research  and advancedl 
concept p r o  jwt:; such as cav i ty  r e a c t o r s  a t  var ious  l abora to r i e s .  

The r eac to r  is  a l s o  required t o  opera te  r e l i a b l y  and 

NASA funds th ree  a c t i v i t i e s  under the  heading of  r eac to r  r e sea rc t :  (1) 
appl ied  research  on a tungsten r eac to r  concept, t h e  major p a r t  of which i s  
done in-house; (2) a research  program i n  s p e c i f i c  problem areas i n  suFport 
of t h e  g raph i t e  r eac to r  development p r o j e c t  and var ious  advanced conceipts; 
and, (3) t h e  development and purchase of nozzles  and l i q u i d  hydrogen feed 
systems (turlmpimps) to support  r eac to r  tests a t  t h e  Nuclear Rocket Develop- 
ment S ta t ion .  
f e a s i b i l i t y  of a thermal,  water-moderated, tungsten f u e l  element react  o r  
concept proposed by t h e  Lewis Research Center. 
include f a b r i c a t i o n  research  t o  produce tungsten-uranium dioxide f u e l  elements 
of s a t i s f a c t o r y  s t r eng th  and uniformity,  prevent ion of  f u e l  l o s s  a t  t h e  
requi red  opera t ing  condi t ions , development of  a f u e l  element assembly with'  
aceeptablta tliennal and neutronic  behavior , and v e r i f i c a t i o n  of propert . ies  
through h Lgh*-temperature t e s t i n g  i n  flowing hydrogen and nuclear  r a d i a t i o n  
environments . 

'fie program is p r i n c i p a l l y  devoted t o  t h e  inves t iga t ion  o f  t he  

Important cont inuing t a s k s  

Some of the  goa ls  f o r  f i s c a l  year 1965 are: (1) complete d e f i n i t i o n  of 
a r eac to r  cointr~ol system fo r  t he  water-moderated tungsten r eac to r  conc:ept; 
(2) completion $of t h e  i n i t a l  bas i c  c r i t i c a l  experiments; (3) in- reac tor  t e s t s  
and e l e c t r i c a l l y  heated tests of promising f u e l  element configurat ionr; ;  and, 
(4) prepara t ion  fo r  water and hydrogen flow systems tests in a cold fl.ow engine 
s imulator .  The Lewis Research Center in-house e f f o r t  is augmented by ou t s ide  
con t r ac t s ,  p r i n c i p a l l y  i n  t h e  areas of f u e l  element f ab r i ca t ion ,  con t ro l  
ana lys i s ,  a n d  physics experiments. 

The g raph i t e  r eac to r  program is supported by Nat ional  Aeronauticti and 
Space Administration g ran t s  t o  Rensselaer Polytechnic  I n s t i t u t e  and the 
Universi ty  of Arizona for  s t u d i e s  i n  r e a c t o r  con t ro l  theory.  

Advanced concept work is concentrated on var ious  types of ca.vity r e a c t o r s ,  
i n  which the  f i s s i o n a b l e  materials a r e  i n  gaseous, l i q u i d  o r  dust f o m .  NASA 
has a grant  %with Princeton Universi ty  t o  inves t iga t e  t h e  fundamental problems 
of a l i q u i d  core rocket  r eac to r .  
Research (Center and by indus t ry  cont rac t .  Smaller e f f o r t s  i n  t h i s  area are 

Gas core research  is being conducted a t  Lew:i.s 
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a l s o  underway at. Jet  Propulsion Laboratory, Cathol ic  Universi ty ,  ixnd Case 
I n s t i t u t e  of Technology. The emphasis is on laboratory research lxxause 
propulsion sys t ems  and l a rge  s c a l e  experiments cannot y e t  be defined d u e  
t o  a lack of has ic  information on f e a s i b i l i t y  and, i n  some cases ,  a lack 
of bas ic  rese!eirc:h data.  

It is ,  al.:;o NASA's r e s p o n s i b i l i t y  t o  provide turbopumps and nozzles  f o r  
r eac to r  tests,, NASA has  been funding the  development of a l i q u i d  hydrogen 
turbopump feed system t o  be used i n  the  t e s t i n g  of high-power r eac to r s  a t  
the  Nuclear E.ocket Development Station. This system i s  based on the l i q u i d  
hydrogen pump:; rind turb ines  developed f o r  K i w i  tests. System development 
tes ts  on the operat ion of two feed systems i n  p a r a l l e l  a r e  underway. Funds 
w i l l  be expanded i n  f i s c a l  year 1965 t o  increase  the  flow capaci ty  of t h i s  
feed system t:o s a t i s f y  the  pumping requirements f o r  the  high-power Phcebus 
r eac to r  testhi t o  be conducted a t  the  Nuclear Rocket Development S ta t i cn  by 
Los Alamos. 

Lewis Re!:;ecirch Center has i n i t i a t e d  a study of nozzles t o  support t he  
Los A l m s  Phoebus reac tor  program and t o  develop the  technology of t h i s  
e s s e n t i a l  arew. One of t he  objec t ives  of t h i s  study is t o  advise  on the  
se l ec t ion  of ii proper nozzle,  i n  terms of performance, cos t ,  r e l i a b i l i t y ,  and 
de l ivery  date!:, t:hat w i l l  meet t h e  proposed schedule fo r  Phoebus r eac to r  tests 
a t  t h e  Nuc:lear Rocket Development S ta t ion .  Following t h e  d e f i n i t i o n  of t he  

contract  will.  ba let fo r  t he  design and development of nozzles t o  support the  
high-power Phoebus reac tor  experiments. 

. proper nozzle fo r  t he  Phoebus r eac to r  experiments, i n  f i s c a l  year 1964, a 

Nuclear Ig:ket Engine Component Research. This research provides the  
necessary advanced component technology fo r  nuclear rocket engines. 
research c:oup:Led with rocket  reac tor  research  w i l l  provide information f o r  
specifying cht i r t ic ter is t ics  of fu tu re  generations of nuclear rocket eng,ines 
as well  aa e s t a b l i s h  a general  base of information on t h e  design and operat ion 
of components and engines. 
of NASA; t:he :Ln-house e f f o r t  i s  conducted by the  Lewis  Rasearch Center with 
other  work be:Lng accomplished under i n d u s t r i a l  and un ive r s i ty  contract  s 
principal1.y under Lewis '  d i r e c t  ion. 

This 

Engine component technology is  t h e  r e s p o n s i b i l i t y  

Research i t 3  being conducted i n  the  following areas:  flow components and 
systems, turtnmuxchinerx cont ro ls  and instrumentation, design and ana lys i s ,  
r ad ia t ion  e f f e c t s ,  nozzles,  bearings and seals, and f l u i d  property research.  
The a c t i v i t i e i ~  i n  these  a reas ,  while aimed a t  c e r t a i n  engine types,  are 
e s s e n t i a l l y  or ien ted  toward e s t ab l i sh ing  and improving technology pricllr t o  
incorporat ion i n t o  any engine pro jec t .  

Turbamacliinery research  is d i r ec t ed  a t  the  unique problems posed by 
app l i ca t ion  t o  4% nuclear rocket  engine, and is  coordinated with turbonrachinery 
research COndiJClLed f o r  advancement of chemical rocket  technology. Thc! means 
fo r  pumping boi'ling cryogenic f l u i d s  is t h e  goal  of much general  reseaxch on 
turbomachinery €or both nuclear and chemical rockets .  Nuclear r a d i a t i o n  heatri 
the  hydrogen €low passages a t  t h e  i n l e t  t o  t he  hydrogen pump and caust:s 
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increased boi'LLng. During f i s c a l  year 1964 a pump tes t  r i g  a t  Lewds i t ;  being 
modified t o  s : h u l a t e  var ious  i n l e t  duct geometries with t h e  c a p a b i l i t y  f o r  
adding hea t  t o  t h e  w a l l s  of t hese  pipes .  Tests cananenced i n  f i s c a l  year 1964 
w i l l  cont inue during f i s c a l  year 1965, with research  and development c o s t s  
incurred throiagh t h e  purchase of a d d i t i o n a l  test hardware to  cover a r m g e  
of des i r ab le  opera t ing  condi t ions  extending beyond NERVA requirements t o  
higher pressure  and flow condi t ions.  I n  add i t ion  t o  in-house design s t u d i e s  
of turbomachiinery, some con t r ac t  s t u d i e s  w i l l  be l e t  i n  f i s c a l  year 19M t o  
def ine  furlthec research  and development problems and t h e i r  s o l u t i o n s  for 
advanced niiclear rockets .  

Advances i n  nuclear  rocket  con t ro l s  and instrumentat ion techno1og:r a r e  
required to provide r e l i a b l e  techniques f o r  sensing opera t ing  conclitioris i n  
order  t o  permit r e l i a b l e  con t ro l  of nuclear  rocke t  engines. The requi::ements 
f o r  s t a r t u p  of an e n t i r e  reac tor  engine system i n  a very  s h o r t  time pose many 
unsolved con t ro l  problems (complicated by in t ense  r a d i a t i o n )  such as adequate 
temperature sensing,  chilldown con t ro l  t o  prevent  s e r ious  two-phase flow 
problems during s t a r t u p ,  pump con t ro l  t o  prevent  c a v i t a t i o n ,  t h r u s t  con t ro l ,  
r e s t a r t  programs, and con t ro l  fo r  economical and s a f e  opera t ion  during cool- 
down a f t e r  operat ion.  'Research is d i r e c t e d  a t  means for engine controL, and 
a t  providing cont ro l  components such as sensors ,  ac tua to r s ,  and measurment 
s i g n a l  condi t ioning devices 
expanded during f i s c a l  year 1965 i n  t h i s  a r e a  of research ,  s ince  it goterns  
t h e  progress  t h a t  can be made i n  developing improved and r e l i a b l e  cont ro l  
systems. 'The experimental program on con t ro l  systems is augmented by sxten- 
s i v e  a n a l y t i c a l  study of t h e  s t a r t u p  sequence u t i l i z i n g  analog and d i g i t a l  
computer systems acquired during p r i o r  f i s c a l  years.  

Promising approaches w i l l  be continued a i d  

Engine design s t u d i e s  w i l l  be performed t o  e s t a b l i s h  power l e v e l s ,  
engine cyc les ,  chamber pressures ,  and other engine parameters requi red  f o r  
high-power systems. Studies  of  mission and veh ic l e  a spec t s  w i l l  be supported 
to  assist i n  e s t a b l i s h i n g  important f ea tu re s  t h a t  should be  incorporated i n t o  
engine designs.  
be conducted t o  def ine  problem areas, development approaches, and f a c i l i t y  
requirements. This information is v i t a l  t o  proper planning of f u t u r e  nuclear 
rocket  developments and mission c a p a b i l i t i e s .  

I n  f i s c a l  year 1965 design s tudy of c l u s t e r e d  engines w i l l  

The r a d i a t i o n  e f f e c t s  e f f o r t  conducted as p a r t  o f  t h e  engine component 
research work i s ,  d i rec t ed  toward def in ing  t h e  behavior of materials i n  
combined radisit ton,  cryogenic,  and vacuum environments. Such information 
supports  a l l  pharses of t he  nuclear  rocke t  program and is e s s e n t i a l  for design 
work. Work i n  t h i s  a r ea  was s t a r t e d  i n  calendar year 1959 and is continuing 
i n  t h e  Plum Exocik r eac to r .  

The combj.nod environments of r ad ia t ion ,  vacuum, extreme temperatures and 
very high bear ing speeds c r e a t e  d i f f i c u l t  development problems i n  regard t o  
bear ings,  seals and lub r i ca t ion .  By t h e  beginning of  calendar ye.ar 1965 an 
i n - p i l e  bear ing t e s t  loop w i l l  be i n  opera t ion  f o r  research  on be.aring 
configurat  ionr; i n  a combined r a d i a t i o n  and cryogenic environment. F i s c a l  
year 1965 funding w i l l  support  completion o f  t h e  in -p i l e  bear ing tester,  t he  
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operat ion of ttBe t e s t s ,  and the  acqu i s i t i on  of  test  hardware. 

Research on nozzles for  nuclear rocket  engines i s  e s s e n t i a l  becaurie 
cur ren t  technology is extended c lose  t o  t h e  l i m i t  t o  provide a nozzle for  
t h e  NERVA engine conditions.  The next s t e p  is t o  explore  novel designr; and 
ma te r i a l s  for  f ab r i ca t ion  of higher performance nozzles.  Analysis and 
research have been undertaken i n  a reas  of  r e f r a c t o r y  metals and coat ings,  
f l u i d  mechanics and hea t  t r a n s f e r ,  s t r e s s  ana lys i s  and thermal f a t i g u e ,  
These technology e f f o r t s  w i l l  continue i n  f i s c a l  year 1965. By the  middle 
o f - f i s c a l  year 1965 a hydrogen hea t  t r a n s f e r  f a c i l i t y  w i l l  be i r ?  sperat:ion 
which w i l l  permit t e s t i n g  nozzle concepts i n  a hot  hydrogen stream. 
pr ia te  nozzle hardware! must be procured for  these  tests t o  provide pertinent 
da ta  for  design of advanced engines. 

Appro- 

Fluid  property research is needed t o  provide bas ic  data on propel lan ts  
and f l u i d s  used i n  nuclear rocke ts  and t o  supply a bas ic  technology anti 
consul t ing capab i l i t y  i n  cryogenic engineering. For seve ra l  yearri, NA jA has 
supported the  Ne t i o n a l  Bureau of Standards Cryogenic Engineering Labor ~ntory 
i n  research arid engineering r e l a t e d  t o  the  use  of l i q u i d  hydrogen., 
t h i s  support has come from the  Nuclear Rocket Program, t h e  research has 
benefi ted a l l  programs t h a t  use l i q u i d  hydrogen (e.g., Centaur, Saturn,  t h e  
5-2 engine, et:c.) by supplying bas ic  property da ta  and cryogenic engineering 
support ,  This program w i l l  be continued i n  f i s c a l  year 1965. 

While 

Safety. Safety work is an i n t e g r a l  p a r t  of t h e  o v e r a l l  Nuclear Rocket 
Program. 
This work i s  ~iinied a t  unique s a f e t y  problems assoc ia ted  with handling l a rge  
q u a n t i t i t e s  of l i qu id  hydrogen i n  t h e  nuclear r a d i a t i o n  environment. Also 
included is trork on evaluat ion of des t ruc t  systems i n  a r a d i a t i o n  f i e l d  t o  
assure  s a f e  d isposa l  of nuclear engines . 

It :includes e f f o r t  on hydrogen s a f e t y  by t h e  Bureau of Mines. 

Vehicle !k:hnolop;y. Studies  completed during f i s c a l  year 1964 ind ica t e  
t h a t  a nuc:leilic rocket  powered s t age  on a Saturn V veh ic l e  could perform 
l o g i s t i c s  support missions i n  t h e  post-Apollo time period with s i g n i f i c a n t l y  
increased payload c a p a b i l i t i e s ,  Thus, t h e  nuclear  s t age  provides log j  cal 
advances t o  e:tctlcnd t h e  c a p a b i l i t i e s  and usefulness  of chemical systems. 
Addit ional  m.LssLon s t u d i e s  are planned t o  provide d e f i n i t i o n  of c o n c q  ts for  
nuclear powered vehic les  s u i t a b l e  fo r  p lane tary  s c i e n t i f i c  probes and manned 
vehicleo f o r  advanced mission appl ica t ions .  These s t u d i e s  would incltide s tage  
requirements based on c lus t e red  nuclear rocket  engines,  a s  w e l l  as other 
concepts , 

Inves t iga t ion  of s t age  problems pecu l i a r  t o  nuclear  propulsion r equ i r e  
continuing e f f o r t  t o  provide design criteria and information not a v a i l a b l e  
from chemfcal sys t ems  technology programs, Spec i f i ca l ly ,  t h i s  inwolvcs 
experimental i nves t iga t ions  of heat ing of t he  hydrogen propel lan t  by nuclear 
r ad ia t ion ,  T h i s  type of work should lead t o  a n a l y t i c a l  approaches f o r  solu- 
t i o n  of problems of r eac to r  r a d i a t i o n  hea t ing  on propol lan ts ,  veh ic l e  
components, and tankage. 
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An add i t iona l  s t age  problem pecul ia r  t o  nuclear rocke ts  is t h e  efEect 
of nuclear r a d i a t i o n  on c r i t i ca l  s t age  materials. Spec i f i ca l ly ,  it is  
planned t o  conduct environmental t e s t i n g  (combined nuclear r a d i a t i o n  a i d  
cryogenic temperatures) on s tage  in su la t ion ,  vapor b a r r i e r ,  and bondin,3 
mater ia l s .  Radio ly t ic  off-gassing i n  p a r t i c u l a r  w i l l  be checked because 
of i t s  de le t e r ious  e f f e c t  on in su la t ion  p rope r t i e s ,  adhesive p ropa r t i e s ,  
and s t rength .  

Since nuc:le!ar rocket  s tages  use considerable  amounts of hydrogen 
p rope l l an t s  both during ground tes ts  and f l i g h t s ,  p rope l lan t  loss due t o  
"boil-off" frctm s o l a r  or nuclear heat ing,  pressure  build-up from Liquid 
hydrogen evaporation, and tankage weight t o  withstand such pres sui:^ build-up 
can be s i g p i f i c a n t ,  Preliminary analyses  have shown t h a t  boil-of E losses 
and tankage w!iE;hts could be reduced markedly by use of "slush hyjrogen". 
It is planned t o  inves t iga t e  poss ib l e  b e n e f i t s  and t rade-of fs  r e s u l t i n g  
from use of '"ti1tISh hydrogen" systems. 

K i w i  

1965 --- 1963 19 64 

Reactor t@st support 

PropellnntH..., ................ 1,300,000 $1,500,000 
... ................ . ..-- s campoxient,s $.. $2,556,000 -0.. 

$1.500.000 $ - -  I)-- Tota l  c o s t s  .................. ,$3.856 .OOO 

This  p ro jec t  provided reac tor  t e s t  support components, such a s  nctzzles 
and turbomac;hinery- -and propel lan t  support fo r  t he  K i w i  t e s t  s e r i e s  of 
r eac to r s  designed by t h e  Atomic Energy Commission's Los Alamos Ssf ent i : i ic  
Laboratory. With the completion of Kiwi t e s t i n g  i n  f i s c a l  year 1964, 
support of t h i s  p ro j ec t  i s  terminated. 

NERVA 

1963 

Engine systems development.. ... $5,829,000 
Component and subsystems 

development. ................. 18,718,000 
Propel lants  .................... 1,984,000 
Ground t e s t  and opera t ions  

support.. .................... 15.353 .OOO 

Tota l  C C ~ L ; ~ ~ . ,  ................ &884.000 

1964 

$7,900,000 

20,300,000 
3,000,000 

20.800.000 

196 5 

$3,500,000 

18,500,000 

--- 

:1,000,000 

- 9.500.000 
wb 500.000 

The pro-iect ob jec t ives  have been rev ised  t o  c o n s t i t u t e  a NEYVA 
technology clt:vt!lopment project: as p a r t  of t h e  Nuclear Rocket Prosram, This 
rev ised  pro:i(xt: maintains a continuing e f f o r t  including emphasis on reac tor  
engineering m t f  s u f f i c i e n t  engine t e s t i n g  t o  permit t h e  United S ta t e s  a t  
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some fu tu re  t::Imo t o  undertake with assurance,  t he  development o f  nuclear 
rocket propulr3ion systems that w i l l  be needed f o r  heavy payload, deep space 
missions . 

This worlc :Ls conducted a s  a j o i n t  A t o m i c  Energy Commission-National 
Aeronautics and Space Administration e f f o r t  by the  Aerojet-General  Corporatiori 
and the Westii~ghouse E l e c t r i c  Corporation under the  d i r ec t ion  and management 
of the  AEC-MISA Space Nuclear Propulsion Off ice. 

The program contains a r eac to r  research and engineering program t:o 
provide reactor technology for  t he  power levels, temperatures, operatkng 
times and operat ing cycles requi red  f o r  var ious nuclear rocket missions. It 
w i l l  al low assembly and t e s t i n g  of r eac to r s  with turbopumps, nozzles cmd 
s u i t a b l e  cont ro l  systems i n t o  experimental ground test engine configu~:ations 
t o  e s t ab l i sh  a base of information on the  system design and operat ing cha rac tm-  
i s t i c s .  
permit advanced mission planning t o  consider t h e  use of nuclear xockecs, and 
the i n i t i a t i o n  of development, with assurance,  of a nuclear rocket propulsion 
system a t  any required power l eve l .  
United S ta t e s  can proceed rap id ly  to develop the  c a p a b i l i t i e s  requi re3  for  
advanced m i s s  ions. 

'me experimental data  from the  reac tor  and e n g i m  system tesi:ing w i l l .  

It w i l l  l ay  the  foundation from which t h e  

Specif ic  technica l  ob jec t ives  fo r  t he  NERVA technology pro jec t  w i l l  be 
i n  the  a reas  of reac tor ,  engine systems, f a c i l i t i e s  and component technologies,, 

Reactor technology development w i l l  be based i n i t i a l l y  on f u l l - s c a l e  
r eac to r  t e s t i n g  a t  the  nominal 1,000 megawatt power l e v e l  t o  determine the  
s u i t a b i l i t y  clf the  reac tor  design both for  continuing technology advancement, 
for  use I n  ohtetining engine sysbem data, and for  u l t imate  appl ica t ion  t o  a 
f l i g h t  system. Other ob jec t ives  w i l l  include inves t iga t ion  of t h e  overall 
performance capab i l i t y  of f u e l  elements and core s t ruc tu re ,  t o  include inves-8 
t i g a t i o n  of tho t rade-of fa  of such parameters as operat ing temperature, 
l i f e t ime ,  arid restart c h a r a c t e r i s t i c s .  

Engine syetem technology work w i l l  include t r a n s i e n t  inves t iga t ion8  of 
engine systtm ntart-up c h a r a c t e r i s t i c s ,  demonstration of t y p i c a l  operat ing 
cycles ,  t:he :syeteero dynamics of engine t h r o t t l i n g ,  and an  investigclticlm of 
engine restart character  is t i c e  . 

The dewelopment of f a c i l i t y  technology is necessary t o  provide confidence 
i n  undert:ak:tiag a fu tu re  nuclear rocket  engine development program. 
f a c i l i t y  tedhnology objec t ives  w i l l  include proof of t h e  techniques fior remof:e 
t e s t i n g  of timanward f i r i n g  engines, and the  f e a s i b i l i t y  of remote handling 
operat ions O R  the engine system fo r  maintenance and disassembly. 

The 

Selected engine components technology w i l l  be developed t o  suppctrt t h e  
engine systems technology e f f o r t s  of 6ystem in t eg ra t ion  and eval.uation. 
However, component development w i l l  be l imited.  
f a c i l i t y  "boi le r  plate"  types wherever possible .  
t o  be qua l i f i ed  t o  t h e  high degree of r e l i a b i l i t y  necessary for  f l i g h t  

Valves and l i n e s  w i l l  be 
Components w i l l  noi: have 
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operat ion,  Components such a s  turbopumps, nozz les  with h o t  bleed po r t s ,  and 
ac tua to r s  f o r  engine r e a c t o r  con t ro l  w i l l  be developed t o  allow s a t i s f a c t o r y  
operat ion when exposed t o  such extreme environments a s  nuclear  rocket  r eac to r  
r a d i a t i o n  level.;, l i q u i d  hydrogen cryogeni t  temperature, and high temperature 
hydrogen t?xhia1lst gas. The r a d i a t i o n  environment w i l l  r equ i r e  a radiai . ion 
e f f e c t s  progirsm t o  prove component and instrumentat ion performance a t  high rad- 
i a t i o n  level:; before  use i n  the  more complex r e a c t o r  and engine s y s t e m  
experiments . 

Progress  made t o  d a t e  has  r e s u l t e d  i n  demonstration of the  abL1ii:y of a 
r eac to r  t o  s t a r t  up r ap id ly  and opera te  s t ab ly  using l i q u i d  hydrogen ;IS t he  
coolant ;  i n  redesign of the  r e a c t o r  support  t o  avoid the  flow induced vibra-  
t i o n s  t h a t  were previously encountered; i n  cold flow tests demons trat . ;ng t h a t  
the  general  (design approach does avoid such v ib ra t ions ;  i n  demonstrat ton of the  
s u i t a b i l i t y  of t he  r e a c t o r  con t ro l  approach used; i n  f a b r i c a t i o n  of good qual- 
i t y  f u e l  lelements which i n  labora tory  t e s t i n g  meet required operat ing conditic:)ns;; 
i n  development toward the  achievement of a r a d i a t i o n  r e s i s t a n t  a c t u a t t x  f o r  
operat ion during r eac to r  and engine tests; i n  advances i n  high s p e d  lear ing  
technology f o r  app l i ca t ion  i n  hydrogen turbopumps; and i n  many o ther  areas 
r e l a t e d  t o  r eac to r ,  engine, and veh ic l e  technology. 

Engine System Development. The ob jec t ive  of t h i s  p a r t  of the N E W A  effor t :  
i s  t o  perform the  necessary system engineering, f a b r i c a t i o n  and t e s t i n g  leading - -  
t o  experimental engine conf igura t ion  i e s t i n g ,  This  e f f o r t  provides t h e  da t a  

- 

necessary for engine system i n t e g r a t i o n  and evaluat ion.  In addi t fon ,  t h i s  task  
includes the  e f f o r t s  necessary t o  coordinate  and i n t e g r a t e  the  crmiponent and 
sub-system development a s  wel l  a s  ground t e s t  and opera t ions  support e f f o r t s .  

Cold f l t w  tests with a non-nuclear engine s imulator  w i l l  be conducted 
p r i o r  t o  and concurrent with f u l l - s c a l e  experimental  nuclear  engine system 
t e s t ing .  T h i s  s imulator  will u t i l i z e  the fiERVA components plann(2d f o r  the  
experimental p o w e r  engine systerr t e s t s .  Some of tte ir.ajor p r o h l m s  which w i l l  
he investigzt-ed incliide the  i r l i t i a l  por t ion  of engin.. s t a r t -up  - & v i  t:!l 3 iquirl 
hydrogen, fltrw s t a b i l i t y ,  flow leakage, system pr2ssure lo s ses ,  and con t ro l  
response tinies. I n  f i s c a l  year  1965, the  f a b r i c a t i o n  assembly, and thorough 
system checkout: of the  co ld  fbcw development t e s t  system w i l l  be comyleted 
and the  t.est: program i n i t i a t e d .  
co r re l a t ed  17 i th  r e s g l t s  Erom the  engine s imulator  t e s t ing .  

Test da t a  from the  r e a c t o r  t e s t  wil l  be 

Component and Subsystem Development, This  e f f o r t ,  supports the experi-  
mental r eac to r  and ground tes t  engPne system t e s t ing .  The t a s k  includes 
e f f o r t s  on propel lant  feed system, t h r u s t  chamber assembly and cont ro ls .  Fetid 
system eEfor t s  w i l l  be d i r e c t e d  towards obta in ing  a s u i t a b l e  cer t r i f r iga l  turl:m- 
pump capable of providing propel lan t  a t  required flow r a t e  and Firessilre t o  the 
nozzle i n l e t ,  
caused by t h e  reactor. E f f o r t s  w i l l  be minimal on o ther  componc!nts in the  
feed system such a s  a tank shutoff  valve,  r eac to r  cooldown valve and l i n e s  ~ n c l  
disconnect a s semblie s . A r e d i a  t ion-re s i  s t a n t  t u rb ine  power con t ro l  valve w i. E. 1. 
be developed, E f f o r t s  during f i s c a l  year  1965 w i l l  include test  pro3rams t o  
ob ta in  perfclruiance c h a r a c t e r i s t i c s  of t he  turbopumps throughout I t s  operating 
range. Additional r a d i a t i o n  t e s t i n g  of turbopump bearings operiated a t  desien 
condi t ions  will be undertaken and c l o s e l y  coordinated with work t o  be done 
a t  Lewis. 

This  turbopump w i l l  be designed t o  withstand the  r a d i a t i o n  leve'L3 
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Effo r t s  during f i s c a l  year 1965 w i l l  include provis ion f o r  pressure  
ves se l s ,  p rope l lan t  i n l e t  l i n e s  and nozzles necessary t o  support r eac to r  
experiments. 
assembly w i l l  be conducted. 
chemical f i r i n g s  t o  eva lua te  performance and mechanical i n t e g r i t y ,  

Dynamic t e s t i n g  and s t r u c t u r a l  t e s t i n g  of t he  thrust .  chamber 
The nozzle  w i l l  be subjected t o  long-duration 

The cont ro ls  components being developed are t h e  turb ine  power. con 'xo l  
valve,  i ts  ac tua to r ,  and an engine system con t ro l l e r  which control-s tu.rbo- 
pump and reactor  opera t ion .  Development work during f i s c a l  year 1965 w i l l  
include i r r a d i a t i o n  t e s t i n g  of t he  ac tua tor  a t  i ts  expected design con i i t i ons ,  
a n a l y t i c a l  eveiltiation of t h e  cont ro l  system, and t e s t i n g  of con t ro l  system 
hardware, both i n  t h e  non-nuclear engine s imulators  and i n  the  r eac to r  
experiments at:  t he  Nuclear Rocket Development S ta t ion ,  

A radiat.l.ari e f f e c t s  e f f o r t  w i l l  be conducted as p a r t  of t he  component 
development e f f o r t .  
e f f e c t  of t he  ccnnbined nuclear and cryogenic environment on t h e  performance 
c h a r a c t e r i s t i c s  of engine components and systems. 
mechanical. and electrical components w i l l  be conducted during f i s c a l  year 1965 . 

The objec t ive  of t h i s  e f f o r t  w i l l  be t o  evaluate  the  

I r r a d i a t i o n  tests of 

Ground T s s t  and Operations Support. This e f f o r t  provides remote handling 
equipment I, checkout and tes t  equipment and handling and maintenance equipment 
for  reac tor  and engine system test  operat ions.  Other subtasks of t h i s  e f f o r t  
include developrnent, proof t e s t i n g  and provis ion of instrumentation f a r  
diagnost ic  and con t ro l  purposes, r e l i a b i l i t y  and q u a l i t y  assurance,  a r  d opera- 
t i o n a l  s a f e t y  e f f o r t s .  During f i s c a l  year 1965, equipment necessary for  
engine support w i l l  be del ivered t o  t h e  Nuclear Rocket Development S ta t ion  
and proof t e s t i n g  and procurement of d iagnos t ic  instrumentation for erg ine  
system t e s t i n g  w i l l  be undertaken. 
w i l l  be continufed and safeguard r e p o r t s  and procedures w i l l  be issued.  
va t ion  and checkout of Enc;ne T e s t  Stand No. 1 (ETS-1) and Engine Maintenance, 
Assembly and Disassembly Building ( E W )  w i l l  be undertaken i n  f i sca l .  year 
1965. Reactor assembly and disassembly opera t ions  i n  E-MAD are planned for  
f i s c a l  year L965. 

Technical guidance on ground t e s t  s a f e t y  
A c t i -  

Propel lants .  This t a s k  a rea  covers propel lan t  procurement based on t e s t  
schedules fo r  t h e  NERVA technology p ro jec t  requi red  for  r eac to r  t es t s ,  non- 
nuclear cmponent tests, engine simulator tests, e t c .  Over 90 pebr cent of 
t he  propel lan ts  procured w i l l  be l i q u i d  hydrogen. 

RIFT 

1963 1964 --- 1965 

Stage devel.opment.. ......... $6,557,000 $39700,000 $ --- 
Development support......... 1,890,000 1,800,000 I...- ........... 2,000.000 I-- Program. support . .  2.400.000 

Total  colaits ............... $7.500.000 
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The RIFT Projec t  was i n i t i a t e d  t o  provide a v e h i c l e  for evaluatin,g the  
operat ing c h a r a c t e r i s t i c s  of t h e  NERVA engine and associated s tage  and engine 
sub-systems i n  t h e  space f l i g h t  environment. 
as a t h i r d  s tage for  t h e  Saturn V permit t ing t h e  evaluat ion of  s tage  oiierating 
c h a r a c t e r i s t i c s  i n  the  physical ,  dynamic, r ad ia t ion ,  and space environment 
required for  c1ee.p space missions. 
1963. Vehicle technology work i n  f i s c a l  year 1965 w i l l  be conducted only 
under Support in$, Research and Technology programs. 

The v e h i c l e  w a s  t o  be designed 

This cont rac t  was terminated i n  Decmber 

The RIFT Projec t  was  paced by the  reac tor  development work with n3 major 
fu l l - s ca l e  hardware conmitments permitted.  The f i s c a l  year 1963 taffort was 
aimed a t  the d e f i n i t i o n  of technica l  problem areas and the  f i s c a l  year 1964 
e f f o r t  is concentrated on e s t a b l i s h i n g  an in tegra ted  t e s t  program leading t o  
sa lu t ions  of t:he major i d e n t i f i a b l e  technolqgbcal problems. I n i t i a l  t e s t i n g  
has been conduct:ed i n  t h e  f i e l d s  of s t ruc tu res ,  i n su la t ion ,  r a d i a i j o n  e f f e c t s ,  
welding, and f a b r i c a t i o n  techniques,  I n  add3 '.don t o  t h e  preliminary design 
and t e s t i n g  work accomplished during f i s - a l  year ,963 and i n  process during 
f i s c a l  year 1.964, design refinement w a s  continued with an extensive e f f o r t  i n  
handling and t ranspor ta t ion  techniques. 
t h i s  pro jec t  provides u s e f u l  information fo r  t he  chemical rockets  now under 
development cuid w i l l  be  a v a i l a b l e  fo r  use i n  eventual nuclear rocket f l i g h t  
app 1 icat ions . 

Almost a l l  of t he  work performed i n  

Nuclear Rocket Development S t a t i o n  Operations 

15165 ---- 1963 - 1964 

General s i c e  support.. . . , . . . , . .  $ ..-- $100,000 $1(10,000 

Capi ta l  equipment.. ............ --- 50,000 !IO, 000 

F a c i l i t y  checlkout and main- 
tenance...................... --- 350,000 3 f i 0 , O O O  

$500,000 
---__. 
-__I_- 

T o t a l  costs.................. $ --- $500,000 

The mission of the  Nuclear Rocket Development S t a t i o n  (NKDS) is 1:o 
provide a s i te  for  ground s ta t ic  t e s t i n g  of the  r eac to r s ,  engines and ,  even- 
t u a l l y ,  vehic les  assoc ia ted  with nuclear rocket development. 
Nuclear Rocket Development S t a t i o n  is assigned t o  t he  Space Nuclear Pi:opulsioi:t 
Off ice .  
Westinghouse Astronuclear Laboratory, and Los Alamos S c i e n t i f c  Leborazory. 

Martagemcmt of the  

'The major users  of t he  S t a t i o n  are Aerojet-General Corporation, 

Technical support ,  maintenance, housekeeping, services, and mna,:ement 
functions must be provided a t  t h i s  s i te .  These funds provide for NASA's share  
of t he  general  s i t e  operat ions;  the  major p a r t  is  now an A t o m i c  Energy Comnis- 
s ion ob 1 i g a t  ion. 

Genera l - ake  Support. These cos t s  represent  t h e  NASA share  o f  the  support 
se rv ices  for  rout ine  maintenance and operat ion of t he  f a c i l i t i e s ,  fo r  example, 
cus todia l  se rv ices ,  maintenance of roads,  grounds, and u t i l i t y  systems, 
furnishing of u t i l i t i e s ,  bui lding operat ing suppl ies ,  f i r e  pro tec t  ion, and 
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cafeteria services. 
service contractor to maintain and operate various shops such as the plumb- 
ing, electrical, carpenter, welding and machine shops. Also included are 
the costs of activation of all facilities, maintenance and operation of 
support facilities and equipment. There are routine or recurring services. 
Cost specifically for test operation services requested by individual test 
contractors on a work order basis are not included. These test operation 
costs are budgeted through the respective NASA project manager's office. 

In includes NASA's share of the cost for a support 

Facility Checkout and Maintenance. All major facilities making up the 
reactor test facility complex are under construction. Modifications iknd 
additions to some facilities are under design or construction. Ehgine test 
facilities consisting of the Engine Test Stand #l and the Engine-Maintenance 
and Disassembly Building will be activated during fiscal years 1965 and 
fiscal year 1966. Other facilities will be added as the program requires. 

Capital Equipment. This represents the cost of equipment purchased by 
the Government for the use of Government and contractor personnel. in carry- 
ing out station support activities, such as shop equipment and warehousing 
equipment. 
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KESEARCH AND .DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The ob jec t ives  of t h e  chemical propulsion research and technology 
programs are  t o  conduct research t o  increase  knowledge of chemic31 propulsion 
processes,  tcl i nves t iga t e  new concepts and techniques t o  advance the tech- 
nology of chemical propulsion t o  meet t h e  requirements fo r  space ~ : x p f ~ r a t i o n ,  
and t o  suppoi t  t he  mission o f f i c e  r o l e  i n  applying these  technolopies t o  t h e  
achievement of N A S A ’ s  mission objec t ives .  

The supporting research and technology ob jec t ives  i n  chemic.3 1 propulsion 
are t o  provide and t o  extend the  knowledge t h a t  w i l l  increase  the  na t iona l  
c a p a b i l i t y  t c l  explore  space,  Although a p r i n c i p a l  p a r t  of  t h i s  ; I f a r t  i s  
d i r ec t ed  toward f u t u r e  advances, a n  equal ly  importznt p a r t  i s  to d?velop t h e  
engineei ing data t h a t  w i l l  apply t o  and a i d  i n  solving problems 3r i s ing  from 
pro jec t s  under development. 

Chexr1ica:t propulsion is t h e  prime mover i n  t r anspor t ing  payloads from 
Earth i n t o  sDpac:e and i n  t h e  space environment. It  appears c e r t a i n  t h a t  
chemical propu‘!sion methods w i l l  cont inue t o  be used a s  prime muvers  f o r  
a t  l e a s t  t he  next decade and a s  a u x i l i a r y  propulsion devices when nuclear 
propulsion systems become o p e x a t i o n d .  

The fu1.L p o t e n t i a l  of chemical rocke ts  has  not  ye t  been exploi ted.  
Continued research and development w i l l  make poss ib l e  t h e  accompl ish  en t  of 
d i f f i cu l t :  mL:;sions not  now prograrmned,as well a s  increas ing  t h e  effect ive- ,  
ness o f  acccmplishing missions such a s  f l i g h t s  t o  the  &on and opera t ions  i n  
Earth o r b i t .  Increases  i n  performance by use of b e t t e r  propel lan ts ,  more 
eff ic ient :  en::ine cyc les ,  and b e t t e r  i n t eg ra t ion  of t h e  engine with tke t o t a l  
vehic le  syst:~sn have t h e  potent: ial  not only of increas ing  t h e  payload-carrying 
capabili!:y o E  our  space veh ic l e  systems but  a l s o  of  lowering the  o v e r a l l  
opera t iona l  c o s t  of f a b r i c a t i n g  and opera t ing  these  systems. 

I n  cur ren t  NASA development programs, problems of inadequa1.e en+.- 
neer ing data o r  experience on which t o  judge the  most appropr ia fx  so lu t ion  
have o f t e n  been encountered. An example of t h i s  is  the  combusti.on ii- 
s t a b i l i t y  problem i n  F-1 engine development, a matter which i s  riow s i b -  
s t a n t i a l l y  i n  hand. P a r t  of  t he  research and technology program i s  to 
provide a sound engineering basis  f o r  t h e  so lu t ion  of such prob;.ems so 
t h a t  c o s t l y  delays t o  development programs can be avoided. 
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The chemical propulsion supporting research and technology program is 
presented in five categories. These are: chemical propulsion research, high 
impulse prope1.lant investigations, liquid rocket engine technologies, solid 
and hybrid. rocket motor technologies, and experimental feasibility demon- 
strations of advanced systems. Chemical propulsion research includes analyti- 
cal studies of propulsion systems, conceptual designs and cycle analysis, 
combustion ptienomena including ignition and combustion oscillations, fluid 
mechanics, gas dynamics, heat transfer phenomena, and applicability of 
materials. WLgh impulse propellant investigations cover examination of new 
propellant:s, determination of properties, theoretical calculation and experi- 
mental verification of performance, as well as actual engineering experience 
in dealing with such new materials. From this work will come the sound design 
criteria and engineering data f o r  use in major engine development programs. 
This technology effort can be further subdivided in terms of its application, 
such as booster propulsion, upper stage propulsion, spacecraft propulsion, 
attitude conixo'l systems, retrothrust engines and the like. Experimer tal 
engine work :is to demonstrate advanced concepts in a complete engine system 
prior to i:he:Lr application to specific mission objectives. This earl) develop- 
ment work wi'LL prevent the delays i n  mission accomplishment which restlt when 
the propulsioa system development, a long-lead item, must wait for mission 
selection and approval. Included herein are the continuation of the lii-1 
engine project 2nd the demonstration of large solid propellants motor f c a s i  - 
bility. 

SUMMARY OF REtILRCES REQUIRPlENTS : 
1963 1964 

Supporting research and 
technology.. .................. $14,392,000 $21,800,000 $21,800,000 

Experimental engines ............ 35,000,000 24,000,000 38,000,000 
Small chemical propulsion 
flight projects...... 330,000 - - -  --e ......... --- 
Total costs ................... 949,722,000 $45,800,000 ,C59,800,000 --- 

BASIS OF FUNCJEQUIREMENTS : 

Supportinp Research and Technolx 

1963 

Ana lysis, a erothermochemis try. . $ 3 ,  095 ,  ooo Heat transf'er and materials.. ...) 
High energ>' propellants.. ....... 3,7 10,000 
Liquid rocket engines. .......... 6,7 90,000 
Solid rocket motors,. ........... 797,000 

Total coats,. ................... $14,392,000 

$5,892,000 $5,933,000 

7,225,000 7 ,4  13,000 
6,640,000 6,030,000 
2,043,000 2,434,000 

$21,800,000 "21 830 000 2 h L  
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Analysis,  Aenthermochemistry, Heat Transfer  and Mater ia l s  

Analysis; and conceptual design s t u d i e s  a r e  conducted t o  i d e n t i f y  problem 
a reas  , t o  compare competit ive systems, and t o  guide f u t u r e  work. 

For exanriplc, recent  i n t e r e s t  i n  an o l d  idea - a i r  t h r u s t  augmentation - 
has  led t o  an a n a l y t i c a l  s tudy of  i t s  advantages and some experimental work. 
A cooperat ive inves t iga t ion  between NASA and t h e  A i r  Force has  been .es tab-  
l i shed  t o  exelnine t h e  advantages of  t h e  a i r  augmentation schemes a s  aFplied 
t o  t h e  booster  propulsion system i n  a p r a c t i c a l  f l i g h t .  

I n  aerotliermochemistry, a number o f  research p r o j e c t s  a r e  now unclerway 
i n  converting cliemical energy to  k i n e t i c  energy. I n  combustion, s tud ie s  of  
combustion o s c i l l a t i o n s  w i l l  be continued t o  provide design c r i t e r i a  f o r  
f u t u r e  engine development. Other work of  a fundamental na ture  i s  t h e  study 
of  t he  k i n e t i c s  of  detonation waves and t h e i r  r e l a t ionsh ip  t o  combustion 
o s c i l l a t i o n s  , and the  examination of  non-equilibrium flow processes i r l  
nozzles . 

I n  s o l i d  rocke ts ,  research on burning r a t e  and combustion procesEies 
includes i g n i t i o n  c h a r a c t e r i s t i c s  , t h e  e f f e c t  o f  r a t e  of change o f  prcssure  
on ext inguishing combustion on sur face  burning r a t e s  , and o the r  combustion 
phenomena, 

More inE$:,nnation w i l l  be  sought on f i lm  cool ing  techniques used i.n con- 
junc t ion  with high temperature and a b l a t i v e  ma te r i a l s ,  with p a r t i a l  cool ing  
by r ad ia t ion  i n  some cases .  

High Energy Propel lants  

The program i n  high energy propel lan ts  was broadened l a s t  year t o  
inves t iga t e  three  combinations: (1) add i t ion  of  f l u o r i n e  i n  oxygen t o  hoost 
t h e  performance of  launch veh ic l e s  using oxygen-kerosene , (2) hydrogen- 
f luo r ine ,  and (3) oxygen d i f l u o r i d e  and diborane. Inves t iga t ions  on 
f luo r ine  addi t ions  t o  oxygen-kerosene show t h a t  performance gains up 1:o 
30 percent could be r ea l i zed  i n  vehic les  such a s  Atlas.  
compat ib i l i ty  of ma te r i a l s  and t h e  f e a s i b i l i t y  of  using t h i s  a d d i t i v e  i n  
e x i s t i n g  oxygen-kerosene engines i s  underway. 

Inves t iga t ions  o f  

Hydrogen-f luor ine  work i s  underway on an experimental engine t o  1)e 
described on subsequent pages. 

Performance of an oxygen dif luoride-diborane engine of 2,000 pounds 
P lans  f o r  add i t iona l  work are underway t o  t h r u s t  i s  be.Lng invest igated.  

assess more c m p l e t e l y  the performance of t h i s  promising combinat ion. 

Work on ot'her combinations i s  planned. These include propel lan t  property 
s tud ies ,  oxygen,-fluorine or  oxygen d i f l u o r i d e  w i t h  l i g h t  hydrocarbons,, and 
metal add:ttions. 
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During t h e  p a s t  year work was s t a r t e d  on experiments with a turbo-  
pumped hydrogen-f luor ine  engine. 
use with hydrogen and oxygen was se l ec t ed  f o r  t h e  experiments. 
lems with ma te r i a l  compat ib i l i ty  i n  r o t a t i n g  s e a l s  i n  t h e  turbo pump h w e  
been encountered and work i s  underway t o  ob ta in  improved s e a l  mater ia l s .  
High energy f u e l  performance i n  t h e  present  engine w i l l  be l imi ted  by the 
ox id ize r  t o  f u e l  r a t i o  t h a t  can be  run. After  pushing t h e  l i m i t  opera t ion  
of t he  present  engine, a d d i t i o n a l  work w i l l  be  undertaken on new t h r u s t  
chamber ma te r i a l s  and pump modif icat ions t o  reach higher  mixture r a t i o  5 

which favor t h e  high performance c h a r a c t e r i s t i c s  of  t h e  f lu ro ine  propel lan t .  

The RL-10 engine a l ready  developed f o r  
Some prob- 

A program t o  develop a gas  generator  f o r  a hydrogen-fluorine eng i i e  
has  been s t a r t e d  t o  provide a second poss ib l e  approach t o  an advanced hydrogen- 
f luo r ine  engine. 
o f  an advanced hydrogen-fluorine engine w i l l  be  made based on t h e  knowledge 
gained from t h i s  experimental engine work. 

This  work w i l l  be  continued and prel iminary design s t u d i e s  

Liquid Rocket Engines 

Work i n  t h i s  a rea  i s  concerned with engineering s t u d i e s  of components, 
subsystems and systems f o r  launch veh ic l e s  and spacecraf t .  

I n  launch veh ic l e  propuls ion,  work has  continued on high pressure  
engine technology a s  a promising approach t o  very  l a rge  engines f o r  f i r s t -  
s tage  propulsion, The increase  o f  pressure  t o  t h e  order  of  2,500 p s i  and 
higher introduces new engineering problems i n ,  f o r  example, bearings, a i d  
t h r u s t  chamber cooling. New combustion chamber concepts,  such a s  the  
to ro ida l  chamber - expansion nozzle  s k i r t  a r e  being inves t iga ted .  It is 
planned t o  sca l e  model a t o r o i d a l  chamber and gas-confined nozzle  t o  t e s t  
t h e  performance of  t h i s  combination. Another concept i s  a self-contained,  
high-pressure engine module designed t o  be used i n  mul t ip l e  with a s i n p l e  
nozzle. Work i s  planned on components o f  t h i s  type engine. 

Spacecraft  propulsion work i s  cont inuing on p o s i t i v e  expulsion tezh- 
niques f o r  providing propel lan t  t o  t h e  engine during zero-g condi t ions.  
Combinations of p o s i t i v e  expulsion o f  a por t ion  of t h e  propel lan t  and 
simple p re s su r i za t ion  o f  t h e  tank under p o s i t i v e  acce le ra t ion  w i l l  be 
inves t iga ted .  G.as p re s su r i za t ion  generated by in- tank r eac t ion  processes  
w i l l  be s tudied.  Ef for t  w i l l  cont inue on the app l i ca t ion  of  high tempera- 
t u r e  and a b l a t i v e  ma te r i a l s  f o r  chambers and nozzles  and on techniques fo r  
varying th rus t .  

So l i d  Rocket Motors 

Sol id  rocket  motor technology i s  concerned with components, subsystans,  
and complete systems f o r  both launch veh ic l e s  and spacecraf t .  E f fo r t  i n  
t h i s  category i s  pr imar i ly  d i r ec t ed  towards research i n  propel lan t  charac te r -  
i s t i c s ,  Other work includes a cont inuat ion o f  s t u d i e s  of an i n t e r n a l  support 
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f o r  very l a rge  gra ins .  Also being continued a r e  s t u d i e s  o f  improved methods 
o f  t h r u s t  vec tor  con t ro l  by u s e  o f  ho t  gases which a r e  suppl ied e i t h e r  by a 
gas generat.or o r  by a tpp d i r e c t l y  from the combustion chamber. A key com- 
ponent i n  tihis technique i s  a gas va lve  capable  o f  opera t ing  a t  high tempera- 
t u re .  

I n  t h e  corning year more emphasis w i l l  be placed on research and tcrch- 
nology appl.ic~i1>ls to  very l a rge  boos te rs  and problems assoc ia ted  with t h e i r  
use. This  woi t  Ld include,  f o r  example, improving techniques of inspec t jon  
and qua1ificai::ion of loaded motors, b e t t e r  understanding of  i n s t a b i l i t y  and 
i g n i t i o n  problL~m:3, improved phys ica l  p rope r t i e s  , c l u s t e r i n g  s t u d i e s ,  ar.d 
handling arid t::cansportation problems. 

Spacec:rafc engine technology e f f o r t  i s  concentrated i n  four  a reas .  
These a r e :  (1:) high propel lan t  mass loading, (2) s t o p - r e s t a r t  c a p a b i l i t y ,  
(3) hybrid sy:;i:ern, and (4) packaged propulsion u n i t s  f o r  a t t i t u d e  con t to l .  

The goal of t h e  program i s  t h e  design of motors with a high percentage 
of p r o p e l l a n t ,  Another p a r t  of  t h i s  work i s  obta in ing  longer nozzle  l i f e  
through p a r t i a  l l y  submerging o r  recess ing ,  o r  through establishment of  a 
coo 1 boundary layer.  

A s i g n i f i c a n t  achievement during the  pas t  year has  been t h e  demonstra- 
t i o n  of  accura te  t h r u s t  terminat ion c o n t r o l  by two techniques: r ap id  vemting, 
and contro;l of chamber volume. These and o the r  techniques a r e  being irtvesti-  
gated t o  achiirre s t o p / s t a r t  c c n t r o l  and recyc l ing  c a p a b i l i t i e s .  

Hybrid motor systems o f f e r  promise i n  both launch veh ic l e  and s p a < e c r a f t  
appl ica t ions .  These a r e  systems where t h e  f u e l  i s  a s o l i d  and the  ox id ize r  
i s  introduced a s  a l iqu id .  Conceptual design s t u d i e s  f o r  space appl ic i i t ions 
a r e  completed and experimental work t o  demonstrate t h e  f e a s i b i l i t y  o f  hybrid 
propulsion f o r  a spacecraf t  engine w i l l  be i n i t i a t e d .  

Ideas  f o r  using s o l i d s  f o r  small  propulsion u n i t s  f o r  a t t i t u d e  con t ro l  
have been examined. One i s  t h e  use  o f  a s e r i e s  of minia ture  and expendable 
s o l i d  rocket u n i t s  t o  generate  small  increments o f  impulse a s  needed. This 
work w i l l  be  eKtended t o  f l i g h t  experiments aboard a TIROS s a t e l l i t e .  The 
second idee i s  t h e  use  of  a subliming s o l i d  wherein t h e  s o l i d  i s  transformed 
i n t o  gas fo r  propulsion th ru  t h e  app l i ca t ion  of  heat .  These u n i t s  holtl t h e  
promise of  hign r e l i a b i l i t y  a s  w e l l  a s  long s to rage  t i m e  and l i f e .  

Experimenta 1 Engines 

1905 --- 1963 1964 

- - - * $1.3 , 001 1 , 000 
M-1 engine...................... $35,000,000 ~24,000,000 25,000,000 
Large s o l i d  motor demonstration. ---* 

Tota l  costs . .  * .  . . . . . . . . . . . . . . . $35,000,000 $24,000,000 ~~8,00~),000 --- 
* Previously (an A i r  Force program. 
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Large So l id  Motor Demonstration 

The la rge  s o l i d  propel lan t  rocket  motor f e a s i b i l i t y  demonstraltion was 
i n i t i a t e d  'by NASA and t h e  A i r  Force i n  June 1963; it includes both 260" 
diameter and 156" diameter s o l i d  propel lan t  motors. 

I n  November 1963, t h e  Department o f  Defense requested t h a t  NASA fund 
the  260" c l a s s  motor program i n  f i s c a l  year  1965 and t h e r e a f t e r ,  with ,:he 
Department of Defense cont inuing to  fund t h e  156" port ion.  

I n  f i s c a l  year 1963 and 1964, t h e  Department of Defense ob l iga t ed  almost 
$30,000,000 tcl t h e  260" motor program. The f i s c a l  year  1965 NASA r e q u m t  i s  
based on a Department of Defense es t imate  of  t h e  amount requi red  t:o complete 
t h e  cu r ren t  phase of t h e  260" motor program. Transfer  of  t h e  d i r e c t  mmage- 
ment and funding; r e s p o n s i b i l i t i e s  f o r  t h i s  program t o  the  NASA w i l l  al low 
c l o s e r  coordinat ion between t h e  demonstration f i r i n g  program and the  sDlid 
motor launch veh ic l e  s t u d i e s  c u r r e n t l y  i n  progress ,  t o  evaluate  such 
vehic les  as :  

1. 
2. S0li.d boost a s s i s t  f o r  t h e  Saturn I B  vehic le .  
3, Sol id  boost a s s i s t  f o r  a Saturn V vehic le .  
4, Firs t :  s t a g e  f o r  pos t  Saturn vehicle .  

So l id  s t a g e  p lus  an S-IVB s tage .  

E f fo r t s  on t h i s  p ro jec t  through f i s c a l  year  1964 w i l l  include completing 
engineering, propel lan t  t a i l o r i n g ,  44" and 65" motor tests, and f ab r i ca t ion  
and checkout of  f u l l  s c a l e  hardware. 

In  f i s c a l  year 1965 a two-part e f f o r t  t o  complete t h e  cu r ren t  phase of 
t he  260" motc):e program w i l l  be  accomplished. 
p a r a l l e l  p roJec t s  t o  design,  f a b r i c a t e ,  and s t a t i c  t e s t  two 260" diameter 
motors each weighing about 1,800,000 pounds and generat ing 3,000,000 pounds 
of t h r u s t  f o r  about 110 seconds. The second p a r t  covers  design,  f ab r i ca t ion ,  
and s t a t i c  t e s t  o f  a 900,000 pound 156" diameter motor, t o  prove a 3,(100,000 
pound t h r u s t  .no:zzle (same a s  used on t h e  260" diameter motor) f o r  a 50-second 
burning t i m e ,  p lus  proof of  t h e  f a b r i c a t i o n  procedure app l i cab le  t o  t k e  260" 
diameter r o t o r  u t i l i z i n g  a gra in  conf igura t ion  and i g n i t e r  s i m i l a r  t o  t h e  
260" s i z e ,  'tn ,addi t ion,  a 120" motor f o r  component eva lua t ion  of t h e  Aerojet  
program w i l l  be completed i n  f i s c a l  year 1965. 

The f i r s t  p a r t  i s  f o r  two 

M - I  Engine 

The M - 1  turbopump fed  rocket engine i s  being developed f o r  s i n g l c  o r  
mul t ip l e  use i n  upper s t ages  of  l a rge  launch vehic les .  
develop 1,500,000 pounds o f  t h r u s t ,  us ing l i q u i d  hydrogen-liquid oxygen 
propel lan ts .  

This  engine w : . l l  

Development of t h e  prototype engine began i n  1962, and i s  under the  
t echn ica l  d i r e c t i o n  of t h e  Lewis Research Center. The components of t he  
M - 1  engine a r e  o f  a new magnitude i n  s i z e  f o r  hydrogen engines,  atnd w : i l l  
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be t e s t e d  a s  a :system t o  v e r i f y  t h e i r  design and to  develop c r i t e r i a  f o r  t h e  
design,  t e s t  and r e t e s t  cyc le .  

During f i s c a l  year  1965, t h e  program w i l l  emphasize component taa,tirg, 
with a l imi t ed  e f f o r t  i n  engine systems. Most design e f f o r t  w i l l  be com- 
p l e t ed ,  and t h e  t e s t i n g  of many major components begun. 
sub-scale  t e s t s  w i l l  be near  completion. Versions of the  l i q u i d  oxygen pump 
and f u e l  pump, both a t  3/8 sca l e ,  w i l l  be tes ted .  

The major i ty  of 

A t  Lewis, co ld -a i r  t e s t s  of  f u e l  and l i q u i d  oxygen (LOX) turbineti w i l l  
be performed t o  determine the  aerodynamic performance, range of  opera t ion ,  
and flow d i s t o r t i o n s .  
separa te  components, and a s  a system connected i n  s e r i e s  w i l l  be star1:ed. 

Fu l l - sca l e  t e s t i n g  of t h e  f u e l  and LOX pumps at; 

Other t e s t  programs to  be i n i t i a t e d  involve v i b r a t i o n  t e s t s  of t l ~ r u s t  
chamber components, and general  t e s t i n g  o f  t h e  t h r u s t  chamber and gas gener- 
a t o r  i g n i t e r s .  

Several  t e s t i n g  programs w i l l  be continued i n  f i s c a l  year  1965. These 
include tests of  f u l l - s c a l e  i n j e c t o r s ,  gas generators ,  and interconnect  l i n e s .  
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RESEARCH AM) DEVELOPMENT ' 

FISCAL YEAR 1965 ESTZMATES 

SPACE PWER PROGRAM 

PROGW OBJECT'BS AND JUSTIFICATION: 

The Space Power program provides research and technology t o  advance our 
knowledge, by providing new and improved methods of chemical and s o l a r  power 
generat ion for  space explorat ion.  The program includes a l l  element8 oE 
complete systems such as: (1) t h e  energy co l l ec t ion  equipment ( so la r  cDllec- 
tor) o r  reactant supply; (2) t h e  prime converter  (i.e., s o l a r  celLs, t h e m -  
i o n i c  generators ,  thermoelectr ic  converter ,  fuel cel l ,  etc.); (3) the  energy 
s torage  system (ba t te ry  o r  thermal energy s torage  material); and (4) piwer 
conditioning equipment devices and switch-gear. 
bas i c  work, par t  of the  e f f o r t  is d i r ec t ed  at  development of improved devices 
and demonstrat ion of the  f e a s i b i l i t y  of advanced systems, including,  wlhen 
necessary,  f l i g h t  demonstration. 

In addi t ion  t o  the  more 

All space vehic les  use e l e c t r i c a l  energy f o r  the  operat ion o f  t h e i r  
equipment, such as communications, telemetry,  l i f e  support ,  and instrumenta- 
t ion .  Thus, t h i s  mult i -discipl ined program makes a d i r e c t  cont r ibu t ion  t o  
a broad c ross - sec t ion  of the  na t iona l  space program. The energy :source f o r  
space power systems may be chemical, s o l a r ,  o r  nuclear ;  t h i s  program dea l s  
with methods crf obtaining energy from the  f i r s t  two sources.  Work on power 
generation using nuclear energy sources i s  covered under Nuclear Electric 
Systems. 

The e1ec:t:rical power f o r  space vehic les  and the  t o t a l  time t ' h i s  power 
i s  needed va r i e s  widely. 
k i lowat t s  and durat ions from a few minutes f o r  a launch vehic le  tro goals  of 
several  years f o r  space vehicles .  This wide range of appl ica t ions  requires 
a number of power generat ion techniques, each with i t s  own c a p a b i l i t i e s  and 
l imi t a t ions .  

The power l e v e l s  vary from a few wat t s  t o  malny 

As limnch vehic le  c a p a b i l i t i e s  increase ,  making possible  more complex 
spacecraft:, fc :is e s s e n t i a l  t h a t  the technology i n  the  power generat ion 
f i e l d  not become a l imi t ing  f ac to r .  
a t  r a t h e r  low power l eve l s .  

A l l  systems experience t o  date  hiis been 

Many problems a l so  remain t o  be solved i n  the types of systems present ly  
being used t o  iinprove r e l i a b i l i t y  and l i f e  as w e l l  a s  t o  reduce wfeighl: and 
valume requirements. This work is needed t o  develop equipment and the  know- 
ledge needed to avoid f a i l u r e s  such as those i n  the pas t  associated w:i.th the 
adverse e f f e c t s  of t h e  space environment ( i , e . ,  the  Van Allen b e l t ,  solar 
f l a r e  r ad ia t ion ,  u l t r a v i o l e t  degra t ion ,  and high and low temperature 
e f f e c t s ) .  
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SUMWBY OF RE23IRCES REQU1;REMENTS: 

19165 --- 1963 1964 

Supporting research and  
technology. ................... $8.335.000 Q13.000.000 $13 .OClO .OOO 

Tota l  cotil:~, .................. $8.335 .OOO ~13,000,000 313 .OClO ,000 --- 
BASIS OF FUND RlMUIREMENTS: 

Supporting Research and Technology 

Photovol ta ics . .  ................. $2,141,000 $2,750,000 $2,7IiO,OOO 
Thermionics and thennoelec t r ic . .  1,872,000 1,750,000 1 ,7!i0,000 
Solar  dynamic systems....... .... 1,660,000 4,850,000 4,8!iO, 000 
Batteries, fuel cells and 

engines.......... ............. 2.662.000 3,650,000 I 3,6!iO ,000 

dev 
res 

----- Phot.ovo:ltaics. 
i c e s  used i n  space. 
i s t  r a d i a t i o n  damage and i n  ob ta in ing  a fundamental understanding of t he  

Cells cu r ren t ly  i n  production have benefi ted from the  

Solar  c e l l s  are the  most common energy-conversicn 
S i g n i f i c a n t  progress  has  been made on c e l l s  which 

mechanism of damage. 
research program and have three  t i m e s  the;-useful l i f e  i n  the  r ad ia t ion  b e l t s  
compared t o  c e l l s  i n  use a yea r  ago. During t h i s  year ,  experiments were 
conducted on spec ia l  s i l i c o n e  cel ls  which a r e  1 2  t i m e s  more r e s i s t an t .  t o  
such damage as the  reference cells .  This work w i l l  continue so t h a t  the  
advantages can be f u l l y  explo i ted  i n  f l i g h t  programs. 

Progress has a l s o  been made on t h i n  f i l m  s o l a r  c e l l s  which a r e  very 
l i g h t  and f;L exib le .  A cont rac tor  production f a c i l i t y  has been e s t a b  . ished 
t o  produce eKperimenta1 q u a n t i t i e s  of 6" by 6" cadmium s u l f i d e  t h i n -  Z i l m  
c e l l s .  A pr3gram has been i n i t i a t e d  t o  eva lua te  the  simulated Environmental 
e f f e c t s  of space on these  advanced devices ,  a necessary f i r s t  s t e p  before  
p r a c t i c a l  app l i ca t ion .  S tudies  are also being conducted on techniques of 
deploying l s r g e  a r r ays  of these  c e l l s  f o r  mul t i -k i lowat t  systems. The 
an t i c ipa t ed  r e s u l t s  a r e  considerably lower c o s t s ,  improved mechanicat 
c h a r a c t e r i s t i c s ,  and b e t t e r  s t a b i l i t y  i n  the  space environment. 

Work w i l l  be continued t o  develop s o l a r  c e l l s  f o r  high and low-tempera- 
t u r e  app l i ca t ions .  More payload and g r e a t e r  r e l i a b i l i t y  are an t i c ipa t ed .  

Thermionics and mermoe lec t r i c s .  The d i r e c t  conversion of hea t  energy 
t o  e l e c t r i c i t y  by the  thermionic process  cont inues t o  show great: pronise .  
The development of a prototype,  so la r -hea ted ,  thermionic system with a l l  of  
i t s  elements shows s i g n i f i c a n t  progress .  E f f o r t s  extend from bas i c  research 
on ma te r i a l s  and metallurgy, through physics  and thermionic g e n e r a t i m ,  t o  
engineering development of thermionic devices .  
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1mprovenwnt:s i n  thermionic converter  design have extended converter  l i f e  
from 1,OOCI hour:; o r  less t o  more than 3,000 hours i n  tests p resen t ly  under- 
way. Alternate  designs have been explored, and multi-converter generators  
have been f ab r i ca t ed  and t e s t e d  with both e l ec t r i ca l  and s o l a r  heat ing.  
This e f f o r t  wil:t be continued i n  f i s c a l  year 1965. 

It i s  dct:3irable t o  keep a thermionic system operat ing during dark 
periods i n  o r b i t ,  by supplying hea t  energy s to red  during sun l igh t  t o  avoid 
thermal cycli.ng, Fundamental information has been obtained on thermal 
s torage matei:ia:Ls, such as thermal conduct ivi ty  and hea t  of fusion. 'Ihe 
whole ther:mal. s torage area w i l l  receive increased a t t e n t i o n  i n  the  coning 
year ,  because o.E i t s  g r e a t  promise f o r  solar-thermionic and dynamic: s)stems 
with long l i f e  ;and low weight. 

Important ]progress has been made on the  development o f  fabricaticln 
technique f o r  s o l a r  c o l l e c t o r s ,  Work on a 9.5 foot  diameter high p r e -  
c i s i o n  mirror master by sp in  c a s t i n g  o f f e r s  a so lu t ion  t o  extending t h i s  
technology to mirrors  l a r g e r  than 5 f e e t .  
master was  p:mduced and reproduced i n  n i cke l .  
t he  n i cke l  mastter i s  undergoing tests. 

A successful  p l a s t i c  sub- 
A test  mirror  made from 

The f e a s i b i l i t y  of power systems based on thermoelectr ic  conversion of 
heat  i s  allso Tinder inves t iga t ion .  An example of work i n  t h i s  area i s  a f l a t  
sandwich panel with thermoelectr ic  couples between t h e  sk ins .  One sk in  i s  
t r e a t e d  with 3 coat ing t o  produce a high equi l ibr ium temperature when ex- 
posed t o  :sun:Liglit, while t he  o the r  surface runs a t  a much lower tempei'ature 
as i t  faces  black space. Progress has been made i n  t h i s  technique, arid the  
work has been supported by research on improved thermoelectr ic  materirLls. 
E f f o r t  i n  t h i s  .area w i l l  cootinue.  

Solar  D y s n i c  Systems. A s i g n i f i c a n t  milestone w a s  reached i n  tlie 
s o l a r  mercury R,ankine cycle  system (Sunflower) t h i s  year with the  succ:essful 
completion oE a l i f e  t es t  with an accumulated time of 4,300 hours. The 
tes t  was terminated by t e s t - r i g  problems r a t h e r  than any bas i c  f a u l t  :.n the  
machine. While many problems remain t o  be solved, t he  f e a s i b i l i t y  of t h i s  
s y s t e m  concept 'has been demonstrated. 

Work was a l s o  s t a r t e d  on an a l t e r n a t e  approach t o  dynamic power con- 
vers ion,  based on a gas (Brayton) cycle ,  which i s  expected t o  have higher  
efficienc:y and hence produce more power from a given s i z e  s o l a r  c o l l e c t o r ,  
i f  the  exlpected component performance can be achieved. It i s  planned t o  
continue development of t h i s  system t o  a point where a s e l e c t i o n  can he 
made between the  a l t e r n a t e  approaches. Solar  dynamic systems are expctcted 
t o  be most useful  i n  the  range of power of a few k i lowa t t s  t o  tens  of 
k i lowa t t s .  Applications may come l a t e  i n  t h i s  decade, and hence an aggres- 
s i v e  program i s  required a t  t h i s  t i m e .  

-:-A B a t t e r i e s  Fuel Cel l s ,  and Engines. Much progress has  been made i n  
t h i s  a rea .  For example, a new type of s ea l ed ,  rechargeable b a t t e r y  h,is been 
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developed. TEis device includes a f u e l - c e l l  oxygen e l ec t rode  which reduces 
pressure builc!-up t o  a s a f e  l e v e l ,  and provides an ex te rna l  s igna l  a t  the 
completion of charge,  f a c i l i t a t i n g  charge con t ro l .  This advance is expected 
t o  improve the  l i f e  and r e l i a b i l i t y  of space b a t t e r i e s  and s i g n i f i c a n t l y  
reduce t h e i r  weight f o r  many app l i ca t ions .  Testing required t o  provide the  
engineering da ta  needed by app l i ca t ions  engineers i s  planned f o r  next year. 

To deternine the  b a s i c  l i m i t a t i o n s  i n  f u e l  c e l l  l i f e  and r e l i a b i l i t y  
and f ind  ways of extending them are the  goals  of much of the  work. 
Important development work has been accomplished t h i s  year on an improved 
H2/02 fuel. ce:ll of moderate temperature. The system i s  s implif ied and uses  
materials which should have longer l i f e .  Work needs t o  be done t J  v e r i f y  
these improvements. E f f o r t  t o  da t e  has been on an open-cycle system (product 
water vented ’10 space) ;  work wi.11 be done on the  app l i ca t ion  of the  bas i c  
equipment i n  a closed cycle  anti tests of t h e  endurance of the  componerts. 

Progress has been made on o the r  f u e l  c e l l  t a s k s ,  including the  dcvelop- 
ment of inorganic ion-exchange membranes ( e l e c t r o l y t e  and sepa ra to r )  trhich 
should have :Longer l i f e  than the  organic type now being used. Studie:, of 
f u e l  c e l l s  as biochemical r e a c t o r s  f o r  processing human wastes a r e  also 
underway. Mu:h work remains ‘to be done i n  these areas, now a t  the bas i c  
re search is t ag e. 

An experimental hydrogen-oxygen i n t e r n a l  combustion engine desigried 
f o r  operat ion i n  space has been operat ing successful ly .  Potentia.1 a p p l i -  
ca t ions  include mechanical, hydraul ic  and emergency e l e c t r i c  power 
generation. I n  f i s c a l  year 1965, e f f o r t  w i l l  be concentrated on improved 
engine e f f i c i ency .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE O F B A N C E D  RESEARCH AND TECHNOLOGY AERONAUTICS PROGRAM -- 
PROGRAM OBJECXJVES AND JUSTIFICATION: 

The objec t ive  of t h e  Aeronautics program is  t o  conduct t h e  reseai:ch 
necessary t o  generate  information fo r  t he  design, construct ion,  6tnd 
operat ion of advanced aeronaut ica l  vehicles .  
cur ren t  and projected c i v i l  and m i l i t a r y  requirements and helps  t:o ma  Lntain 
United States leadership i n  these  f i e l d s .  

This research program supports 

Research is ca r r i ed  on i n  the  technica l  d i s c i p l i n e s  of  aerooiynamLcs, 
loads and s t ruc tu res ,  propulsion, and operat ing problems. 
has provided t h e  information and technology for such advanced vehic les  a s  
t he  P-111 (TFX), the  t r i - s e r v i c e  XL-142, and t h e  supersonic t ranspor t .  

This research 

The deta:ilt?d research program w i l l  continue a t  the Langley, Ames, Lewis 
and Fl ight  Research Centers,  i n  support of the supersonic transpclr t 
program. It is,  t he  National Aeronautics and Space Administration's 
responsibil i . t :y t o  provide the  required research information and t echn ica l  
support t o  enable industry t o  bu i ld  a r e l i a b l e ,  economical, s a f e ,  and 
publ ic ly  acc.cpt:able commercial. supersonic t ranspor t .  

I n  a.dvscriced aeronaut ica l  research,  manned hypersonic a i r -b r  eathing 
vehic les  are! baing invest igated.  Such vehic les  have the  potential .  of 
providing hypersonic reconnaissance c a p a b i l i t i e s ,  hypersonic t r anspor t ,  and 
recoverable hypersonic a i r -brea th ing  space boosters.  

Stucliee of v e r t i c a l  and shor t  take-off and landing a i r c r a f t  (V/hTOL) 
w i l l  cont:iniie :Ln f i s c a l  year 1965, with p a r t i c u l a r  emphasis on high-epeed 
jet-powered types and those types nearing m i l i t a r y  opera t iona l  s t a t u € # .  

Research Ln bas i c  areas includes s tud ie s  of new materials for airframes 
requi r ing  long durat ion,  high temperature operat ions;  s tud ie s  of high tamper- 
ature a i r -bmath ing  engine components which will increase  engine cf f x i e n c p  
and economy; s t u d i e s  of noise  t o  ga in  a b e t t e r  understanding of i ts  o r i g i n  
and meant3 o:E a l l e v i a t i n g  it; s tud ie s  of t he  boundary layer  and boundmy- 
layer  cont ro l  to reduce drag; s t u d i e s  of s t r u c t u r a l  concepts t o  prov:.de 
r e l i a b l e  l i g h t  -weight s t ruc tu res ;  and s tud ie s  of a i r -brea th ing  propulsion 
cycles  and engine components t o  increase  e f f i c i e n c y  and permit the design 
of e f f  i c l e n t  l ight-weight engines for  V/STOL a i r c r a f t ,  supersonic trrinsport , 
and hypersonic a i r c r a f t .  

Advanced technica l  development i n  support of m i l i t a r y  and c i v i l  
a i r c r a f t  procurement continues t o  be conducted. 
cooperation with government-sponsored cont rac tors  a t  the  request  of 

This work is  performed i n  
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cognizant government agencies.  

Experimental research  and development a i r c r a f t  and engineering t o s t  p i l o t  
p rof ic iency  , a i r c r a f t  considered necessary to c a r r y  out  and support  the 
aeronaut ics  e f f o r t  a r e  included under t h i s  program. 

SUIYMARY OF REEURCES REQUIREMENTS: 
1963 

Supporting research  and 
tcchnolog,y.. .................. $6,580,000 

X-l5A........................... 5,580,000 
Supersonic transport....,....... 2,513,000 
V/STOL., ........................ 925.000 

Tota l  coNEitsi ................... $15.598,00$ 

BASIS OF E"Il FWUIREMENTS: 

1964 

$8,900,000 
900 , 000 

10,200,000 
2.100.000 

$22. loom 

Supporting Research and Technology 

1963 1964 

A i r c r a f t  acsrodynamics.. ......... $879,000 $1,500,000 
Aircraft 1.oatis and s t ruc tures . .  . 1 , 510,000 1,600,000 
Air-brtatlr:ing propulsion.. ...... 1,519,000 2,520,000 
Aircraft cq)ei:ating problems. .... 2,672,000 3,280,000 

Total. cc~sti3.. ................. _S6.580,000 $8,900,000 

1965 
I-- 

$9,400 , 000 
9 00 , 000 

24,700,000 
2,000,000 

3 965 .- 

$1 , F 00,000 
1,7 00 , 000 
3, i 90,000 
2,: 10.000 

A i r c r a f t  Aerodynamics 

A i r c r a f t  aerodynamics relates t o  t h e  performance, s t a b i l i t y ,  and con t ro l  
of manned velnicles during sus ta ined  atmospheric f l i g h t .  This program is a 
continuing one d i rec t ed  toward improvements i n  subsonic,  supersonic and 
hyper sonic  (L Lrp lanes.  

I n  f:Lscal : y e a r  1965 t h e r e  w i l l  be an increased e f f o r t  i n  hypersonic 
aerodynamics and aerodynamic conf igura t ions  fo r  hypersonic air-br eatliing 
veh ic l e s  now t h a t  t h e i r  aerodynamic f e a s i b i l i t y  has  been e s t a b l i s h e d ,  

Further  increases  i n  o v e r a l l  aerodynamic e f f i c i ency  are needed t o  
produce an  economic, p r o f i t a b l e  United S t a t e s  supersonic t r anspor t .  
i n  t h i s  area w i l l  be increased by explor ing a l l  poss ib l e  means of increasing 
l i f t  and decreasing drag a t  supersonic-cruise speeds, and by invest i ;gat ing 
advanced conf igura t ion  concepts t o  improve range and payload. 

Research 

Recent .wind tunnel  and f l i g h t  research  on V/STOL a i r c r a f t  hats p h c e d  
g rea t e r  emphasis on t h e  s t a b i l i t y  and con t ro l  during hovering arid t r n n s i t i o n  
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of  higher-perfomwince jet-powered types. 
u ra t ion  s tud iee  with models and man-carrying test-bed a i r c r a f t  w i l l  be 
ca r r i ed  on i n  order t o  provide a b e t t e r  understanding of  j e t - i n t e r  ferenlce 
flows and how t o  avoid unders i rab le  e f f e c t s  on con t ro l  during t h e  V/STClL 
mode of operat::ton. 

General as w e l l  as d e t a i l e d  config- 

I n  the  he l icopter  a r ea ,  t he  aerodynamics of high speed r o t o r s  is h i n g  
s tudied  by intiustry cont rac t .  
compound helioDpecr which u t  i l i z a s  a u x i l i a r y  w i n g s  , i n  add i t  ion t o  r o t c r s ,  in 
order t o  increasle l imi ted  range and endurance. 

Increased a t t e n t i o n  w i l l  be devoted t o  the  

Included in these  es t imates ,  as i n  t he  pas t ,  are funds f o r  wind tunnel 
and r e l a t e d  studies i n  d i r e c t  support of t he  development of m i l i t a r y  
aircraft and m i s s i l e  systems. 

Loads and Structurcsg 

The design of e f f i c i e n t  and r e l i a b l e  a i r c r a f t  structures is dependent 
upon t h e  loads and heat ing which the  structure must withstand, t h e  phy:3ical 
p rope r t i e s  of t he  material u8ed, s t r u c t u r a l  techniques, and improved mathods 
of  design ana lys i s ,  including dynamic effects. 

An important problem i n  a i r c r a f t  design is f a t igue ,  which hae t h e  char- 
acterist ic of f r ac tu r ing  OK weakening of s t r u c t u r a l  materials under a 
r e l a t i v e l y  sma,ll. load, i f  t h i s  load is appl ied a l a rge  number of times. For 
aircraft  which w i l l  operate  a t  supersonic speeds, aerodynamic heat ing in t ro -  
duces complicarting f a c t o r s  i n t o  t h e  f a t igue  problem. 
the  p rope r t i e s  of t h e  comnonly used aluminum a l l o y s  and places  emphasis on 
heat-resistant:  materials such as s t a i n l e s s  steels or  t i tanium a l loys .  
During f i sca l .  year 1965 extensive research  w i l l  evaluate  t h e  f a t igue  proper- 
t ies  of st.ruet:ural specimens u t i l i z i n g  hea t  r e s i s t a n t  a l loys .  

This heat ing degrades 

It is expected that by f i s c a l  year 1965 t h e  s t r u c t u r a l  configurat ion 
and character:Lstics of the  supersonic t r anspor t  w i l l  be broadly est?blished. 
Analytical. and wind tunnel  inves t iga t ions  w i l l  be conducted t o  evaluate  
s t r u c t u r a l  delsigns. 
charact  er is t i1cs . Additional s tud ie s  w i l l  be required t o  e s t a b l i s h  f l u t t e r  

Those a:Lrcraft designs proposed for hypersonic a i r c r a f t  which employ 
hydrogen as ia fuel present  formidable s t r u c t u r a l  problems. A par t icu l .a r ly  
severe problem is t he  design of t h a t  hydrogen tankage which is exposed t o  
high temperatures on t h e  outs ide  and cryogenic temperatures on t h e  i m i d e .  
During f i s c a l  years1963 and 1964 s tud ie s  of r e f r ac to ry  metals and. des:.gn 
concepts culminated i n  the  construct ion of a s i zeab le  specimen of tankage 
s t r u c t u r e  for t e s t i n g  under realist ic temperature conditions.  Thds s t r u c t u r e  
w i l l  be s tudied experimentally during f i s c a l  year 1965 ,with r e a l i s t i c  heat ing 
and looding,in a high temperature hypersonic wind tunnel a t  the  Iangley 
Research lCanter. 
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A i r  -br ea th ina  Propulsion 

The afr-breathing propulsion program suppl ies  the  bas ic  and appl ied  
research inforna t ion  required i n  the  development and planning of  bloth 
m i l i t a r y  and c m e r c i a l  a i r c r a f t .  
be analyzed t o  determine p o t e n t i a l  improvements which can be r ea l i zed ,  and 
engine component modif icat ions w i l l  be s tud ied  t o  determine in t e r - r e l a t ed  
e f f e c t s  throughout the  system. A i r  i n l e t s  and exhaust nozzles w i l l  be 
inves t iga ted  experimentally t o  provide fu tu re  design cri teria fo r  supe::sonic 
a i r c r a f t  . 

New and e x i s t i n g  propulsion systems w i l l  

Research i n  t h e  hyper sonic  propulsion regime w i l l  include batric boundary- 
layer  and shock-wave-interaction s tud ie s  t o  def ine  t h e  pressure arid tanpera- 
t u r e  f i e l d s  ex i s t ing  i n  a hypersonic i n l e t .  Studies  w i l l  provide information 
on t h e  operation of hypersonic i n l e t s  a t  off-design condi t ions.  Necessary 
da t a  on supersonic mixing and combustion w i l l  be obtained. 

A i rc ra f t  Operating Problems 

Research i n  t h i s  area is  d i r ec t ed  toward improving f l i g h t  sa fe ty .  
Objectives of t h e  research program are t o  ob ta in  improvements in caircraft  
f l y ing  and handling q u a l i t i e s ,  i n  opera t iona l  techniques during landing and 
take-of f under all-weather condi t ions,  and i n  instrumentation d i r e c t l y  
r e l a t e d  t o  th.e s a f e t y  of f l i g h t .  National Aeronautics and Space Administra- 
t i o n  research. i n  the  f i e l d  of sonic  boom and a i r c r a f t  no ise  is also included 
i n  t h i s  a rea .  

Spin en t ry  mechanics w i l l  be s tudied  t o  improve p red ic t ion  of an 
airplane's;  tcridency t o  en te r  spins .  
s p e c i f i c  airp:laxie models, such as tho  TFX and seve ra l  executive types. 
Those a i rc raf t :  w i l l  be f l i g h t  t e s t e d  t o  eva lua te  t h e i r  s t a b i l i t y  character-  
istics i n  the! s p i r a l  mode. 

Dynamic model tests will be run on 

A Lockhocsd Jetstar a i r c r a f t  , purchased i n  fiscal year 1963, is being 
equipped, t o  r3irwlate i n  f l i g h t  t h e  s t a b i l i t y ,  cont ro l ,  and perf0rmnc.e 
c h a r a c t e r i s t i c s  of  a variety of advanced a i rp l anes .  
of t h i s  pI:OgI:iUn w i l l  be i n i t i a t e d  i n  f i s c a l  year 1965. 

The f l i g h t  test Elhaso 

Jet engine noise  research continues t o  ob ta in  information on t he  con t r i -  
butionsof t h e  exhaust jets and o ther  components to  t h e  t o t a l  no ise  level. 
On-going f l ig 'h t  and wind tunnel  tests and a n a l y t i c a l  work are d i r ec t ed  
toward m i n h l z i a g  sonic  booma for  pro jcc ted  supersonic t r anspor t  conf:.gura- 
t i ons ,  and determining atmospheric e f f e c t s  on boom i n t e n s i t y  and propagation. 

A variety of a i r c r a f t  are being t e s t e d  t o  develop s t eep  approach 
techniques t o  a l l e v i a t e  t he  a i r p o r t  no ise  problem. 
conventional a i r c r a f t  are being used under simulated IPR (Instrunlent P l igh t  
Rules) condi t ions t o  determine information requirements fo r  landing under 
a l l  weather conditions.  

Hel icopters ,  V/STOL, and 
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To improve ground d i r e c t i o n a l  s t a b i l i t y  during take  offs end landings,  
experimental inves t iga t ions  w i l l  be made t o  determine t i r e  corner force 
during high speed braked and uabraked r o l l i n g  on w e t  and dry runway siirfaces.  
Several  runway addi t ives  w i l l  be i nves t iga t ed  t o  a s c e r t a i n  t h e i r  tffec:tivenesrj. 

X-15 Research A i r c r a f t  

1965 --- 1963 1964 

Aerodynamics....... ............. $35 , 000 $32,000 $30,000 
Loads and s t ructures . . . . . . . . . , , .  60 , 000 1,000 9.5,OOO 
Propulsion...........,.. ........ 10,000 10 , 000 2 5,000 
Operating Problems.............. 5,475,000 857,000 750,000 

Tota l  costa . . . . . . . . . . . . . . . . . .  

As the  X-15 program has  progressed, new problems have been clefinl?d i n  
the areas  of s t r u c t u r e s ,  s t a b i l i t y ,  con t ro l ,  hea t ing ,  and operat ion.  The 
X-15 a i r c r a f t  w i l l  continue t o  be used to  ob ta in  addi t iona l  v i t a l l y  n2eded 
research d a t a  i n  the a reas  of a i r -brea th ing  propulsion, aerodynamics, and 
s t ruc tu res .  The X-15 i s  the only vehic le  ava i l ab le  t o  obta in  t h i s  
information. The X-15A-2 a i rp l ane ,  which w a s  damaged during an emergency 
landing, i s  being repaired and modified t o  increase i t s  performance capa- 
b i l i t y .  This modification w i l l  provide a design mission of Mach e i g h t ,  a t  
an a l t i t a e  of 100,000 f e e t .  This w i l l  permit extensinn of basic: i n v e s t i -  
ga t ions ,  e spec ia l ly  aerodynamic heat ing.  The f i r s t  f l i g h t  of the  modified 
X-15 should he made near  the end of f i s c a l  year 1964. 

Supersonic Transport  

1 4  65 --- 1963 1964 

Aerodynamics .................... $392,000 $967,000 $1,810,000 
Loads and s t ruc tures . .  ......... 612,000 930 , 000 75'0,000 
Propulsion..  ................... 342 , 000 1,389,000 19,5(IO,OOO 
Operating I>roblems............. 1,167,000 6,914,000 - 2.6(10,000 

Tota l  ca>si:s.. ............... _$2,513,000 24 7(!0,000 3 A 

The Nat € o w l  Aeronautics and Space Administration's r o l e  is t o  provide 
the research information necessary t o  meet t h e  goa ls  of t h e  p r o j e c t ,  
i n  var ious ureas w i l l  be i n t e n s i f i e d  i n  f i s c a l  year 1965. 
year 1965 w i l l  be concentrated mainly on improvanents i n  the  areas 02 propul- 
s ion ,  aerodynamic e f f ic iency ,  dynamic s t a b i l i t y ,  noise ,  sonic  boom, iind 
s t r u c t u r a l  matler ials . 

Work 
Work i n  f:.scal 
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The increase i n  funds requested f o r  f i s c a l  year  1965 f o r  supersonic 
t r anspor t  research r e f l e c t s  the  need for continued research on propulsion 
systems t o  provide the  advanced power p l a n t s  t h a t  w i l l  be needed f o r  f u t u r e  
ope ra t iona l  supersonic t r a n s p o r t s  and f o r  follow-on vehicles .  In p r i o r  y e a r s ,  
f i s c a l  yea r s  1962 and 1963, funds were procured by the  Federal  Aviation 
Agency f o r  a j o i n t  Federal  Aviation Agency-National Aeronautics iind Space 
Administration-Department of Defense research program fo* a supersonic 
t ransport .  I t  i s  the  r e s p o n s i b i l i t y  of the  National Aeronautics and Space 
Administration t o  provide the  research information and technology i n  support 
of the program while the  Federal  Aviation Agency proceeds with the prototype 
development. 

A major increase i s  required i n  f i s c a l  yea r  8965 f o r  work i l l  the super- 
sonic transpcrrt propulsion f i e l d .  A t  present ,  the  most advanced high-Mach 
number engine a v a i l a b l e  i n  the United S t a t e s  i s  not  s u i t a b l e  f o r  the super- 
sonic transport. a i r c r a f t  because i t s  t h r u s t  l e v e l  i s  too  low f o r  t.he super- 
sonic transport. mission and i t  has  a high s p e c i f i c  f u e l  consumptlm. A new, 
advanced engine w i l l  be required f o r  an economically f e a s i b l e  superscnic 
t ransport  airpl.ane. The increased funds w i l l  be used t o  continue work a t  the 
l e v e l  required t o  produce the supersonic t r anspor t  engine t h a t  i s  recuired.  
Work w i l l  be done in-house and on c o n t r a c t  i n  the  areas of i n l e t s , ,  
compressors, gas generators ,  t u rb ines ,  and e x i t s  during f i s c a l  year  1965 t o  
support t h i s  development program. 

V/STOL A i r c r a f t  

1s 6 5  -- 19 64 - 1963 - 
Aerodynamxcs. ........... ., ... $520,000 $570,000 $740,000 

Operating problems,. ........ 290,000 800,000 630,000 

Loads and s t ruc tu res . .  ...... 9,000 535,000 180,000 
Propulsion.. ................ 106,000 195,000 450,000 

-- 
Total  cos t s . .  ............. $925.000 $2.100 -000 $2 :OO( -- 

Increa!;~xl emphasis w i L l  be given i n  f i s c a l  yea r  1965 t o  Nationa:. 
Aeronautics ,and Space Administration wind tunnel  s t u d i e s  of conf igur i t t ions  
r ep resen ta t ive  of high speed jet V/STOL types. P a r t i c u l a r  a t t e n t i o n  w i l l  be 
given t o  s t u d i e s  of the  i n t e r f e r e n c e  e f f e c t s  of d i r e c t - l i f t  and vec,tored- 
t h r u s t  jet  f i g h t e r  types. This research w i l l  r equ i r e  r e l a t i v e l y  l a rge ,  
highly-inst:cumented models t o  ob ta in  r e l i a b l e  simulation and measurement. 
Work w i l l  continue on propulsion system improvement. 

F l i g h t  s t u d i e s  are planned u t i l i z i n g  the  XH-15A h e l i c o p t e r  i n  order  : o  
determine s t r u c t u r a l  loads and dynamics of a nona r t i cu la t ed  ( r i g i d )  rotor 
system, i3nd to study t h e  apparent p o t e n t i a l  of t h i s  new concept f o r  improvin,g 
h e l i c o p t e r  Elying, handling and performance c h a r a c t e r i s i t i c s .  

Inves t iga t ions  with the  v a r i a b l e  s t a b i l i t y  X - 1 4  de f l ec t ed  :jet a i r p l a n e  
and the  YHC-1A h e l i c o p t e r  w i l l  increase general  information on handling 
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requirements fox V/STOL a i r c r a f t ,  p a r t i c u l a r l y  f o r  s t e e p  approach and b l ind  
landing condit:ic)ns. Other r e l a t e d  work w i l l  be c a r r i e d  ou t ,  both with 
ground simula.1:or.s and i n  f l i g h t ,  t o  determine optimum guidance and c o n t r o l  
systems and p i l o t  instrument d i sp l ays  f o r  a l l  weather landing of V/STOL 
a i r c r a f t .  

Flighit s t u d i e s  of short-take-off-and-land type a i r c r a f t  which have 
p a r t i c u l a r  app l i ca t ion  as c i v i l  medium and short-range t r anspor t  w i l l  
continue. The r ecen t ly  modified C-130B boundary layer  con t ro l  a i rp l ane  w i l l  
be used. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF TRACKING AND DATA ACQUISITION TRACKING AND DATA ACQUI.SITION 
PROGRAM 

PROGRAM OBJEC'EVES AND JUSTIFICATION : 

The ob jec t ive  o f  t h e  NASA t racking  and data acqu i s i t i on  program is t o  
provide operritiona 1 ground instrumentat ion support  required by a l l  NA5A 
f l i g h t  p r o j e c t s ,  

Every space f l i g h t  mission undertaken, whether launch veh ic l e  de\.elop- 
ment, s c i en t iE ic  s a t e l l i t e ,  space probe, o r  manned spacec ra f t ,  i s  undertaken 
t o  f u r t h e r  our  knowledge of  t he  space environment by means of  t h e  acqu i s i t i on  
and ana lys i s  of s c i e n t i f i c  information recorded during these  missions,  The 
c r i t i c a l  element i n  g e t t i n g  such information back t o  t h e  managers of t h e  
mission i t ;  t h e  world-wide network of  t racking  and data a c q u i s i t i o n  stzl t i ons ,  
These s t a t i o n s ,  l inked together  and t o  the  NASA mission c o n t r o l  and data  
cen te r s  by a coimnunications n e t ,  rece ive  and record te lemetered s c i e n t i f i c  
da t a ,  i n c h d i n g  voice and video da ta ;  t r a c k  t h e  spacecraf t  i n  order  t c i  de te r -  
mine i t s  pos i t ion ;  and t ransmit  s i g n a l s  t o  t h e  spacecraf t  a s  requi red ,  Each 
f l i g h t  mission has  i t s  own s p e c i f i c  requirements f o r  t racking  accuracy; amount: 
and kind o f  spacecraf t -gathered information t o  be  t ransmi t ted ;  command s igna l s  
t o  be received;  and loca t ion  of ground instrumentat ion t o  perform thetie 
funct ions.  The NASA networks, supplemented a s  requi red  by o t h e r  than NASA 
s t a t i o n s ,  a r e  a f l e x i b l e  and responsive t o o l  used t o  f u l f i l l  t h e  r equ~remen t s  
of  t h e  f l i g h t  missions.  

SUMMARY OF R E _ ~ U R C E S  REQUIREMENTS : 

1!)65 --- 1963 1964 

Support Ing research and 
technology ...... .......... .... $13,277,000 $ ~ ~ , o o ~ , ~ ~ o  $15,500,000 

Network operat ions. .  . . . . . .. . * .  . . 55,943,000 81,500,000 99,800,000 
Equipment ,and components,.,,.... 52,922,000 116,500,000 - 1.52,600,000 

To ta l  costs. .  . . . . . . . , . ". . . . . . . $122,142,000 $210,000,000 ~67,9d0,000 --- 
BASIS OF FUND REQUIREMENTS: 

To be  responsive and f l e x i b l e  i n  g iv ing  t racking  and data  ac:quisit ion 
support to  va r i ed  f l i g h t  p r o j e c t s ,  t h e  NASA networks r equ i r e  a cont inuing 
program of  component and system improvement and development, stat:ion net-  
work opera t ions ,  and equipment addi t ions  and modif icat ions.  
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The program f o r  supporting research and technology w i l l  be  dixected 
pr imar i ly  toward the  improvement of  e x i s t i n g  equipment systems and subs:rstems 
and, i n  add i t ion ,  toward development o f  new equipment f o r  ground instrurnenta- 
t i o n  support. 
instrumentation i s  necessary t o  support  planned manned and unmanned f l i  3ht 
p r o j e c t s  . 

Greater  c a p a b i l i t y  than t h a t  which present ly  exis ts  i n  ground 

The program f o r  network opera t ions  r e f l e c t s  t h e  increas ingly  complex 
support c a p a b i l i t y  requi red  by the  NASA f l i g h t  programs. 
funct ions,  add i t iona l  personnel,  l o g i s t i c s  and maintenance a r e  required f o r  
opera t ing  t h e  networks a s  new s t a t i o n s  and equipment become 0perat:Lonal. 

To perform these  

To meet s p e c i f i c  ground support  requirements f o r  the var ious  types o f  
f l i g h t  p ro jec t s ,  new equipment c a p a b i l i t y  in t he  networks i s  necessary. 
Major equipment: requirements f o r  f i s c a l  year 1965 a r e  r e l a t e d  t o  t h e  observa- 
t o ry  c l a s s  sat .ell . i te p r o j e c t s ,  t h e  Apollo manned space f l i g h t  
missions,  and t h e  deep space f l i g h t  p ro jec t s .  There a r e  a l s o  increas ing  
equipment requ:Lrements f o r  t h e  communications and data processing Eunct ions  
which a r e  v i t a  1 f o r  an in t eg ra t ed  t racking  and data  a c q u i s i t i o n  capab i l i t y .  

Supportinv Research and Technology 

New s y s t  tms development. . . . . . . $3,088,000 $2,995,000 $3,10(),000 
In tegra ted  :3 ystems ana l y s i s ,  

development ,and tes t . .  . . . . . . . . 826,000 1,361,000 2,090,000 
Improvement t o  e x i s t i n g  systems, 9,363,000 7.644.00Q - 10,31O, 000 

Tota l  c o s t s  ........... .. .. .... $13,277,000 $12 .ooo .ooo $J5,500,000 --- 
The purpose of t h e  support ing research and development prograim is t o  

provide f o r  t ‘he  developments necessary t o  assure  t h e  o rde r ly  augmctntat ion 
of  t racking  and data acqu i s i t i on  support  systems. From t h i s  program e’rolve 
t h e  techniques and prototype hardware elements f o r  improving exist.ing systems 
and demonstrating t h e  f e a s i b i l i t y  of new systems t o  meet t h e  support  r2quire- 
ments of fu ture  space f l i g h t  missions.  

New Systems Del\rel.oment 

A major e f f o r t  i n  f i s c a l  year 1965 i s  t h e  development of t h e  Airbsrne 
Range .and Orbi t  Determination (AROD) sys t em which was i n i t i a t e d  i n  f i s c a l  
year 1963. This p ro jec t  was i n i t i a t e d  t o  provide a f l e x i b l e  t racking  system 
t o  meet t h e  upcoming requirements of t h e  Saturn V p ro j ec t .  The ob jec t ive  of  
t he  AROD d.evel.opment i s  t o  provide t h e  necessary on-board and mating ground 
equipment so t h a t  t h e  range and o r b i t  o f  space veh ic l e s  can be  accura te ly  
determined. 
s t a r t e d .  The test phase w i l l  inc lude  a i r c r a f t  f l i g h t  t e s t s  t o  provide a 
preliminary performance evaluat ion o f  t h e  in t eg ra t ed  system. 

A prototype of an  AROD s t a t i o n  w i l l  be b u i l t  and t h e  tes t  phase 



In tegra ted  %stems Analysis,  Development and T e s t  

This category provides f o r :  (1) a n a l y s i s ,  test  and evaluat ion o f  proto- 
type component:; and subsystems p r i o r  t o  i n t e g r a t i o n  i n t o  t h e  networks; (2) 
development. o f  more e f f i c i e n t  mathematical techniques f o r  determinging t r a -  
j e c t o r i e s  and o r b i t s ;  and (3) development of  mathematical techniques and 
equipment modif icat ions t o  provide improved i n - o r b i t  checkout support  f o r  
Saturn V c1.a~:; veh ic l e s  and spacecraf t .  

An examphe o f  t he  second area  o f  e f f o r t  is  the  development of b e t t e r  
mathematical t:echniques t o  determine r ap id ly ,  more accu ra t e ly ,  and e f f i c i e n t l y  
the  o r b i t s  and t r a j e c t o r i e s  of spacec ra f t .  With t h e  increased number 2nd 
complexity of space f l i g h t  missions such i s  Apollo, In t e rp l ane ta ry  Monj t o r  
Probe (IMP), Pioneer and Lunar Orb i t e r ,  improved computational techniq1,es 
a r e  required to r ap id ly  and e f f i c i e n t l y  compute and p red ic t  spacecraf t  t r a -  
j e c t o r i e s .  Diverse missions such a s  these  r equ i r e  optimized computer programs 
e s s e n t i a l l y  unique t o  each p ro jec t .  
unique mod~ific:~at ions t o  t h e  computer rou t ines  o r  programs a r e  requi red  t o  
meet t h e  spacecraf t  and experimenter requirements f o r  o r b i t  determination. 

As new missions a r e  evolved, a d d i t i o n a l  

For the  Saturn V veh ic l e  and Apollo spacec ra f t ,  t he  t racking  and (lata 
a c q u i s i t i o n  network must  provide means f o r  checking ou t  t h e  e n t i r e  system 
while i n  o r b i t .  This checkout i s  q u i t e  s i m i l a r  t o  t h e  prelaunch one but  i s  
somewhat more d iEf i cu l t  s ince  i t  must be  accomplished remotely. Large amounts 
of  data w i l l  be  t ransmi t ted  t o  t h e  ground network, c o l l e c t e d ,  ed i t ed ,  : ;orted 
and processed to  a r r i v e  a t  command dec is ions  i n  near r e a l  time. These de- 
c i s i o n s  a r e  then t ransmi t ted  from t h e  ground to t h e  vehic le .  I n  f i s c a l  year 
1965 fu r the r  a n a l y t i c a l  e f f o r t  and equipment modi f ica t ions  w i l l  be undertaken 
t o  meet t h e  Saturn and Apollo requirements. The techniques and eqpipmcmt 
r e s u l t i n g  froin t ' h i s  continued e f f o r t  w i l l  be in t eg ra t ed  i n t o  t h e  In -o rh i t  
Checkout Equipment. 

Improvement t c,EjcJ s t inn Svs t ems 

This category provides f o r  t h e  development o f  component and subsy:3tem 
improvements f o r  e x i s t i n g  t r ack ing  and data  a c q u i s i t i o n  systems. These 
improvements T w i l l  be accomplished by analyzing,  developing, and tt!sting the  
l a t e s t  techniques t h a t  show promise of providing t h e  ope ra t iona l  c a p a b i l i t i e s  
required by f u t u r e  f l i g h t  p ro jec t s .  Affected subsystems a r e :  

1963 

Spacecraft  subsystems. .......... $364,000 

Receiver and t r ansmi t t e r  

Data handl ing and c o n t r o l  

Cent ra l  processing and 

Antenna subsystems.., ........... 2,248,000 

subsystems..................,. 4,360,000 

subsystems....... ............. 1,350,000 

reduct ion subsystems.. ........ 1,041,000 

To ta l  costs................... $9,363,000 

1964 

$590,000 
1,771,000 

4,326,000 

686,000 

27 1.000 

$7,644 .OOO 

1945 

$1,7  15,000 
1,79 7,000 

4,65 3,000 

1 , 303 , 000 

840.000 

&LO, 3 10.000 

--- 

-- 
--- 
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SDacecraft Subustems 

I n  f i s c a l  year 1964 an e f f o r t  was i n i t i a t e d  t o  develop a l i g h t  weight, 
h ighly  r e l i a b l e  and e f f i c i e n t  on-board data processing and memory subs:ystem 
f o r  f u t u r e  spacecraf t  requirements o f  t h e  Advanced Orbi t ing  Solar  Observatory 
(AOSO) c l a s s .  
e f f o r t  of f e a s i b l e  te lemetry system components (i.e., t r ansmi t t e r s ,  modulators 
and s i g n a l  condi t ioners )  was s t a r t e d ,  The o r i g i n a l  e f f o r t  had, a s  i t s  primary 
aim, t h e  development of f l i g h t  proven subsystems which would be  campat i b l e  
wi th  ex i s t ing  ground systems, and would b e  capable  of  meeting foreseen space 
f l i g h t  pro jec ts .  
and w i l l  have as, i t s  primary ob jec t ive  t h e  development of a family of 
standardized an-board t r ansmi t t e r s ,  receivers, da ta  handling modules, snd 
memory u n i t s .  Ely such s tandard iza t ion ,  economies and improved r e l i a b i l i t y  
can be r ea l i zed  i n  such f u t u r e  p ro jec t s  a s  AOSO and t h e  advanced :LMP, 

I n  add i t ion  t o  t h i s  developmental subsystem, an i n i t i a l  study 

The o r i g i n a l  e f f o r t  w i l l  be  continued i n  f i s c a l  year  1965 

Antenna Subsystems 

I n  fi.sca:l year 1965, t h e  improvements underway on antenna feeds w i l l  be 
continued w i t h  t he  ob jec t ive  of  being a b l e  t o  support  s eve ra l  spacecraf t ,  
opera t ing  OVE~J: B wide frequency range, with a s i n g l e  feed antenna. Prototype 
cassegrain feeds,  cu r ren t ly  i n  use  i n  t h e  Deep Space Network, w i l l  b e  adapted 
for' use  on t h e  :Large data acqu i s i t i on  antennas f o r  support  of  p ro jec t s  such 
a s  Relay El anti !Syncom 111. Improvements i n  t h e  servo system of t hese  antennas 
w i l l  be requi:red to support  t h e  more s t r i n g e n t  t racking  and accur.acy require-  
ments of  t:hese p ro jec t s .  The development of  antenna sur face  accuracy measur- 
ing  technique:; o r ig ina t ed  i n  f i s c a l  year  1963 w i l l  be completed i n  f i s c a l  
year 1965. 

Receiver and Transmitter Subsystem 

This subl-a tegory of e f f o r t  includes development and tes t  o f  protc type 
hardware, and w i l l  provide each network with t h e  rece iv ing  and t r ansml t t i ng  
subsystems t h a t  have t h e  c a p a b i l i t y  of  meeting the  cons tan t ly  increas ing  
spacecraf t  requirements f o r  more accurate  and r e l i a b l e  t racking  and di.ta 
acqu i s i t i on  mplport . 

To iiicrease the  quant i ty  of  da t a  t h a t  could be acquired by the  network 
without spacecraf t  weight o r  o the r  system parameter increases ,a  considerable  
e f f o r t  has  been underway f o r  severa l  years  t o  improve the  ground rece:.ving 
subsystems. 
i n  the networks with such equipments as  low noise  parametric ampl i f ie rs  and 
maser systems. These improvements w i l l  y i e ld  increases  i n  r ece ive r  scmsi- 
t i v i t y  by a f a c t o r  of between s i x  t o  t e n  over t h a t  previously avsii labLe. 
In  f i s c a l  year  1965, e f f o r t  w i l l  be d i r ec t ed  toward development and 
eva lua t ion  of improved techniques,  such as coherent phase modulat.ion 
de tec to r s  and low threshold frequency modulated de tec to r s ,  t o  f u r t h e r  
increase the  s e n s i t i v i t y  of t he  rece ivers .  

The r e s u l t s  of these  pas t  developments are now being incorporated 
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During f i s c a l  year 1965, e f f o r t s  t o  improve t r ansmi t t e r  subsystems f o r  
t he  Deep Spa(:(? Network and the  S a t e l l i t e  Network w i l l  be continued. There 
w i l l  a l s o  be an i n i t i a l  development of a 1,500 megacycle high power ground 
t r ansmi t t e r  :system capable of sending a more var ied and g r e a t e r  volume! of 
da t a  t o  a sp.acecraft as required by fu tu re  f l i g h t  p r o j e c t s .  

Data Handlinx and Control Subsystems 

For the  Eccentr ic  Orbi t ing Geophysical Observatory (EGO), Po la r  Orbi t ing 
Geophysical Observatory (POGO), and Orbi t ing Astronomical Observartory (OAO), 
s p e c i a l  purpose real-time sa t e l l i t e  con t ro l  and t r ack ing  systems w e r e  developed 
f o r  each spacecraf t .  These con t ro l  and t r ack ing  systems were intended t o ,  
among oth'er funct ions,  process spacecraf t  engineering t e l e m e t r y  d a t a ,  formulatte 
i n s t r u c t i o n s  based on such d a t a ,  transmit these i n s t r u c t i o n s  t o  t.he space- 
c r a f t ,  supervise the  execution of s c i e n t i f i c  experiments by the  spacecraf t  
and provide i n s t r u c t i o n s  t o  the  spacecraf t  regarding f u t u r e  i n q u i r i e s  
from o t h e r  ground con t ro l  s t a t i o n s .  In f i s c a l  year 1965, the  development 
e f f o r t  w i l l  b e  continued. This system i s  being developed t o  meet: t h e  
requirements of t he  AOSO and the  second generat ion of the  EGO, POGO, and 
OAO spacecraf t .  

Central  Proc_cwinnn and Reductson Substystems 

Ef fo r t  i n  t h i s  subcategory i s  d i r e c t e d  towards improving the? cap83bi l i ty  
of e x i s t i n g  telemetry data reduction and c e n t r a l  processing sys t ems .  During 
t h e  pas t  s e v e r a l  years ,  spec ia l i zed  telemetry reduction and processin 5 systems 
have been used t o  convert  t h e  s a t e l l i t e  data i n t o  t h e  format des i r ed  )y t h e  
experimenters, As t h e  data r a t e s  increased with such p r o j e c t s  a s  EGO, POGO, 
OAO, Surveyor, and Mariner, and i n  o rde r  t o  reduce the  tremendous q u a i t i t y  
o f  data so acquired,  i t  has  become necessary to b u i l d  general  purpose pro- 
ces s ing  and reduction systems capable of handling a v a r i e t y  of spacecraf t  
p ro j ec t s .  Such. general  purpose systems will be more r e l i a b l e  anti l e s s  
expensive thsn present  s p e c i a l  purpose systems. I n  f i s c a l  year L965,the 
evaluat ion of' s eve ra l  promising subsystems i n  t h i s  area w i l l  be made and t h e  
development o f  prototype hardware undertaken. 

Network Operations 

1963 

S a t e l l i t e  r1et:work.. ............. $12,252,000 

Deep space network.. ............ 8,117,000 

3,568,000 
Aero dynamic: s t est  range. ........ 450,000 
Network; cormunications.. ........ 10,821,000 
Data +rocc!:;snng and handling.. .. 4,240,000 

Manned flight: network.. ......... 16,495,000 

Wa Ilops/Fc~i:t Churchi l l  
i n s  t rumcm t a  t ion. .............. 

Total. cost:;. .................. 555,943,000 

1964 

$22,000,000 
20,200,000 
12,000,000 

5,000,000 
800,000 

15,000,000 
6,500,000 

$81,500,000 

1955 .-- 
$25,600,000 

25,400,000 
14,600,000 

5,300,000 

18,7 00,000 
9,400,000 

800,000 

~$99,eoo,ooo .- 
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There a re  three  bas i c  networks used i n  NASA programs: t he  satel l i te ,  
manned, and deep space networks. I n  add i t ion ,  t he re  are the  aerodynamic 
test range a t  F l i g h t  Research Center ,  the  Wallops/Fort Churchi l l  i n s t r u -  
mentation, network communications, and d a t a  processing systems. 

Network Operations - S a t e l l i t e  Network 

This net:work c o n s i s t s  of 13 e l e c t r o n i c  s t a t i o n s  operated by the  Coddard 
Space F l igh t  Center and 12 o p t i c a l  s t a t i o n s  operated by t h e  Smithsonian 
Astrophysi-ca:l Observatory. 
t rack ing  and data a c q u i s i t i o n  support  t o  t he  program while  t h e  o p t i c a l  
s t a t i o n s ,  a s  described below, provide a more spec ia l i zed  se rv ice  gene ia l ly  
d i r ec t ed  1:owa-cd p rec i s ion  o r b i t a l  t rack ing  and determination. The steit ions 
i n  the  netwoi:Ic i3re operated under var ious arrangements. 
S t a t e s  and in c e r t a i n  fore ign  count r ies  a r e  operated under commerical con- 
t r a c t s .  
l i a i s o n  with NASA. 

The e l ec t ron ic  s t a t i o n s  provide t h e  p r i n c i p a l  

Those i n  the  United 

Other s t a t i o n s  a r e  operated by fore ign  government agencies  i n  c l o s e  

To prepa-re the  network f o r  support  of t he  advanced sa te l l i t e  p r o j e c t s  
such as OAO ;uid OGO, new f a c i l i t i e s  p r o j e c t s  and equipment augmentation 
p r o j e c t s  tare underway. A new f a c i l i t y  a t  Rosman, North Carol ina is now 
opera t iona l  and another a t  Fairbanks,  Alaska w i l l  be opera t iona l  by mj.d 
calendar  year 1964. By mid calendar  year 1965, a f a c i l i t y  near Canberra, 
A u s t r a l i a  and a second antenna system a t  Rosman, North Carol ina w r i l l  be 
Operational.  These f a c i l i t i e s ,  using 85-foot diameter parabol ic  antennas,  
a r e  being e s t sb l i shed  t o  handle the  increased bandwidth requirements of t he  
s a t e l l i t e  f l i g h t  p r o j e c t s  scheduled during calendar  years  1964 and 1905. 

I n  add i t ion  t o  these  new f a c i l i t i e s ,  40-foot antennas a r e  being : .nstal led 
a t  t h ree  e x i s t i n g  s t a t i o n s  and w i l l  be f u l l y  ope ra t iona l  i n  f i s c a l  yeirr 1965. 
Equipment add i t ions  during f i s c a l  years  1964 and 1965 inc lude  range and range 
r a t e  t racking  systems; automatic t r ack ing ,  te lemetry and comnand systcms; 
insta1lat . ion o f  pu lse  code modulation equipment and a s p e c i a l l y  equipped 
mobile f a c i l i t y  t o  support  t h e  more soph i s t i ca t ed  f l i g h t  projects) .  

The o p t i c a l  s t a t i o n s  use Baker-Nunn s a t e l l i t e  t racking  cameras which 

Data obtained by these  s t a t i o n s  
provide c e r t a i n  o p t i c a l  t rack ing  measurements of g r e a t e r  accuracy than those 
normally ist t 'ainable by e l ec t ron ic  means. 
provide information concerning behavior of t h e  Ear th ' s  atmosphere and f a c t o r s  
a f f e c t i n g  the  shape of  t h e  Earth. 

Network Operatgms - Manned Suace F l igh t  Network 

The present  network c o n s i s t s  of 15 s t a t i o n s  which c o l l e c t  and coimuni- 
cate rea l - t ime information concerning the  loca t ion  of  the  manned spacecraf t ,  
s t a t u s  of the equipment on board,  and most important,  t he  condi t ion  of t he  
as t ronaut .  A11 s t a t i o n s  have r ad io  voice communications with the  a s t ronau t ,  
and can receive te lemetry da t a  r e l a t i n g  the  condi t ion  of  the  as t ronaut  and 
the  functioning of the  systems i n  the  capsule;  s e l ec t ed  s t a t i o n s  a l s o  have 
command c a p a b i l i t y .  
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I n  order  t o  support t he  Gemini and Apollo f l i g h t  programs conside::able 
augmentation t o  the  network i s  required.  Elements of t he  Gemini p r o g r m  
such as Long f l i g h t  du ra t ion ,  rendezvous and maneuvering i n  space,demaiid an 
increased Level of operat ions.  To provide t h i s  c a p a b i l i t y ,  new equipment 
cons i s t ing  of telemetry systems u t i l i z i n g  Pulse Code Modulation, c l i g i t d  
command systems, r ad io  frequency command systems, a c q u i s i t i o n  a i d s ,  c o ~ i s o l e s ,  
d i sp l ays  and on - s i t e  d a t a  processing systems are being i n s t a l l e d  at tesi 
primary s t a t i o n s .  Additional personnel w i l l  be required t o  ope ra t e  anlj 
maintain t ' h i s  more complex equipment and t o  man the  s t a t i o n s  during l o i g  
durat ion f l i g h t s  scheduled i n  f i s c a l  year 1965. 

During f i s c a l  year 1965, t he  Apollo program which i s  t o  follow 
Gemini w i l l  p lace a requirement f o r  a cadre of personnel t o  t r a i n  f o r  the  
operat ion and maintenance of Apollo support s t a t i o n s .  

NASA has o v e r a l l  r e s p o n s i b i l i t y  f o r  operat ion,  s t anda rd iza t ion ,  c a l i b r a -  
t i o n  and opers.ting procedures, and implementation. Of the  15 manned space 
f l i g h t  s t a t i o r . s ,  f i v e  are operated by a commercial con t r ac to r ,  seven s t a t i o n s  
and two sh ips  by the  Department of Defense, and one s t a t i o n  under i n t e r -  
governmental agreement by the  Weapons Research Establishment of the  
Austral ian Department of Supply. 

Network Opera2.tns - Deep Space Network 

The Deep Space Network i s  comprised of s t a t i o n s  t h a t  are used pr imari ly  
t o  acquire ,  t r a c k ,  ob ta in  te lemetry d a t a  from, and send commands to  space- 
c r a f t  and probes i n  support of t he  NASA lunar  and planetary programs. 
Because of t he  long d i s t ances  over which communications must be maintained, 
these s t a t  ions must  have extremely high s e n s i t i v i t y .  This high s e n s i t i v i t y  
i s  derived from l a rge  high-gain parabol ic  antennas, along with highly 
advanced t r ansmi t t i ng ,  receiving and s i g n a l  de t ec t ion  equipment. 

During f i s c a l  year 1965, two new s t a t i o n s  with 85-foot parabol ic  
antennas at  blildrid, Spain and Canberra, A u s t r a l i a  are scheduled f o r  cclm- 
p l e t i o n .  These w i l l  handle the  increased workload s t a r t i n g  i n  calendcllr 
year 1965. f l y  t he  end of f i s c a l  year 1965, t he  t o t a l  network w i l l  c o n s i s t :  
of s ix  operatLoiia1 s t a t i o n s  with 85-foot antennas and one s t a t i o n  w i t 1 1  an 
8 5 - f 00 t r e  search and development antenna ; of  two mob i 1 e t racking s t a t  ions  ; 
of a checkout sl:ation a t  the  launch s i t e ;  and of t h e  network con t ro l  ( .enter  
a t  t he  Jet: Propulsion Laboratory. 

The 1)eep Space Network supports t h e  Ranger, Mariner, Surveyor, arid 
Pioneer space:r<aft missions. Examples o f  t he  workload demands of these 
missions are the f l i g h t  times t o  t h e  moon (66 days) and t o  Mars (270 clays). 

With the  increased number of scheduled f l i g h t s ,  s t a t i o n s  andl typcts of 
equipment, add i t iona l  personnel are required t o  ope ra t e  and maintain 1:he 
network f a c i l i t i e s .  



ork  0DeraiLl;iOns - Wa 1 lops/Fort  Churchi 11 Instrumentat ion 

This inatrumentat ion supports  sounding rocket f l i g h t s  launched by 
Wallops S t a t i o n  and t h e  Churchi l l  Research Range a t  For t  Churchi 11, Canada. 
A wide v a r i e t y  of s c i e n t i f i c  research ,  veh ic l e  t e s t i n g ,  and f l i g h t  hardware 
component t e s t i n g  programs a r e  supported. 

Most of t h e  instrumentat ion i s  located a t  Wallops I s l a n d  and c o n s i s t s  
of t r ack ing ,  te lemetry,  data a c q u i s i t i o n  and data  reduct ion equipment. In 
add i t ion ,  an assortment of  mobile equipment, including o p t i c a l  t r ack ing  and 
sound-ranging, i s  a v a i l a b l e  f o r  s p e c i f i c  missions.  Addit ional  support  i s  
furnished by a range sh ip  opera t ing  i n  t h e  general  area between Wallops 
I s land  arid Hczrniuda. 

Operation:; a r e  accomplished under con t r ac t  with i n d u s t r i a l  o rganiza t ions  
o r  by reimbu;rsable o rde r s  t o  o t h e r  government agencies.  
Research Range i n  Canada i s  on a c o s t  shar ing  b a s i s  with the  Department of 
Defense, The importance o f  t h i s  s t a t i o n  i s  due t o  i t s  geographic pos i t i on  
i n  the  high lac i tudes  where probes can be  launched i n t o  the  aurora  a rd  o the r  
phenomena a s  sociated with the  polar  regions.  

The Churchi l l  

Network Operations - Aerodvnami c Test Range 

The Aeroeynamic Test  Range was e s t ab l i shed  t o  provide support  tcl 
aeronaut ica  1 development and experimentation r equ i r ing  coverage of extremely 
high v e l o c i t y  #and high a l t i t u d e  a i r c r a f t  f l i gh t s .  Ther,ange i s  loca ted  i n  
the  Nevada-Eastern Cal i forn ia  a r e a ,  and i s  composed of t h r e e  opera t ing  sites,,  
The prime s i t e  i s  located a t  t he  F l i g h t  Research Center a t  Edwards A i r  Force 
Base i n  Ca l i fo rn ia ,  and serves  a s  t he  southern terminus or  recovery a rea  f o r  
t he  range. The two up-range s t a t i o n s  a r e  located near  Beatty and E l ; r ,  Nevada. 

The p r i n c i p a l  a c t i v i t y  of  t he  range t o  da t e  has been t o  support t h e  X-15 
research p ro jec t .  I n  t h i s  r o l e ,  it has  furnished t h e  coverage f o r  monitoring 
and c o n t r o l l i n g  the  X - 1 5  research a i r c r a f t ,  t h e  B-52 launch p la t form,  and t h e  
"chase" < a i r c r a f t  during a l l  mission phases. 
to-launc'h, space- t ra  j ec to ry ,  and recovery por t ions  of t he  t e s t  flights i s  
provided. 

Thus, f u l l  coverage of 1:he climli- 

In addi t ion ,  the  range s t a t i o n s  serve  a s  ground s i t e s  f o r  mission com- 
municati,ons and r e a l  time data telemetry.  Communications, t e lemet ry ,  data 
monitoring, recording,  p l o t t i n g ,  t iming, and computing systems a r e  provided 
a t  each s t a t i o n  f o r  f u l l  mission c a p a b i l i t y  and coverage. The ltange f a c i l i t y  
located a t  the  F l igh t  Research Center i s  operated p r i n c i p a l l y  by NAS9 personnel,  
while those a t  Ely and Beatty a r e  manned by con t r ac t  personnel under the  
d i r e c t i o n  of a NASA l t a t i o n  manager. 
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Network Operations - Network Communications 

One of t h e  most v i t a l  c h a r a c t e r i s t i c s  of  an in t eg ra t ed  network i s  a 
communicat:ion:3 system which t i es  t h e  var ious  s t a t i o n s  i n t o  t h e  cont ro l  cen ter .  
Summarized data concerning the  s t a t u s  of  manned and unmanned space v e t i c l e s  
a r e  sent  from t h e  s t a t i o n s  t o  t h e  c o n t r o l  c e n t e r s  so t h a t  dec is ions  cbn be 
made r e l a t i v e  t o  f u t u r e  opera t ions  o f  t h e  vehic les .  Voice channels pcsrmit 
t he  manned space f l i g h t  s t a t i o n s  to  provide c r i t i c a l  "hand over" t r ack ing  
i n s t r u c t i o n s  Erom s t a t i o n  t o  s t a t i o n  and t o  pass emergency i n s t r u c t i o r s  
from t h e  conf: co 1 cen te r  , 

Presen t ly ,  t h e r e  a r e  about 500,000 m i l e s  of leased voice  and t e l c t y p e  
c i r c u i t s ;  it is estimated t h a t  about 1,000,000 mi les  o f  l i n e s  w i l l  be required 
during f i s c a l  year 1965, due pr imar i ly  t o  t h e  Gemini and Apollo progrctms. 
Bandwidth requirements f o r  t ransmission of data  by land l i n e s  and microwave 
systems cont inue t o  inc rease  i n  order  t o  handle t h e  l a rge  volumes o f  data  
f o r  processing,  reduct ion and ana lys i s .  In  add i t ion ,  wide-band dLata ' l ines 
f o r  s c i e n t i f i c  information w i l l  be required a s  new s t a t i o n s  become operationa:L. 
i n  support  of t h e  l a r g e r  s a t e l l i t e  and deep space p ro jec t s .  

As examples, f o r  t h e  Gemini program an a d d i t i o n a l  vo ice  qual.ity c i r c u i t  
t o  each s t a t i o n  is requi red ;  f o r  both Gemini and Apollo, c o n t r o l  c i r c u i t s  
between t h e  Goddard Space F l i g h t  Center and the  In tegra ted  Mission Control 
Center a t  Houston w i l l  be i n s t a l l e d ;  and, f o r  t h e  deep space f l i g h t  operation:!;, 
add i t iona l  overseas  communications a r e  required t o  handle higher  data  r a t e s  
and t o  in te rconnec t  t h e  s t a t i o n s  a t  Canberra, Aus t ra l ia  and Madrid, S,>ain,  
with t h e  Jet Propluls ion Laboratory. 

Commercial common c a r r i e r s ,  domestic and fo re ign ,  provide the  major i ty  
of  communications se rv ices ;  however, wherever t hese  a r e  unavai lab le ,  3ther 
government agency l i n e s  . a re  u t i l i z e d .  

Network Ooeyaaons - Data Processing and Handlinq 

The ut i1 . i ty  of  a space f l i g h t  i s  r e a l i z e d  only when data i n  a form 
usable  by t h e  experimenter i s  i n  hand. Although the  t racking  s t a t i o n s  
rece ive  the  r ad ia t ed  s i g n a l s  t h a t  c a r r y  t h e  information t ransmi t ted  by t h e  
spacec ra f t ,  t:hi.s information i s  not  i n  a r e a d i l y  usable  form. It is  only 
a f t e r  t he  data i s  processed t h a t  usable  data  outputs  from a space program 
a r e  obtained.. Such a c a p a b i l i t y  has  been e s t ab l i shed ,  and the  s e r v i c e  pro- 
vided, I n  gcmeral, two t a s k s  must be performed by the  data processing 
f a c i l i t i e s .  These a r e  t he  det.ermination o f  t h e  s p a c e c r a f t ' s  p o s i t i o n  i n  
space a s  a funct ion of  time, and the  conversion of t he  coded te lemetered 
data i n t o  t h e  experimenter ' s  form. The determination of  t h e  pos i t ion  i n  
space i s  accmnplished by o r b i t s  and t r a j e c t o r y  computing complexes. 

The conversion of t he  coded te lemetry data i s  performed by a n  azsemblaga 
of electronic: equipment i d e n t i f i e d  a s  a data  processing l i n e .  Due t c  the  
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unique na tu re  of many space experiments, most d a t a  processing lines a::e 
designed t o  .process c h a r a c t e r i s t i c  d a t a  from a given sa te l l i t e .  
number of l i n e s  are necessary. 

Thus, a 

During f i s c a l  year 1965, as the  s o p h i s t i c a t i o n  of new space 
missions inc reases ,  t h e  quan t i ty  and complexity of the  d a t a  t o  be pro-  
cessed r equ i r e  a f u r t h e r  increase i n  the  s i z e  and complexity of t he  d s t a  
processing f a c i l i t i e s .  I n  add i t ion ,  t h e  more advanced sa te l l i t es  hav? a 
g r e a t e r  number of experiments and thus  demand more W t a l  l i n e  ape ra t ing  
t i m e .  

Equipment and Component s 

1963 

S a t e l l i t e  network.. ............. $9,390,000 
Manned space f l i g h t  network.. ... 28,100,000 
Deep space network. ............. 7,636,000 

Aerodynamic test range. ......... 1,010,000 
Communicat ions. ............ .... 1,925,000 
Data processing and handling.. .. 3,316,000 

Wallops and o t h e r  instrumenta- 
t i o n . . . ,  ....................... 1,545,000 

1964 

$16,800,000 
69,630,000 
11,570,000 

2,700,000 
1,000,000 
3,600,000 

11,200,000 

1965 

$15,900,000 
106,900,000 

.-- 

12 ,coo ,000 

1,:100,000 
3 , :loo ,000 
9, I 00,000 

3,s 09,000 

Totall co5t.5.. ................. $52,922,000 $116,500,000 S152,f~OO -- ,000 

Maintenance, improvements and augmentation of  t racking and d a t a  acqui- 
s i t i o n  equipment and components t o  meet the  requirements of t h e  f l i g l l t  
missions are a continuing program requirement. 
are discussed below. E s t i m a t e s  f o r  t h e  var ious equipment i t e m s  in_cliide 
funds, where necessary,  f o r  m€nor a l t e r a t i o n s  and add i t ions  t o  e x i s t i n g  
structurles o r  new minor supplementary s t r u c t u r e s  required t o  house, support 
and i n t e g r a t e  the  equipment with the  e x i s t i n g  network s t a t i o n s .  

Requirements of  each ca t egoq’  

Equipment and Components - S a t e l l i t e  Network 

Tracking systems ................ 
T e l e m e t r y  systems ............... 
Command and con t ro l  systems.. . . .  
Recording and d i sp lay  systems. . .  

monitoring equipment .......... 
Test,  c a l i b r a t i o n ,  and 

1965 1963 1964 -- 
$2,768,000 $1,696,000 $28161,000 
3,199,000 4,409,000 3,465,000 

150,000 2,386,000 2,040,000 

68,000 871,000 806,000 

509,000 1,242,000 1,912,000 
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1065 --- 1963 1964 

Spacecraf t  checkout equipment. .. ---  . $1,269,000 $lO4,000 
Timing systems.................. --- 740,000 6'30,000 

Special  purpose equipment.. ..... 15 1,000 5 10,000 1,115,000 
Power systems................... 265,000 495,000 lIj0,OOO 
Mainten,ance, spares  and replace-  
ment.........,................ 1,093,000 2,682,000 2,4 12 , 000 

Real-time data handling systems. $1,187,000 500,000 9'75 ,000 

To ta l  costs................... 99,390,000 ~ 1 6 , 8 0 0 , 0 0 0  $15,9DO, 000 --- 
I n  response t o  t h e  advanced requirements o f  t h e  complex s a t e l l i t e  pro- 

grams, necessary add i t ions  and augmentation o f  t h e  equipment and compments 
of t h e  network s t a t i o n s  must continue. Implementation of these  major new 
requirements began i n  f i s c a l  year  1963 and is being continued i n  t h e  
remainder of f i .sca1 year 1964 and i n  f i s c a l  year  1965. The new $equipment 
which w i l l  enlarge and update t h e  network i s  required t o  provide f o r  more 
p rec i se  t racking  a t  g rea t e r  d i s t ances ,  f o r  an increased capac i ty  for 
acquir ing and handling high data output  r a t e s ,  and f o r  t h e  more complex 
command and con t ro l  funct ions t h a t  must be  performed by t h e  s t a t i o n s .  

Major i.1:enis i n  t h e  t racking  category a r e  t h e  cange and range Zate  Sys- 
t e m  and t.he automatic t racking  antenna and rece iv ing  system. To meet t h e  
requirements f o r  more p rec i se  t r ack ing  coverage o f  po lar  o r b i t s ,  and of 
s a t e l l i t e s  with high apogees (up t o  250,000 m i l e s ) ,  range and range r.ate 
systems a r e  planned f o r  s e l ec t ed  s t a t i o n s  i n  t h e  network. 
prec is ion  t racking  systems needed t o  determine spacecraf t  v e l o c i t y  arid 
loca t ion  i n  :;piace with extreme accuracy. Each system b a s i c a l l y  includes a 
t ransponder ,  antenna, t ransmit ter ,  r ece ive r ,  range measuring equipment and 
data recording equipment. The f i s c a l  year  1965 program provides f o r  one 
complete add i t iona l  system plus  component add i t ions  t o  t h e  four which have 
been acquired, o r  a r e  under cont rac t .  Addit ional  automatic t racking  and 
rece iv ing  s:ystem equipment w i l l  be  i n s t a l l e d  a t  s e l ec t ed  loca t ions  i i i  t h e  
s a t e l l i t e  network. The rece iv ing  system includes an antenna (136 Melpcycles 
Yagi Array),  with necessary hydraul ic  equipment t o  move and c o n t r o l  t h e  
antenna, p lus  rece iver  equipment. 

These a r e  high 

Addit ional  te lemetry systems and components a r e  required i n  f i s c a l  year  
1965. t o  expand improved c a p a b i l i t i e s  throughout t h e  network, i n  order  t o  meet 
high dat,a output  and complex experiment requirements. 
e f f i c i ency ,  increased immunity t o  noise ,  automatic s e l e c t i o n  o f  b i t - r a t e s  t o  
accommodate preprogrammed o r  commanded data r a t e s ,  q u a l i t a t i v e  and q J a n t i t a -  
t i v e  performance ana lys i s  and evaluat ion of  ground rece iv ing  subsystems a r e  
included among those t a sks  necessary t o  reach t h i s  requi red  l eve l  o f  capab i l i -  
t y .  Additional telemetry r ece ive r s  w i l l  be necessary t o  m e e t  t h e  increased 
capac i ty  of  t h e  s t a t i o n s  ' te lemetry l inks .  Each te lemetry antenna r equ i r e s  
two dual  channel te lemetry r ece ive r s  f o r  recept ion  from s a t e l l i t e s  with two 
frequencies.  Thi r teen  r ece ive r s  are scheduled t o  b e  provided i n  f i s c a l  yeax 
1964 and f i v e  more a r e  t o  be  obtained i n  f i s c a l  year  1965 t o  m e e t  t h e  network 

Improved de tec t ion  

RD 21-11 



requirements. Tlne requirement t o  support  t he  Polar  Orbi t ing  Geophysic:al 
Observatory c l a s s  of  s a t e l l i t e s  immediately a f t e r  i n j ec t ion  i n t o  o r b i t  w i l l  
be m e t  by the  use of equipment i n s t a l l e d  i n  t ra i lers  f o r  ease i n  t rans . .  
po r t a t ion  Eroin place t o  place.  Present  por tab le  s t a t i o n s  are not i n -  
strumented t o  receive the  POGO te lemetry frequencies and are not equipped 
with the necessary decommutation, o r  t he  command systems. Consequently, 
addi t iona l  components are required a t  these  s t a t i o n s .  

To adequately perform the  command and cont ro l  funct ions f o r  the  
d i s t a n t  s a t e l l i t e s  as w e l l  as f o r  the  near  Earth spacecraf t ,  addi t iona .  
va r i ab le  and high-power t r ansmi t t e r s  are required a t  se lec ted  network 
si tes.  Dual systems are required a t  each s i t e  fo r  redundancy and t o  eiiable 
rap id  change of t ransmi t t ing  frequency and coding. These t r ansmi t t e r s  will 
be fed i n t o  s u i t a b l e  command antennas and w i l l  r equi re  r e l a t ed  d i sp lay ,  
cont ro l  and switching consoles ,  

Replacement of present  equipment used f o r  c a l i b r a t i o n  and q u a l i t y  
checks of  the  network s t a t i o n s  i s  v i t a l  i n  assur ing  an adequate leve l  D f  
performance bj, the  s t a t i o n s  during spacecraf t  opera t ions .  Development 
of new c a l i b r a t i o n  prototype equipment i s  nea r ly  complete, and i t  i s  
planned t o  reFila.ce the  airborne u n i t s  as w e l l  as the  ground equipment. 

Equipment f o r  spacecraf t  checkout i s  required t o  determine csmpat i b i l i t y  
between the  spacecraf t  and ground systems. While t h e  major p o r t i s n  of t h i s  
work i s  performed a t  NASA c e n t e r s ,  s imi l a r  components a r e  required a l s o  a t  
t h e  launch s i te : ;  i n  o rde r  t o  enable experimenters t o  perform a f i n a l  checkout 
p r i o r  t o  f l i g h t ,  

It i s  necessary t o  continue providing timing equipment f o r  t he  Goddard 
Space F l ight  Center T ime  Standards Laboratory, and ca l ib ra t ed  equipment f o r  
new and ex i s t ing  s t a t ions .  
and i n  order t o  per fec t  da ta  acqu i s i t i on  i n  t h e  required mode, iniprovment i n  
equipment and engineering i s  necessary t o  meet t h e  problems inherent  in  
world-wide time synchronization of t he  network. 

A l l  s t a t i o n s  opera te  by synchronized time s igna l s ,  

The major item i n  data handling i s  f o r  rea l - t ime a c t i v i t i e s ,  a p~:oblem 
which s t i l l  assumes s i g n i f i c a n t  proport ions i n  a l l  f u tu re  planning fol: t he  
network. Data con t ro l  equipment i s  required t o  format opera t iona l  con t ro l  
data f o r  d i sp lay  a t  t h e  s t a t i o n  and f o r  transmission t o  and from remo':e s i t e s .  

Equipment and components f o r  s p e c i a l  purposes, such a s  t h e  s;irnuL3tion of  
unique spacecraf t  t ransmissions,  non-standard data handling and on s ize  pro- 
cess ing ,  and components required t o  i n t e g r a t e  new subsystems i n t o  t h e  s t a t i o n  
complex, a r e  included. Modifications and additi0r.s  t o  s t a t i o n  power 3lants  
a r e  necessarjr to  improve r e l i a b i l i t y  and t o  inc rease  capac i ty  a s  d i c t a t e d  by 
add i t iona l  equipment. 

Included i n  t h e  maintenance, spares ,  and replacement catego1:y fo r  f i s -  
c a l  year 1961'1 aire spare  p a r t s ,  emergency replacement equipment, and s p e c i a l  



maintenance items f o r  the 40-foot antenna systems. Present  s t a t i o n  t e s t  
equipment is becoming increas ingly  d i f f i c u l t  to  maintain because of i t s  age,  
and much of it :is t echn ica l ly  inadequate t o  m e e t  present  requirements,  
program t o  rep lace  the e x i s t i n g  equipment began i n  f i s c a l  year 1964 ard  con- 
t i nues  through f i s c a l  year 1965. 
scopes, frequ'enoy counters ,  s i g n a l  generators ,  s imulators ,  audio o s c i l  l a t o r s ,  
osc i l loscope  cameras, and a s so r t ed  testers and checkers. 

A 

The equipment involved includes osci l l o -  

Equipment and C;anu>Qnerrta - Mann ed S P ~ C  e F l igh t  Network 

1963 1964 15165 --- 

Receiving sys t ems .  .............. 
Ranging systems... .............. 
Command systems.. ............... 
Demodulation systems.. .......... 
Data handling systems.. ......... 

Transmit t ing systems........o... 

Antenna SyQtems. . . . . . . . . . . . . . . . .  

Reentry sh ip  modifications... . . .  
A i rc ra f t  modif icat ion and design 
Maintenance, spares ,  and re -  

placement ..................... 
Subtotal...................... --- 

Gemini 

Data processing systems......... $7,283,000 

Command systems.. ............... 5,439,000 

Maintenance, spares ,  and re- 

Data handling systems ........... 4,428,000 

PCM te lemetry systems ........... 8,329,000 

- _-  placement.. ................... 
Subtotal,,  .................... $5,479,000 

Mercury 

Maintenance, spares ,  and re -  
placement:. .................... $2,489,000 

Tota l  catsits.. ................. $28 , 100 , 000 

$12,379,000 
3,223,000 

980 , 000 
15,103,000 

1,600,000 
6,000,000 
8,406,000 

150,000 
--- 

1,252,000 

$49 ,09 3,000 

5 , 050,000 
6,040,000 
2,195,000 
4,535,000 

2,717,000 

$20,537,000 

$69,630,000 

$15,4;'2,000 
6 , 9t16 , 000 
2 , 1116,000 
5 , 1O6,OOO 

19,7OO, 000 
12,21l4,000 
17,4OO,OOO 
1.8,4:!0,000 

3,000,000 

3 , 905,000 

$1.04,4.!9,000 

2,47 1,000 

$2,471,000 

&10.6,900,000 --- 
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The manned space f l i g h t  network w i l l  provide the  instrumentat ion support  
required by the  Gemini and Apollo launch veh ic l e s  and spacecraf t  i n  t he  a reas  
of t racking ,  !:e:Lemetry, command and communications. 

The ApollLo Saturn I B  and Saturn V programs impose more severe i n s t r u -  
mentation requirements i n  these  a r e a s  than encountered i n  t h e  Gemini Frogram. 
Continuousi coverage i s  required f o r  time per iods and ranges not encour t e r ed  
with Gemini. The amount of  information t ransmi t ted  t o  o r  received frcm t h e  
Apollo spcicec.ca:Et t o  enable t h e  successfu l  performance of i t s  mission i s  
g rea t e r  than thiat f o r  Gemini. To perform the  t racking ,  te lemetry,  connnand 
and comuriica t ions  func t ions  i n  support  of Apollo i n  a manner encompaz,sing 
these  more severe requirements,  the  e x i s t i n g  Gemini network w i l l  be  expanded 
and augmented with uni f ied  S-Band systems and equipment. 

Overall:, the  augmentation f o r  Apollo w i l l  r e s u l t  i n  a network of nine 
s t a t i o n s  with 30-foot antennas,  t h ree  85-foot antenna s i tes ,  one i n s e r t i o n  
sh ip ,  two shi-ps f o r  coverage of the  e a r l y  t r ans luna r  coas t  per iod,  two 
r een t ry  sh ips ,  ;and a i r c r a f t  f o r  i n j e c t i o n  coverage. This implementation 
w i l l  al low the  minimum leve l  of ground instrumentat ion support  of the  
Apol l o  program requirements . 

The f i n a l  conf igura t ion  of a l l  network s t a t i o n s  to  be used i n  support  
of t he  Apollo program, whether they a r e  land s t a t i o n s ,  sh ips ,  o r  a i rc . :a f t ,  
w i l l  incorporate  i n  the  uni f ied  S-Band conf igura t ion  the  necessaxy rece iv ing ,  
t r ansmi t t i ng ,  ranging, antenna, command, demodulation and data handling 
systems, A imodular building-block appraach w i l l  be used. This  a p p r o x h ,  
which w i l l  make use  of t h e  same subsystems i n  a l l  s t a t i o n s  even t:hough t h i s  
number v a r i e s  a t  some s t a t i o n s ,  w i l l  reduce maintenance, replacement .and 
t r a i n i n g  cos ts .  

Receiving systems, which a r e  i d e n t i c a l  except f o r  small  changes In 
frequency and. bandwidth t o  those  of t h e  deep space network, w i l l  provide 
the  i n i t i a l  caradula t ion  of vo ice  and te lemet ry ,  provide doppler t r ack ing ,  
and e m i t  s i g n a l s  f o r  antenna d i r ec t ing .  Transmit t ing systems w i  11 p r n i d e  
the  t r ansmi t t e r s  and o t h e r  a n c i l l a r y  equipment necessary f o r  t ransmission 
of voice,  connnand and ranging s i g n a l s  from the  s t a t i o n  t o  t h e  spacecraf t .  
Ranging systems; provide t h e  means f o r  measuring the  d i s t ance  t o  the  space- 
c r a f t  and the  spacecraf t  ve loc i ty .  

Antenna systems range i n  diameter from 10 t o  12 f e e t  i n  the  case  of  those 
used on the  reent ry  sh ips  t o  30-foot diameter antennas f o r  t h e  land and sh ip  

' s t a t i o n s  used f o r  o r b i t a l  and pos t - in j ec t ion  t racking.  
servo mechanisnis f o r  p r e c i s e  poin t ing  o f  t he  antennas.  

These systems include 

The conmiarid systems and data  handling systems a r e  of t h e  same design 
f o r  Apo1I.o at3 fo r  Gemini and w i l l  be procured only  f o r  those  s t a t i o n s  not 
now augmented f o r  Gemini. The command system provides  d i g i t a l  data i n  s u i t -  
a b l e  format fo r  t ransmission t o  t h e  spacecraf t .  Demodulation equipment 
prepares  tho data  f o r  s to rage  and communication t o  t h e  mission c o n t r c l  
cen te r s  and provides the  input  f o r  t he  data handl ing equipment, Xncluded 
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i n  t h e  data h indl ing  systems a r e  t e l e t y p e  format equipment , recorders:  d i s -  
plays,  and operat ing consoles required f o r  t h e  rou t ing  and s t o r i n g  o f  data 
a t  t h e  s t a t i o n .  

Requirements f o r  communications and t r ack ing  sh ips  f o r  Apo 110 program 
support a r e  being coordinated with t h e  Department of Defense, wherein t h e  
Department O E  Defense w i l l  be  responsible  f o r  t h e  implementation o r  modifi- 
c a t i o n  of  t r ack ing  sh ips  required f o r  Apollo. Three communicaticns and 
t r ack ing  ,ships must be provided f o r  i n s e r t i o n  and pos t - in jec t ion  cove'rage. 
Two e x i s t i n g  sh ips  must be augmented to  provide r een t ry  coverage. 
necessary modif icat ions of two r e e n t r y  sh ips  w i l l  b e  i n i t i a t e d  in f i s c a l  
year 1965. The required opera t iona l  d a t e  f o r  t hese  s h i p s ,  i n  a c c o r d a x e  
with cu r ren t  f l i g h t  schedules,  i s  e a r l y  1967. 

The 

Studies have been made concerning t h e  means for providing voice com- 
munications and. te lemetry recept ion and recording coverage of the S-IVB 
powered f l i g h t  during t h e  i n j e c t i o n  o f  t h e  spacec ra f t  i n t o  t h e  t r ans luna r  
coas t  traject .ory.  If communications sh ips  were used t o  meet t h e  requirement 
for continuous coverage during t h i s  per iod,  between s i x  and twelve such sh ips  
would be regtiired on s t a t i o n  a t  t h e  time o f  t h e  i n j e c t i o n  burn. The s p e c i f i c  
number of s h d p s  between six and twelve i s  determined by a combination of 
f a c t o r s  inc1.1idj.ng t h e  d a t e  o f  launch, t h e  des i r ed  launch window arid t h e  
s t a t u s  of: t h e  S - I V B  propulsion energy budget. It was concluded t h a t  t h e  
provision f o r  t h i s  number of sh ips  i s  p r o h i b i t i v e l y  expensive and o t t e r  
methods o f  piroviding communications coverage were inves t iga t ed .  
promising me::hod was t o  provide t h e  necessary coverage by means o f  i r . s t r u -  
men t ed a i r c  f 1: . 

The most 

P resen t ly  a v a i l a b l e  a i r c r a f t  a r e  being assessed t o  determine t h c i r  
s u i t a b i l i t y  f o r  gh i s  use and preliminary design f o r  t h e  necessary motlifi- 
ca t ions  i s  planned during f i s c a l  year 1964. The a c t u a l  modification:: w i l l  
be i n i t i a t e d  i n  f i s cGl  year 1965 and w i l l  c a r r y  over i n t o  f i s c a l  yeai- 1966. 
Close coord:tnation with the  Department of Defense (DOD) w i l l  be maintained 
throughout {:?e program s ince  the  DOD w i l l  be requested t o  supply and ope ra t e  
the  a i r c r a f t .  

Equipment: and Components d e e p  SDace Network 

1965 - 1963 1964 

S-band r ece ive r ,  t r a n s m i t t e r ,  

Atomichror, and synchroniza- 
and cornpon.ents.. .............. $1,096,000 $2,936,000 $2,B97,000 

t i o n  equipment.. .............. 300,000 115 , 000 115 , 000 

Antenna arid servo modifications.  1 , 126 , 000 1 , 264,000 1 , 985 , 000 
S-bandl ranging and a c q u i s i t i o n  

systems ......................... 1 , 079 , 000 1 , 155,000 1 , 297 , 000 

Klystron and maser amplif iers . .  . 358 , 000 1 , 045 , 000 8 IS , 000 
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1963 

Dig i t a l  date  and instrumenta- 

Data transmission and process- 

T e s t  transponders and 

t i o n  sys tans , .  ................ $460,000 

ing  equiprnmt.. ............... 1,026 , 000 

c a l i b r a t i o n  systems.. ......... 1,001,000 
Recording s:ys t ems ............... 130,000 

ment . and documentation.. ..... l ,  060,000 
Ma i n  t ena nc e, spares  , rep l ac  e- 

To ta l  c o s t s . . . . . . . . . . . . . . . . . . .  $7,636,000 
I 

1964 

$985,000 

57 0,000 

745,000 
980,000 

1,775,000 

&1,570,000 

196 5 --- 

$1,175 ,000 

495,000 

1,2211 , 000 

- 1,99h,OOO 

glooo, 000 

--- 

I n  response t o  t h e  increas ing  requirements f o r  rad io  t racking ,  cormand, 
te lemetry and data acqu i s i t i on  of unmanned lunar and p lane tary  spacecr , i f t  
and deep space probes,  t h e  e x i s t i n g  network requi res  improvements and zx- 
pansion t o  handle the  s p e c i f i c  upcoming spacecraf t  requirements. To r2duce 
cos t  and maximize ope ra t iona l  e f f i c i ency ,  a l l  deep apace network s t a t i o n s  
a r e  standardized with compatible data acqu i s i t i on ,  t racking ,  command r .cord- 
ing  and processing equipment. Any new equipment required i s  i n i t i a l l y  in-  
s t a l l e d  and t e s t e d  a t  t h e  Goldstone S ta t ion  before  i t  i s  in t eg ra t ed  i n t o  t h e  
system. Once t h e  new equipment has been accepted f o r  general  use wi th in  t h e  
deep space network, i t  i s  c l a s sed  a s  Goldstone dup l i ca t e  s tandard equipment, 
which standarcliz e s  t h e  design and formalizes t h e  documentation of  l i k e  items 
throughout t h e  network. 

During fj.sc:al year 1964 the  L t o  S-band conversion of the  network 
w i l l  continue In  the in te r im period,  the  s t a t i o n s  w i l l  operate  ton both 
L-band and S-.band frequencies ,  due t o  the  p r i o r  commitments t o  the  L-band 
spacecraft. support .  Some of t he  items t h a t  are being purchased and i n -  
s t a l l e d  a r e  i:ecording equipment, feed systems f o r  t he  antennas,  highex 
power k lys t ron  t ransmi t t ing  tubes,  improved opera t iona l  maser ampl i f ie rs  
and modifi-cat:Loiis i n  the  servo system and t ransmi t te r .  One of t he  l a rge  
antennas has been cleaned and thermocoated; the  r e s u l t  of t h i s  has been 
a reduct ion :in the  thermal e f f e c t s  of t he  r e f l e c t o r .  

During f i s c a l  year  1965, t h e  deep space network w i l l  cons i s t  of s i x  
85-foot antenna s t a t i o n s  , two mobile t racking  s t a t i o n s  and t h e  network. 
con t ro l  cen ter .  The f l i g h t  schedule f o r  f i s c a l  year 1965 shows an increase  
i n  the  number oE launches with onboard equipment opera t ing  i n  both L znd 
S-band frequenc:y spectrums. 
pated t o  end i n  f i s c a l  year 1965, and equipment d i r e c t l y  r e l a t e d  t o  tllis 
frequency spe:trum i s  scheduled t o  be  phased ou t  by approximately t h e  end 
o f  t h a t  f i s c a l  year.) The primary e f f o r t  i n  t h e  f i s c a l  year 1965 proi;ram 
continues t o  expand t h e  S-band c a p a b i l i t y  i n  t h e  o v e r a l l  network and provides 
f o r  add i t  Lonal major equipments and assoc ia ted  subsystems necessary f o r  t h i s  
task.  This  expansion w i l l  enable t h e  network t o  support  simultaneously more 
than one space probe opera t ing  i n  t h e  S-band a r e a ,  while  r e t a in ing  required 
c a p a b i l i t y  f o r  t h e  L-band program. Both Mariner and Surveyor mission:, w i l l  

(The requirement f o r  L-band coverage i s  i n t i c i -  
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overlap i n  t ime, and consequently,  t h e  ground antennas w i l l  r equ i r e  mu l t i p l e  
S-band equipments t o  allow noninterf  e r ing  command t o  and t ransmission 
from t h e  spacecraf t .  

The s t a t i o n s  which were not  modified i n  f i s c a l  year 1964 by t.he addi t ion  
of  t h e  S-band t r a v e l i n g  wave maser ampl i f ie r  w i l l  be  in t eg ra t ed  i n t o  t h e  
network with these  modif icat ions.  These changes provide t h e  s t a t i o n  with 
the  capab i l i t y  t o  acqui re  data from and t o  t r a c k  extremely weak rad io  Ere- 
quency s igna ls .  This c a p a b i l i t y  e f f e c t i v e l y  extends the  t racking  and l a t a  
acqu i s i t i on  funct ion t o  cover g rea t e r  d i s tances  o f  transmission with i I- 
creased r e l i a b i l i t y  i n  t h e  q u a l i t y  of  data recorded. 
performance from t h e  S-band maser subsystem, i t  i s  planned t o  improve the 
c losed  cyc le  r e f r i g e r a t o r  system and t h e  maser ampl i f ie r  t o  be compatible 
f o r  increased opera t ing  e f f ic iency .  I n  add i t ion ,  s e rv i c ing  equipment 3 f  a 
s p e c i a l  na ture  i s  required.  

To de r ive  optimum 

Modificaticms t o  t h e  antennas w i l l  provide an a u x i l i a r y  e l e c t r i c  dr ive  
a s  a backup t o  t h e  e x i s t i n g  d r ive  system. The d r i v e  system, including t h e  
servo subsystcm, w i l l  be  modified t o  permit opera t ion  by computer program- 
ming. To improve t h e  thermal e f f e c t s ,  t h e  antennas w i l l  be  cleanded and 
t h ermoco a t ed . 

S-band ranging systems and acqu i s i t i on  a i d  equipment w i l l  be  added 
t o  those stat.j.ons i n  t h e  network t h a t  have not previously been modified. 
The ranging systems provide c a p a b i l i t y  of measuring t h e  range accura te ly  
t o  a spacecraf t ; ,  and the  acqu i s i t i on  a i d  equipment, with t h e  wide beam- 
width angle ,  permits t h e  l a r g e  antenna t o  acqui re  t h e  spacecraf t  radio 
s igna l s  e a r l i e r a ,  Additional work on a prototype p lane tary  ranging system, 
including t h e  i n t e r f a c e  between t h e  t r ansmi t t e r  and r ece ive r ,  w i l l  be per- 
formed. 

D ig i t a l  data and instrumentat ion equipment w i l l  be  added a s  s tandard 
equipment :, and w i l l  be compatible with e x i s t i n g  equipment a t  o the r  s t e t i o n s  
i n  t h e  net:worIc. This  provides t h e  c a p a b i l i t y  t o  handle data  i n  a t imely 
and efficient:  manner by automatical ly  pu t t ing  t h e  raw data i n  a format t h a t  
i s  required f o r  processing,  p r i o r  t o  t ransmission t o  t h e  network c o n t r o l  
center .  

The (lata processing and transmission equipment improves t h e  data 
handling and data processing c a p a b i l i t i e s  t h a t  a r e  required a t  t he  stzitions. 
On-site equipineint i s  required t o  monitor,  e d i t  and t ransmi t  data over  
communication l i n e s  t o  t h e  c e n t r a l  computing center .  This  a l s o  includes 
i n t r a s i t e  cormnunication equipment. 

Accurat'e antenna alignment and c a l i b r a t i o n  of t h e  s t a t i o n ' s  equipment 
i s  accomplished by t e s t  transponders i n s t a l l e d  a t  remote co l l imat ion  1;ites. 
This equipment provides t h e  s t a t i o n  t h e  c a p a b i l i t y  t o  c a l i b r a t e  befort:, 
during (usual ly)  and a f t e r  a f l i g h t  mission i n  o rde r  t o  determine t h e  
s t a t i o n ' s  opera t ing  c h a r a c t e r i s t i c s  f o r  each mission, 
microwave s tandards and s p e c i a l  purpose equipment t o  ope ra t e  t h e  c o l l  imation 
s i t e s .  

This includes t h e  

RD 21-17 
718-881 0 - 6 4  - 13 



Maintenance, r e p a i r ,  t e s t  equipment, spares  and replacement partfi f o r  
equipment, inlcluding ground support  items c o n s i s t i n g  of genera tors ,  c ranes ,  
pumps, e tc , .  w i l l  be e s t ab l i shed  a t  each s t a t i o n .  These p a r t s ,  suppl ics  and 
equipment w i l l  reduce t h e  ope ra t iona l  down t i m e  a t  each s t a t i o n  t o  a riiinimum. 
Normal r e a l  p roper ty  maintenance, upkeep and minor a l t e r a t i o n  and site im-  
provement i s  included. 

Eauipment and Components - Wallops and Other Instrumentat ion 

1065 --- 1963 1964 

Photographic processing 
equipment..................... 

Range camera equipment.. ........ 
test  i n s  truimenta t ion. ......... 

Antenna syr:tcms modifications. .  . 
Timing equ ipment................ 
Range sh ip  instrumentation..  .... 
Data systems,, ................... 
Telemetry r;ystem components.. ... 

A i r c r a f t  ca l i .b ra t ion  and 

Radar syst:tm components.. ....... 
Maintenance, spares  and re -  

p l ac  cmenr: ...................... 

$150,000 
200,000 

120,000 
120,000 --- 

955,000 

$220,000 
250,000 

160,000 
240,000 

75 ,000 
80,000 --- 

1,675,000 

$2 30,000 
550,000 

350,000 
180,000 

--- 
420,000 

450,000 
1,100,000 

650.000 .- 

Total1 cc):st!3.. ................. $1,545,000 $2 ,700 ,000  $3,SIOO, 000 - 
This ca tegory provides for t h e  procurement of  equipments and components 

i n  two general  a r eas  : (a)  expendable (non-recoverable) f l i g h t  hardware and 
spare  p a r t s ;  and (b) s t a t e - o f - t h e - a r t  improvements t o  e x i s t i n g  range in s t ru -  
menta t i o n  systems. 

Non-recoverable f l i g h t  hardware includes radar  beacons, DOVAP t r ans -  
ponders, antennas,  and command-destruct r ece ive r s  t h a t  a r e  i n s t a l l e d  i n  t h e  
launch vehic les .  Small meteorological  rocke ts ,  t o  ob ta in  l a s t  minute wind 
p r o f i l e s  so t h a t  e leva t ion  angles  and launch azimuths can be co r rec t ed ,  a r e  
included i n  t h i s  category. 
a s su re  impact i n  pre-determined a reas ;  they a r e  b a l l i s t i c  and c a r r y  110 
guidance systems o t h e r  than s p i n - s t a b i l i z a t i o n .  

These rocke ts  c o n s t i t u t e  a s a f e t y  measur:(! t o  

The s t a t e -o f - the -a r t  improvements c o n s i s t  of  var ious e l ec t ron ic  com- 
ponents which a r e  i n s t a l l e d  on e x i s t i n g  antennas,  o r  introduced i n t o  t h e  
c i r c u i t r y  of t h e  range instrumentat ion systems ( t racking ,  te lemet ry ,  data 
reduct ion,  range s a f e t y ,  o p t i c s ,  e t c . )  t h a t  improve t h e  range, accuracy, 
speed, and f ' l e x i b i l i t y  of t hese  systems. The requirements f o r  these i m -  
provements a r e  generated by t h e  number and types of  rocke ts  i n  t h e  f l i g h t  
schedule,  l a rge r  and improved rocke t s ,  and more complex pay1oad:s. 
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Eauiment andr”&nDonents - Aerodvnamic T e s t  Range 

19li5 --- 1963 1964 

Tracking systems................ --- $750,000 $100,000 
Te1emetr:y systems. .............. $800,000 - e -  60O,000 
Real t i m e  data handling systems. --- - -- 250,000 
Maintenance, spares ,  and re- 

placement......... ............ 2 10,000 250,000 55 0.000 

Tota l  c o s t s . . . . . . . . . . . . . . . . . . .  $1,010,000 $1,000,000 

The aerodynamic t e s t  range operated by t h e  F l i g h t  Research Center w i l l  
r equi re  equipment modif icat ions and addi t ions  t o  e f f e c t i v e l y  support planned 
t e s t  programs. 
a i rborne  simulator u t i l i z e d  f o r  supersonic t r anspor t  research.  

Such t e s t  programs include t h e  hyper-veloci ty  X-15 and the 

The f i s c a l  year 1965 program f o r  t h e  range w i l l  inc lude  radar  ranging 
modif icat ion f o r  longer range c a p a b i l i t y ,  a PCM ground te lemetry system f o r  
i n s t a l l a t i o n  . a t  one of t h e  uprange s t a t i o n s ,  equipment f o r  t h e  ground 1:ele- 
metry s t a t i o n  and addi t ions  f o r  r e a l  t i m e  data handling and display. 
t h e  i n i t i a t i o n  of  t h e  new f l i g h t  research programs an increas ing  propo‘rtion 
of t he  estimated funds w i l l  be required f o r  maintenance, spares ,  atnd replace- 
ments. Included i n  t h i s  category i n  f i s c a l  year 1965 i s  replacement o.t t h e  
a i rborne  t racking  beacons required f o r  use with the  ground t racking  radars .  

With 

Equipment and -&wonents - C m u n i c a t i o n  

Data terminal  equipment......... 
Sol id  s t a t e  switching units. . . . .  
Switching center  equipment...... 
Teletype and voice equipment.... 
South American systems modifi-  

cation........................ 
Test  and evaluat ion equipment,. . 
40 KW radio t ransmit ters . . , . . . . .  
Mobile communication van.. ...... 
Maintenance, spares ,  and re- 

placement. .................... 

1963 

$80,000 --- 
100,000 
173,000 

240,000 
100,000 
538,000 
250,000 

444,000 

Tota l  c o s t s . .  ................. $1,925,000 

$195,000 
2,735,000 
150,000 
220,000 

150,000 

$3,600,000 

1965 --- 
$55!i, 000 

1,662,000 
200,000 
5213,000 

515,000 
20~1,000 --- --- 
10~1,000 

9;3,300.000 

-- 
--- 

I n  order  t o  support t h e  more complex unmanned and manned space vel i ic les ,  
it w i l l  be necessary t o  provide communication channels of higher  data r a t e s  
with minimum transmission e r r o r s  . For example, t h e  communication requ i re-  
ments from t h e  deep space s t a t i o n s  t o  support Surveyor w i l l  r equ i r e  ovm 
ten  times t h e  band width present ly  provided by t h e  60 word per  minute i:ele- 
type channel. Additional voice communication c a p a b i l i t i e s  a s  well. a s  itddi- 
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t i o n a l  automatic switching and monitoring f a c i l i t i e s  a r e  required to  er su re  
r e l i a b l e  communications. 

Fu r the r ,  . there w i l l  be  a continuing emphasis toward b e t t e r  u t i l i z a t i o n  
o f  c i r c u i t s  arid s tandardizat ion o f  communications i n t o  a s i n g l e  system f o r  
common use by ,311 programs, i n  o rde r  to keep t h e  t o t a l  c i r c u i t  requirements 
t o  a minimuin. 

The requirement f o r  higher data r a t e s  with very small  e r r o r  l i m i t : '  
makes i t  necessary t h a t  a d d i t i o n a l  e r r o r  c o r r e c t i o n  and de tec t ion  equigiment 
be used a t  t h e  d<ata terminals.  

So l id  s t a t e  switching u n i t s  must be i n s t a l l e d  i n  'London, Hawaii, and 
Aus t r a l i a  t o  work with t h e  u n i t s  being i n s t a l l e d  a t  Goddard Space F l i g h t  
Center. These u n i t s  w i l l  be used t o  meet t h e  higher  c i r c u i t  speed! require-  
ment and t o  provide automatic checking and monitoring of t h e  c i r c u i t s .  

F a c i l i t y  c o n t r o l  and display equipments a r e  required t o  br ing mis:sion 
network c i r c u i t s  t o  a c e n t r a l  point  where t h e  c a p a b i l i t y  e x i s t s  tcb t r a n s f e r  
t hese  c i r c u i t s  back and f o r t h  between communications u s e r s ,  based on tlie 
type and p r i o r i t y  of mission. This shar ing process reduces t h e  t o t a l  number 
o f  c i r c u i t s  required,  

A fu r the r  s t e p  t o  reduce t h e  t o t a l  c i r c u i t  requirements w i l l  be  tlie use 
About of compaction equipment t o  u t i l i z e  t h e  unused t i m e  on voice c i r c u i t s .  

7 0  percent of t h e  capac i ty  of a four-wire voice c i r c u i t  i s  unused due to 
normal speech pause between sentences,  words and even s y l l a b l e s .  This com- 
pact ion equipment allows data t o  be passed during the  unused t i m e , .  It i s  
estimated tha t  by u s e  of t h i s  equipment approximately twelve two-way t e l e -  
type c i r c u i t s  can be c a r r i e d  simultaneously with a normal conversation over 
a voice c i r c u i t .  

As t h e  number and complexity of spacec ra f t  i n  o r b i t  i nc rease ,  mul t ip le  
s t a t i o n  voice conferencing becomes necessary i n  o rde r  t o  provide :;moot h 
opera t iona l  cciordination between s t a t i o n s  and t o  provide emergency in s t ruc -  
t i o n s  from t h e  c o n t r o l  center.  When s e v e r a l  vo ice  c i r c u i t s  a r e  conferenced 
toge the r ,  they must a l l  be working a t  t he  same l e v e l s  i f  understandable 
conversations a r e  to  be r ea l i zed .  Because condi t ions can vary a t  the  
var ious s ta t ixms,  voice operated gain a d j u s t i n g  devices a r e  required t o  
maintain t h e  proper levels.  

Within t h e  last two years i n  South America, such major changes as t h e  
provision of LL mobile s t a t i o n  van a t  Santiago, Chile as a communications 
backup for th.e s a t e l l i t e  network, and t h e  i n s t a l l a t i o n  of t h ree  40 kilowatt  
t r ansmi t t e r s ,  with a s soc ia t ed  mult iplexing equipment t o  r ep lace  oksolescent 
10 ki1owat.t u n i t s ,  were made. During t h e  coming year, da t a  v a l i d i t y  checking 
u n i t s  will. be i n s t a l l e d  t o  complete our planned program t o  b r ing  these 
s t a t i o n s  up t:o acceptable standards t o  handle t h e  communication requirements. 



Equipment and Components - Data Processing; and Handling 

Digital .  computing subsystems.. .. 
Peripheral. equipment.. .......... 
Data processing subsystems.. .... 
Signal  condi t ioners . .  ........... 

and display..  ................. 
evaluat ion equipment.. ........ 
record uni t s . .  ................ 

Test  and c!va:luation equipment.. . 
p l ac  emenl: ...................... 

Off- l ine  data  processing systems 

Special. ptiirpose da ta  processing 

Automatic analog data  t ape  

High dens i ty  s to rage  and 

Maintenance, spares ,  and re- 

Total. cotitti.. ................. 

1963 

--- 
e-- --- 

$1,900,000 
460,000 

540,000 

416,000 

$3,316,000 

1964 

$4,950,000 
1,800,000 

720,000 
1,925,000 

7 15,000 

590,000 

--- 
75,000 

425,000 

1965 

$2,5 00,000 
2 , 3  00,000 
1,25 0,000 

550,000 

450,000 

3 25,000 

2 70 , 000 

.- 

a80,ooo 

1 00,000 

- 475,000 

$9,100.000 

W i t h i  t h e  increas ing  use o f  onboard spacecraf t  d i g i t a l  systems, continu- 
ing  expansion o f  t h e  data handling f a c i l i t i e s  t o  manage t h e  high output  data 
r a t e s  i s  nec:esr;ary, The equipment program t o  convert  from analog t o  c i g i t a l  
systems and t o  modify e x i s t i n g  equipment, so a s  t o  be compatible w i t h  t h e  
d i g i t a l  syst:emt; onboard t h e  spacecraf t ,  w i l l  cont inue i n t o  f i s c a l  year  1965. 

Digital. computing subsystems cons i s t  of  computer mainframes and periph- 
e r a l  componcrnt:; which were previously leased. 

I n  f i s c : i r l  year 1965, a high speed c e n t r a l  processor ,  with per iphera l  
equipment: t o  i n su re  cornpatabil i ty with t h e  d i g i t a l  systems i n  t h e  spacecraf t ,  
w i l l  be  proc:ured. 

Deci.sions on spacecraf t  performance and evaluat ion cannot be mace by 
c o n t r o l l e r s  anti experimenters wi th in  t h e  main computer complex i t s e l f .  
o rde r  t o  provide t h e  requi red  information, pe r iphe ra l  equipment such a s  
p l o t t e r s ,  ccmsoles, d i sp lays  and computer l i n k s ,  must be located o u t s i d e  the  
immediate confines  of  t h e  computer complex. This  i s  a cont inuing prcgram i n  
f i s c a l  year :L965. 

I n  

Data processing subsystems c o n s i s t  o f  modif icat ions t o  e x i s t i n g  data 
processing I:ines i n  f i s c a l  year  1965. Equipment items include a f a c i l i t y  
monitoring system, evalua tors  and analyzers  t o  decrease t h e  down t i m c ,  of  
p resent  equipment and subsystem disp lay  devices f o r  e x i s t i n g  data prccessing 
l i nes .  

Other kiiirtiware f o r  data  processing and handl ing inc lude  s i g n a l  condi t ion-  
i ng  equipment t o  e l imina te  expensive mul t ip l e  data reprocessing. Thc most 
s i g n i f i c a n t  experimental r e s u l t s  a r e  contained i n  t h e  20 percent  of  clata lost. 
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during apogee due t o  l imi t ed  c a p a b i l i t y  of e x i s t i n g  s igna l  recovery equip- 
ment, resul t i .ng i n  expensive reprocessing and r e f i n i n g  of d a t a  i n  order  t o  
r e t r i e v e  the  necessary information. 

Spec ia l  p x p o s e  data processing and d i sp lay  u n i t s  a r e  required f o r  t h e  
p a r t i c u l a r  sat :e l . l i te  f l i g h t  p ro jec t s .  Since data  requirements vary con- 
s iderably  for  each type of  s a t e l l i t e ,  d i f f e r e n t  types o f  data  handling 
equipment wi1.1. be required f o r  t h e  ground Systems. 

Automatic: analog data  tape  evaluat ion u n i t s  w i l l  provide for t h e  auto- 
matic analog w6iluations of  t apes  which a r e  now made manually. 
of  analog te l .enetry tapes  i s  required t o  s o r t  ou t  improperly recorded tapes  
and t o  mornitall: tiround s t a t i o n  recording capab i l i t y .  

The evaluat ion 

High derxait:y s to rage  and record u n i t s  a r e  included i n  the  f i s c a l  year 
1965 program, arid w i l l  provide t h e  requi red  recording and s to rage  f o r  t h e  
an t i c ipa t ed  w l t m e s  of data  t h a t  w i l l  have t o  be  processed. 
w i l l  a l s o  provide g rea t e r  a c c e s s i b i l i t y  to  data .  

These u n i t s  

Test  ant1 evaluat ion equipment includes data  s imulators  necessary f o r  
checkout and naintenance of data processing l i n e s  and systems. 

RD 21-22 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

ADMINISTRATIVE MANAGEMENT BUILDING 

PROGRAM OFFICEFOR THE INSTALLATION: Off ice  of Advanced Research and 
Technology 

PROGRAM OFFICIE_FOR THE PROJECT: Off ice  of Advanced Research and 
Technology 

AUTHORIZATION LINE ITEM: 

LOCATION OF PROJECT: Moffett F i e l d ,  Santa Clara County, C a l i f o r n i a  

COGNIZANT NASAJNSTALLATION: Ames Research Center 

TYPE OF CONSTRETION PROJECT: New 

Ames Research Center 

FUNDING : 

FY 1963 and P r i o r  Years $71,000 

--- FY 1964 Estimate 

FY 1965 Est,imate $1,455,000 

Tota l  Funding Through FY 1965 $1,526,000 

PROJECT COST 1:g:IMATES : 
Unit of 
Measure Quant i ty  

Land Acquisi t ion 

Construct ii. 

S i t e  development 
Roads, WillkS, parking 
U t i  1 i t  ies 
Bu i l c l  ins; 

Equipment 

--- LS 
LS 
LS 

- - -  
--- 

Sq. F t .  64,700 

Unit Total  
c o s t  c o s t  

$1,353,000 

$14,500 14,500 
71,500 71,500 
40,000 40,000 
18.96 1 ,;.27,000 

Design - e -  - - -  - 
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Unit of  Unit Tota l  
Measure Quantity c o s t  c o s t  - 

Fal lout  She l t e r  --- 
SUBTOTAL 

--- 
TOTAL 

$1,353,000 

L02,OOO 

$1,1+55,000 - 
PROJECT DESCRIPTION : 

The propcsed Administrative Management Building w i l l  cons i s t  of a 
c e n t r a l ,  two-story por t ion ,  194 f e e t  wide by 90 f e e t  deep and two one- 
s t o r y  wings each, 110 f e e t  wide by 35 f e e t  deep. There w i l l  be a basement 
under the  c e n t r a l  por t ion  only. 

This  buil.di.ng i s  needed t o  provide the  minimum space required fo r  
approximately 280 persons comprising e s s e n t i a l l y  a l l  adminis t ra t ive-support  
personnel. The a r c h i t e c t u r a l  and engineering design of  the  bui ld ing  is 
e s s e n t i a l l y  complete. For economy and a r c h i t e c t u r a l  compat ib i l i ty ,  t h e  
re inforced cclricr'ete e x t e r i o r  and s t r u c t u r e  w i l l  be e s s e n t i a l l y  i d e n t i c a l  
with the  e:xist:irig Data Reduction Building. The loca t ion  of t he  proposed 
bui ld ing  and a photograph of the  exis t ing Data Reduction Building are 
shown i n  f igu re  1. 

PROJECT JUSTII~ICATION : 

Personnel i n  the  Administrative d iv i s ions  now have an average of  
only 67 square Eeet per  person of o f f i c e  space including space occupicd 
by f i l e s ,  e t c .  By f i s c a l  year 1966 they w i l l  be crowded i n t o  an 
in to l e rab le  5 2  ,square f e e t  per person i f  more space i s  not  provided. It 
i s  not f e a s i b l e  t o  usurp more space from research groups; on the  conti 'ary, 
research workers are already overcrowded by GSA standards and, i n  the  near 
fu tu re ,  w i l l  De required t o  reclaim some of  t h e  o f f i c e s  now occupied 1)y 
adminis t ra t ive  personnel, As a temporary expedient t o  a l l e v i a t e  t h i s  over- 
crowding, i t  has become necessary t o  r e n t  t r a i l e r s .  

Use of  o f f i c e  space sca t t e red  about the  Center has  dispersed 
adminis t ra t ive funct ions t o  t h e  fu r the r  detriment of  t h e i r  e f f i c i e n c y ,  
The p lo t  ? p l a n  shown i n  f igu re  2 i l l u s t r a t e s  t h i s  d i spers ion .  
d i spers ion  sseparates many personnel from t h e i r  superv isors  and cc~-worlcers 
on common pr,ojects.  All t h i s  breeds mistakes and inef f ic iency .  

Suc.h 

The proposed Administrative Management Building w i l l  provide spa:e 
f o r  Personnel, Procurement, Contract Negotiation and Administrati-on, 
Administrative Serv ices ,  Legal Matters, Publ ic  A f f a i r s ,  Reproduction, 
and Management Analysis.  

The space t o  be rel inquished by adminis t ra t ive  personnel now i n  the 
Administraticfn Building w i l l  be used t o  provide space f o r  the  Ass is tan t  

CF 1-4 



Director  f o r  L i f e  Sciences and h i s  i m d i a t e  s t a f f ,  t o  provide adequate space 
f o r  the  Technical Planning Division, t o  a l l e v i a t e  overcrowding of the  
D i r e c t o r ' s  immediate c l e r i c a l  s t a f f ,  t o  provide space for v i s i t o r - c o n t r o l  
operat ions,  and to provide space remote from r e s t r i c t e d  a r e a s  for discuss ions  
between v is i tc r r s  and Ames employees. The space vacated i n  the  e x i s t i n g  
Administration Eui lding Annex w i l l  be used t o  br ing  together  t he  iiow- 
d i spersed  f i sca l .  a c t i v i t i e s  and to provide needed expansion of t he  Cen te r ' s  
t echnica l  l i b ra ry .  

ESTIMATED E"REE: YEAR FUNDING: None 

CV 1-5 
718-881 0 - 6 4  - 14 



c 

AMES RESEARCH CENTER 
FISCAL YEAR 1965 ESTIMATES 

ADMINISTRATIVE MANAGEMENT BUILDING 

=-- ---a 

AN AGE MENT 
APPEARANCE 

. 

GENERAL ARRANGEMENT 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT 

PROGRAM OFFICI3 FOR THE INSTALLATION: Office of Advanced Research and 
Technology 

PROGRAM OFFICIQOR THE PROJECT: 

AUTEIORIZATIOL~LIhX ITEM: Ames Research Center 

LOCATION OF l?RO.JECT: Moffett  F ie ld ,  Santa Clara County, Ca l i fo rn ia  

COGNIZANT NA&INSTALIATION: Ames Research Center 

TYPE OF C:ONS'X&JCTION PROJECT: New 

FUNDING : 

Off ice  of Advanced Research and Technology . 

FY 1963 and Pr ior  Years --- 
FY 1964 Estimate $20,000 

F'Y 1965 Estimate 2,630.000 

Tota l  Funding Through FY 1965 Q2.650.00fi 

PROJECT COSTBSTIMATE: 

Cons t r u c t i c z  

U t i l i t i e s ,  parking 
Elec tr::;cal d i s t r i b u t i o n  
Bui. l d i  1% 

Founda.:ions for  motion- 
genemtor  equipaent 

Cab etruct .  & Par t ia l  
i n t e r n a l  equipment 

Unit of 
Measure 

--- 

LS 
LS 

Sq. Ft .  

LS 

LS 
Motion generator  s t r u c t u r e  LS 
Motion g m e r a t o r  d r ives  LS 

e,qu i pmen t LS 
Elec t r ica l  and c o n t r o l  

Visual p ro j ec t ion  equipment LS 

Unit Tot 91 
c o s t  c o s t  

$2,483,000 

$25 , 000 15,000 
40 000 40,000 

18.00 It 2,000 

123,000 1 ;!3 ,000 

165,000 105 ,000 
528,000 5 :!8,000 
560,000 5ti0,OOO 

800 000 800 , 000 
80,000 ('30 , 000 

CJ' 1-7 



Eq u i  pme n t 

Unit of Unit To ta l  
Pfeasure s u a n t i t y  cost  -- COS t - 

!$147 Le 
Tie- in  t.o e x i s t i n g  analog --- couipu te rs LS 
Computet' c ont  r o 1 equipment LS --- $27,000 27,000 

120,000 120,000 

Fa1 lou t  She 1 t e r  

TOTAL - $2,630,000 --- 
PROJECT DESCR LPTION: 

The f l i g n t  s imulator  w i l l  provide simultaneously a l l  of the  e s s e n t i a l  

The 
sensory cues (v isua l  and motion) assoc ia ted  wi th  the  manual con t ro l  ol' 
advanced a i r c r a E t  and spacecraf t  during c r i t i c a l  phases of operat ion.  
s imulator  w i l l  b e  housed i n  a 9,000 square f o o t ,  s ing le - f loo r  a d d i t i o n  t o  
the  Ames Space F l ight  Guidance Research F a c i l i t y  (authorized i n  FY 1903 COP 
budget) and w i l l  c o n s i s t  of t h ree  major elements: (1) a moving cab w:.th 
assoc ia ted  motion-generating equipment, (2) a v isua l -pro jec t ion  systera, 
and (3) analog computing equipment. Construct ion of F a c i l i t i e s  funding is  
required .€or the  bui ld ing  add i t ion ,  t he  cab, and t h e  motion-generating 
equipment. 
ment and components a v a i l a b l e  a t  Ames. 

Other elements of the  s imulator  w i l l  be suppl ied from equip- 

The cab w i l l  c a r r y  th ree  crewmen and w i l l  be furnished i n t e r n a l l y  wi th  
instruments ,  con t ro l s ,  and equipment which can be arranged t o  siFiulate the  
cockpi t  i n t e r i o r  of the  veh ic l e  under study. 
angular and th ree  t r a n s l a t i o n a l  degrees of freedom, i n  response to p i l o t  
cont ro l .  The v i sua l  p ro jec t ion  system w i l l  s i m u l a t e  t he  externa:L v i s J a l  
environment, as viewed through the  cab windshield,  and w i l l  be servo- 
con t ro l l ed  tci maintain the  proper r e l a t i v e  o r i e n t a t i o n  as the  cab maneuvers. 
Analog computers w i l l  c o n t r o l  the  equipment t o  provide proper cab motion 
determined, i n  p a r t ,  by programmed i n e r t i a l  and aerodynamic c h a r a c t e r i s t i c s  
and, i n  p a r t ,  by p i l o t  con t ro l  movements and simulated e x t e r n a l  d i s turbances  
(e.g., rough a i r ) .  

The cab w i l l  move, i n  t i ree  

The propoked f a c i l i t y  w i l l  inc lude ,  in add i t ion  to  the s imula tor ,  a 
c o n t r o l  room arid supporting shop. 
personnel. wi.1.: be permanently housed i n  the  bui lding.  

No o f f i c e s  w i l l  be provided ax i  110 
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FBWECT JUSTIFICATICN: -- 
h n y  adv:.nced aFrplaue wid spacecraf t  desi::ns no:~ under deve:.opxe [it 

r equ i r e  additi .ona1 crew me:nbers t o  a id  the  p i l o t  i n  managing the  complex 
systems necessary f o r  t he  opera t ion  of the  vehicle .  
crew coordina.t:ion a r e  introduced which must necessa r i ly  be considered i n  
def in ing  vehicle: design l i m i t s  t h a t  depend on the  c a p a b i l i t i e s  of the  p i l o t  
aiid a i rcrew.  The adeqcacy of exis t i r ig  one-mn f l i ghe  simulators .:o cope 
1.k ti? these pro5I.ems and provide riieaniiigr'ul solutions i s  severe ly  l - ink ted .  

New problems of a i r -  

IL.:perier:ce w i  C.1 niodern subsonic  jei: acd p i s t o n  t r a m p o r t s  has siic~m; 
ti:zr; illider. scme operacing c o c d i t i o m  c?Frpla;zes desigr:ed t o  existi.ilg 
:;peck2icai;::ioiJ.:; tax tke c a p a b i l i t i e s  of the  a i l o t  to the  liidt. T h e  vcrk-  
1.oz.d reac'leu :It:: peak as the  a i rp l ane  approaches the  landing ternin21 
under inst:runieni: f l i g h t  condi t ions.  The opera.tion of supersonic t r anspor t s  
w i l l  add t:o the  complexity of a l l  of the  problems experienced i n  subscnic 
t r anspor t  opczations and , unless  adequate so lu t ions  are found, w i l l  t6.x 
the  capabi1ii::ie:; of t h e  already overburdened p i l o t  and crew even f u r tk t e r .  

Problems genera l ly  have been m e t  and overcome during the  development 
of the  subsonic a i r  t r anspor t  system. 
which have p'hyed an extremely important p a r t  i n  t h i s  r e l a t i v e l y  succc!ssful 
development; f i r s t ,  the  advances have come a t  a r e l a t i v e l y  slow r a t e ,  and 
second, m i l i t a r y  f l i g h t  experience has been ava i l ab le  with i d e n t i c a l  o r  
similar a i r c r a f t  p r i o r  t o  commercial use.  In the  case of the  supersonic  
t r anspor t ,  ne i the r  of t hese  b e n e f i c i a l  f a c t o r s  w i l l  be present .  The only 
f e a s i b l e  method of s u b s t i t u t i n g  f o r  t he  t echn ica l  guidance of r e a l  fl:.ght 
experience i n  an  acceptab le  t i m e  per iod is  through the  use of the s i m i i l a -  
ti on technique. 

Two f a c t o r s  must be noted, howcver, 

The f l i g h t  s imulator  descr ibed in t h i s  proposal w i l l  provide a unique 
research  c a p a b i l i t y  which, i n  add i t ion  to  i t s  genera l  a p p l i c a b i l i t y  t o  
many advanced manned-vehicle con t ro l  problems, w i l l  play an e s s e n t i a l  
r o l e  i n  achieving e a r l y  so lu t ions  t o  these  c r i t i ca l  supersonic  t r anspor t  
problems. 
thus properly condi t ioning the  p i l o t  and crew fo r  t h e i r  c r i t i c a l  let-jown 
and landing t a sks  by subjec t ing  them t o  a l l  of the  e a r l i e r  s t r e s s e s  oE the  
f l i g h t  i n  proper t i m e  sequence. 

An e n t i r e  opera t iona l  f l i g h t  can be simulated i n  r e a l  t i m e ,  

ESTIMATED FIJI'UR.E YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

INSTRUMENT BUILDING EXTENSION 

PROGRAM OFFICESOR THE INSTALLATION: Off ice  of Advanced Research and 
Technology 

PROGRAM OFFICE: € O R  THE PROJECT: 

AUTHORIZATION LIXE ITEM: Ames Research Center 

LOCATION OF PROJECT: Moffett F ie ld ,  Santa Clara County, C a l i f o r n i a  

O f f i c e  of Advanced Research and 'Cechnology 

COGNIZANT Ma INSTALLATION: 

TYPE OF CONSTIUJTION PROJECT: Extension 

FUNDING : 

Ames Research Center 

--- FY 1963 and P r i o r  Years 

FY 1964 Estimate $75,000 

FY 1965 E13 timate 1.996,OOO 

Total ??undin:g Through FY 1965 $2,071,000 

PROJECT COST GTIMATES: 
Unit of 
Measure 

e-- Land Acquisit ion 

Construct ion, 

U t  il it ies LS 
Elec t r i c  a1 d i s  t r ibu t ion LS 
Building, Sq. Ft. 
P a r t i c u l a r  mech., plumb- 

ing and e l e c t r i c a l  LS 

Equipment. 

Nuclear magnetic resonance 
equipment LS 

Microwave equipment LS 
Chemical. m a l y s  i s  equipment LS 

U n i t  
cos t  - 

$75,000 
45,000 
21 .oo 

200,000 

60,000 

60,000 
97,000 

Total  
C o s t  -- 

$1,186,000 

75,000 
45 , 000 

366,000 

200,000 

$630,000 

60,000 
97,000 
60,000 



Clean rocm 
Dens itome t t i c  equipment 
Sensor ma te r i a l s  process- 

Shielded. rooms 
Supporting instruments 
Instrument f a b r i c a t i o n  and 

ing equipment 

assemb1.y t o o l s  

Fa l lou t  She l t e r  

PROJECT DESCR1;PTION : 

Unit of Unit 
c o s t  Measure Q u a n t i t y  - 

$40,000 
LS --- 35,000 

--- LS 

LS --- 75,000 
LS 25,000 
LS --- 128,000 

LS --- 110,000 

SUBTOTAL 

TOTAL 

This proposal covers an extension of the  present  Instrument 

Tota l  
Cost -- 

GO, 000 
35,000 

75,000 
25,000 
128,000 

110,000 

- 
$1,916,000 

2 8 0 , 0 0 0  

$1,996,000 - 

Building as 
shown on the  a t tached  drawing. The extension w i l l  add a t o t a l  of about 
46,000 square f e e t  of space,  included i n  two f l o o r s  and a p a r t i a l  basement, 
t o  t h e  e x i s t i n g  bui lding.  It w i l l  provide add i t iona l  l a b o r a t o r i e s  and 
shops f o r  research and development on sensors ,  instrument systems, and 
measurement techniques e spec ia l ly  needed t o  support  t h e  enlarged physical 
sc iences  and iiev l i f e  sc iences  a c t i v i t i e s  at the  Ames Research Center.  

Included wi th in  t h e  extension w i l l  be about 25,000 square f e e t  of 
The new wings laboratory-of:Eice area and 6,000 square f e e t  of shop area. 

will conta in  i l  diagnos t ics  a r e a  pr imar i ly  concerned with instrument problems 
as approac:hed by spec t roscopic  measurement techniques ; a sensors  a rea  i n  
which t ransducers  w i l l  be tailor-made f o r  app l i ca t ion  t o  s p e c i f i c  senEors 
problems; a lL:ife-sciences-systems area which w i l l  provide f o r  development of 
complete instjcurnent systems and f o r  checkout and c a l i b r a t i o n  of integx a t ed  
sensor  systems such as might be incorporated i n  a r e s t r a i n t  couch f o r  a 
cen t r i fuge ;  cmd l a s t l y ,  a shop area t o  be devoted t o  f a b r i c a t i o n ,  assembly, 
and c a l i b r a t i o n  of instruments and instrument systenrs. 

PROJECT JUSTIIPICATION : 

The present  instrumentat ion f a c i l i t i e s  were designed t o  meet the  needs 
of Lunes Research Center i n  1950, when t h e  research programs of the  Center 
were primaril:y concerned with "conventional" aeronaut ics .  I n  add i t ion  t o  
t h e  increased scope of t he  aeronaut ics  programs, new research programti i n  
the  physical  sciences  and l i f e  sciences have generated a g r e a t l y  increased 
requirement h r  inst rumentat ion support .  The i n i t i a l  expansion of  th:.s 
work has  been accomplished wi th in  t h e  e x i s t i n g  instrumentat ion d iv i s ion  
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f a c i l i t i e s ;  hciwever, t h e  degree o f  congestion e x i s t i n g  t h e r e  w i l l  not p e r m i t  
f u r t h e r  necessary growth. The q u a l i t y  of t he  present  research i s  severe ly  
handicapped by  i.nadequate instrumentat ion support .  

One importaint a r ea  i n  which the  Center must  expand i t s  program i s  t h a t  
of long-range rcsearch on new measurement techniques.  The instrurnentaLion 
d i v i s i o n  a t  hies has emphasized short-range so lu t ions  t o  instrumentat ion 
problems. 
f o r  a i r c r a f t  m c l  h igher  en t ry  v e l o c i t i e s  f o r  spacecraf t  have focused a t t e n -  
t i o n  on t h e  f i e l d  of r a r e f i e d  gas  dynamics, an understanding of which is  
dependent on tlat:a der ived from pressure  sensors .  The instrumentat ion d i v i -  
s ion  has achi.twe!d a degree of success  on t h i s  problem. One of  the  f a c t o r s  
l imi t ing  performance of a present  sensor  is the  energy loss due t o  the 
i n t e r n a l  f ric:I:ion i n  the  diaphragm material. Available theo r i e s  descr ib ing  
energy d i s s i p a t i o n  i n  v i b r a t i n g  s o l i d s  are unable t o  p red ic t  or expla in  the  
experimental i:er;ults. A clear understanding of t h i s  phenomenon is f u r  damental 
not only t o  the  improvement of t he  pressure  sensor  but  also t o  the  develop- 
ment of many devices  important t o  space technology. The equipment and 
l abora to r i e s  proposed w i l l  g r e a t l y  f a c i l i t a t e  f u t u r e  instrumentat  Lon research 

1 ssociatedl with research on t he  aerothermodynamics of atmosphere entry pose 
dn e n t i r e l y  new set of instrument problems r equ i r ing  such spec ia l  k e d  equip- 
ment as thLe ni:icrowave f a c i l i t i e s  and X-ray densitometers included i n  t h i s  
proposal.  

Tho c:ontinuing t rend  toward h igher  speeds and opera t ing  a l t i t u d e s  

r o j e c t s  . Other examples of highly  spec ia l i zed  measurement requirements 

Addit:ion;il f a c i l i t i e s  a r e  a l s o  needed i n  order  t o  develop the  in t eg ra t ed  
c i r c u i t s  required i n  rugged instruments of small s i z e  and high r e l i a b i l i t y  
s u i t a b l e  f o r  ground-based o r  space experiments. There exis ts  a need for  
producing anti processing sensors  from semiconductor materials t a i lo rec .  t o  
t hese  particti'tai: ins t rumentat ion problems. 

Research i n  solar phenomena, p a r t i c u l a r l y  remote measurements of  t h e  
sun ' s  magnetic f i e l d ,  r equ i r e s  t h a t  s p e c t r a l  measurements be made w i t t .  high 
p rec i s ion  o v w  a narrow por t ion  of t h e  spectrum. Special  o p t i c a l  meamring 
technique8 must be developed t o  meet t hese  needs and the  proposed f a c i l i t i e s  
w i l l  provide t h i s  development c a p a b i l i t y .  

F i n a l l y ,  t he  proposed add i t ion  w i l l  a l s o  provide the labora tory  cipace 
and specializced equipment v i t a l l y  needed t o  support  biomedical and b io -  
physical  research  a t  t h e  Center ,  such as: development of a moxe abso lu te  
measure of blootd pressure;  development of p r a c t i c a l  means of continuoris 
measurement of lblood flow i n  the  var ious  p a r t s  of  humans or  animals wl-thout 
i n ju ry  t o  the  sub jec t s .  
required :Ln connection wi th  l i f e  sc iences  experiments sponsored by &cas f o r  
inc lus ion  i n  space-vehicle payloads involving such techniques a s  microwave 
spectroscopy, o r  c e l l u l a r  resonance. 

A major increase  i n  instrumentat ion support  :.s a l s o  

ESTIMATED FUTURE YEAR FUNDING: None 
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CONSTKUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

CENTER SUPPORT FACILITIES 

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research (L 
Technology 

PROGRAN OFFICE FCU THE PROJECT: 

AUTHOKIZATION LINE I T E M :  

LOCATION OF PKOJECT: 

COGNIZANT U S A  INSTALLATION: 

TYPE OF COWSTRIgXON PROJECT: New 

Off ice  of Advanced Research & Technology 

Elec t ronics  Research Center 

To be determined 

Elec t ronics  Research Center 

FUNDING: 

FY 1963 and Pr ior  Years 

FY 1964 Esi::Lnuite 

FY 1965 E s t  ha te  

Total  Funding Through FY 1965 

PROJECT COST E ST IMATE : 

Land Acqtuisition 

Construction 

Heating and r e f r i g e r a  ion p l  
Sewage treatment p l a n t  
S i t e  p repara t ion  
Roads 
U t i l i t i e s  

Equ ipmen t 

Design 

For construct  ion 

$1,950,000 

$1,950,000 

Unit  of 
Measure 

--- 

n t  LS 
LS 
LS 
LS 
LS 

Unit 'rota1 
cos t  120s t .- Quan t i ty - 

:;I 85i3,000 -- 
--- $700,000 70) ,000 

50,000 5 3,000 --- 25,000 25,000 --- 65,000 65,000 

--- 

---1,010,000 1,010,000 

CF 2-3 



Fal lout  She l te r  

Unit of Unit Total  
cos t  Measure Quantity Cost -- 

PROJECT DESCRIPTION: 

The s i t e  development and support  f a c i l i t i e s  f o r  t he  Elec t ronics  
Research Center located on a pos tu la ted  1,000-acre suburban s i t e  required 
up t o  the  poin t  of construct ion completion of the  Center are included. 
Since a s p e c i f i c  s i te  has not  been se l ec t ed ,  these  are the b e s t  ava i l ab le  
estimates based on advice and experience of o ther  NASA Centers and the U. S. 
Army Corps of Engineers. 

S i t e  development includes s i te  c l ea r ing  and grading, t opso i l  and 
seeding, storm drainage system, u t i l i t y  tunnels ,  bas ic  road network, w\alk- 
ways and s t reet  l igh t ing .  

Support fiac, i 1 i t  ies w ill c ompr ise the  heat ing and r e f r i g e r a t i o n  p 1 ant 
and appropr ia te  d i s t r i b u t i o n  systems, t he  sewage c o l l e c t i o n  and treatment 
systems, the  6tle:ctrical transformer p l a n t  and d i s t r i b u t i o n  system, the 
communication6 E;ystem and the  water supply system. 

PROJECT JUSTIIWATION: 
i 

The Center Support Facilities are required to  permit operat ion of and 
provide support  f o r  the  individual  l abora to r i e s  and engineering and 
adminis t ra t ion  bui lding of t he  Elec t ronics  Research Center. 

Without these  bas i c  road, c l ea r ing ,  and u t i l i t i e s  t he  ind iv idua l  
l abora to r i e s  of the  Center could not  function. 

ESTIWTED PUTlJRl7, YEAR FUNDING: $2,950,000 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAB 1965 ESTPlATES 

ELECTRONIC COMPONENTS LABORATORY 

PROGKAM OFFICgXOR THE INSTALLATION: Of f i ce  of Advanced Research 
and Technology 

PROGRAM OFFICEFOR THE PROJECT: 

AUTHORIZATION QNE ITEM: 

LOCATION OF PROJECT: 

COGNIZANT NASALNSTALLATION: Elec t ronic  Research Center 

TYPE OF CONSTRGTION PKOJECT: New 

FUNDING: 

Of f i ce  of Advanced Research & Technology 

Elec t ronics  Research Center 

To be determined 

FY 1963 and P r io r  Years 0-0 

FY 1964 Estimate 

FY 1965 Erttlmate $3,200,000 

--o 

Tota l  Funding Through 1965 $3.200.000 

PROJECT COST IES'ICZMATE: 

Land Acquisi t ion 

Construct ioin 

support bu i ld ing  
S i t e  prep,aration 
~ o a d s  & par'king 
Uti l i t ies  

Equipment 

Component f a b r i c a t  ion 

Sample preparat ion 
equipment 

equipment 

Sq. Ft.  
LS 
LS 
LS 

Unit l ' o t a l  Unit of 
Cbst Measure Quant it Y - c o s t  -- 

0.0 0 -0 00- 0-0 

$1,192 ,000 

45 $900 $24.77 1 , 13 ,000 
..-o 2,100 :I, 100 

:2,900 l;! ,900 
00- 40,000 40,000 

gi1,90r3.000 

-00 

LS 

LS 

--- 734,000 731k , 000 

-00 90 $000 93,000 
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Unit of 
Measure Quant i ty  

Laboratory ana l y t  ica 1 
e qu ipmenlc LS 

Component Le :s t equipment LS 
Cryogenic 'equ ipmen t LS 

equipment LS 
Glass techno logy 

For construct ion 
For  equipment 

FaJ l ou t  She L t e r --- --- 
TOTAL 

Unit Tota l  
c o s t  Cost - 

$3 19,000 319 ,000 
461,000 461,000 
100,000 100: 000 

204,000 204,000 

$100,000 

86,000 86,000 
14,000 14,000 

$22200 . O E  

PROJECT DESCRIPTION: 

This labora tory  w i l l  be a three-s tory bui ld ing  containing l a b o r a t x y  
and r e l a t e d  equipment spaces,  s p e c i a l  l abora tory  areas, o f f i c e  ad junc ts ,  
u t i l i t i e s  and equipment s torage  spaces housing 210 s c i e n t i s t s  and engineers,  
research a s s i s t a n t s ,  and clerical a ides ,  Approximately 45,900 total  square 
f e e t  w i l l  be dlivided i n t o  15,000 square f e e t  for l abo ra to r i e s  on t h e  f i r s t ,  
second, and t h i r d  floors; 3,000 square f e e t  fo r  s p e c i a l  l abo ra to r i e s  on t h e  
second floor; 1,400 square f e e t  for  a c lean  room on t h e  t h i r d  f loo r ;  19,000 
square f e e t  for a l l i e d  o f f i c e  space; and about 7,500 square f e e t  for 
u t i l i t i e s  and st;orage of l abora tory  equipment, A i r  condi t ioning .and a i r  
f i l t e r i n g  w i l l .  be provided t o  maintain c l ean l ines s  and humidity con t ro l  
necessary fo r  t h e  p rec i se  inves t iga t ions  t o  be undertaken, The bui ld ing  
w i l l  provide necessary i s o l a t i o n  from noise ,  v ib ra t ion ,  and r ad io  
frequency in te r fe rence .  A f i r e  alarm system w i l l  be provided. Appropriate 
s i t e  development:, parking for  168 cars (based on one space per  1.25 
persons),  i.mmc:d:iate access roads,  walkways, and u t i l i t i e s ,  including water, 
sewer, electr-:ic power, and coamunications w i l l  be included. 

The facf  Lity l abora to r i e s  w i l l  conta in  t h e  following equipment: 
microc i rcu i t  research  equipment, processing and t e s t i n g  equipment, 
p rec is ion  servo system research  and t e s t i n g  equipment, a g l a s s  techno!.ogy 
laboratory,  nind t h i n  f i lm  research  and t e s t i n g  equipment; as well as 
spec ia l ized  environmental f a c i l i t i e s  r e l a t e d  t o  mic roc i r cu i t  and t h i n  film 
work. 

PROJECT JUSTIGCATION: 

The Elec t ronic  Components Laboratory i s  requi red  for t h e  conduct of a 
research program per t a in ing  t o  e l e c t r o n i c  components t o  be used i n  thcl: 
space environment. The scope of  t h e  research  w i l l  inc lude  s t u d i e s  a n i  
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i nves t iga t ions  i n  t he  theory,  behavior, and design of e l e c t r o n i c  c.omponents 
i n  t h e  following areas: s o l i d  s ta te  technology, materials, vacuum devices 
and electro-mechanical componentry. Analysis i n  depth of NASA f l i g h t  ilnd 
launch p a r t i a l  successes and f a i l u r e s  has  revealed i n  many instanc:es 
e l e c t r o n i c  components f a i l u r e  or d e f i c i e n t  performance. A major fac to :  
leading t o  f a i l u r e  o r  d e f i c i e n t  component performance is found i n  the  sise 
i n  space of e l ec t ron ic  components designed fo r  t h e  e a r t h  or  near-earth 
environment. 
design and devel.opment f o r  space use,  improvements of several orders of 
magnitude a r e  required t o  meet t he  r e l i a b i l i t y  and performance s p e c i f i -  
ca t ions  of NASA's planned and f u t u r e  space f l i g h t s .  

Although some improvements have been made i n  compontmt 

The 1aborat:ory s t a f f  w i l l  conduct, supervise ,  and coordinate  a 
balanced resectrch program within and without t h e  laboratory aimed a t  t h e  
c rea t ion  and design of new and e f f e c t i v e  e l e c t r o n i c  components and c i r c u i t s  
for  space u s e .  These research  e f f o r t s  w i l l  be d i r e c t l y  r e l a t e d  t o  the 
performanc:e requirements of cur ren t  and f u t u r e  space systems. 
a b i l i t y  of ts:jtt?d component techuiques and designs w i l l  materially aic 
NASA and jmdu13ti:y p r o j e c t  designers  i n  t h e i r  c r e a t i o n  of new f l i g h t  sj'stems. 
A s t rong  bas i c  rind appl ied  research e f f o r t  of t h i s  na tu re  is necessarj '  for  
success i n  th12 manned and uxnnanned space f l i g h t  missions of  t h e  futurt!. 

The a v a i l -  

ESTIMATED FIJTULIE YEAR FUNDING: None 
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C ONSTRUCTI ON OF FAC ILIT IE S 

FISCAL YEAR 1965 ESTIMATES 

ENGINEERING AND ADMINISTRATION BUILDING 

PROGRAM OFFICI$ FOR THE INSTAUATION: Off ice  of Advanced Research and 
Technology 

PKOGKAM OFxqS ]?OR THE PRWECT: Off ice  of Advanced Research and Technology 

AUTHORIZATION --- L:Lh:E ITEM: Elec t ronics  Xesearcll Center 

LOCATIOK OF PROJECT: To be determined 

COGNIZANT NASA INSTALLATION: Elec t ronics  Research Center 

TYPE OF CONSTRUCTION PROJECT: New 

FUNDING : 

FY 1963 and P r io r  Years --- 
FY 1964 Ektimate --- 
FY 11965 Estimate $1,850,000 

Total Funding Through 1965 $1,850,000 

PROJECT COfl-SXIMATE: 

Unit of 
Measure 

Land A.i: is: ir ion Lo- - --- 
Construction 

Support b u i  Id i ng Sq. F t .  
sit, prepara t ion  
Roads CL ,p'.arking 
U t i  lit ies 

Equipment , 

Projec t ion  dquipment, 
intercom, v a u l t s  and 
bdmin . equipment 

L i b r a r y  s t acks  and repro- 
duct ioc. aquipment 

LS 
LS 
'LS 

-Ls 

-Ls 

Unit 
c o s t  

--- 

$18.67 
5,000 
25,000 
26,000 

67,000 

35,000 

Tote.1 
Cost. 

$81 ,63:! .OOO 

1 , 5715,000 
j ,000 

21; ,000 
26,000 

$122,000 

67,000 

35,000 

CF 2-10 



Unit o f  Unit To ta l  
Cotst -- Measde Quantity cost 

Infirmary equipment LS --- $15,000 $15,000 
Secur i ty  con t ro l  s t a t i o n  - 

i d e n t i f i c a t i o n  equipment 
and guard alert services LS --- 5,000 5,000 

Design 

For construc.t ion 
For equipment 

$96,000 

LS --- 91,000 9 1,000 
LS --- 5,000 5,000 

TOTAL &l&a .ooo 

PROJECT DESCZIPI' ION : 

The Engineering and Administration Building will be a fou r - s to ry  bui ld ing  
with a port ion two stories high, i r r egu la r1  y shaped, approximatel y 82,000 
total square feet i n  area. The f a c i l i t y  will be d$vlded ln t6  about 43,000 
square f e e t  o f  o f f i c e  and admin i s t r a t ive  space and about 7,000 square f e e t  
devoted t o  u t i l i t i e s ,  s to rage  and equipment. I n  add i t ion  t o  providin3 
admin i s t r z t ibe  oEfice,  conference a1l-d engineeriug planning and d ,-ofti;ig 
space i'oi El.ectroAiics Research Center pro:essiotlal and engitiecriiig personnel,  
t h e  building will contain: 
of 430 ,  conference rooms, an auditoriuin acc&odating 350 persons, t t e  Center 
infirmary and i i  t echn ica l  l i b r a r y .  
heat ing and air-condi t ioning will be suppl ied by the  Center c e n t r a l  bearing 
p l an t .  A. f ire  alarm system w i l l  be provided. S i t e  development, parking 
f o r  272 veh ic l e s  (supporting t h e  Engineering and Administration 8ui lc  i ng  
and the  .@ecurii:y c o n t r o l  s t a t i o n ) ,  access roads,  and u t i l i t i e s  such t s 
water, sewer, electric power and communications w i l l  be included. 

a ki tchen and cafeteria w i t 1 1  a s e a t i i g  capaci ty  

The bui lding w i l l  be air conditicned; 

The s e c u r i t y  c o n t r o l  s t a t i o n  w i l l  be a one s t o r y  s t r u c t u r e  w i t h  base- 
ment, conta:i.xing 2,400 square f e e t  of s p e c i a l  guard f a c i l i t i e s  f o r  E:.ectron- 
ics Research Center s e c u r i t y  fo rces .  

PROJECT .J USTL'ICATION: 

Thi.s bui lding is required to  house the  f i rs t  increment of administra- 
t i v e  and t echn ica l  s t a f f  of t he  E lec t ron ic s  Research Center. Tlie bui lding 
w i  11 provide f o r  c e n t r a l i z e d  loca t ion  of c e n t e r  s e n i o r  managemerit, t schnical  
program planning, admin i s t r a t ive  planning and during t h e  f i r s t  yea r s  of 
Center operat ions,  increments of the  Cen te r ' s  r e sea rch  program s t a f f .  

NASA p l a n s  t o  be a b l e  t o  work out  cooperative arranzements 14th 
educational i ' s t i t u t i o n s  i n  t he  a r e a  wkere5y courses may be o f fe red  a t  the  
Electronics  Re search Ceiiter to advance t h e  education of the  Ceni1lz.r Frofes- 
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s i o n a l  s t a f f .  The auditorium clnd conference rooms w i l l  be used c i x r  
norm1  working hours t o  provide classroom f a c i l i t i e s  a t  the  Center.  

The profess iona l  s t a f f  members involved i n  bas i c  research  and adviinced 
development must have access t o  the  latest s c i e n t i f i c  and technica.1 maiiu- 
scripts and profess iona l  j ou rna l s  i n  e l e c t r o n i c s  and r e l a t e d  discipl incis .  
Hence a t echn ica l  l i b r a r y  w i l l  be included t o  serve  as a r epos i to ry  fo:: the  
required s c i e n t i f i c  publ ica t ions  and t o  provide a reading room anc. study 
area. 

The Secur i ty  dont ro l  s t a t i o n  w i l l  serve as the  adminis t ra t ive  heall- 
q u a r t e r s  and i n i t i a l  v i s i t o r  recept ion  a rea  f o r  the  Center and provide; 
f a c i l i t i e s  fo r  the  s e c u r i t y  fo rce  engaged i n  the  maintenance of NASA's 
s e c u r i  t y  r e p  1 a t  ions  and p l an t  pro tec t ion .  

ESTIMATED FUTURE YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

QUALIFICATION & STANDARDS LABORATORY 

PROGRAM U,.'~'-:CE: FOR THE INSTALLATION: Off ice  of Advanced Research and 
Technology 

PROGRAM .C)FFI(:E FOR THE PROJECT: Off ice  of Advanced Research and 
Technology 

AUTHORIZATION LINE ITEM: 

LOCATION OF P'3OJECT: 

COGNIZANT NASA INSTALLATION: 

TYPE OF CONSTRUCTION PROJECT: New 

FUNDING : 

Elec t ron ic s  Research Center 

To be determined 

E lec t ron ic s  Research Center 

- - -  FY 1963 and P r i o r  Years 

--- FY 1964 Ez,ti.mate 

FY 1965 Es t ima te  $3,000,000 

Tota l  Funding Through 1965 $3,000,000 

PROJECT C:OSI.' ESTIMATE : 
Unit of Unit To ta l  

c o s t  - c o s t  M e  a sur  e Quantity 7 

Land Acqui s i ' t ion 

Cons tr uc t i on 

Support bui lding S q .  Ft. 30,000 $23 a 58 707,400 --- 800 800 
Roads and parking LS 7,400 7,400 
U t i l i t i e s  LS --- 30,4 00 30,400 

S i t e  prepara t ion  LS --- 

Equipment 

Test and environmental 

Stand a r ci s equipment LS 
Special  l abora tory  equipment LS 

equipnien t LS 

$2,203,000 

--- 1,425,000 I, 425,000 
--- 415,000 415,000 
--- 363,000 363,000 
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Unit of Unit To ta l  
Mea sure  Quantity c o s t  .- c o s t  - 

Design 
For constr i ic t ion 
For equipinent 

Fa 11 out_S_hc: 1 1:e r 

is 
L s 

TOTAL $3, OCIO, 000 .--- 

PROJECT DESCKTPTION: 

The laboratory w i l l  be a two-story bui lding,  providing o f f i c e  spzice and 
laboratory f a c i l i t i e s  f o r  150 research personnel and c l e r i c a l  aides.  Approx- 
imately 30,003 square f e e t  t o t a l  w i l l  be divided i n t o  10,000 square ft!et 
devoted to laboratory a reas  gncluding 2,500 square f e e t  reserved f o r  i i  100- 
inch c e n t r i f u g e ) ,  10,000 square f e e t  of o f f i c e  space on the  f i r s t  and second 
f l o o r s ,  and 10,000 square f e e t  of basement space for u t i l i t i e s  and staxage. 

The bu i ld ing  w i l l  be a i r -condi t ioned;  hea t ing  and cooling wj.l.1 bg: sup-  
p l i ed  by the Center c e n t r a l  heat ing p l an t .  
provided. Appropriate s i t e  development, parking f o r  120 vehicle!; (based on 
1 space per 1.25 persons), access  roads,  and u t i l i t i e s  such a s  water,  sewer, 
e l e c t r i c  power and communications w i l l  be included. 

A f i r e  alarm system t r i l l  '>e 

PROJECT JUST 1,FICATION : 

This  laboratory i s  required f o r  t h e  conduct of component q u a l i f i c a t i o n  
and t e s t i n g  and the  establishment of e l e c t r o n i c  design and f a b r i c a t i c n  
standards.  Ilajor d i f f i c u l t i e s  have been experienced by NASA i n  obtaining 
e l e c t r o n i c  c.tmponents, subsystems, and systems meeting the  high standards of 
q u a l i t y  and r e l - i a b i l i t y  necessary f o r  use i n  the  space environment. 
l a rge  number of developers and s u p p l i e r s  of e l e c t r o n i c  components anc the  
r ap id  change:; i n  technology have made the  establishment of b a s i c  s tandards 
and r e l i a b i l i t y  q u a l i f i c a t i o n s  p a r t i c u l a r l y  d i f f i c u l t .  
s e t  of q u a l i  Eication requirements and standards has l ed  t o  unnecessar i ly  high 
c o s t s  f o r  component development and manufacture, and i n a b i l i t y  c f  NA!;A system 
and p ro jec t  l?ngineers t o  specify appropr ia te ly  q u a l i f i e d  components -.n t h e i r  
designs. Costly redesign delays,  f l i g h t  f a i l u r e s ,  and confusior and waste i n  
the  space e l e c t r o n i c s  indus t ry  a r e  a r e s u l t  of the  e x i s t i n g  lack of ii common 
set  of space e l e c t r o n i c s  components s p e c i f i c a t i o n s  and standards.  

The 

The lack of a common 

This  laboratory w i l l  be the NASA f o c a l  point  f o r  t he  estabLishmant and 
promulgation of space e l e c t r o n i c s  q u a l i f i c a t i o n s  and standards i n  th-.  form of 
q u a l i f i e d  p a r t s  l i s t s , q u a l i f i c a t i o n  s p e c i f i c a t i o n s  and standards,  c a l i b r a t i o n  
methods and procedures and environmental t e s t i n g  c r i t e r i a  serving otner  groups 
wi th in  t h e  Center, o the r  NASA Centers,  o the r  government agencies and i n t e r e s t e  
i n d u s t r i a l  and un ive r s i ty  groups. 
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Component q u a l i f i c a t i o n  t e s t i n g ;  s p e c i f i c a t i o n s  f o r  space q u a l i f i e d  
e l e c t r o n i c  sub-assemblies and subsystems preparat ion;  design c r i t e r i a  Frepa- 
r a t i o n  f o r  e l e c t r o n i c s  and guidance elements; and component r e l i a b i l i t y  
engineering including q u a l i t y  assurance, f a i l u r e  analyses,  i n i t i a l  sample 
t e s t i n g  and test c r i t e r i a  w i l l  be c a r r i e d  out i n  t h i s  f a c i l i t y .  The research 
e f f o r t  i n  enviironmental t e s t i n g ,  standards,  design c r i t e r i a  and r e l a t ed  a r e a s  
of qualificaticm!; and standards must be increased s i g n i f i c a n t l y  i f  NASP i s  t o  
reduce the  hazard of mission f a i l u r e s  r e s u l t i n g  from f a u l t y  e l e c t r o n i c  corn- 
ponent s anti sy s tems.  

E STIMATED 'FUTURE -...-- YEAR FllNDING : None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

STADAN ENGINEERING AND RIAL TIME STATION 

PROGRAM OFFICE :211 THE INSTALLATION: Off ice  of Space Science and 
Applications 

PROGRAM OFFTC;’: G T  TI-IE PROJECT: Off ice  of Tracking and Data Acquis i t ior  

AUTHORIZATION :LINE ITEM: Goddard Space F l i g h t  Center 

LOCATION OF PROJECT: Greenbelt, Prince-Georges County, Maryland 

COGNIZANT NASA-INSTALLATION: Goddard Space F l igh t  Center 

TYPE OF CONSTRUQION PROJECT: New 

FUNDING : 

FY 1963 and P r io r  Years --- 
FY 1964 Estimate --- 
FY 1965 E s t  i.ms.t e $400,000 

Total  Funding Through FY 1965 S 4 0 0 a  

PROJECT COST ESTIMATE : 
Unit of Unit Tota l  

cos t  Measure Q u a n t i t y  - cos t  - 

Construct ion 

Operations bui ld ing  
Raised f 1 . o ~ ~  
Gener a t w  bui ld ing  
Restore f a c i l i t y  t o  

or  i.g ina  1 condi t ion 
u t  il i.t ie!; 
S i t e  preparat ion and 

f enc in15 
Roads; and parking 

S3E 5,000 

Sq. Ft. 4,000 $ 18.00 72,000 

Sq. Ft. 1,500 15.00 212,500 
Sq. Ft. 2,000 5.00 1.0,000 

LS --- 35,000 :15,000 
LS 10,000 LO, 000 
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Design 

For const:icuction 

Fa l lou t  She ltfx 

Unit of Unit To ta l  
Mea s u r  e guan t i t v  - cos t  - cos t  

11- 4 15,000 - - -  --- 
LS --- $15,000 15,000 

TOTAL 
.I- 

$400,000 - - 
PROJECT DESCRIPTION: 

This pro jec t  proposes the  construct ion of a STADAN Engineering anc Real 
Time S ta t ion  a t  the v i c i n i t y  of t h e  Goddard Space F l i g h t  Center. The Fro- 
posed loca t ion  o f  the  f a c i l i t y  w i l l  be on a remote s i t e  of land obtaincd 
from the  Department of Agricul ture  on a use permit, and w i l l  be readi l j r  
access ib l e  t o  koddard personnel. The f a c i l i t y  w i l l  be composed of an 
operat ions bu.ilding and a generator building. The operat ions bui lding w i l l  
be of approximstlely 4,000 square f e e t  area and w i l l  house e l e c t r o n i c  ecpip- 
ment and operat ing personnel. The bui lding w i l l  be constructed of concxete 
and s t e e l  with movable p a r t i t i o n s .  A cav i ty  i n  t h e  r a i s e d  f l o o r  w i l l  :,erve 
as an air-condi t ioning supply plenum f o r  equipment cooling and cable  race- 
way f o r  intra-equipment cabling. A r e t u r n  a i r  plenum w i l l  be provided i n  
the  c e i l i n g  arrangement. Foundations w i l l  be required f o r  one p a i r  of 
Minitrack, Telemetry, Array, Lag Periodic,  Command and Satan Antennas which 
w i l l  be t r ans fe r r ed  t o  t h i s  f a c i l i t y .  Special  switchgear, with dual  buss,  
w i l l  be i n s t a l l e d  i n  o rde r  t h a t  t h e  e l e c t r o n i c  equipment w i l l  not  be sub jec t  
t o  t r a n s i e n t  load pulsat ions.  The vol tage and frequency of t h e  pcwer w i l l  
n e c e s s i t a t e  s p e c i a l  r egu la t ion  t o  p e r m i t  proper operat ion of t h e  e l e c t r o n i c  
equipment. Communication connections w i l l  be made t o  t h e  Goddard Spacc? 
F l igh t  Center Communications Center. The a v a i l a b i l i t y  of real  time dat:a i s  
a bas i c  requirement. The construct ion w i l l  be such t h a t  enlargement 0: t h e  
f a c i l i t y  may b e  accomplished should t h e  need arise, without i n t e r f e r i n g  with 
the  ope ra t iona l  c a p a b i l i t i e s  of t h e  s t a t i o n .  The s i t e  w i l l  r e q u i r e  t h < i t  no 
high vol tage transmission l i n e s  o r  o t h e r  sources of RF i n t e r f e r e n c e  be 
located i n  the  immediate v i c i n i t y  and no physical  obs t ruc t ion  obscuring the  
horizon above t en  degrees. 

The generator bui lding w i l l  be of approximately 1,500 square f e e t  area. 
The construction w i l l  be of concrete and s t ee l  and w i l l  house d i e s e l  
generators  and ' a s soc ia t ed  switchgear equipment. 
c h i l l e d  water, steam and drainage systems w i l l  be provided t o  adequately 
support t he  proposed f a c i l i t y  including a parking area f o r  approxhnately 45 
personnel. 

The necessary e l ec t r i=a l ,  

The f a c i l . i t y  w i l l  be capable of serving as a primary telemetry s t a t i o n  
i n  the  NASA wcir1.d wide network of s a t e l l i t e  t r ack ing  and da ta  a c q u i s i t i o n  
s t a t i o n s  and its a r e a d i l y  access ib l e  f a c i l i t y  t o  permit development, check- 
out  and t e s t i n g  of new equipment and techniques as w e l l  as permitiEing 
engineering changes f o r  network equipment t o  be v e r i f i e d  and evaluated p r i o r  
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t o  modification of equipment a t  remote s t a t i o n s .  Another use of t he  s t a t i o n  
w i l l  be spacecra.ft and ground equipment compatabili ty t e s t i n g  p r i o r  t o  
sat e 1 1 i t  e launch. e s . 
PROJECT JUSTIFICATION : 

As the  urunanned space f l i g h t  programs advance i n t o  a s e r i e s  of  pro- 
g re s s ive  and more complex f l i g h t s  t h e  d e f i n i t e  need f o r  t h e  design, develop- 
ment and evaluat-ion of advanced equipment through t h e  network i s  apparent. 
The advanced cxmiplex equipment required w i l l  have t o  be evaluated f o r  deter-  
mining operat 1.ona1 performance p r i o r  t o  a c c e p t a b i l i t y  f o r  f i e l d  use. This 
p ro jec t  proposes the  construct ion of a s t a t i o n  t o  provide the  Goddard Space 
F l igh t  Center Engineering and Operations Division a means by which t o  per- 
form t h i s  engi-neering function. A t  present ,  the development and cwaluation 
c a p a b i l i t y  is ;  very l imited and r equ i r e s  considerable enhancement. The 
complete t e l m e t r y  system i d e n t i c a l  t o  t h e  e x i s t i n g  network sys t an  w i l l  pro- 
vide spacec ra f t  compat ibi l i ty  checks with the  network and network equipment 
as wel l  as the  evaluat ion of any proposed engineering modifications.  

The e x i s t i n g  “Real Time Telemetry S ta t ion”  a t  College Park, ;Maryland 

llhis 
w i l l  be in t eg ra t ed  i n t o  t h i s  f a c i l i t y .  The proposed s t a t i o n  w i l l  have t h e  
c a p a b i l i t y  t o  se rve  as a network l i n k  f o r  gather ing telemetry data. 
da t a  w i l l  be a v a i l a b l e  f o r  rea l  t i m e  da t a  processing because of the  proxi- 
mity t o  Goddard Space F l igh t  Center. It w i l l  provide t h e  p ro jec t  managers 
a t  Goddard SI’iice F l i g h t  Center with real  t i m e  data. The n e c e s s i t y  of real  
t i m e  data  has been demonstrated by pas t  S-3, S-6 and S-49 sa t e l l i t e  f l i g h t s  
and f u t u r e  requirements. 

The proposed f a c i l i t y  w i l l  reduce t o t a l  operat ing c o s t  by closing; t h e  
Blossom Point and College Park s t a t i o n s  while enhancing p ro jec t  required 
c a p a b i l i t i e s .  14 savings of approximately $250,000 per  year  is expected 
from the  el iminat ion of overlap of operat ion as compared with a c a p i t a l  
investment o.E $400,000. This savings r e s u l t s  from el iminat ion of con t r ac to r  
personnel required t o  operate  Blossom Point and College Park, t r a v e l  and 
dupl icat ion o f  l o g i s t i c s  support. A r ecen t  d e t a i l e d  no i se  survey of t h e  
area adjacent  to the  Goddard Space Fl igh t  Center r e f l e c t s  an acceptab1.e r ad io  
frequency no i se  leve l .  The d i e s e l  generators  w i l l  be used during c r i t i c a l  
t racking periods and as a standby i n  t h e  event of commercial power fa:.lure. 

ESTIMATED FUTURE YEAR FUNDING: None 
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GODDARD SPACE F L I G H T  C E N T E R  

FISCAL YEAR 1965 ESTIMATES 

R E M O T E  SITE A R E A S  - 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

- FLELOCATION OF WALLOPS ISLAND T R A I N I N G  FACILITY 

PROGRAM OFFICI: YOR THE INSTALLATION: Off ice  of Space Science and 
Applicat ions 

PROGRAM OFFICII --- FOR THE PROJECT: Off ice  of Tracking and Data Acquisit ion 

AUTHORIZATION -- LINE ITEM: 

LOCATION OF PROJECT: Greenbelt, Pr ince Georges County, Maryland 

Goddard Space F l i g h t  Center 

COGNIZANT -- NASA INSTALLATION: Goddard Space 

TYPE OF CONSTIgZTION PROJECT: New 

F'UNDING: 

FY 1963 and I?r ior  Years --- 
Fy 1964 Estimate --- 
FY 1965 Estimate $400,000 

Total  FundLng Through FY 1965 $100,000 

PROJECT COST ESTIMATE : --- 
Unit of 
Mea sure  

--- Land Acquisit ion 

Construct i on 

Operations and t r a i n i n g  
bu i 1 d:i ng 

Raised flolor 
U t i  1 :L t i e  s 
S i t e  preparat ion and 

f eiicing 
Roads and parking 

Equipment, 

Sq. Ft. 
Sq. Ft .  

LS 

LS 
LS 

--- 

F l i g h t  Center 

Unit 
c o s t  - 
--- 

$22.50 
5.00 

68,000 

50,000 
13,000 

Ilotal  
(:est -- 

--- 
$3'6,000 

2:!5,000 

08,000 

!io, 000 
'13,000 

:!o, 000 

--- 
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Unit of Unit To ta l  

D e  s ign  
C o s t  

3 24 ,,, 000 -- cost 
7 

Measure Quan t i ty  

For cons t ruc t ion  LS --- $24,000 24,000 

TOTAL $400,000 -- 
PROJECT DESCRIPTION: 

This  p ro jec t  proposes the  r e loca t ion  of t he  e x i s t i n g  Manned Space 
Training F a c i l i t y  a t  Wallops I s land ,  Va. t o  the  Goddard Space F l igh t  Center. 
The f a c i l i t y  w i l l  be located nor th  of the  Multi-Purpose Building #19, near 
the  nor thern  boundary of the  Center. The r e l o c a t i o n  w i l l  involve the  Eon- 
s t r u c t i o n  of a combined opera t ions  and t r a i n i n g  bui ld ing  cons i s t ing  of a 
ground f l o o r  and one add i t iona l  f l o o r ,  and w i l l  be of concrete  and s t e e l  
cons t ruc t ion  with masonry wal l s ,  and masonry and movable p a r t i t i o n s .  The 
opera t ions  a rea  w i l l  be on the  lower f l o o r  and w i l l  r equ i r e  approximately 
4,000 square f e e t  of r a i sed  f loo r ing  t o  accommodate cableways and a i r -  
condi t ioning clucts f o r  e l e c t r o n i c  equipment. "he re loca ted  f a c i l i t y  w i l l  
continue t o  serve a s  a primary t r a i n i n g  cen te r  f o r  personnel employed a t  
t he  var ious  trac:king s t a t i o n s  around the  world. It w i l l  serve,  i n  addi t ion ,  
a s  a r e a d i l y  t1cc:essible f a c i l i t y  t o  p e r m i t  t he  t e s t i n g  of new tralzking and 
da ta  techniques pe r t a in ing  t o  the  Manned Space F l i g h t  Program. The s i t e  f o r  
the  f a c i l i t y  trill r equ i r e  t h a t  no high vol tage  t ransmission l i n e s  o r  c the r  
sources of RF in t e r f e rence  be located i n  the  immediate v i c i n i t y  and nc 
physical  obsti-uction obscuring the  horizon above t e n  (10) degrees. Off ices ,  
l abo ra to r i e s ,  classrooms, and parking a reas  w i l l  be provided f o r  apprcxi- 
mately 50 personnel. A l l  necessary e l e c t r i c a l ,  c h i l l e d  water ,  steam end 
drainage systems w i l l  be provided t o  adequately support t h e  f a c i l i t y .  

PROJECT JUST IF I CAT I O N  : 

In  order  t o  make more e f f e c t i v e  use  of the  network t r a i n i n g  f a c i l i t i e s  
by the  personiie'l of t he  Manned Space F l i g h t  Operations Divis ion loca ted  a t  
the  Goddaird S.pace F l i g h t  Center,  it i s  proposed t h a t  the  Wallops I s land  
Training F a c i l i t y  be re loca ted  t o  the  Center. The r e l o c a t i o n  i s  just : . f ied 
on the  b a s i s  (of operat ing economy s ince  the  t r a i n i n g  f a c i l i t y  i s  prestintly 
s t a f f e d  by cont rac tor  personnel whose jobs  dupl ica te ,  t o  a degree, those 
performed by Goddard personnel. I f  t he  s t a t i o n  is loca ted  a t  the Center,  
some of the  cont rac tor  personnel could be el iminated and reduct ions  could 
be made i n  t r a v e l ,  l o g i s t i c s ,  maintenance and opera t iona l  cos t s .  With the  
advent of the  A p o l l o  program it i s  apparent t h a t  the  e x i s t i n g  traininlg a rea ,  
e s t ab l i shed  €or the  Mercury/Gemini programs, is unable t o  cope wlth the  
increased demand of t he  more advanced program. I f  the  f a c i l i t y  is no: r e lo -  
ca ted ,  the  present  a rea  must  be g r e a t l y  expanded due t o  the  increased work- 
load which w i l l  be necessary t o  meet the  Apollo program. 

ESTIMATED FUTURE YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

SUPPORTING SERVICES BUILDING 

PROGRAM 0FFIC:E FOR THE INSTALLATION: Off ice  of Space Science and 
Applications 

PROGRAM OFFICE FOR THE PROJECT: Off ice  of Advanced Research and Technology 

AUTHORIZATIOlJ LINE ITEM: 

LOCATION OF PROJECT: Edwards Test S t a t i o n  - Edwards A i r  

Je t  Propulsion Laboratory 

Kern County, C a l i f o r n i a  

COGNIZANT NASA INSTALLATION: Je t  Propulsion Laboratory 

TYPE OF CONST@CTION PROJECT: New 

FUNDING : 

FY 196.3 and P r i o r  Years -0- 

FY 1964 Estimate --.. 
FY 1965 Estimate $400 000 

Total  Funding Thru FY 1965 $400 000 

PROJECT COST ESTINATE : 
Unit of 
Measure Quant i ty  

Land Acquisit ion 0 - w  --.. 
Construct ions 

Support buii Id  ing Sq. Ft.  14,000 
S i t e  preparat ion LS 
Roads arid parking LS 
U t i l i t i e s  LS 

--- 
--L. --- 

Equipment 

Kitchen -e- 

Photo l abora to ry  --.. LS 
LS 

Force Base 

Unit 
c o s t  __. 

-“o 

$23.07 
2,500 

28 , 500 
1,000 

19,000 
6,000 

ro t a1  
cost 

..-- 
a55.000 

323,000 
2,500 

28,500 

4 25,000 

19 , 000 

1,000 

6 , 000 
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Desinn. 

For con E t  xuct i on  

Fa1 lou t She 1. t e r 

Unit of  Unit Total  
Measure Quan t i ty  - c o s t  cost  

$20.000 

LS -0- $20,000 20,000 

TOTAL 

PROJECT DESCRIPTION : 

This  p ro jec t  proviLzs f o r  t h e  completion of a 13,20, square foot com- 
bined eng,ineerj.ng and support s e rv i ces  bui ld ing  f o r  Edwards T e s t  Stat  ion. 
The proposed cons t ruc t ion  w i l l  provide a cen t r a l i zed  supporting f a c i l i t y  
which w i l l  encompass almost a l l  nonhazardous opera t ions  a t  t he  Test  5 t a t i on .  
The bui lding will include support shops, photo laboratory,  c a f e t e r i a ,  
l i b r a r y  and engineer ing of f  i ce s .  

bui lding a r e  o:E adequate s i z e  t o  support  t h e  present  t echn ica l  programs. 
The planned occupancy inc ludes  a t o t a l  of t h i r t y - s i x  personnel.  

PROJECT JUSTCF [CATION : 

The are,is  a l loca t ed  f o r  t he  var ious  support  func t ions  housed i n  t h i s  

A l l  of the old support s e rv i ces  area i s  i n c o r r e c t l y  s i t e d  from the  
s a f e t y  s tandpoint  as i t  l i e s  wi th in  inhabi ted  bu i ld ing  d i s t ances  cdf t.he 
test  s tands according t o  the  Ordnance Safe ty  Manual, ORDM 7-224. Thcse 
sa fe ty  dev ia t ions  e x i s t  because ORDM 7-224, which i s  a p a r t  of JPL's 
c o n t r a c t ,  w a s  not published u n t i l  1951, s i x  years  a f t e r  t h e  t e s t  s t a t i o n  
was activateld. The new support s e rv i ce  a rea  i s  proper ly  s i t e d  well asway 
from exp:losive and t o x i c  hazards  yet  c lose  enoughto provide a conveiiient, 
well i n t eg ra t ed  opera t ion  wi th in  one fenced a r e a  which provides  maxiinum 
s e c u r i t y  and property con t ro l  b e n e f i t s  with minimum manpower anc. t ra i ls-  
po r t  a t ioi i  resources.  

opera t ions  which cannot be conducted i n  Pasadena because of the  explosive 
and tox ic  hazards and the  noise  and atmospheric contamination which 3re 
o f t e n  associated with test  and development operat ions.  The fac: . I i ty  w i l l  
be used t o  support such cur ren t  JPL programs a s  Mariner, Syncom, and the  
l i q u i d  and s o l i d  propel lan t  supporting research and advanced develop nent 
programs. It w i l l  have t h e  f u r t h e r  c a p a b i l i t y  t o  support propu:.:sion t e s t i n g  
of a l l  spacecraf t  f o r  which JPL i s  given r e spons ib i l i t y .  

The proposed f a c i l i t y  w i l l  provide support s e rv i ces  f o r  JPI, t echn ica l  

I n  sumnary, t h e  proposed f a c i l i t y  i s  required t o  remove nonhazardous 
a c t i v i t i e s  from the  test  s t a n d  a reas  to permit compliance with the Ordnance 
Safe ty  ManuEl and t o  provide adequate f a c i l i t i e s  f o r  opera t ion  oE support 
functions.  

ESTIMATED FL'TU'RE YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

THERMAL CONTROL HOUSING AND BUILDING A3DITION 
FOR DYNAMICS RESEARCH LABORATORY 

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research, and 
Technology 

PROGRAM OFFICE FOR THE PROJECT: 

A U T H O R I Z A T I O ~ ~ I N E  I T E M :  LaQgley Research Center 

LOCATION OF PROJECT : Hampton, Virginia  

COGNIZANT NASA INSTALLATION : 

TYPE OF CONSGSICTION PROJECT: Al te ra t ion  

FUNDING : 

Office of Advanced Research and Technology 

Langley Research Center 

--- FY 1963 mid P r io r  Years 

N 1964 fSst:imate $60,000 

FY 1965 Estimate 801,000 

Total  Funding Through FY 1965 $861,002 

PROJECT cos'r ESTIMATE: 
Unit of Unit 

c o s t  Measure Quantity - 
-- --- --- --- Land Acquisit ion - --- 

Construe t.ion ----- 
Laboratory 
Sphere enclosure 
Additi.onii1 p o r t s  
Grading, paving, 

1 and :;c aping 
U t  i 1 i 1: .ie :; 
Cat:wa?llts, platforms and 

s t a i r s  i n  sphere 
enc :Losiire 

Sq. Ft .  
Sq. Ft .  

LS 

LS 
LS 

LS 

7,425 $20.10 
6,900 45.20 --- 10 , 100 

--- 13,600 --- 85,800 

--- 43,300 

Total  
c o s t  

$614 .OOO 

149,200 
312,000 

10,100 

13 , 600 
85 , 800 

43,300 
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Equipment 

Crane 
Spec i . a l  tmvironmental 

cont r c ~  I. s 

Design 

Fa1 lout: S h l t e r  

Unit  of Unit  T o t a l  
C o s t  

$187,000 

LS --- $60,350 60,350 

-- c o s t  Measure Quan t i t  y - 

LS --- 126,650 126,650 

PROJECT DESCRIPPION : 

The prolposed thermal c o n t r o l  housing w i l l  enc lose  t h e  60-foot vacuum 
sphere of t he  dynamics r e sea rch  labora tory .  
w i l l  be i n s t a l l e d  t o  maintain a uniform temperature  around t h e  sphe re ,  
Within the  enc losure  a b r idge  c rane  w i l l  be i n s t a l l e d  and obse rve r ' s  
catwalk erected. The enc losure  w i l l  be of steel frame and panel  con- 
s t r u c t i o n  and w i l l  be approximately 80 by 90 by 80 f e e t  high. 

A i r  condi t ion ing  equipment 

The p r o j e c t  also inc ludes  a two-story and basement a d d i t i o n  apprlDxi- 
mately 45 by 55, f e e t  t o  t h e  dynamics r e sea rch  l abora to ry  bui ld ing .  

PROJECT JUS'I'JpICATION : 

The 6O-.%oot vacuum sphere t o  be enclosed,  c o n s t i t u t e s  a free-body 
dynamics fac::ility f o r  r e sea rch  and development of spacec ra f t  o r i e n t a t  ion  
and c o n t r o l  systems i n  a s imulated space environment. 
temperature uni formi ty  on t h e  su r face  of t he  sphere i s  q u i t e  r igorous s i n c e  
spacec ra f t  sensors  a r e  q u i t e  s e n s i t i v e  t o  temperature d i f f e r e n t i a l s .  The 
sphere w a l l  temperature d i f f e r e n t i a l s  a r e  caused by s u n l i g h t ,  wind, r a i n ,  
and o t h e r  weather condi t ions .  

The requiremert  f o r  

Without some means of s t a b i l i z i n g  t h e  w a l l  temperatures ,  use of t h e  
sphere w i l l  be  l imi t ed  t o  a few hours  beginning when temperatures  s t , i b i l i z e  
a f t e r  sunse t ,  and ending a t  s u n r i s e ,  on those  n i g h t s  when o t h e r  weather 
f a c t o r s  a re  a l s o  cons tan t .  Uniform temperature of t h e  sphere t o  aborit p lus  
o r  minus 9'F i s  necessary  i n  o rde r  not  t o  in t roduce  a f a l s e  r a d i a t i o n  which 
w i l l  i n t e r f e r e  wi th  eva lua t ion  of t h e  sensor  under test. A r ecen t  s tudy 
ind ica t ed  that  t h e  a i r - cond i t ioned  enc losure  would be t h e  most econo n ica l  
means t o  maintain an adequately uniform w a l l  temperature f o r  t h e  necessary 
thermal d i f f e r e n t i a l  between the  p l ane ta ry  s imula tor  and the  w a l l s ,  

The proposed br idge  c rane  and catwalks  are necessary  t o  a i d  i n  
meeting the programmed workload. Th i s  workload a l s o  imposes a ?need f o r  
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a more ex tens ive  l abora to ry  support  area which w i l l  be m e t  by the  proposed 
l abora to ry  add i t ion .  The a d d i t i o n  will provide added f a c i l i t i e s  f o r  
eva lua t ion  and development of sensor  and spacec ra f t  elements re1at:ing 50 

i n v e s t i g a t i o n s  t o  be c a r r i e d  on i n  the  sphere.  

ESTIMATED FUTURE YEAR FUNDING: None 

a 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

FAT IGUE RE SEARCH LABORATORY 

PROGRAM OFFICE FOR THE INSTALLATION: Of f i ce  o f  Advanced Research and 
Technology 

PROGRAM OFFICE FOR THE PROJECT: Of f i ce  of Advanced Research and Techlology 

AUTHORIZA'IIOI\I LINE ITEM: Langley Research Center 

LOCATION OF PROJECT: Hampton, V i r g i n i a  

COGNIZANT NASAINSTALLATION: Langley Research Center 

TYPE OF CONSTRUCTION PROJECT: New 

FUNDING : 

--" FY 1963 ar.d P r i o r  Years 

FY 1964 E,s;ti.mate $70,000 

FY 1965 E;c ; t i .mate  1,221.000 

T o t a l  Furtclirig Through Ey 1965 $1.291.000 

PROJECT COST ESTIMATE : 

La.nd Acqui.5il:ion 

Cons t riic t ion  

Unit  of 
Measure 

Laboratory sq. Ft.  
Special  foundations,  f i x t u r e s  

and co nt  ro 1 s LS 
S i t e  p repa ra t ion  LS 
Mech.ani c a l  u t i l i t i e s  LS 
E l e c t r i c a l  u t i l i t i e s  LS 

Cranes LS 

Instrument a t  i on  LS 
Fatigue r e sea rch  equipment LS 

Laboratcsry e'quipment LS 

C&antitv 

--I 

24,500 

Unit Totz.1 
co s t <:o s t 

$8'73 .!= 
$24.20 592,!tOO 

44,100 4 4 ,  :LOO 
21,600 21,000 

202,900 20 2,')OO 
12,000 12,000 

$347.500 

55,200 55,200 

170,700 170,700 
9,600 9,600 

112,000 112,300 

C ?  6-7 



Desim 

Fa1 l o u t  Sh.el  t :er  

Unit of Unit TlDtal 
c o s t  C 3 s t  Measure Quant i t  Y - --- --e --- 

PROJECT DESCKCPTION : 

This  pro,ject  w i l l  provide a l abora to ry  wi th  a f l o o r  a rea  of apprclxi- 
mately 24:,500 square f e e t  d iv ided  i n t o  t h r e e  genera l  a r eas :  

(1) H o t  s t r u c t u r e  test  area, approximately 5,000 square f e e t  provided 
t o  support  l a r g e  s t r u c t u r a l  components dur ing  t e s t s  under c y c l i c  heat:.ng 
and loading. 

(2)  General f a t i g u e  test  area, approximately 15,500 square f e e t  of 
a i r -condi t ioned  space t o  house e x i s t i n g  Langley f a t i g u e  test  machines and 
associatetd equipment. Spec ia l  c e l l s  w i l l  p r o t e c t  personnel  from very high 
i n t e n s i t y  noise  a s soc ia t ed  wi th  high-performance hydraul ic  test apparatus.  
A l i gh t - con t ro l l ed  room f o r  pho to -e l a s t i c  s t r e s s  a n a l y s i s  and s p e c i a l  
environmental con t ro l  f o r  t e s t s  i n  simulated space environments w i l l  b e  
provided. 

(3)  General work space, approximately 4,000 square f e e t  of space f o r  
working a.reas f o r  s c i e n t i f i c  and support ing personnel.  

This  p r o j e c t  w i l l  u t i l i z e  the  lomegawat t  power supply i n  an ad jacent  
bui lding.  

PROSECT JUS7XF:ICATION : 

Fat igue  f a i l u r e s  of m a t e r i a l s  and s t r u c t u r e s  i n  ope ra t iona l  air< r a f t  
cont inue t o  be very c o s t l y  t o  the  United S t a t e s ,  both from a monetary 
s tandpoint  m d  from loss i n  human l i v e s .  

Pas t  e f f o r t s  have been concerned p r imar i ly  with aeronaut i c i d  f a1:igue 
research ,  a n d  NASA w i l l  cont inue t o  p l ay  a major r o l e  i n  t h i s  area.  Exten- 
s i v e  f a t i g u e  research  i s  needed on high performance a i r c r a f t  f o r  which 
f a t i g u e  ? w i l l  be a major des ign  cons idera t ion .  AS manned exp lo ra t ion  of 
space i s  increased  v e h i c l e s  w i l l  be on longer  missions and f u t u r e  spsce 
veh ic l e s  w i l l  be recovered and reused. Prevent ion of f a t i g u e  f a i l u r :  w i l l  
become a major des ign  cons ide ra t ion  i n  t h i s  a r e a  a l so .  

The need f o r  f a t i g u e  research  w i l l  cont inue so long a s  new m a t e r i a l s ,  
new s t r u c t u r a l  conf igu ra t ions ,  and new environmental cond i t ions  occur. 
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Fat igue  research  a t  Langley i s  handicapped i n  meeting t h e  program 
requirements h c a u s e  of t he  l ack  of adequate f a c i l i t i e s .  Tests r e q u i r e  
a more contro:lLed environment ope ra t ion  and more space than is availab1.e 
i n  the  p re sen t  f *ac ili t i e s  . 

This  pro.ject was o r i g i n a l l y  submitted i n  t h e  Langley f i s c a l  year 11.964 
budget e s t ima tes  but  was de fe r r ed  by the  a u t h o r i z a t i o n  committee u n t i l  a 
following year .  The f a c i l i t y  i s  considered urgent  and is now being re- 
submitted.  

ESTIMATED FmJ YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

CENTRAL HIGH PRESSURE A I R  SUPPLY 

PROGRAM OFFIaFOR THE INSTALLATION: Off ice  of Advanced Research and 
Techno logy 

PROGRAM OFFIcle_POR THE PROJECT: Off ice  of Advanced Research and Technology 

AUTHORIZATION-UNE ITEM: Langley Research Center 

LOCATION OF PROJECT: Hampton, Virginia 

COGNIZANLI NASAINSTALLATION: Langley Research Center 

TYPE OF CONSTgl3TION PROJECT: New 

FUNDING: 

FY 1963 and Prior Years 0-0 

F'Y 1964 Estimate 4 15 7.000 

FY 1965 Estimate 2.077.000 

Tota l  Funding Through FY 1965 

PROJECT COST ESTIMATE: 
Unit of 
Measure Quant it Y 

Land Acquisit ion 

Cons t ruc t ig i  

Building (irtcluding 
equipment foundations, Sq. F t .  12,840 

A i r  storaj:e f i e l d  and 
men i f  o 1.d LS 

B1ectxicai:L u t i l i t i e s  LS 
Road extensfion sq. Yds. 

Equipment 

Compressoi:s Each 
Compressor aux i l i a ry  and 

connect:r>r piping LS 

Unit 
c o s t  - 

-0.. 

27.32 

0-0 245,800 
-0- 150,400 
790 7.72 

3 301,200 

0-- 420,300 

Tota l  
cos t  -,- 

~753,100 

35a, 800 

245,800 
150,400 

6,100 

11.323: .900 

903,600 

420,300 
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Unit  of Unit  T o t a l  
Measur e Quant i ty  G o s t  

-I- 

Cost - 
Design 

Fa l lou t  S h e l t e r  

TOTAL &1,077,000 

PROJECT DESCR1;P'lIION : 

This  pro-ject w i l l  p rovide  a c e n t r a l  high-pressure a i r  supply a t  t h e  
Langley Keseau-ch Center capable  of supplying 5,000 p s i  a i r  a t  t h e  r a t e  of 
about 400,000 pounds per  s h i f t .  
en la rged  wi th  t h e  a d d i t i o n  of t h r e e  compressors, r e l a t e d  e l e c t r i c + a l  
equipment, arid cool ing  towers. The e x i s t i n g  air s t o r a g e  w i l l  be increased 
by b o t t l e s  providing about 73,000 pounds capac i ty .  

A n  e x i s t i n g  compressor s t a t i o n  w i l l  b e  

PKOJECT JUSTXI~I~ATION: 

The o r i g i n a l  5,000 p s i  a i r  compressor s t a t i o n  a t  Langley w a s  designed 
i n  1949 t o  genera te  hypersonic  flows i n  a few ad jacen t  blow-down wind 
tunne l s  w i t h  ia raaximum test s e c t i o n  diameter of 10 inches. The p r a c t i c a l  
a p p l i c a t i o n s  of hypersonic  flow phenomena have n e c e s s i t a t e d  increased  
experiment:al e f f o r t  a t  t h e s e  speeds and have r equ i r ed  new f a c i l i t i e s  which 
are now tax ing  t h e  capac i ty  of t h e  p re sen t  compressor s t a t i o n .  

High p res su re  a i r  t o  a t t a i n  very  h igh  Mach numbers is p r e s e n t l y  used 
i n  19 experirnlental f a c i l i t i e s  suppl ied  by a 5,000 p s i  compressor s t a t i o n  
capable  of pmdiucing n e a r l y  200,000 pounds pe r  8-hour s h i f t ,  and a 
s t o r a g e  f i e l d  of about 500,000 pounds capac i ty .  
requirement :Is p r e s e n t l y  about 320,000 pounds of a i r ,  so t h e  compressors 
are opera ted  3n a two-shif t  b a s i s .  The s to rage  f i e l d  acts as a r e s e r v o i r  
t o  supply t h e  l a r g e ,  shor t -per iod  demands f o r  a i r .  Imminent ope ra t ion  of 
t h e  8-foot high-temperature s t r u c t u r e s  tunnel  w i l l  double t h e  dally axr 
requirement.  
information having a p p l i c a t i o n  t o  m i l i t a r y  and c i v i l i a n  aerospace veh:i.cles 
i f  t h i s  f a c i l i t y  is not  obtained.  

The average d a i l y  a i l  

T h e r e  will be de lays  i n  many v i t a l  programs t o  develop 

ESTIMATED FUZEE YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

UTILITY IMPROVEMENTS - ELECTRICAL SYSTEM 

PROGRAM OFFICE: FOR THE INSTALLATION: O f f i c e  of  Advanced R e s e a r c h  and 
Technology 

PROGRAM OFFICE: FOR THE PROJECT: O f f i c e  o f  Advanced Research and  Technology 

AUTHORIZATION LINE ITEM: L a n g l e y  Research Center 

LOCATION OF I’ROJECT: Hampton, V i rg in i a  

COGNIZANT NASA ICNSTALLATION: L a n g l e y  Resea rch  Center 

TYPE OF CC~NSI”IUCTI0N PROJECT: New 

FUNDING : 

-0- FY 1963 arid I?rior Years 

--- FY 1964 Estimate 

FY 196 f i  E ii 1: i r n a t  e 

T o t a l  frund:ing Through FY 1965 

$355 .OOO 

$355.000 

PROJECT COST IXCIMATE : 
U n i t  of Unit  Tci ta l  
Me a s u r e  Quanti  t Y cost C o s t  

--- --- --- --- Land Acquj. :;it ion  

C o n s t r u c t  ion  =I. 000 

T r a n s  f o ime:r s , ci r c u i  t b re aker s LS --- $189 , 700 1851,700 
Bus .tnst.sl:L., c a b l i n g ,  s w i t c h i n g  LS --- 165,300 16!i,300 

E q u i p m e ?  

Design 

F a l l o u t  S h e l t e r  

TOTAL -, $35!.i,OOO 
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PROJECT DESCR.I.PT1ON : 

This  proj1ec:t w i l l  c o n s i s t  o f  i nc reas ing  t h e  a v a i l a b l e  e l e c t r i c a l  
d i s t r i b u t i o n  system capac i ty  on t h e  primary sub-s ta t ion  d i s t r i b u t i o n  bus  
a t  LRC. Transformers,  c i r c u i t  b reakers ,  and o t h e r  electrical  gear  w i l l  
be added t o  ~~i :ovide t h e  necessary i s o l a t i o n  f o r  c i r c u i t s  having high 
t r a n s i e n t  e1ecti:ical loads,  P rov i s ions  w i l l  also be included f o r  updeiting 
and coordi,nat::ing t h e  balance of t h e  d i s t r i b u t i o n  system a t  o t h e r  secorldary 
sub - s t a t ions  to accommodate e x i s t i n g  and programmed research  f a c i l i t y  
requirements having t r a n s i e n t  power loads  which a f f e c t  t h e  vo l t age  regu-  
l a t i o n  of  t h e  e n t i r e  d i s t r i b u t i o n  system. 

PROJECT JUSTXI!ICATION : 

Expansion and modi f ica t ion  of t h e  Langley Research Center d i s t r i b u -  
t i o n  system i s  needed t o  accommodate i n c r e a s e s  and changes i n  e l e c t r i c a l  
load brought about by t h e  a d d i t i o n  of new research  f a c i l i t i e s .  

Under present  condi t ions ,  r e sea rch  f a c i l i t i e s  a r e  being restricted 
i n  opera t ion  du'e t o  the  l imi t ed  capac i ty  of t h e  e x i s t i n g  system. I n  
add i t ion ,  ope ra t ion  of t h e  l a r g e  (10,000 KW) e l e c t r i c  a r c  a i r  h e a t e r s  
operated i n  severa l  new research  f a c i l i t i e s  i s  imposing t r a n s i e n t  lo,id 
d i s tu rbances  on t h e  d i s t r i b u t i o n  system. These d i s tu rbances  a f f e c t  t h e  
accuracy of d a t a  recorded on some research  ins t rumenta t ion  wi th  t h e  
r e s u l t a n t  n e c e s s i t y  f o r  r epea t ing  t e s t  runs upon occasion. 

The loads introduced by new f a c i l i t i e s  now under cons t ruc t ion  w i l l  
i nc rease  the  Center ' s  base load by approximately 16,000 KW. These f a c i l -  
i t i e s  involve new vacuum and helium pumping systems, power and a u x i l i a r i e s  
f o r  high 'heat rate environmental  t e s t  systems and s h o r t  t i m e  (10.minutes) 
high t r a n s i e n t  e l e c t r i c  a r c  and h e a t e r  power loads  approximating 25,030 KW. 

I s o l a t i o n  of t h e  loads  should be undertaken and t h e  balance of  t he  
d i s t r i b u t i o n  system updated and coordinated i n  o rde r  t o  prevent  p o s s i b l e  
breakdowns and e l imina te  undue i n t e r f e r e n c e  with o t h e r  r e sea rch  f a c i l i t y  
opera t ions .  

ESTIMATED FUTURE YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

138-34.5KV ELECTRICAL POWER SUBSTATION 
(Plum Brook Station) 

PROGRAM OZ'FICE --- FOR THE INSTALLATION: Office of Advanced Research 6 
Technology 

PROGRAM OFFICI3 --I ]?OR THE PROJECT: Office of Advanced Research & Technol.ogy 

AUTHORIZATIOIJ&LNE ITEM: Lewis Research Center 

LOCATION OF :PROJECT: Plum Brook Station, Sandusky, Erie County, Ohio 

COGNIZANT W~AINSTAUATION: Lewis Research Center 

TYPE OF CONS'TTCTION PROJECT: New 

FUNDING: 

FY 1963 and Prior Years --- 
FY 1964 Estimate $40,000 

FY 1965 Er'timate 810,000 

Total Funding Through FY 1965 $850,000 

PROJECT C0S'JlS;TIMATE: 
Unit of Unit Total 
Measure Quantity cost - cost -- 

Land Acqi1:Ls:Ltion 

Cons truck& 

--- 

Site preparation clearing, 

Roads rand utilities - water, 
Control, relay, and metering 

Foundations, fence, cable, 

13,000 grading, and surfacing LS -0- $13,0010 

gas, sewers, and communications LS 0-- 18,000 18,000 

1,540 12.99 20,000 building Sq. Ft. 

conduit and grounding LS -0- 30,000 30,000 
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Equipment 

Power trctncr formers 
138 K:V c:j!rc:uit breakers  
34.5 KV c i r c u i t  breakers 
Control ,, metering, and r e l a y  

equipnumt 
Sub s t:a t ion s t r u c  t u r e  , d i s  - 

connec:l: switches,  i n s u l a t o r s ,  
bus bars:, arresters, and 
instrunlent transformers 

Design 

F a l l o u t  She l t e r  

Unit of Unit Total  
Measure Quantity cos t  - c o s t  

7 

$72 9,000 

LS --- $290,000 290,000 
LS -0- 140,000 140,000 
LS --- 65,000 6'5,000 

LS -0- 90,000 90,000 

$810,000 -- TOTAL 

PROJECT DES CI.::CPYION : 

This pro-ject  cons i s t s  of modif icat ions and addi t ions  t o  the  ex i s t ing  
electrical. pcwei: system a t  the  Plum Brook Stat ion.  
w i l l  be instsil.lsd on a loop of a 138 KV transmission l i n e  t o  be run i n t o  
the  s t a t i o n  by t he  l o c a l  u t i l i t i e s  company. Two 40,000 KVA transformers 
w i l l  be instatl.ltid, wi th  c a p a b i l i t y  of being converted t o  50,000 KVA each by 
fu tu re  modifications.  The new subs t a t ion  w i l l  transform the  power t o  the  
ex i s t ing  34.5 KV transmission system l e v e l  and w i l l  include a l l  necesslary 
c i r c u i t  breakrxo, con t ro l s ,  metering, p ro t ec t ive  equipment, and automa t i c  
f ea tu res  requ;trt:d. 

A 138-34.5 KV subs t a t ion  

PROJECT JUSTXIW2lTION: 

The present: e l e c t r i c a l  s e rv i ce  t o  the  Plum Brook S ta t ion  is  provided 
by the  l o c a l  cilectrical power u t i l i t y  company by means of two 34.5 KV 
c i rcu i t s  emarwting from a subs ta t ion  loca ted  i n  Sandusky, Ohio. 

The estknated e l e c t r i c  power requirements f o r  t he  calendar year 1966 
and beyond csuinot be supplied by t h e  e x i s t i n g  34.5 KV serv ices .  

On the  hisis of t h e  es t imated load development a t  Plum Brook S ta t ion ,  
the  expected 1.0ztd growth i n  the area, and f a c i l i t i e s  ava i l ab le  t o  reqLire 
addi t iona l  seiwice a t  t h e  34.5 KV l e v e l ,  i t  w i l l  be necessary t o  convert 
t o  138 KV supply by the  second quar te r  of calendar year 1966. 

The na ture  of severa l  of the  research  t e s t i n g  f a c i l i t i e s  a t  t h e  I'lum 
Brook S ta t ion  requi res  a high degree of r e l i a b i l i t y  of e l e c t r i c a l  poweir over 

CF '7-4 

718-881 0 - li4 - 20 



prolonged periods of time. Interruption of e l ec tr i ca l  power to these re- 
search f a c i l i t i e s  during test ing operations may resul t  i n  loss of expierimen- 
t a l  test data ,  set-up and operational t i m e ,  and in  some cases may lead to  
damage t o  research and f a c i l i t y  components. 

ESTIMATED FUTURE YEAR FUNDING: None 
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LEWIS RESEARCH CENTER 
FISCAL YEAR 1965 ESTIMATES 

138-34.5 K V .  ELECTRICAL POWER SUB-STATION 
PLUM BROOK STATION 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

FACILITIES FOR M - 1  ENGINE PROGRAM 

PROGRAM OI’FICIS --- FOR THE INSTALLATION: Off  i ce  of Advanced Research and 
Technology 

PROGRAM OFFIC‘I FOR THE PROJECT: O f f  ice of Advanced Resea rch  and Technology 

AUTHORIZATIO1\LLI;NE ITEM: V a r i o u s  L o c a t i o n s  

LOCATION OF I’I<O.JECT : Sacramento  County,  C a l i f o r n i a  

COGNIZANT NASA XNSTALLATION: L e w i s  Resc  a r c h  C e n t e r  

TYPE OF CONST.RUCTION PROJECT : New 

FUNDING : 

FY 1963 and P r i o r  Years $13,166,000 

FY 1964 Estimate 10,030,000 

FY 1965 E s t i m a t e  3,970,000 

T o t a l  Funcing  Through FY 1965 $27,166,000 

PROJECT COST ESTIMATE : 
Uni t  of U n i t  
M e  as u r  e Quan t i t  y c o s t  

Cons t r.uct::ion ----- 

Equipment 

Conitro 1 s 
P r o p e l l a n t  sys t ems  
O t h e r  
I n s t r u m e n t a t i o n  
F a b r i c a t i o n  

LS 
LS 

LS 
LS 
LS 
LS 
LS 

T o t a l  
c o s t  -- 

ii240,OOO 

$200 000 200 , 000 
40,000 40 000 

$3,730,000 

327,500 327,500 
2 , 3  15 200 

176,500 176 , 500 
882 , 500 882 500 

28 300 28 , 300 

2,315 200 

Des i g n  
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Unit of  Unit To ta l  
c o s t  -_ c o s t  Measure Quan t i ty  - 

PROJECT DESCR.l.P?'ION : 

This prof,ec:t provides f o r  t h e  fol lowing items of cons t ruc t ion :  

(1) Add]-tFona1 p rope l l an t  unloading, d i s t r i b u t i o n ,  and s to rage  
s y s t e m  f o r  l i q u i d  hydrogen, l i q u i d  oxygen, l i q u i d  n i t r o g e n ,  
gaseous hydrogen , gaseous n i t r o g e n ,  and gaseous helium to  
complete the  t e s t  a r e a  support  necessary f o r  t es t  s t and  
K-I.. 

(2) Add-itional d e f l e c t o r  cool ing water  s t o r a g e  and pumping 
f a c i l i t i e s  f o r  t he  K-1 t e s t  s tand.  

(3) Addit ional  c o n t r o l  room equipment f o r  t e s t  s t and  K - 1 .  

( 4 )  Test 'equipment and i n d u s t r i a l  equipment t o  provide f o r  
equipment wear and replacement n e c e s s i t a t e d  by damage, 
telzhnical improvements, and/or design r e v i s i o n s .  

PROJECT JUSTggCATION : 

This p r o j e c t  i s  required t o  provide t h e  a d d i t i o n a l  f a c i l i t i e s  ne':essary 
t o  support  t h e  development of t he  M-1 engine.  
programs provided component t e s t  s t ands  C y  E ,  G ,  and H for thrust: chainber, 
gas generator  and turbopump t e s t i n g ;  i n i t i a t i o n  of t h e  Engine System rest 
Complex and par t ia l  c o n s t r u c t i o n  of t h e  l i m i t e d  f i r i n g  d u r a t i o n  1;-1 engine 
t e s t  s t and .  This y e a r ' s  cons t ruc t ion  funds w i l l  complete cons t ruc t ion  of 
Engine Test  Eltand K - 1 .  

P r i o r  year  c o n s t r u c t i o i  

The K - 1  s t a n d  w i l l  provide a c a p a b i l i t y  f o r  eva lua t ion  of t h e  i n t e r a c t i o n  of 
engine comportents, each ope ra t ing  a t  design cond i t ions  i n  an engine system. 
Such eva lua t ion  cannot be obtained on t h e  e x i s t i n g  component t e s t  s tands.  
With the  completed K - 1  engine s t a n d ,  the coupling of syster.. compments with 
the  p o s s i b i l r t i e s  of complex v i b r a t i o n s  o r  o s c i l l a t i o n s  can be evaluated f o r  
t h e  f i r s t  t ine; ,  components can also be evaluated i n  an engine system with 
r e spec t  t o  s t a r t  and s t o p  t r a n s i e n t s ;  and t o t a l  system performance c ~ n  be 
obtained wit:h a r e a l i s t i c  p r o p e l l a n t  flow conf igu ra t ion .  I n  addi t ior , . ,  t h i s  
p r o j e c t  allows f o r  replacement of damaged t e s t  equipment, changes i n  t e s t  
requirements and design r e v i s i o n s .  

The K-:l engine t e s t  s t and  i s  planned t o  be  used f o r  engine t e s t s  i n  
e a r l y  1966. 
t i o n  of t h i s  s t and  has  been de fe r r ed .  However, f u r t h e r  delay in. proiriding 
t h e s e  engine t e s t  f a c i l i t i e s  and equipment w i l l  p r o h i b i t  ob ta in ing  0:: 

Because of t h e  funding exigencies  of o t h e r  p r o g r m s ,  construc-  
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information on component interaction i n  the environment of the engine 5;ystem. 
Such inforrnat:ion i s  v i t a l  t o  system integration and may require solme compo- 
nent modification and redevelopment. Thus, these f a c i l i t i e s  are now crucial 
i n  the develo.pnent of the 1,500,000 pound thrust l iquid hydrogen/liquiti 
oxygen, M-1 engine. 

ESTIMATED FUT_U@ YEAR FUNDING: $33,ooo,ooo 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATF,S 

- ADDITION To SPACE RADIATION EFFECTS LABORATOKY 

FOK ADDED CAPABILITIES 

PROGRAM OFFICE LC)R THE INSTALLATION: Of f i ce  of  Advanced Research and 
Technology 

PROGRAM OFFICE:F()R THE PROJECT: 

AUTHORIZATION J,JJ?E ITEM: Various Locations 

Off ice  of Advanced Research and Technology 

LOCATION OF PKOJECT: Newport News, Vi rg in ia  

COGNIZANT NAS#~IPSTALLATION: Langley Research Center 

TYPE OF CONSTNgrION PROJECT : Extens ion 

FUNDING: 

FY 1963 and :Prior '{ears 

FY 1964 E 6 t h a t e  

FY 196.5 Bs tha te  

To ta l  Funding Through FY 1965 

PROJECT COST ESTIMATE: 

Land Acquisit ion 

Cons t r u c  tioI! 

Bu i Id ing 
P i l i n g  ant1 cooling 

tower fiounda t ion  
S h ie 1 ding 
Env ir onmc:iit a1 contro 1s 
E lec tr  i c n  :L u t i l i t i e s  
Demolit ion, excavating, 

and grciciing 
U t i l i t y  tticench 

Unit of 
Measure 

--I 

Sq. Ft .  

LS 
LS 
LS 
LS 

LS 
LE 

$12,382,000 

105,000 

1,876,000 

To ta l  
cos t  

Unit 
cos t  

-I- - 

$1 I 376,> 300 

$21.16 118 500 

106,000 1061 , 000 
815,000 8 151 ,000 
142,900 142 900 
165 000 16!11,000 

10,900 10,900 
300 18,000 
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Unit of 
Measure 

Equipment 

Instrumentiit :ion LS 
Experhentta1 physics 

faci1it:Les LS 
Kadiation imaitor ing 

system LS 
Beam tranrrgo:~ ta  t ion  

system LS 
Extension of  crane ra i l s  LS 

Des inn --- 
Fa l lou t  She&l.L --- 

Unit 
Cost - Quan t i ty  

-9- $300,000 

0.0 90 , 000 

9-.. 5,000 

-0- 88,500 -..- 16 , 200 

To t a  1 
Cast 
-I- 

$499,700 

300,000 

90 I 000 

5,000 

88 ,, 500 
16 ,, 200 

--- 

$1,876 ,E --- TOTAL 

PROJECT DESCRIPTION: 

The add i t ion  t o  t h e  space r ad ia t ion  e f f e c t s  laboratory w i l l  include 
a neutron-meson experimental area together with t h e  necessary shield in^^, 
beam t ranspor t  systems, con t ro l s ,  instrumentation a u x i l i a r y  equipment, 
and building serv ices .  
production of neutrons and mesons by t h e  c o l l i s i o n s  of t h e  protons i n  lthe 
synchrocyclotron with these  t a r g e t s .  High-density concrete and tsteel 
sh i e ld ing  w i l l  b e  u t i l i z e d  t o  minimize t h e  thickness of t h i s  sh i e ld ing  
w a l l  between the synchrocyclotron and t h e  neutron-meson area. Appropriate 
passages through. t h e  sh ie ld ing  w a l l  f o r  t h e  neutrons and mesons w i l l  ble 
provided. 

Su i t ab le  i n t e r n a l  t a r g e t s  w i l l  be provided for  t h e  

PROJECT JUSTII'ICATION : 

Recent space f l i g h t  experience has ind ica ted  a n  urgent need t o  study 
fu r the r  a spec t s  of r a d i a t i o n  damage caused by secondary emission produced 
by the  impact of:' energe t ic  protons on spacecraf t .  

The secalndary r a d i a t i o n  c a p a b i l i t y ,  inherent  i n  t h e  acce le ra to r s  i n  
t h e  space r ad ia t ion  e f f e c t s  laboratory,  can be u t i l i z e d  by providing a 
a general  purpose research area i n  which the  secondary p a r t i c l e s  such as 
neutrons and mietsons which occur when protons and e l ec t rons  i n t e r a c t  with 
the  space vehilclie sur face  can be studied. The 'laboratory w i l l  then have 
the  unique c a p a b i l i t y  of being a b l e  t o  conduct experiments with proton, 
e lec t ron ,  neutron, and meson beams i n  independent experimental areas , required 
t o  determine the e f f e c t s  of p a r t i c l e  r a d i a t i o n  encountered i n  space f l i g h t .  



and the corrective measures required to minimize the hazards o f  this 
radiation. 

As time permits, the f a c i l i t y  w i l l  be used for the education and 
training of the very specialized people needed for t h i s  work. 

ESTIMATED PUTUgEYEAR FUNDING: None 
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VARJOUS LOCATIONS 
FISCAL YEAR 1965 ESTIMATES 

ADDITION TO SPACE RADIATION EFFECTS LABORATORY 
FOR ADDED CAPABILITIES 

lr------------ 
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I 34'- 6 ' 
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CON STRU CT I O N  0 F F AC I L  I T  I E  S 

FISCAL YEAR 1965 ESTIMATES 

- AI'OLLO NETWORK GROUND STATIONS - NEW STATIONS 

PROGRAM OFFICE F'OR THE INSTALLATION: Of f i ce  of Space Science and 
Appl ica t ions  

PROGRAM OFFICE FOR THE PROJECT: 

AUTHORIZATION IGVE ITEM: Various Loca t ions  

LOCATION OF PRDJECT: Cape Kennedy, F l o r i d a  

O f f i c e  of Tracking and Data 

Northwest P a c i f i c  
Ascension I s l a n d  

COGNIZANT NASA INSTALLATION: 

TYPE OF CONsTRUCTION PROJECT: N e w  

Goddard Space F l i g h t  Center 

FUNDING : 
Cape Kennedy 

--- FY 1963 anc. F r i o r  Years 

FY 1964 Es.t:inrate $15,000 

FY 1965, EE;t:iniate 300 , 000 

T o t a l  F'undIlng Through FY 1965 $315,000 

PROJECT COST JEsl.IMATE - CAPE KENNEDY: 

Land Acquyisi'tion 

Construct  :i on 

Uni t  of 
Measure 

--- 

Northwest 
P a c i f i c  

--- 
$170,000 

1,670,000 

$1,840,000 

Quant i ty  

--- 

Instrument  a t  i on  and 
opera t ions  bu i ld ing  Sq. Ft.  3,000 

Genera t 'or bu i ld ing  Sq. Ft .  1,000 
Hydro-mechanical services LS 

S i t e  p repara t ion  LS 

--- 
--- LS 

LS 

U t i l i t i e s  
Generators  s w i  t chgear  --- and t ransformers  --- 

Acqui s i t  i c  in 

A sce*,i s ion  
I s l a n d  -- 

$170,000 

2 , 040 , 000 - 
&2,210,000 
e-- 

Uni t  T o t a l  
cost cost - 
--- 

=lo, 000 

$29. OCi 1)7,000 
25.00 : !5,000 

58,000 li8,OOO 
20 OOCl :!o, 000 

90,000 ')O,OOO 
10 000 LO, 000 

CF 12-34 



Roads and parking 

E q uipmeii t 

D e  s ign 

Fa 1 1 out She 1 t e r 

Unit of 
Measure 

LS 

--- 
--- 

--- 

Unit To ta l  
cos t  cos t  - 

$10,000 ~.O,OOO 

TOTAL 

PROJECT COST l??IMATE - NORTHWEST PACIFIC: 

Land Acgui.sit:ion 

Construct i. on 

Instrumentation and 

Generator bui lding 
Hydro-mechanical services 
U t i 1  i t i e  :j 
Genera to:c s ,, s w i  tchgear 

S i t e  preparat ion 
Roads ai113 .parking 

opera t::i on s bui ld ing  

and tlrqnn:;formers 

E qu i  pme n t 

D e  sign 

Fa 11 out She 1 ter 

Unit of 
Mea sure  

--- 

S q .  Ft, 
Sq. Ft. 

LS 
LS 

LS 
LS 
LS 

--- 
--- 
--- 

Unit Tota l  
cos t  cos t  - 

.$1,670,000 

$53.75 

20,000 
46.67 

295,000 

385,000 
130 , 000 

55,000 

--- 
--- 
--- 

64 5 , 000 
14  0,000 

251 5 , 000 
f’0,ooo 

385,000 
130,000 

!15,000 

--- 
--- 
--- 

~1,670,000 -- TOTAL 

PROJECT COST ESTIMATE - ASCENSION ISLAND: 

Unit of 
M e  a sur  e 

--- Land Acqu.i.si.tion 

Unii: Tota l  
cost, c o s t  Quantity - 
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Unit of 
Measure 

Construct  i(3; 

Ins t rumenta t ion  and 

Generator bu i ld ing  
Hydro,-mechanical s e r v i c e s  
U t i  1 it &e s 
Generators ,  switchgear 

S i t e  p repa ra t ion  
Roads and parking 

ope ra t ions  bu i ld ing  

and t ransformers  

E q u i  pmeG 

De s ign  

F a l l o u t  Shc!lt:er s 

Sq,  Ft. 
Sq. Ft. 

LS 
LS 

LS 
LS 
LS 

--- 

Unit T o t a l  
c o s t  c o s t  -. 

$2.040,000 

$74.17 1390,000 

25,000 25,000 
66.67 .'!OO, 000 

345,000 345,000 

360,000 360,000 
140,000 140,000 
80,000 80,000 

e - .- --- 

PROJECT DE SCXCPTION : 

$2.040,000 

GRAND TOTAL $4,010,000 
-I 

TOT€& 

Th i s  p r o j e c t  provides  f o r  t h e  cons t ruc t ion  of t h r e e  (3) new s t a t i o n s  f o r  
t h e  Manned Spsccc F l i g h t  Network (MSFW) t o  accommodate ins t rumenta t ion  systems 
requi red  to support  t he  Apollo program. The phys ica l  f e a t u r e s  of t he  s t a t i o n s  
w i l l  be v i r t i i , e l l y  i d e n t i c a l  and t h e  cons t ruc t ion  w i l l  d i f f e r  only t o  conform 
wi th  the  type oE cons t ruc t ion  used i n  each loca le .  
w i l l  be locaited a t  Cape Kennedy, Northwest P a c i f i c  and Ascension I s l and .  
ins t rumenta t ion  systems f o r  t hese  f a c i l t i e s  a r e  being procured under p r i o r  
year  funding due t o  the  developmental and f a b r i c a t i o n  lead-time involired. 

The new MSFN Stat:.ons 
The 

The proposed f a c i l i t i e s  w i l l  inc lude  a 12,000 square-foot  instruinentatioi-t 
and ope ra t ions  bui ld ing  (3,000 square f e e t  a t  Cape Kennedy) t o  house c2lements 
of t he  i n t e g r a t e d  Apollo Unif ied S-Band System, communication systems, hard- 
ware f o r  i n t e g r a t i o n  i n t o  the  Apollo System, l o g i s t i c  support  a r e a s  a i d  gen- 
e r a l  o f f i c e  space. The Cape Kennedy Operat ions Building w i l l  provide only 
f o r  i n s t a l l a t i o n  of consoles  and power d i s t r i b u t i o n  equipment necessary t o  
opera te  the  S-Band Antenna System a t  a remote loca t ion .  It i s  a n t i c i p a t e d  
t h a t  t he  remainder of t h e  system equipment can be i n s t a l l e d  i n  e x i s t i n g  or 
o the r  planned f a c i l i t i e s .  The antenna must be remotely loca ted  i n  o rder  t o  
avoid r a d i o  interference problems. A genera tor  bu i ld ing  of approximately 
3,000 square f e e t  (approximately 1,000 square f e e t  a t  Cape Kennedy) w i l l  
house the  d i e s e l  gene ra to r s  and e l e c t r i c a l  d i s t r i b u t i o n  panels .  A hydro- 
mechanical bu i ld ing  w i l l  con ta in  t h e  co l l ima t ion  tower equipment and concre te  
foundat ions wi1.1 be suppl ied f o r  t h e  antenna systems a s soc ia t ed  wi th  the  
Apollo instrumentat ion.  
necessary ut::ility s e r v i c e s  f o r  each s t a t i o n .  Although, a s  noted abote ,  t he  

Provis ion  i s  a l s o  made under t h i s  project: f c r  t h e  
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f a c i l i t i e s  t o  be cons t ruc t ed  a r e  b a s i c a l l y  i d e n t i c a l ,  due t o  f a c t o r s  such a s  
t r a n s p o r t a t i o n  c o s t s  and c o n s t r u c t i o n  c o s t  indexes which d i f f e r  g r e a t l y  due 
t o  the  l o c a t i c a s  of t h e  s t a t i o n s ,  s epa ra t e  c o s t  e s t i m a t e s  f o r  each s t a t i o n  
a r e  shown above. 

PROJECT JU STI E’ICATION : -- 
The Manned Space F l i g h t  Network, which has  proved success fu l  i n  support- 

ing Mercury f l i g h t s  t o  d a t e ,  is i n  process of being modified t o  provide sup- 
p o r t  t o  t h e  Ckmini p ro jec t .  As t h e  manned f l i g h t  program advances i n t o  the  
Apollo spacec.i-aft phase wi th  i t s  series of p rogres s ive ly  more complex o r b i t a l ,  
c i s l u n a r  and ‘Lunar space f l i g h t s ,  t h e  t r ack ing ,  command, d a t a  a c q u i s i t i o n  and 
communicat:ion:; ope ra t ions  inc rease  i n  complexity and w i l l  r e q u i r e  addj t i o n a l  
and more c:omp’Le:c ground support  faci l i t ies .  I n  o rde r  t o  provide the  j n i t i a l  
and minimum g:roiind network coverage f o r  t h e  Manned Saturn I B  f l i g h t s ,  the new 
s t a t i o n s  w i l l  be constructed and t h e  e x i s t i n g  ones w i l l  be modified t c i  
include t h e  ApoLlo u n i f i e d  S-Band system. Th i s  i s  instrumentat ion de:;igned 
t o  allow t h e  3round s t a t i o n  t o  t r ansmi t  ranging s i g n a l s ,  communicatioxis, and 
a l l  o t h e r  up - j a t a  t o  t h e  spacec ra f t  on one S-band c a r r i e r  frequency, and t o  
r e c e i v e  same from the  s p a c e c r a f t  on a d i f f e r e n t  S-band c a r r i e r  frequeiicy. To 
provide t h i s  c a p a b i l i t y ,  t h e  a d d i t i o n a l  f a c i l i t i e s  requested i n  t h i s  l ~ r o j e c t  
a r e  r equ i r ed  t o  be completed p r i o r  t o  the  end of calendar  year  1965 i l l  o rder  
t o  allow s u f f i c i e n t  time f o r  equipment i n s t a l l a t i o n ,  s t a t i o n  checkout and 
network i n t e g r a t i o n  t o  support  missions beginning i n  ca l enda r  year  1956. 

ESTIMATED FUTURE YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

APOLLO NETWORK GROUND STATIONS 
ADDITIONS TO EXISTING STATIONS 

PROGRAM OFFICEFOR THE INSTALLATION: Off ice  of Space Science and 
Applications 

PROGRAM OFFICE FOR THE PROJECT: 

AUTHORIZArION LINE ITEM: Various Locations 

Off ice  of Tracking and Data Acquis i t ion 

LOCATION OF PROJECT: Corpus C h r i s t i ,  Texas 
Guaymas, Mexico 
Hawaii 

COGNIZANT NASA INSTALLATION: Goddard Space F l igh t  Center 

TYPE OF CONSTRITCTION: Extensions 

FUNDING : 

FY 1963 and P r i o r  Years 

FY 1964 Estimate 

FY 1965 Estimate 

To ta l  Fullding Through FY 1965 

Corpus C h r i s t i  Guayma s 
Texas Mexico 

--- --- 
$25,000 $30,000 

380,000 475,000 

3405,000 $505,000 

PROJECT c o s  ESTIMATE - CORPUS CHRISTI, TEXAS: 

Unit of 
Measure Quantity 

--- --- - Land Acqc.isition --- 

Construe t. ion 

Instrumentation and opera- 
tion:; bldg. add i t ion  Sq. Ft. 2,500 

Generaitor bui lding a.ddition Sq. Ft.  1,000 
Hydro- miechanical s e rv i ces  LS --- 

Unit: 
Cost -- 
- - .. 

t awaii  -- 
---  

$:lo,ooo 

4'15,000 
7- 

mL5.000 -- 

Tota l  
2ost .- 

*-- 

$380,000 

$20. O'D 50,000 
25.00 25,000 

10,000 30,000 
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Unit Total  
c:ost - cos t  -- Quan t it y 

Unit of 
Measure 

$130,000 130 000 --- U t i l i t i e s  LS 

and t r a n s  formers LS 
S i t e  preparat ion LS 
Roads and parking LS 

Generator, switchgear --- 120,000 120,000 --- 40,000 40,000 --- 5,000 5,000 

- -- Eauimnent 

--- Desim 

--- Fa 1 lout: Ski e 11: er  
a o .  000 -- TOTAL 

PROJECT COSTJZEIMATE - GUAYMAS, MEXICO: 

Unit of 
Beasure 

Unit Total  
Quant i  t v  - cos t  cos t  

Land Acauis i t ion 

$&! 5,000 Construct 

Instrumentation and 
operat ions bui ld ing  
addi t ion 

addi t ion 

s e rv i c  e s  

Generator bui lding 

Hydro-niec:hanical 

U t i  l i t  i e s  
Generator's, switchgear 

S i t e  preparat ion 
Roads imd parking 

and transformers 

2,500 $40.00 1'30 , 000 

30.00 30,000 1 J 000 

Sqo Fto 

Sq. Ft. 

--- 10,000 10,000 
--- 130,000 130,000 

LS 
LS 

--- 150 000 150,000 --- 40,000 40,000 --- 15,000 15,000 

LS 
LS 
LS 

E a u i  pmen 1; 

De s i p n  

Fa 1 lou t  S h e 1  t er 

PROJECT COST ESTIMATE - HAWAII :  
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Unit of  U n i t  r o t a 1  
Measure Q u a n t i t y  - c o s t  cost  

Land Acqui E, i t. ion 

Constructi5,n 

1nstrmic:nt:at ion and 
operat: i ons  bu i ld ing  
a d d i t i o n  

acldi t::ion 

s e r v i  1: e:; 

Genetrat:or bu i  l d ing  

Hydro-mechanical 

U t  i X i  t ii e s 
Generator:;, switchgear 

S i t e  p repa ra t ion  
Roads and parking 

and 1: rains formers 

Equi men t 

Design 

Fa1 l o u t  She1 t er 

PROJECT DESCF.IETION : 

Sq. Ft. 

Sq. Ft. 

LS 
LS 

LS 
LS 
LS 

$425,000 

2,500 $40.00 1C0,OOO 

1,000 30.00 c 0,000 

--- 10,000 10,000 --- 130,000 l:lO, 000 

--- 150,000 150,000 --- 40,000 40,000 --- 15,000 -5,000 

--- - e -  --- 

S475,OOO 

GRANT) TOTAL $ ? , 3  30,000 
-- TOTAL 

This p r o j e c t  provides f o r  t h e  augmentation of  f a c i l i t i e s  a t  t h r e e  (3) 
Manned Space F l i g h t  Network (MSFN) S t a t i o n s  t o  accommodate in s t rumen ta t ion  
systems requj.red t o  support  t h e  Apollo program. These in s t rumen ta t ion  
systems a r e  tieing procured under p r i o r  year  funding due t o  developmental and 
f a b r i c a t i o n  :,ead-time. The MSFN s t a t i o n s  t o  be,augmented a r e  located a t  
Corpus C h r i s t i , ,  Texas, Guaymas, Mexico, and Hawaii. The proposed e f f o r t  
under t h i s  proJect  i nc ludes  a t  each s t a t i o n  the cons t ruc t ion  of an a c d i t i o n  
of approximately 2,500 square f e e t  t o  t h e  e x i s t i n g  instrumentat ion ar d 
ope ra t ions  h i L d i n g  and t h e  a d d i t i o n  of approximately 1,000 square fc e t  to 
t h e  e x i s t i n g  generator  building. The a d d i t i o n s  t o  e x i s t i n g  building: w i l l  
house elements of t h e  i n t e g r a t e d  Apol1.o u n i f i e d  S-Band system, a d d i t i o n a l  
communications systems, hardware f o r  i n t e g r a t i o n  of e x i s t i n g  instrumtmtat ion 
i n t o  t h e  A p o l l o  system, l o g i s t i c  support ,  d i e s e l  gene ra to r s  and d i s t i - i b u t  ion 
panels. 
equipment, *stid concrete  Poundations l o r  the antenna systems a s s o c i a t e d  with 
t h e  Apollo instrumentat ion will be i n s t a l l e d .  The proposed bu i ld ing  con- 
s t r u c t i o n  will conEorm t o  t h e  a r c h i t e c t u r a l  design of each area. By extend- 
ing  o r  modifying e x i s t i n g  u t i l i t y  s e r v i c e s  t o  each bu i ld ing ,  all. nec2ssary 
e l e c t r i c a l ,  c h i l l e d  water ,  steam and drainage systems w i l l  be provid2d t o  
adequately support  t h e  a d d i t i o n s  o r  extensions t o  t h e  e x i s t i n g  s t a t ims .  
Separate  cos t  e s t ima tes  a r e  shown above. 

A hydro-mechanical bu i ld ing  w i l l  con ta in  t h e  c o l l i m a t i c n  tower 
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PROJECT JUSTIFICATION: 

The Manned Space F l i g h t  Network, which has  proved success fu l  i n  support-  
i ng  Mercury f l i g h t s  t o  d a t e ,  i s  i n  process  o f  being modified t o  provide 
support  t o  the Gemini p ro jec t .  As t h e  manned f l i g h t  program advances i n t o  
t h e  Apollo spa.cecraft phase with i t s  series of p rogres s ive ly  more complex 
o r b i t a l ,  c i s l u n a r ,  and lunar  space f l i g h t s ,  t h e  t r ack ing ,  command., d a t a  
a c q u i s i t i o n  and connnunications ope ra t ions  i n c r e a s e  i n  complexity and w i l l  
r e q u i r e  a d d i t i o n a l  and more complex ground support  f a c i l i t i e s .  In o r d e r  t o  
provide t h e  i r i i t  i a l  and minimum ground network coverage f o r  t h e  Manned Saturn 
I B  f l i g h t s ,  t h e  new s t a t i o n s  w i l l  be cons t ruc t ed  and t h e  e x i s t i n g  ones w i l l  
be modified t c i  i nc lude  the Apollo u n i f i e d  S-Band system. This i s  instrumen- 
t a t i o n  designed t o  allow t h e  ground s t a t i o n  t o  t r ansmi t  ranging s i g n a l s ,  
comunicafiorts,  and a l l  o t h e r  up-data to  t h e  s p a c e c r a f t  on one S-Band c a r r i e r  
frequency, arid t o  r ece ive  same from t h e  s p a c e c r a f t  on a d i f f e r e n t  S-Band 
c a r r i e r  fr'equtmcy. To provide t h i s  c a p a b i l i t y ,  t h e  a d d i t i o n a l  f a c i l i t i e s  
requested i n  t h i s  p r o j e c t  are r equ i r ed  t o  be completed p r i o r  t o  t h e  end of 
calendar  year 1965 i n  o rde r  t o  a l low s u f f i c i e n t  t i m e  f o r  equipment i n s t a l l a -  
t i o n ,  stat: ion checkout, and network i n t e g r a t i o n  check-out t o  support  n i s s i o n s  
beginning i n  ca:Lendar yea r  19G6. 

ESTIMATED FUKt'XE YEAR FUNDING: None 
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