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SECURITY NOTE 

This docummzt cotztains irtforntatio~z affectirrg the Ttn- 
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Espionugc Lalo, Title 18,  U.S.C., Section 793 a d  791, us 
anzended. T h e  tratzsnrission or  evel la ti on of i t s  co;:rel;ts ilt aizy 

nzarrner to an a~~at~thorized person is prolzil?i~cd by l aw .  



1 

This repor t  i o  the second in a s c r i c s  of repor ts  on the J U N O  V Space I 

Vehicle Development P rog ram and indicates the p resen t  status of the overal l  I 

program. The objective of the overal l  program is to provide a reliable, I 

econornical, and flexible c a r r i e r  vehicle with relat ively large  payload 
capability for  orbital  and space miss ions  a t  the ea r l i e s t  possible date. 

Thie repor t  d iscusses  the possibil i t ies for  extending the presently 

, zpproved booster  feasibility program into a second phase which i s  considered 
to be z mission capability demonstration of the f i r s t  generation vehicle family. 
Potentialities of a second generation within the JUNO V program a r e  a l so  
briefly'  discussed. 

The repor t  a l so  gives the design philosophy as weil a s  a description 
of the booster  and possible vehicle configurations. In addition, a pre l iminary 
weight breakdown and pre l iminary performance character is t ics  a r e  presented.  

Because of the large  payload capabilities offered by the J U N O  V, many 
possible miasi6ns can readily be envisioned and thcsc a r e  outlined along with 
the i r  potential use rs .  Operational aspects  such as s ta t ic  t e s t  rcquircments ,  
handling and transportat ion considerations, fabrication procedures,  and 
launching s i t e  requirements a r e  a l so  discussed in detail along with engineering, 
test ,  and flight schedules. 

Baaed on the resul ts  of present  studies, i t  appears  feasible to design, 
develop, s tat ic-test ,  and launch four JUNO V singlc- and two-stage vchiclcs 
by the end of CY 1961 within the total  funding of $72 million. The re  is a 
danger of schedule slippage ea r l y  in the program,  howevcr, if there  is a 
delay in the allotment of funds, which a r e  considered extremely sca rce .  

If an  uninterrupted continuation of the flight teat  program i s  dcs i red 
a f te r  the present  four-vehicle program,  additional fu.ndin5 of a sma l l  amount 
will be required in F Y  1960 and of a l a rge r  amount in  F Y  1961 fo r  long 
lead-t ime i tems.  The amount of funding required will resul t  from thc 
JUNO V sys tems  study-which is expected to be completed by March 1959. 

Steps should be initiated for construction of a n  operational equatorial 
launching s i t e  to be available by summer  1962. 
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I ,  INTRODUCTION (S) 

The p r e s e n t  s t a t e  of thc a r t  in thc  f ie ld  of orbikal c a r r i e r s  i n  t h c  Unitcd 
S ta t e s  i s  r e p r e s e n t e d  by thc VANGUAIiD ancl the J U N O  I (JU131TER-C) 
vchic lcs ,  Thcsc  r e q u i r e  approximntc ly  1000 and  2000 lb,  r c spcc t lvc ly ,  of  
take-off weight p c r  pound placcd in  orb i t .  Th i s  r e s u l t s  In n t r a n s p o r t , ~ t i o n  
cos t  of approximate ly  1 ,000 ,  000 $ / l b  fo r  the VANGUARD a n d  100, 000 $ / l b  
into o rb i t  f o r  J U N O  I, if the expe r i enced  re l iab i l i ty  is talcen into account .  

The p r e s e n t  s a t e l l i t e  c a r r i e r s  on o r d e r ,  but not yet  successfully f l o w n  
(J UNO 11, THOR-117L, and ATLAS-1 I 7L), will  r cducc  the ~ r o w t l l  f 'rctor 
gradual ly  to about 100- lb  take-off wcight p e r  pound placcd ln o r b i t  c.-rl.d the  
c o s t  to about 3000 $ / lb .  However ,  the max imum payloar! capn.bi!ity of t:ic 
o rb i t a l  c a r r i e r s  above,  without u s e  of h igh-energy  propcll;: lit, ~ v l l l  bc lirnltcrl 

-to about 3000 lb  f o r  thc next two y e a r s .  If r equ i r ed ,  use  of t~ir;il-cnc;.gy 
propBllants will  extend the  payload capabi l i t i es  of IC BM-bdscci orbi ta l  c a r r l e  r s  
t o  5000 and  poss ib ly  10 ,000  lb  by 1961 / 62. 

The A r m y  Bal l i s t ic  M i s s i l e  Agency was  among  the e a r l y  groups  who . 
cons ide red  a payload capabi l i ty  of 20, 000 to 40, 000 lb fo r  o rb i t a l  i ~ l i s s i o n s  
and  6000 to 12 ,000  Ib for  e scape  m i s s i o n s  a s  urgent  rcqui remct l t s  f o r  space  
m i s s i o n s  of the n e a r  fu ture .  

The A r m y  Bal l i s t ic  Mis s i l e  Agency ini t ia ted s tud ic s  on the boos t e r  
r e q u i r e d  f o r  th i s  t a s k  in  A p r i l  1957. T h c s c  ini t ia l  s tud ies ,  b a s e d  on a  boos t e r  
in  the 1 . 5  million-pound t h r u s t  c l a s s ,  p laced  s p c c i a l  emphas i s  on the  propuls ion  
s y s t e m .  At  tha t  t i m e  a c l u s t e r  of fou r  N U  E - 1  engines ,  which w e r e  In tho 
e a r l y  s t a g c s  of development; w e r e  cons idered .  Th i s  boos t e r ,  which in  thc  
beginning was  des igna ted  the SUPER-JUPITER,  and  s c v e r s l  upper  s t ages  
were  inves t iga ted  by  ABMA with the a s s i s t a n c e  of  NLEi.. The  total  c f for t  1x1 

t h ~ s  a r e a  f rom A p r i l  1957 until  S e p t c m b c r  1958 was  approx ima te ly  50, 000 
m a n - h o u r s  which enabled a f a s t  s t a r t  on th i s  p r o g r a m .  R e p o r t s  resu l t ing  
f rom t h e s e  s tudies  a re  l i s t ed  i n  the  bibl iography.  

In J u l y  1958, r ep re sen ta t ives  of the Advanced R c s c a r c h  P r o j c c t s  Agency 
(ARPA),  showed i n t e r e s t  in  a clustered boos t e r  with 1 . 5  million-pound 
t h r u s t  b a s e d  on &vailable  engine h a r d w a r e .  T h e  ARPfi. objective was to  obtain 
a boos ter  with app rox ima te ly  1 . 5  mil l ion-pound thr t lz t  at the  e a r l i e s t  
poss ib le  date  within the funding l imi ta t ions .  Th i s  r e q u i r e m e n t  f avo red  the u s e  
of exis t ing engine h a r d w a r e  r a t h e r  than  the  fou r  E- l  engines connjdcrcd  
e a r l i e r .  Th i s  choice would r e s u l t  in  a saving  of app rox ima te ly  $60 n~i!!i~-tn 
and  about  2 y e a r s  development  t ime.  

The  vehicle  b a s e d  on th i s  boos t e r  was  given the unofficial  dcsi::nation 
J U N O  V by ARPA. Th i s  vehic le  wil l  have  a n  in i t ia l  growth f a c t o r  of about  50 
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uj.>pcr sta;;t:. 'I'11c: I:r;;i?.J';;o:'*L:!i.j.~:. <:"St. 

/ l b  paylo;:d by rz~c;lns of o1~i:.ii7>;:;'11 i~rio:.;tcr 
r y  in duc coursc: of dcvelopmcnt .  

ARI/A's cxpc r i encc  in  ihe ficlc!, plus  the ava i lab i l i ty  of f2cilitic:s an:l 
nwcr ,  l ed  to  ARPA O r d c r  Number  14-59 ,  dated 15  Augt:st 1'958. The  

c of th i s  o r d e r  i s  given in the  following exce rp t :  

. : bot)stc1r 3: appro:iimatcly 1 ,  500, 000.-lb t h r u s t  bajcd on clur-'LC -; of ; . ~~ ra i lnb lc  
-. 
' rockc t  engines.  Thc  i~nmccliatt t  goal  of t h i s  pro,qrnm i s  tsi  cicmozstrxlc  a 

fu l l - sca le  capt ive dynamic  f i r ing  by thc end of C'I' 1050. " 

Furt'tzrlr s tud ies  f o r  tile c:ctcnsion of the b ig  I,oc;st,:r p:og;am p.s !  tile 
fca s ib i l i ty  demons t t a l i on  r c su l t cd  111 a rne~;lcsran:i:~:m o: a r;rcernctlt s iznt  : by 

' M r .  11. W,  Johnson,  Director of ARPA., and M a j ,  Scrl. 3. G.  Mcclar.is, 
Comm,-.nrling G e n e r a l  of AOAMC, on 23 S:.ptc~nber 1$5,3. Th i s  rnc1xoran6ctn 
p rov idcs  f o r  a n  cxtcnsion of the p r o g r a m  to incluiie four  b o c s t e r  t e s t  f l i g h s .  
The  f i r s t  fwo flights will be boos t e r  propul.;ion (light t c s t s  illid t i l ~  l a t t e r  
two f l ights  will  be  with a second s t age  which will pi*ovl:lc l irnitcd orb i tn l  
capabi l i ty .  

I 

C _ Following the  r ece ip t  of the mernorandum of ag rvumen t ,  t.hc f i r s t  In 
. - - a s e r i e s  of r e p o r t s  on the JUNO V Space  Vehicle  Dcvclopn?ent p r o g r a m  was 

I i s s u e d  (Ref. 1 ) .  
L *  

On 4 November  1958, r e p r e s e n t a t i v e s  f r o m  AKPA vis i ted  AD? f A  to  
d i s c u s s  the f u r t h e r  cxtcnsion of the JUNO V progrcttm to includc the capahi l l ty  
of placing a cornmunica t io t~  sa t e l l i t e  i n  a 24-hour.cq1ir!ior1ai o rb i t .  Thc  
upper  - s t age  configurat ion a n d  the nutnbcr  of vclliclc~s r~tquirc.:! t o  fulfill i:lc 

addi t ional  AKPA r c q u i r c m c n t  will  be cletcrtnincd aftci- a sys lc tn  s tudy  (I:] 

the JUNO V vchic lc  f ami ly  h a s  been p e r f o r m e d .  'The JVNO V t i ~ s i c l n  s t ~ i d y  
is p re sen t ly  being approved  and  will  be  comple ted  by A p r i l  1959. 

Th i s  s tudy wil l  includc cons idera t ion  of (1 ) numerous  upper  - s t age  
configurat ions,  (2)  va r ious  m i s s i o n s  - r a ~ g i n g  f rom s u i : a c ~ - t o - ~ ~ r f , ~ ~ ~  
ba l l i s t ic  t r a n s p o r t s  through o r b i t a l  m i s s i o n s  to  p1anctar.y sof t  landings,  
( 3 )  product ion r equ i r emen t s ,  (4) faci l i ty  r e q u i r e m e n t s  f o r  b ~ t h  tes t ing  and 
launching, (4) opera t iona l  a n d  logis t ic  rcquiremel:ts,  ( 5 )  s chcdu lc s ,  ana 
( 6 )  funding r.equirements. 

- I n  addition to thc J U N O  V s y s t e m  s tudy  a n d  overa l l  J e s ign  e f fo r t ,  
spec i f i c  invest igat ions and  s tud ie s  a r z  being p e r f o r m c d  as indicated below. 
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T h e s e  s tudies  a r e  being included in th i s  r e p o r t  f o r  the pu rpose  of i n d i c a t i r . ~  
s o m e  of the problem a r e a s  and  the extent  to which effor t  i s  being cxpcnded 
on the p r o g r a m .  

1 ,  J e t  def lec tor  s tud ies  a r e  i n  p r o g r e s s  to de t e rmine  c h a r a c t e r i s t i c s  
of s econda ry  flow in the 'vicinity of the m i s s i l e  base  dur ing  ma in  - s t age  
burning while the boos ter  i s  on the launching pad o r  capt ive t e s t  s tand.  

2 .  Booster  b a s e  heat ing due to  s econda ry  flow i s  being stuciiecl, and 
v a r i o u s  t e s t s  a r e  planned using wind tunnels  t o  s imu la t e  fl ight conditions.  
T h e s e  s tudies  and t e s t s  will  de t e rmine  the extent  of the problem and wil l  be 
used t o  es tab l i sh  the des ign  c r i t e r i a  r e q u i r e d  to  e l imina te  the heat ing 
condition, should i t  ex i s t .  

3.  Model t e s t s  and  s tudies  a r e  planned to  invest igate  v a r i o u s  c h a r a c -  
t e r i s t i c s  of propel lan t  flow such  a s ,  vor tex ing ,  tank  interf low,  and  propellant 
util ization. T h e s e  s tudies ,  f o r  v a r i o u s  f l ight  conditions,  wil l  be complcmentcd  
by a n  analogue compute r  p r o g r a m  which is p r e s e n t l y  being s e t  up. 

4. Studies  have been ini t ia ted to inves t iga te  the feas ib i l i ty  of b ias ing  
the cant  of the outboard engines of the J U N O  V boos t e r  in  such  a m a n n e r  
tha t  the d i rec t ion  of the  exhaust  f l a m e s  wil l  be kept  p a r a l l e l  to thc c e n t c r -  
l ine  of t he  vehicle  dur ing  lift-off and  then p r o g r a m m i n g  the engine or ien ta t ion  
t o  the d e s i r e d  cant  angle  a f t e r  the  vehic le  is approx ima te ly  65 ft abovc the 
launcher .  If sllch 3. maneuve r  i s  feas ib le ,  cons iderable  sav ings  could be  
r ea l i zed  s ince  the burn ing  o r  des t ruc t ion  of the l aunche r  would be min imized  
dur ing  take  -off. 

5. Studies  a r e  being conducted to de t e rmine  the m o s t  feas ib le  method 
of t r anspor t ing  the f i r s t  f e w  b o o s t e r s  f r o m  ABMA to AMR. T h c r e  a r e  two 
bas i c  poss ib i l i t i es :  

a. Shipment  by a i r  in  components  a s  described in th i s  r e p o r t .  

b. Shipment  of the boos tcr  by wa te r  a f t e r  i t  h a s  been comple te ly  
a s s e m b l e d  and  the  checkout i s  comple te .  R e g a r d l e s s  of the r e s u l t s  of the 
s tudy,  the  boos t e r  will  b e  designed for  a i r  t ranspor tab i l i ty .  The quest ion h e r e  
i s  whether  o r  not t h i s  design f ea tu re  wil l  be  ut i l ized fo r  the e a r l y  b o o s t e r s .  

6 .  Concur ren t ly  with the s y s t e m  study outlined in  this  report ,which 
u t i l i zes  the conventional tandem s tag ing  configurat ion,  a s e p a r a t e  s tudy  will  
be p e r f o r m e d  util izing the p a r a l l e l  s tag ing  pr inc ip le  fo r  the c o ~ n p l e t c  
JUNO V vehic le  s y s t e m .  Th i s  wil l  be  i nco rpora t ed  in  the  J U N O  V s y s t e m  
study a n d  wil l  a l s o  b e  comple ted  b y  A p r i l  1959. 



This  r e p o r t  l> rcs rn t s  n l i s t  of pc)tcntinl u s i s r s  ..lid 12f:i:-ion:; 'or i::c 
J U N O  V vcblclcs,  the desigl; a p p r o n c i ~  used in arrivin:; ~t tilt? !>ToI:~):~cG 
boos te r  configuration, a descziptiu~: of the  boost#-.r an:l tc:;!.;\tivr: i~ppcr-s?.:gc 
cot;figurations, and t l ~ i c a l  miss ions  for the f i ~ : j t  16  ~ c : ~ i c l c s  of thc  progranl .  
Also  incl udcd a r c  v~cight  e.c;timatcs and perforr-nance . c a y ~ b i l i t i e s  f o r  v a r i o c s  
vehic les ;  operat ion considcrntioils :li.a?irrg with t c s t  stnnh, f;rbricaiion, 
asscrnbly, t ransportat ion,  and l a u ~ c h i n g ;  faci l i ty rcquircmer.ts;  prc)&ram 
consi::ct;ttiol:s as to schcdulc,  funding, and rc l ia l i l i ty ;  an:! conclusions 
and rcco!ntncndations ol' thc J U N O  V p rogram as anvisionc:l to date. 

The n ~ a j o r  emp!~as is  of tllc Fcport is placed oil t?lr i>~,o:j'itti at12 the - approved four-vclliclc p rogram.  I!lc p rcscn t  icnc!ins :,i:~?;:ti;.:l :~ccc:;sir;nt~:s 
thc lirnita^cion of thc cxistjng p iogrnm to four vchic!r:~-; an+.l c1oc.s c ~ i > l . o i t  
the c n t i ~ c  capability of the dcvelopmcr?t icarn o r  :hc tail;. avai1:iliiity of the 
J U N O  V vcliicle. 

Thc OBJECTIVES O F  THE REFCRT a r c  summsri::;cd i:i t h c s c  two 
points: 

A. To famil iar ize  a l l  organizat ions and pcrsonnc.1 tviti~ir. the dcvcloprnent 
team with the p resen t  s ta tus  of tllc JUNO V program including assumpt ions ,  
suggestcd approach,  anticipated development problems,  a:ld schcdulc. 

B. To inform the potential u s e r s  of the espcctcd  c a p b i i i t i c s  and 
availabi l i ty of thc JUNO V, as well  as thc  technical cictaiis or' t!lc :lcsisn 
configuration as p resen t ly  envisioned. 



11. J U N O  V  SPACE VEHICLE DEVKLOPMENT PROGRAM (S) 
I 

A. Proposed Designation 

Although not yet approved, the popular natnc proposcd by 
Dr. von Braun for  the space  vehicle result ing from the J U N O  V  dcvclop- 
men t  p r o g r a m ' i s  "SATURN". The SATURN is cotlsidcrcd to bc t!lc f i r s t  
r e a l  space  vehiclc a s  the Douglas DC-3 was the f i r s t  r ea l  a i ~ l i n c r  and 
durable workhorse it1 aeronaut ics .  I s  i s  cxpectcd  that thc J U N O  V vehiclc 
will s e r v e  a l l  national' and possibly internat ional  space  progra tns  a s  the 
workhorse f o r  m o r e  than a decade. 

B. P r o g r a m  Objective 

' 
The objectivc of the p rogram is to devclop fo r  ope]-ationnl t;sc a ----.-- 

rel iable,  economical,  and flexible c a r r i c r  vehicle f o r  orbi ta l  and sr,acc -- -_ 
miss ions  within the shor tes t  possible t ime.  The orbi ta l  payloaci capability 
should be in the 20, 000 to 40, 000-lb c l a s s  and,for escape  and s i m i l a r  
missions,  in the o r d e r  of 5000 to  10,000 lb. The space vehiclc under 
considerat ion should a l s o  have a capability to c a r r y  a t  l e a s t  1000 lb of 
useful instrumentat ion fo r  soft-landing rnissions on the Moon o r  Mars .  

C. Potential  U s e r s  and Missions 

The following organizat ions a r e  cons idered  as potential u s e r s  with 
possible miss ions  l i s ted  accordingly: 

1. ARPA, as representa t ive  of the  Department of Defense fo r  a l l  
mi l i t a ry  se rv ices :  

a. C a r r i e r  vehicle f o r  r e s e a r c h  and development of offensive 
and defensive space  weapons. 

2. U. S. ARMY 

a. Orbi ta l  c a r r i e r  vchiclc: t o r  space  defense miss ions  agains t  
offensive enemy space  vehicles.  

b. Orbi ta l  c a r r i e r  vehicle for  communication and meteorologica l  
satel l i tes .  

c. Emergency  supply c a r r i e r  f o r  surface- to-surface  supply 
operat ions such a s :  

(1 ) 300-mile s ingle -s tage c a r r i e r  vehicle. 

(2) 4000-mile two-stage c a r r i e r  vehiclc. 



U. S. A-iR FORCE 

a. Orbital ca r r i e r  vchicle for the DYKA-SC)tL3. TIT ~.~csport 
tern, 

b. Manned orbital ca r r i c r  for rnail-in-s~;zcc p rozr2m.  

c. Orbital ca r r i c r  for rcconnais.snncr: saici1i:i.s. 

d. LRZX aild IGE2;I for  special ~nis:;-.i~;:s ~:.ilh nultiplt: nuclesr, 
chcr;licsl, o r  con\-cntional warlieads and/or  fo r  trnnspn:-tz: ion of p ropngatida 
material. 

a. Orbital c a r r i e r  for navigation satcllitcs. 

5. NASA 

a. Orbital ca r r i e r  for scientific research by means of 
instrurnentcd satellites. 

b. Space vehicle for the exploration of outer space. l~filoon, and  
- planets. 

c. Orbital ca r r i e r  for establishment ans mainicnnilcc of civilian 
space stations. 

d. Flying test  bed £or F-1 engine, nuclear propulsion, and  
other system s. 

6. UNITED XATIONS 

The JUNO V space vehicle €am-ily might bc offcrcd as a ca r r i e r  
vehiclc for any international space-flight program dccidcd upon by the 
United Nations. 

COMMERCIAL CUSTOAMERS 

It is anticipated that the economics of the JUXO V orbital carric;. 
vehicle will aparoach the $100 per  pound figure by 1970 zrid at~izact privkte 
organizations for commercial applications of orbital trznsportation. 



D. System Pa rame te r s  

The SUN0 V space vehicle system i s  considered a very  i~npor tan t  
member,  but only one mernber, of a family of c a r r i e r  vehicles which m u s t  
be available within thz national mil i tary  and civilian space organization. 

Therefore,  the "transportation system" point of view will be 
cmeidered  during the design phase of this vehicle. Among others ,  the 
following major  points a r e  being considered: 

1. Reliability and safety 

2, Economy 

3. Ear ly  availability 

4. Test  facilities 

5. Launching facilities 

6. Propellant  production capacities 

7. Production requirements 

8. Maintenance and serviceability 

9. Logistics (general) 

10. Mobility I 

11. Crew engineering and psychological fac to rs  

12. User requirements 

All these i tems a r e  s-ubject to detailed investigation for  the optimization of 
the tranaportation system under coneideration. 



111. DESIGN APPROAC 51 ((S j 

A. Pr i inary Ucsign I'aramctcrs 

Iicliability and c rew salcty play the p r i ~ n a r y  roles in  thc 6,:~-clop- 
mcnt of this c a r r i e r  vchiclc since it ;s anticipated that i t  viiii  Ijc the ti:-:t 
space vclliclc to be 11sc3 frcqr~cntly for personnel trar~sporLaiion on z !a;.l;.cr 
sca!c. In zcncrai, it  i s  realized that this vchiclc should ap!:roacn a i rc ra f t  
reliability. Beforc mcn can bc flown in this vchicle, a ;-clia1:ility of a t  Icast 
90 pcr  ccnt should be dcmonstratcd. Provcn hardware mill bc used ~ ~ h c r t  
possible and weight penaltics will bc acccptcd to obtain the ncccssary 
reliability. Although economic considerations a r e  gerzcrally consideicd 
ovcrfiding, reliability must  not be sacrif iccd for economy r;nd/or performance. 

Perfor'mance and schedule iire the next most  important design 
parameters .  As has been notcd, the achievcmenl of a l a rge  payload capability 
a t  the ear l ies t  possible date is one of the pr imary  objcctivcs of this develop- 
ment program. 

Duc to the la rge  number of potential missions,  firing ra tes  up to V .- 
about two pcr  week a r e  cxpcctcd. Therefore,  the recovery of the costly 
f irst-stage booster will bc an  economical rcquircincnt. ffoostcr recot-cry will 
reduce thc long-range program cxpenditurc and, a t  :!lc s ame  tirnc, will a s s i s t  I/ 
in obtaining good reliability a t  an  ear ly  datc. 

Thcsc design parameters ,  a s  well a s  othcrs,  a r e  discussed in the 
next scvcral  paragraphs. 

B. Propulsion System (Cluster vs. Single Enzinc) 

In order  to fulfill the program objcctivc of provif i ln~ thc U. S. with 
a large payload capability a t  tlic ear l ies t  possible datc!, thc usc of c:iisting 
propulsion systctns i s  mandatory. Since a boostcr t!irust l ~ . v c l  of 1500IC i s  
dcsi rcd and no single cnginc of this level i s  availabic, a cluster of srr,~:lcr 
cngincs i s  rcquircd. In rcvicwing tllc availability of tilc siilglc cnginc and 
clustcrcd cnginc booster of thc 1500K tilrust c lass ,  i t  agpcars  that t'ic 
clustcrcrl boostcr could bc f l igh t - t~s icd  a t  l eas t  3 to -l :\.cars csrl i .?r .  

The c luster  concept a l so  yields a short?; vchiclc - ibis is 
dcsirz'ulc from st ructural  d c s i p  and launching p:-.-cpa,-aPion:: s i~ndpo in t  - 2r.d li 

a simpler  control systcm. S~mpli:ication of tkc contrro; sySi2in rrl:p.:llLCs f rom 
thc elimination of thc rcqui rc~ncnt  to gimbal 211 e:i:rcr,lely larljo :i-.rust 
chamber. In a-iditior, to the abovc cicsign con~idc=rzfic;r:s, thc cluc',.:rcd cngin:: 
concept clirninatcs thc imnlcdiatc need for additionzl !arg: tes t  an2 proiiucfion 
facilities and a l so  rednccs the handling and t raneports t io :~ pi-olc .a  s as::sciatc2 
with a l a r ~ e  s i ~ g l e  cnginc. 



A better  chance of crew survival during booster powcrcd flight i s  
gained since failure of one engine docs not rcndcr the cntirc vehicle powcrlcss 
a s  would be the case  with a large single engine. Failurc of one engine would 
st i l l  permit  the vehicle to accomplish a limited mission. Loss  of 2 o r  3 
engines would s t i l l  leave the vehicle controllablc and provide adequatc stability 
to allow crew bailout, which is a major  design consideration. Considering 
the reliability of the clustered vehiclc, i t  is believed that this mcthod, since 
i t  employs existing smal le r  engines, offers g rea te r  safety for crews in 
manned flights than the large single engine in the same time period. The 
use of a c luster  requires l a rger  prodcction ra tes  and thus grea te r  reliability 
will be developed ear l ier .  In addition, many development problems can not 
bc foreseen fo r  the large single engine because of the large jump in thrust  
level over pf esent experience. Thus, the schedule of the large singlc engine 
is considered to be quite uncertain. 

Another impottant consideration in designing this vehicle i s  
economy. Because of the large payload capability, many possible miss ions  
can be envisioned. Some of these have already been described in Section 
I1 C. This variety of missions will require a large number of firings. To 
make a program of this s ize  economically feasible, booster recovery mus t  
bc used. The clustered engine approach is more  suitable for booster 
recovery than the single engine approach. Should engine damage occur 
during the recovery operation, only the damaged engines o r  pa r t s  thereof 
must  be replaced in the clustered arrangement  ra ther  than the one large 
and costly single engine. 

C. Tankage Design 

Several  different tankage designs can be envisioned for  a booster 
of this size. Four  of the most  promising a r e  shown in Fig. 1. 

The f i r s t  configuration given consists  of a single l a rge  tank, 
21 6 in. in ciiameter, with an internal bullchead to separate  the LOX and RP- I .  
The main advantages of this niethod a r e  minimum ovcrall  dimensions, 
minimum plumbing, and utilization of existing dcsign cxpericnce since this 
i s  the conventional tankage approach. However,in a booster of this sizc, 
conventional tankage has  certain disadvantages. The handlinz of the tank 
woule be complicated since i t  could not be  broken down into smal le r  componcnts. 
The only available mca.ns for transporting a 21 6-in. diameter cylindcr cross-  
country is by water. New tooling, a s  well a s  production and possibly assc:nbly 
facilities, would have to be provided, and placement ncar  a water transportation 
system would be required. The fuel feed lines would extend through the LOX 
container. In addition, an  insulated bulkhead and heavier anti-slosh s t ructure  
would be required. 





The concclltric tank a r rangement  (numbcr 2, Fig.  1)  corlsists of 
an  inner  LOX container  and an  outcr  fucl container .  The outsidc diamc t e r  
would b e  the s a m e  as thc single tank. The m a j o r  advantages of this design . 
a r e  the elimination of fuel l ines rufining through the LOX tank and thc 
reduction of the s losh  problem. Due to such itcrns a s  double cylindrical  
walls and insulation between LOX and fuc l  conta iners ,  the corlcc~ltr ic  tank 
design would be approximately 20% heavier  than the cotlvrntional d e s i ~ n  
(number 1, Fig.  1).  

The th i rd  configuration given in Fig. 1 is compr i sed  of nine tanlcs - 
a cen te r  tank of JUPITER d iametc r  (1 05 in. ) surrounded by eight tanlcs of 
REDSTONE d iamctc r  (70 in. ). These  d iamete r s  wcrc  chosen to talcc 
advantage of exist ing tooling and production faci l i t ies  and to rcdlice initial 

. cost.  The outsidc d iametcr  of thc ar rangctnent  is 256 in. LOX is  carrier1 
in the cen tc r  tank and four of the outcr  tanks. Fuel  i s  c a r r i e d  in the four 
remaining outcr  tanks. The advantazcs of this sys tcm include c a s i e r  handling 
and t ranspor t ing  because  thc booster  tankage can be d isassembled and each 
tank handled and shipped separa te ly .  Sincc off-the-shclf ha rdware  can bc uscd, 
s h o r t e r  fabricat ion t ime  and lower manufacturing cos t s  can be rca l izcd .  
Cen te r  bulkheads and fuel  l ines through the LOX tanks will not be rccjuircd 
and  the  well-proven JUPITER ant i -s losh  cleeign can bc usccl. The dis-  
advantages include l a r g e r  outsidc d iametcr ,  m o r e  s t ruc tu ra l  r t ~ c m b c r s  
requi red ,  and the need for  additional pressurization and vent manifolds.  

The fourth configuration s l ~ o w n  in Fig.  I cons is ts  of eight 
REDSTONE-diameter tanks in  a c i r c u l a r  a r r a n g e m e n t  with a n  outside d iamete r  
of approximately 256 in. E a c h  tank would contain both LOX and fuel and 
would requ i re  a center ,  insulated bulkhead. In th is  design longer tanks would 
be requi red;  however, by omit t ing the cen te r  tank, sufficient space i s  gained 
to p e r m i t  the placing of fuel l ines  in the cen tc r  opening, thus eliminating 
the need of running thcm through the LOX conta iners .  

After  p re l iminary  study, the mult iple-tank a r r a n g c m  cnt of one 
cen tc r  tank surroundcd by eight qutside tanks (numbcr 3, Fig. 1) has bccn 
se lec ted  as the m o s t  advantageous. design f o r  the  P h a s e  I of the  JUXO V 
program.  

D. JUNO V Staging Considerat ions 

In any new design the possibi l i ty of introducing var ious  c0nccpi.s 
exis ts .  In the JUNO V vehicle development the possibi l i ty of usiny: a clificrcnt 
type of staging was investigated. 

This  principle,  shown in  Fig.  2, is ca l led  pa ra l l e l  staglng (Ref. 2)  and 
d i f f c r s  f r o m  the conventional staging, Fig. 3, a s  follows. Al l  cC the 
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vehic le  engines a r e  moutltcd p a r a l l e l  to each  o ther  2nd n l i  2 r e  i v i i c c l  z r ~ d  
b u r n  wlth ftrll t h r u s t  f r o m  the ground. Zngines  a n <  tanks ;?re dropped off a s  
the s t age  r e q u i r e m e n t s  a r e  fulfil led with the r ema in ing  lank; arrc! c l ~ g i n e s  
continuing as  the next  s t age .  The  propel lan ts  used  clrariag the f i r s t  - s i ~ ; c  
burn ing  a r e  supplie,d f r o m  the tanks ha t  z r c  dropped at f i r s t -~"Lage  scpz ra t ion .  

The p a r a l l e l  s tag ing  a r r a n g e m e n t  h a s  s e v e ~ a l  a.dvantages over 
the coilvcntional s taging.  It a l lows fo r  m o r e  flexibility in barnil12 'iirncs f o r  
. individual miss io i i s ,  I t  a l s o  cl i rninatcs  thr: problcxl  of a l t tuL;c if;?itio~: vaphicl; . 
i s  i nhe rcn t  in  the conventional s taging.  A. s m a l l c r  to ia i  nri;nbcr of c n ~ i i i s s  i s  
req t~ i rec l  to pcr for in  the  same m i s s i o n  ancl the cn:;ix<:s a z c  b c l t e r  utilizer1 
sines t ! ~ c  c e n t e r  enz incs  bilrn l o r  a gj -ca tc r  t ime .  iV:iiih 211 c n ~ i ~ l c : j  b u r n i i i ~  

. froin lnuncll, a sho-rtcr to ta l  burning t i m e  i s  r cqu i r cd  ,3.11:1 l-!?us LC:;:; ; ravi ty  
l o s s  c s  a r c  i n c u r r e d .  A sn ioothcr  a c c e l e  ra t ion  througl~.out powerccl fl ight i s  ! 

a l s o  achieved  which-may be m a r e  d e s i r a b l e  f o r  m z n ~ l c d  s p a c e  flight. P a r a l l e l  
s tag ing  vrould r e su l t  in a s h o r t e r ,  m o r e  compact  vclticle and  could r educe  
thc a s s e m b l y ,  lgunching, a n d  handling p rob lems .  

S e v e r a l  d i sadvantages  of the  p a r a l l e l  s t a ~ i n : ;  o v e r  the c o n v c n t i ~ n a l  
a r r a n g e m e n t  should b e  mentioned.  S ince  s o m e  engines wi l l  b u r n  throughout . 
the powered  flight of the vehic le ,  they  cannot be  used  at t h e i r  op t imum 
expansion r a t io ,  A l s o  the l a s t  s t age  wil l  b e  somewhat  h e a v i e r  becausc  of the 

- addit ional  va lves  and  t h r u s t  f r a m e  a t t achcd  resu l t ing  il l  ?er for rnz~. lce  10s s. 
A new technique sa t i s fy ing  a l l  re l iab i l i ty  r e q u i r e m e n t s  m u s t  be develcpcd 
and t e s t e d  which m a y  r e s u l t  in  a longe r  developrncnt "Lime and h ighe r  cos t .  
S e p a r a t e  feed  systc-ms wil l  b c  r e q u i r e d  to  provide  rnd:ritilu~? propcl lan t  
ut i l izat ion a n d  modif icat ions will  be r e q u i r c d  f o r  the  use of hi:;h-cncr!;). o r  
s t o r a b l e  propcl lan t  in  tlsc upper  s t a g e s .  Due to  the above-mcntioncd 
r e q u i r e d  developments ,  the p a r a l l e l -  s t aged  vehic le  tr-oul:! p robably  not bc 
ava i lab le  as e a r l y  a s  a convent iona l -s tazed  veh ic l e ;  howcvcr ,  cxpe r i cncc  
gained f r o m  the ATLAS p r o g r a m  might  be  appl icsb le .  

S ince  the p a r a l l e l  s tag ing  p r inc ip l e  would r e q u i r e  addi t icna l  
manpower ,  funds and  t ime ,  the in i t ia l  b o o s t e r s  wil l  bl; of cc:iventional 
des ign  with c l u s t e r e d  tanks .  F u r t h e r  s tud ie s  will  be  maclc t o  deternzi.ne '.he 
potent ial i t ies  of the p a r a l l e l  s tag ing  concepts  f o r  the  J U 1 7 3  V p r o g r a m .  

E. Guidance and Con t ro l  

The  JUNO V s p a c e  vehic le  boos t e r  will  b e  cort:olled by t i is  i ; ic 
of techniques  and  components  s i m i l a r  t o  t hose  employed  o n  Ik:: 3UPIT'Y2 
m i s s i l e .  I-lowever, the con'i-rol. s y s t e m  will  impose  s o m e  rcquircnlcxlts on t!l.c: 
o v e r a l l  design.  Two b a s i c  r e q u i r e m e n t s  will  b e  discusscci a n l  z r e  s l l ~ ) v ~ i l  

in Fig.  4. 



In addition to the monetar? savings realizccl through recovery, 
valuable information can be gained f rom studies conducted on Loostcrs which 
have been recovered,  These studies should resul t  in reducing the number 

a c r  a t  an of f l ~ g h t  t e s t s  required and a l so  in ar r iv ing a t  a m o r e  rcl jahle booct 
e a r l i e r  date. Since, by use  of recovery,  fewer booster  units will be needed 
to conduct the proposed flight t e s t  p rogram,  the F a b ~ i c a t i c n  Laboratory  of 
ABMA can easily handle this requirement.  This plan would facilitate 
optimization of the vehicle design and of the production tncthods bcforc 
proceeding to large-scale  production of the operational ~vorkhorse- type vehicle. 

Various types of sys tems  could be employed to recovcr  a booster  
of this  size.  Since an ea r ly  orbi ta l  capability i s  of p r ime  conccrn ahd  available 
funds limited, it appears  that some type of parachute recovery sys tem would 
4 e  utilized for the flight tes t  boosters  for  feasibility demonstration. {See 
Fig. 5. ) This  approach would permi t  the design of a simple, inexpensive, 
and rel iable system within the allowable t ime period, Design studies based 
on this  method of recovery a r e  nearing completion, and a r e  considered 
feasible. I t  is desirable to incorporate some type of brake,  o r  re t ro-rocket ,  
to reduce the final water  impact velocity to zero.  Various methods of 
incorporating brake rockets a r e  present ly  being studied. 

4 fjJ: F o r  the operational production boosters ,  a m o r e  sophisticated 
system would be in o rde r  if  the f ir ing ra te  i s  expected to be  high enough. 
This system could provide a re tu rn  flight capability for  the booster  to the 

J launching si te .  A study is now in p rog re s s  to  determine the optimum means 
of recovery fo r  a l a rge-sca le  space exploration operation a s  a function of 

$ ,, f ir ing ra tes .  This study will be completed by summer  1959 to provide a basis 
for  selecting the final system to be used, 

i G. Upper Stage Design Cr i t e r i a  

,I The design philosophy of the booster  provides the bas is  for  a 
rel iable and versa t i l e  vehicle. Because of the booster  versat i l i ty,  design 

i cr i t e r i a  fo r  the upper stages can be determined by specif ic miss ion 
requirements,  thus providing a near  optimum vehicle for  each specific 

't 
3 mission,  P r i m a r y  c r i t e r i a  fo r  the upper stage designs a r e  reliability, 
i economy, performance,  and growth with the advancing s ta te  of the a r t .  
? 

Numerous upper - s tage configurations can be envisioned; howevcr , 
every effort should be  made to utilize developed and proven vehicles o r  
conlponents to insure  e a r l y  reliability and, a t  the s a m e  timc, to minimize 
cost.  

In miss ions  where the payloads a r e  manned, the upper s tages  may  
include an  extension of the X-15 experiment and the DYNA-SOAR devclopmcnt. 
The upper stages will probably retain the well known and a l ready proven 
LOX/RP-1 propulsion components in the ea r l y  phase. 



PARACHUTE RECOVERY OF JUNO P BOOSTER 

FIG. 5 
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The payload i n c r c a s c s  to b c  gained by usinr: p ropc l in~ l t  such a s  

LOX-E~z,  F2 -NzHq,  and  Fz -H2  w a r r a n t  t h e i r  inlrnediatc dcveloplncnt f o r  
t h i rd  s t age  appl icat ion.  Initially,  t hesc  high-energy-propcI1ani  (I-;i<p} s t a g e s  
wil l  be used  only in  ulzmanncd space  p robes  a n d  ca rgo  vchic lcs .  A s  rc l iab i l i ty  
IS demonst ra ted ,  the hlgh-et le tgy-propel lant  t h i rd  s:,xf;c could be used  l o r  
manned mis s ions .  Th i s  app roach  provides  a continurng i n c r c n s c  in p c r  - 
fo rmance ,  ye t  tnaintains  reliability in tlre c r i t i c a l  manned t r ~ i s s l o n  a r e a .  

The joint r cqu i r cmcn t s  of re l iab i l i ty  and  economy sugges t  thc 
util ization of a prcviorisly dcvclopccl s torab le-p i -upc l l ;~nt  fourth s t age  fo r  
m i s s i o n s  r equ i r ing  o rb i t a l  maneuvcr ing  o r  t e r m i n a l  t r a j e c t o r y  c o r r c c t l o n s  
such  a s  s p a c e  p r o b e s  and  landing vehicles. 

The  uppor s t a g e s  unclcr cons idera t ion  dcmons t r a t c  thc  design 
philosophy of re l iab i l i ty  and  economy achicved  by max imum util ization of 
ex is t ihg  deve lopmet~ t s , and  the b a s i s  fo r  growth with the advancing s t a t c  of 
the ar t ,without  s a c r i f i c e  of re l iab i l i ty  i n  c r i t i c a l  mi s s iona .  

S e v e r a l  months  will be  r equ i r ed  f o r  a s y s t e m s  s tudy a n d  de ta i led  
invest igat ions bc fo re  any  r ecommenda t ions  with r e s p e c t  tc  the  choicc of the 
to ta l  vehicle  configurat ion can  be made .  

H. Mobility and  Flex ib i l i ty  

It  i s  n e c e s s a r y  to e s t ab l i sh  thc r e q u i r e d  mobil i ty  fo r  the J ,UNO V 
vehic le  a n d  design the s y s t e m  to m e e t  t hesc  r equ i r emen t s .  S incc  
this  vehic le  will  p robably  bc  the  workhor se  of s p a c e  t r a v e l  fo r  thc nes t  
10 y e a r s ,  all poss ib l e  appl icat ions of the s y s t e m  should be c o r ~ ~ i c l c r c ~ d  in 
es tab l i sh ing  t h e s e  r e q u i r e m e n t s .  

Battlefield-type mobil i ty  i s  not cona idc rcd  Ica:;iT~le o r  1:ccessar;r. 
However ,  the n e c e s s a r y  +mobil i ty  to al low f i r i n s  f rorn s c v c r a l  l2il;lching sltc:; 
in  v a r i o u s  p a r t s  o-f the  wor ld  should be achicvcd.  Duc to  the l imlts t ioi l  c f  
launching fac i l i t i es  dur ing  the e a r l y  p a r t  of t h c  ii.:r.D pro?,1-6:n, i h ~  firings will  
p robably  be  r e s t r i c t e d  to  AMR. F o r  opera t iona l  dcpiojrtnenl uf  thc JUPi t3  V 
vehic le ,  a n  equatorial. launching s i t e  is v c r y  des i r ab l e ,  i f  not irlnndalory, 
f o r  m o s t  space  a n d  o rb i t a l  m i s s i o n s .  The  m i i i i a r y  u s e  of the subjec t  vehic le  
m a y  r e q u i r e  launching s i t e s  within the  zone of the i n t e r i o r  to  provide  adequate 
defense f o r  the launching s i t e s .  

The  mobil i ty  o r  t r anspor t ab i l i t y  of  t h i s  vehic le  s y s t e m  sh0ill6 b o  
b a s e d  on p r e s e n t  o r  planned transportation-cap;~bility and not require t h e  

2 7 dwalnpm~nf  of ncw @yc,tams. $'{it12 dgsncf- 535v,r;l,.l'd 3?ir I . ~ ~ ~ ~ ~ i ) ~ ; t t i l t i b i l ~  ':.LC 

SUN@ V vehicle shoilid be des igned  s o  tha t  the comple tc  vehic le  ays t cm 



i s  a i r  t r anspor t ab le  to i n s u r c  n:,~xirnum mol>ility. Th i s  c a n  bes t  bc 
achieved  with a vehic le  of th i s  sizcb by us ing  a multiple-t:lill; co!;fi~,ui.ation, 
thus  pe rmi t t i ng  d i s a s s  ernbly into s c v c r a l  sec t ions  which mzy b c  t r anspor t ed  
s e p a r a t e l y  and  r e a s s e m b l e d  a t  the launching s i tc .  F i g u i c  6 i l l u s i r a t c s  
the a i r  t r anspor t ab i l i t y  of a clustered-tank boos t e r  dcsigil brolcen into i t s  
components .  

During the e a r l y  phascs  of the p r o g r a m ;  however ,  i t  m a y  bt: dzsir t lble  
to transport the boos t e r  a s  n s ingle  unit due to economic rc?,son:; o r  non- 
avai labi l i ty  of fac i l i t i es  and  manpower  a t t l i e  t c s t  s i t e  to  provicic the r e ~ u i r c d  
re l iab i l i ty  during the final a s s e m b l y  and  checkout.  

With the inc reas ing  cos t  of m i s s i l c  and  spncc v e h i c ! ~  system..;, i t  
h a s  become  evident  tha t  un less  a fu ture  vchic le  has  consider;.*ble tn~iss ion  
f lexibi l i ty  i t  will  not be economica l ly  feasible. Since th i s  vc!~icle will  be  
u t i l i zed  a s  a b a s i c  t r anspor t a t ion  unit  of thc 1. 5 mil l ion-lb t h r u s t  c l a s s  
f o r  t he  next decaclc o r  longer ,  i t  should fulf i l l  the t ranspor ta t ion  needs  fo r  
all poss ib l e  m i s s i o n s  mentioned e a r l i e r  in the r epo r t  (Section 11 C) .  
F lex ib i l i ty  in t e r m s  of h a r d w a r e  m u s t  a l s o  be  designed into the  s y s t e m .  For  
example ,  all boos t e r  cngines should be comple te ly  in te rchangcablc .  The  
boos t e r  should a l s o  be dcsigned with a capabi l i ty  to  accommoda te  vary ing  
uppe r  - s  tage configurat ions such  a s  a modif ied JUPITER, modif ied TITAN, 
modi f ied  ATLAS, o r  poss ib ly  newly developed upper  s t a g e s ,  including the 
X-15 a n d  DYNA-SOAR. 

I I. C r e w  Safety and  Rel iabi l i ty  

I T o  insu re  comple te  s u c c e s s  of a n y  m i s s i o n  i s  imposs ib l e ,  but the  
i n s u r a n c e  of a high d e g r e e  of s u c c e s s  of a manned ven tu re  into s p a c e  i s  
manda to ry .  This  high probabi l i ty  of complet ion of m i s s i o n  can  be  accomplished 
only b y  cons idera t ion  of a l l  parameters involved. T h e s e  p a r a m e t v r s  jnclude 
mechan ica l  f ac to r s  and  human c h a r a c t c r i s t i c s .  Not only m u s t  cach  cotnponcnt 
of the vehic le  m e e t  the d e s i r e d  rel iabi l i ty ,  but thc ovc ra l l  re l iab i l i ty  rnu>;t 
equal  the r equ i r ed  f igure .  Th i s  i m p o s e s  v e r y  high rcquircmcnt: :  u;)or. t l l c  
re l iab i l i ty  of individual mechan ica l  p a r t s .  T h e r e  i s  no compon( :~ l t  ~.vl~iclq. i t ;  

l e s s  impor t an t  than ano the r  .if the s u c c e s s  o r  the f a i l u re  of the! r n i : ; ~ i ~ n  
depends upon it. H o ~ t e v e r ,  t h i s  docs  not Imply tha t  in cach  m i s s i o n  f a i l u r e  
t h e r e  wil l  be subsequent  l o s s  of l i fe .  T h e  p r e s e n t  expected re l jab i l i ty  of 
mechan ica l  f a c t o r s  i s  90%. In e a c h  of the 1070 f a i l u re s ,  the  d c s i r c d  intzct  
r e c o v e r y  of the c r e w  i s  a t  l e a s t  90%. T h e r e f o r e ,  a 9970 f ac to r  can be appl ied  
t o  human  conservat iol i  in  space  flight. T h e  human  c h a r a c t e r i s t i c s  wil l  d ic ta te  
c e r t a i n  vehicle  c h a r a c t e r i s t i c s ,  such  a s  max imum acce l e ra t ions ,  s o  that tllc 
two m u s t  bc optirnizetl. 

One of the m o s t  impor t an t  contr ibut ions to  a re l iab le  b o o s t c ~  i s  
the engine c l u s t e r  a r r a n g e m e n t  a n d  i t s  con t ro l  c h a r a c t e r i s t i c s  which lcccp the 
vehic le  s tab le  even i f  one engine is shut  off. 





Reliabi l i ty  of components  can  be inc rcascd ,  but genci-ally cjniy nt 

: L  cost-cost  in t e r m s  of money,  t ime ,  and  payload. T h e s e  penal t ies  m u s t  ?e 
accep ted , ,  f o r  the p r i m e  cot ls iderat ion i s  s u c c e s s  of the  m i s s i o n .  Optimizat ion 
will  be accompl ished ,  but not to the point where  re l iab i l i ty  i s  endangered .  

J .  Growth Potent ia l  

The  JUNO V vehic le  f i r s t  s tage ,  a s  wcll  a s  the to ta l  vchic le ,  i s  
designed fo r  growth potential .  The  design approach ,  howcvcr ,  is to cstz.blish 
the r equ i r ed  re l iab i l i ty  f i r s t  and  improve  p e r f o r m a n c e  l a t e r  without losing 
rel iabi l i ty;  Th i s  s e e m s  to bc the only log ica l  app roach  s ince  this  veiliclc 
eventually will  be used  f o r  pe r sonne l  t ranspor ta t i0n ;and  c r e w  s a f e t y  a s p e c t s  
have  f i r s t  p r io r i t y .  

The  propuls ion  systern a r r a n g e m e n t  al lows the + dccrncn t  of 
the four  inboard  engines by one l a r g e  (1. c . ,  the 1000 to  I ~ u u a ( .  F-l  ) 
engine as shown in Fig.  7. Th i s  can be done with any l a r g e r  enzinc with 
approximate ly  the s a m e  d imens ions .  The  u s e  of thc  s a m e  propellant:, 
(LX)X/RP-1) would be des i r ab l e  but  i s  not manda to ry  due to tllc p a r s l l c l  
tankage a r r a n g e m e n t .  

The  tanks  provide a capac i ty  up to 750, 000 l b  of u s c f u l  p ropel lan ts  
b a s e d  on the dens i ty  of a LOX/RP-1  m i x t u r e  (2. 3 : l ) .  ?This allown the use  
of a to ta l  of 650, 000 lb  of usable  propel lan t  f o r  the s ingle-  and  t h r e e - s t a g e  
veh ic l e s ,  which i s  n e a r  opt imum fo r  booa te r  r ecove ry ,  a n d  the u s e  of 
750, 000 l b  of usable  propel lan t  f o r  the  two-stage vchiclc .  Bas ica l ly ,  i t  wil l  
b e c v e r y  e a s y  to  en l a rge  the tank  volume by lengthening the  tanlcs. Since 
each  tank will  be f i l l ed  with only one propel lan t  component,and s i n c e  the b a s i c  
d i a m e t e r  of the boos t e r  i s  l a r g e  enough,' changes  in  propel lan t  volumc will 
p r e s e n t  no problem.  

This  flexibili ty i s  highly d c s i r a b l c  if the talce-off t h r u s t  should be  
i n c r e a s e d  o r  i f  thc effect ive take-off acce l e ra t ion  should bc i n c r c a s c d .  T h e  
instal la t ion of a f ixed 1. 5 million-pound t h r u s t  s inglc  c h a m b c r  (F-1) 
engine would r a i s e  the to ta l  t h r u s t  up to 2. 3 mi l l ion  pounds w l l k  tile 
a s sumpt ion  tha t  the f o u r  con t ro l  engincs  would b e  up ra t cd  to 200K a t  tha t  
t ime.  Th i s  i s  v e r y  l ikely s ince  i t  i s  expected that  the F - L , o r  a o imi l a r  
enginelwil l  not be ava i lab le  f o r  fl ight tes t ing  before  1963 o r  1964. A 
2. 3 million-pound t h r u s t  l eve l  would a l low take-off weights up to 1. 75 i;7illion 
pounds which, i n  t u rn ,  would a l low propel lan t  vleights up t o  1.7. ini l l ion 
pounds i n  the f i r s t  s t a g e  i f  de s i r ab l e .  Thus ,  t h i s  growth potent ial  of the  
boos t e r  and, t h e r e f o r e ,  the e n t i r e  vehic le  i s  cons ide red  highly dcs i r ab l c .  

The  p r e s e n t  app roach  of p a r a l l e l  tankage design,but  convent ional  
s taging,al lows the b e s t  poss ib l e  f lexibi l i ty  with r e s p e c t  t o  uppcr  s taging.  
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prbpt-.llants, such  a s  ~ O l f  / R P - ~ ,  in -,ci';h the rnorzt ~.;TlaSle k ~ r c i ~ > : ~ i ' ! :  
. - 

avai l sb lc .  L a t e r  a:< improved  engines with high-c~~rtzc--r  . .- ,  .. -p;c;i~::.i.ia*;,Lz L b c c c i ~  e 
i l ab le  (provided t i ~ c s e  have a t  lezsi; the s a m e  rcli.nbilit-yj "i:c tj:,mer ,. A s t a ~ c s  

,-, b c  changccl. i l lus ,  a l a rge  growth potent ial  with rc?:ipcet to  ~.ierforrirrancc 
i r i  available which cai? cas i iy  cxcecd  payload capabilit-l::s of 50, 000  l b  at 
a 300-i;nile a l t i tudc f o r  o rb i t a l  m i s s i o n s .  

li, Manufactur  ing Cc-nsidcrat ions 

- .  Pi would b e  very  dzsj.ra51t to h z v e   ti:^ b c o s t c r  617:l?.~n ~0rcpr7.iible 
with ti?,-: cxcisting i\lB?:4,fii fabricatior,  facilif; ics;  'nc in.r~~rcr ,  !ll?:.s is  110 recj,t~ircri?ent - a.nd sllnuld, not c o m p r o m i s e  t h e  dc:l;ign. .!.lie clustcrec? t;;:~?: r1i.siqn sccol-nmcnderl. 
in  Sc:c:tion I11 C satisfies. th i s  coi~dition s i r ~ c e  botpL 70-ir:. 2nd 1 0 5 - i n ,  fabric.ation 
fac i l i t i es  ape  avni lablc .  

i'\-lthouGh any ty$e~oE tann1cag.c: c o i ~ l d  be  fa2i-rj.catcc in  t i m e  to m c c t  the 
~ c q u i r c l  t h e  scfieclule; clustered t z ~ ~ k a g c  wil l  helr; to cz-sc: this sc!lcdulc by 
dec rczc ing  t!ic fabr ica t ion  t i rnc r equ i r ed .  The proposed  tan:rnl;e, by us i cg  
I<EDSTf)Z.iE (70 in .  f a~;d. JUPITER ( i  0 5  in. ) diari3ctcrs, xis'; malie u:;e of 
prc:; cnt tooling and  fadi?iclicsi such  - a s  wclcling f ix tu res ,  I.,-,- .,Gci d ie s ,  'nyclrostatic 
t e s t  s t and ,  X ~ r a y .  fa'cilitics,. a n d  haiidling equiplncnt.  This rnetllocl also m a k e s  
u s  e o i  the  v a s t  expe r i ence  wlricXz laas been  built  up by t'nc fa.'e,rication and  
a s s e m b l y  pe r sonne l  in producihg  REDSTONE and  SUP1'I'i;lR m i s s i l e s .  

S ince  the  p roposed  design i s  m a d e  up of scvc:--.l i?L:lcntical a r t s ,  
i t  l ends  I t se l f  to  product ion l ine techniqaes  wilere 1-1-1any m a j o r  components  

-. can  be  p r o ~ d s ~ e d  a t  the  s a rne  t i m e  uslng m a n y  crcT:/c. :ilis rnc;hzd wil l  he lp  
to  reduce  the fabr ica t ion  aiici a s  sernbly t i m e  and  ivill y~c!n ITiorc r e i l a b l r  
and l e s s  c spcns ive  b o o s t e r s ,  ri. deslgil b a s e d  on n Ia I-gc aiilyEc: tank ~:,lould 
irnposc worldng space  r e s t r l c t i u n s  which. ~ o 3 d d  not bc  comy.aLiblc wrtIz l a r g e  

longer  f ab r i ca t ion  and  a s s e m b l y  t ime.  

11; c a s e  of 'rrrobilization, .the product ion of the ci: lstcred-tazli . .  
boos t e r  could be d i s p e r s e d  over a l a r g e  zrca to prcvc;l: 3 c ~ t ~ a c t 1 o n  cf I n a r c  
than  a lirnitccl number  of m a j o r  subassembi i c s  o r  fully z,;cn?blcd b o o ~ k e r s .  
The components  could be sliippcd f rom the productiori  plant  to the  launching 
s i t e  a n d  a s s e m b l e d  t h c r e  f o r  f i r ing.  



. IV. JUNO V DESCRIPTION AND PERFORMANCE (S) 

A. Vehicle Fami ly  Descript ion 

The Basic  Design Philosop& in the SUN0 V space  vehicle p rogram 
is to provide a flexible t ranspor ta t ion  sys tem which i s  applicable to a l l  
potential orbi ta l  and space  miss ions  and, a t  the s a m e  t ime,  h a s  sufficinnt 
growth potential built-in to  insure  i t s  use  f o r  a long t ime  to come. This  
is the only approach which can be  talcen without overburdening thc national 

- economy of the approaching space  age. Dead-end developments mtrot be 
fo reseen  and avoided whenever possible. 

Two generat ions of vehicle configurations a r e  anticipated fo r  the 
JUNO V; the f i r s t  generation i s  based p r i m a r i l y  on conventional propellants  
with a l te rnate  high energy upper s tage  (or s t ages )  and a s imple  booster  
r ecovery  sys tem,  This  vehicle sys tem will be  used mainly in the decade 
f rom 1960 to 1970. In the second half  of th is  decade the second generat ion 
building blocks will  be developed. These  a r e  a high th rus t  ( m o r e  than 2000K) 
booster  with a sophisticated, highly economical  r ecovery  sys tem and a 
hydrogen/axygen second s tage  with a nuclear  s t age  a s  an a l ternate .  Available 
top s t a g e s  in the s m a l l  th rus t  c l a s s  (high energy o r  s torable  propel lants )  
will be  used f o r  specif ic  maneuvers  a s  the individual miss ions  r equ i re .  

If pa ra l l e l  staging is found des i rable  during the p resen t  sys tem 
analys is  study and is decided upon, the  overa l l  p ic ture  would not change in  
principle. The f i r s t  and second s t ages  would be rcplaced by pa ra l l e l  th rus t  
units which w p l d  a l s o  give a low-altitude orbi t  capability based on con- 
ventional propellants .  Such a n  approach would a l s o  use a high cnergy  uppcr 
s tage and a s torable  propellant  s tage  where  required.  The result ing vchicle 
would be-considerably s h o r t e r ;  however, the second-generation ~ e c o n d  s t age  
using the hydrogenjoxygen combination would not be feasible. The sccond 
generat ion of vehicles based on pa ra l l e l  staging has  approximately the s a m e  
growth potential a s  the tandem a r rangement .  A detailed qualitative compar ison 
i s  not yet  possible due to l ack  of a c c u r a t e  weight and performance data. A 
f ina l  conclusion concerning the compar ison of tile two staging pr inc ip les  will 
be a v a i l a b l ~ ,  by Apr i l  1959 when the overa l l  JUNO V s y s t e m s  study i s  
completed. 

1. Building Blocks 

a .  F i r s t  Generation. The JUNO V Space Vehicle Fami ly  in i t s  
f i r s t  generat ion is compr i sed  of s i x  building blocks which r e p r e s e n t  individual 

i 

s t ages  and can be  used f o r  assembl ing the var ious  combinations r equ i red  fo r  
the l a r g e  number  of different miss ions .  These  building blocks a r e  i l lus t r a t ed  
in Fig. 8. The first generat ion of vehicles will u se  the boostcr  otagc with a 



200 !C 
LOX / R P I  

I USADLE PROTELLA:!TS I 

100,000 LC 
USADLE, PROPELLC\ifTS 



cluster of eight 188K modified JUPITEli engincs (NAR 1-1-1) in a11 
applications. The initial second stagc will be a modificd TITAN or  ATLAS 
structure preferably powered by one engine with approximatcly 200K 
vacuum thrust. Later  in the development, a conversion of this stagc to 
Hz02 a s  proposed by ROCKEIDYNE might be very attractive and should be 
considered a s  an alternate for missions requiring large payload capabilities. 

Two alternate approaches, again with modified hardware from the 
ATLAS o r  TITAN program, can be chosen for the third stagc. Initially, a n  
80K LOX/RP-1 stage appears to be the most logical choice. Shortly 
thereaf ter  a 30K Hz02 stage, presently being developed, will be available 
for third-stage application. 

Whenever maneuvering is required in the final stagc,a smal l  
propulsion system using storable propellants such a s  the 6K J P L  N 2 0 4 l N ~ H 4  
engine will be used. 

The individual building blocks of the f i r s t  generation standard 
vehicle a r e  described in some detail as follows: 

(1 ) Booster Configuration 

The basic booster s t ructure  consists of eight 70-in. diameter 
tanks arranged around a central  165-in. diameter tanlc. The total diameter 
of the booster i s  21 -1 / 3  ft. (See Fig. 9 . )  The basis for this sclcction of 
tank arrangement has been discussed in Section III. The central  tank and 
four of the outer tanks will contain LOX and form the load-carrying s t ructure  
of the booster while the remaining four outer tanks will contain fuel. Thc 
design usable propellant capacity is 750,000 lb. Due to thermal  contraction 
in the LOX ta:lks, the four outer fuel tanks will not be used a s  basic s t ructural  
elements, since they will have a gliding upper bearing to allow for LOX tank 
contraction. The engine -mounting s t ructure  t ransmits  thrust  and gimballing 
loads into the center LOX tank s t ructure  and partially into the olitcr LOX 
tanks, which c a r r y  thrust  loads and bending moments into Ihc adzptcr s t ructure  
fo r  the upper stages. ABMA analysis confirms the findings of Ref. 4 and 
indicates that there a r e  no aerodynamic objections concerning the open tank 
arrangement;  ho&ever, i f  some unforeseen problem should a r i s e ,  a thii? skin 
can be added around the tanks. 

-. 

The basic single engine will be the NAA H-1 dcsigncd for 188EC. 
The H-1 i s  a g r c ~ t l y  simplified and repacked S-3D engine wiiich io user1 in 
the JUPITER, THOR, and ATLAS missiles.  All the componcnts have been 
thoroughly developed and have extensive static tes t  t imes accumul.atcd. 
Some components have been extensively flight-tested. All componcnts have 
been euccessfully static-test  f ired at thrust  lcvcls cxceediilg 1 88I'i. Thc 
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s imple  p r e s s u r e  scqucncing s t a r t  systcm az~il thi: i~z-rprovecl tzlr;iup~mip 
design were  dcvclopcd a n d  extensively tes tcd  urncicr tlic X - I  cnzine dcvelop- 
ment  supportcd by A i r  F o r c e  cont rac ts .  This  modi f~e t l  S-3D e: l : ; ine,  

improved by a l a rge  n ~ i m b c r  of s ta t ic  and flight t e s t s  -.rs'L'ihin k l ~ l s  b,x?iistic 
miss i l e  p r o g r a m s ,  provides a th rus t  chamber  and c s c ~ e : ~ s o r i c s  that a r c  
t ru ly  rel iable workhorse  i t ems .  

The turbopumps a r c  mounted on the tllrtlst cc'zxnil-crs in sricll a 
manner  that each engine i s  an i~z tcgra l  unit. Tht: rel jzbi l i ty 2nd cccncrriy 
inherent  in the utilization of thoroughly dcvclopccl and " L ~ i e d  co?-;7>0~1unt? f r o m  
other  p r o g r a m s  provide,  within a shor t  per iod  of t ime ,  rc!.iaSlc ~rnprov::d 
engine specif ical ly adapted to clustering.  

Eight of these  modified S-3B engjilcn will bc, inco r i>or ;~tzd  into 
the booster  c lus ter .  They a r c  a r r a n g e d  with four f k e d  c11;;iraco mounted in  tile 
center  with the remaining four mounted outsidc and gimballcd for  rol l ,  pitch, 
and yaw eantral ,  Thie-design will give sufficient  control  fo rccs  cvcn il oile 
engine should fa i l  during powered flight. All engines a r e  canted so  that  tlreir 
l ines  of th rus t  p a s s  through the c r i t i ca l  vehicle center of gravity,  Tlie exact  
angles of cant  will be de termined during the final. vehicle design. 

F o r  c r e w  safety, individual f i r e  walls a n d  a f i re  c x t i n ~ u i s h e r  
sys tem will  be provided for  each engine s o  that in c a s e  of f i r e  only the a f fec ted  
engine need be shut down and the r emainder  can co~ztinuc to burn. Vcnts will 
a l s o  be provided to  e l iminate  any accumulat ion of cornbtlatible I?;ar;cn in t l ~ e  
tai l  sect ion.  

r 

The new eight-engine propulsicn s y ~ t c m  will have  only 10 rna jor  
components p e r  engine a s  compared to thc 63 cornponcnts s f  the o r i ~ i n n l  
S-3D engine. This  i s  the m a j o r  advantage of using the modified cnginc. 
P roven  propellant- tank p ressur i za t ion  methods a r c  being studied to determine 
the optimum methods with r e spec t  t o  s impl ic i ty  2nd reliability. A s imple  
ni trogen p ressur i za t ion  sys tem will  be'used in  the f i ro t  four boos te r s .  

The single booster ,  a s  well a a  the final booster  f o r  a mu1ti:jtage 
vehicle, is designed for  r ecovery  duc to the valuable ha rdware  i.nvolved. 1% 

r ecovery  of the f i r s t  two flyable boos te r s  would a l s o  tend to a c c e l c r a t c  the 
development schedules s ince  any t rouble wlzich might  dcvelop could be  tl;oroaf;hly 
invest igated a l t e r  recovcry .  Moreover ,  s o m e  of the recovc-;.y :wrc'iwarc ~ ; 1 1  
be used f o r  fu r the r  tes t ing  result ing in considcrablc savinss  of Lnoiicy and 
hardware  lead  t h e .  

Tlie oimplest  r ecovery  uyntern available will hc  u a c d  in tlxc 
e a r l y  flight testo.  This  conaists  of u i x  100-ft  diameter pasl.~chu:ca, aliacl-icd 
to the  top of the booster ,  which will  be e jec ted  a t  about 7000 ft altitude, a f t c r  
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- .  - - the boos^icr opccd has  become subsonic  due to  i t s  o , b r r i + i  z.t:r~:l:i;..~i;?ic d2n.z. 
. - 
. . T h e , x ~ r a c h u t c  packz i~c ,  vicighing approxirnatcly 1300 ib, .::i!:* :rcd:icc :.hc 

- -  "booktc i  \rclocil;. to about 35 f t / s ec .  1 

. -  . I 
. - 

m ~ . I l i ~ j  Einal  ve loc i ty  will  be rcduccd  to i1ea.r z e ro :  b y  12  br;\..!:c: 
-. ro'ckcts (FALCON soi id-propcl la~l i ;  m o t o r s  o r  s i m i l a r )  caci.~ :-!ro\~i:l.~i;~; ;:Z;?L>S~ 

Si?C10-lb t h r u s t  for,!. -1 occ.  T h c s c  b?nk,c roclrets \:.ill S 2  i~il.i.:,i:ci . ., i 7. pros; .~~l i ' i ) r  
..fuze \VIIC;L ;ipfli"oaclli;l~ the wate r  su?l;tce. T h e  boos i c r  \.JTI! ;:.: Iloa;:f:;i i r t c  

. . 
an  LSD and b i ' o u ~ h t  back to thc Capc  Cana-,.era1 !;arb:, ;:. It ic . l i i ;~~r : r j .  i.1l:l.t t l 1 ~  

, 

. e n  , . 
.of d ~ ~ i : l o i j ~ ~ l ~ i : t ,  a s  tjocn a's lhe  expected firin: rate:; nnri o?i;?.i. s~cc?~I.Ic; .~: . : :~s 
f o r  the cn f i r c  t r anspor t a t ion  sys t cm hzvc  been  d e t z i ~ n i ~ . c d ,  

( 2 )  Second Stage W:ith Conventional P r o p e l l a n l s  

The d i a m e t e r  of the second  s*Lage, us ing  a;?pro;clrn;ltrl:,. 
150,  000  to  200, 000 Lb of propellants, should be kept  a t  120 in .  due t o  the  
ava i lab le  tooling a t  the CONVALU and MARTIN plan ts .  A 1ilrl;cr di?.meter 
woilld bc d e s i r a b l e  to obtain a m o r e  f avo rab le  s l e n d c r n c s s  r a t i o ;  X~owcvcr, 
a change of thc 1 2 0  in.  d i a m e t e r  f o r  t h i s  v e r s i o n  i s  nc i thc r  m a n d ~ t o r y  no r  
economica l ly  fcas ib lc  clue t o  the  v e r y  l imi t ed  in i t ia l  f~nd: i l< f o r  t h i s  I . ' p r o g r a m .  Thc  propulsioil  s y s t e m  fo r  t h i s  second s ta -c  r,-.i,>'~t h e  c i i h c r  an 

- A T L A S  o r  a TITAN boos t c r  engine, modif ied to have hign-a!ti':rde i:.ni:ion 
- capabi l i ty  and  a l a r g e r  expansion r a t io  (between 1:20 an< 1:25). 11 c,ll;;hC 

p r c f e r c n c c  e x i s t s  f o r  the m o d i f i e d A T L A S  engine due to the 7~csei1'c and  
poten t ia l ly  bb t t c r  re l iab i l i ty  ( m o r e  accurrlulated t e s t  anrl mn:lufacturing 
e s p c r i c n c e )  a n d  due to  t hc  f ac t  tha t  t hc  same engine \iit;l a smn!lcr e::i,,lnsion 
r a t io  wil l  a l s o  bc  used  in  thc  boos t e r .  The cnzlnc ~ o u i d  be ~ ; i i ? b ~ l !  cd,  -112d 

r o l l  cont ro l  would b e  provided  by the tu rb ine  exhaus t  of the cn:;ine. 

( 3 )  Second Stage With Hi:;h E n e r g y  P rope l l an t s  

r It  i s  becoming m o r e  and  m o r e  apparci l t  tirzt i-xprovcsnei:t of tile 
uppcr  s t a g e s  shows a b e t t e r  payoff with r e s p e c t  to pcrr'orz-iai~cc: than m o d i -  
ica t ion  of the boos t e r .  Uppcr  s t age  modif icat ion is a l s o  c a s i c r  to achicvr:. 

The  p r e s e n t  thinking f avor s  the u s e  of hydrogen  and  oxygen 
r a t h c r  than f luorine and  hydraz inc  a s  a high-energy propci!;int cornbina.iion. 
The  l a t t c r  combinat ion i s  m o r e  expens ive  and  haza rdous ,  and both have 
approximately the s a m c  flight p c r f o r m ~ n c c .  Thc  m a i n  ilisnc!van'ic?.rr. ,., o: '.'- C l . r  

hydrogcn/osygen  cornbination i s  i t s  low cicnsity. 111 tkc  c a s e  o l  t!le JUTGO V, 
the low dens i ty  i s  of m i n o r  conce rn  because  the diamct::r o f  t h e  .scc:c.nd :;t:agc: 
can  e a s i l y  b e  e ~ i l a r g e d  up t o  the boos t c r  ctiainetcr o l  256  in.  \y~itliout being 
too - t roub le some .  In 'addition, the el.crncnts f o r  thc fccdin;: s.;r.~tcm (132 p z i r ~ p ,  



0 2  pump, turbine, and gear  case )  f o r  such an engine a r c  available Prom 
ather  programs.  Thus, such an  engine might be obtainable in a shor t  t ime 
with reaeonable cost.  

As  a mat te r  of fact ,  ROCKETDYNE has  proposed nuch an  
engine a t  225K vacuum thrust  level. This engine coulri be devclopcd in. about 
3 y e a r s  a t  a cost  of approximatcly $30 million including propellants. Such 
a development i s  ve ry  promising for increasing thc JUNO V payload 
capability coneiderably and should be initiated a t  the e a r l - i e ~ t  p0~3if31~: t ime,  - --. 

3, 
Therefore,  this al ternate high energy second stage would bc availablc 

-q I- : for operational use  ae Boon a s  the required reliability has been cstabliskcd. 

(4) Third Stage With Conv~nt iona l  Propellants 

The most logical choice for  a th i rd  ntage again i s  available 
hardware  such a s  the ATLAS sustainer engine or  the TIThf\I second stage 
engihl: both with 8OK lb thrust  a t  altitude. Due to the largc  payloads 
required, the l a rges t  possible diameter should be chosen, in thia caoe 
120 in. The desi red amount of propellants s ecms  to be in the range of 
60, 000 to 100, 000 lb and var ies  with the part icular  miasion. Thus, modified 
TITAN o r  ATLAS hardware s ecms  to offer an acceptable aolution, from both 
the economical and performance standpoints. I 

(5) Third Stage With Iligh Energy Propellants 

A decision has been made recently to develop a 3QEC: 
hydrogen/oxygen engine with approximately 30, 000 lb of propellants. This 
pump-fed twin-chamber propulsion system i s  being developed by PWZTT-  
WHITNEY with the objective of flight testing thia system on an ATLAS 
m i s  eile by end of 1960. The tankage will be deaigned and developed by 
CONVAIR, who i s  a l so  to integrate this propulsion system into the hi,@ 
energy stage. This same 120 in, s tage will a l so  be a ve ry  desirable third 
stage for the JUNO V vehicle, specifically for high altitude orbit  and space 
missions.  

(6) Vernier Stage With Storable Propellants 

Many miss ions  require  smal l  impulses af ter  long t ime periods. 
? Examples are the adaption maneuver when arr iv ing at the altitude f o r  the 

24-hr orbit,  midcourse guidance corrections,  and lunar ~ a t e l l i t e  o r  landing 
i maneuvers. The JPL 6K engine using N2O4 and N2H4 with a vacuum impulse 
f of 300 s ec  i s  a v e r y  at tractive choice. This engine is p r e ~ c n t l y  under 

development. 



b. Sccond G e n e  rat inil. The sccoz~cl gcncra t ion  of S l . J D S 3  V vc!rr: ; l ,  - -- ---- -- 
represents the  gsovrlh po'icntlal of this  !;pxcc t r a n s p ~ r i n .  7 ~;i :,y , l c : ~ r l .  :<JLc:I~ 
growtll potent ial  i s  obtaiila ble ,  f o r  cxxmpic,  by rep1 ac  ;n 7 C~.;ced ir-ni-r 

tgines by n sing12 1500K L O S / R P - l  enginc which mould rc ju l f  jn -?. t,~:..c- 
f t h r u s t  of up to  2300XC i f  t:lc t h r u s t  of the fo:ir ou te r  con t ro l  cn; i ,~r i i  can 
,,: i n c r c a s c d  to 200K a t  tizc szme t ime ,  which s e e m s  lo 1)r.: hens~ijlc, .  Such 

c r e a s e d  boos t e r  pe r fosma i l cc  might  be availalrle by lC;65. 

At th is  t ime ,  the I z ~ d ~ o g c n / o x ~ g e n  second-st2:l;c: crr~i : ic  could 
Lave su f f i c i en t  r e l i a l ~ i l i t y  to be used  a s  a twisl ~ n n i i ~ c  /2ZSI< Ib thrust; c,ich), hence  
rropcltant loadings up to  450, OCO 1b, w'izich would b e  desircl.l:bc due to 1I1c 

h rus t  i n c r c a s e  of thc f i r s t - s t a ~ e  boos ter .  

A few years later a i ~ i l c l , e a ~  second s t age  rn{g'nt. be asrailable froin 
the ROVEX p r o g r a m  tvhici~ would be  v e r y  a t t r a c t i v e  for luz..-,-~r aazri in ter-  
~lztletary misr ; ions,  Such an al. ternatc solut ion could be sclccted i f  found 
. e s i r ab l c  and  when the r e q t i i ~ e d  re l iab i l i ty  h a s  been establislzcd, 

A th i rd  and four th  s t a g e  o n  such a 11ig'ile.r pc rho rmaucc  combinat ion 
of f i r s t  and  second s t ages  wil l  b e  needed only ~f the m i s s i o n  r cq~ l i r c s  l a  rcci- 

b 

rrlaneuvers a f t e r  exces s ive  t i m e  per iods .  Such a n?&nC:lT+"rsCR, f o r  e,:arnpic, 
iould be a l u n a r  landing opera t ion  f r o m  a luna r  o rb i t ,  Tllc JFJi -151'; a ~ l r l  
K engines us ing  s t o r a b l e  p rope l l an t s  migh t  p rove  t o  be vcry sltrracli-,-e 
repulsion sys t c rns  f o r  such  spec i f ic  m i s s i o n s .  

2. Typica l  Missions-  Char t  
( 

T ~ b l e  1 i l l u s t r a t ~ a  a r e p r e s e n t a t i v e  rnissiofi  c h . r :  typ ica l  of a 
p r o g r a m  ~ . r i t h ~ ~ t  p r e f e r r n c c  for a spec i f ic  m i s s i o n .  I t  1;1-,~cs Ihe m i s s i o n s  
- s anticipated f o r  the f i r s t  four  f l ights  furlzic!l a r e  approvccl), a n d  poss ib l e  

rissionn which m i g h t  b e  a s s i g n e d  f o r  the  continuatioa of ihc e a r l y  devclop-  
lent p r o s r a n l .  

- - 

the 
DOC 

. . The f i r s t  two Slight, s ingle  - s tage  ve!~icles  L; e r i v e  ms.~a~:;. S.3 1 
t e s t i ng  of the booster  pro: s y s t e ~ m  with al; : ~ t t c m p t  to r e c ~ v c r  tiLc 

i s t c r .  iilitiiai recover j i i r ;  ~ e q u i r k d  to i m p r o v e  rc].i:i:i:jlity -11 iElc sh.ortt :st  
i s ib le  "cm e with rrlinimum fundink. 

- . . lhc secozld ' i i ~ o - f i i g l ~ i s  a l s o  have a s  tllc pri;-nz;ry i?nls:;lon p~0;>:.:.13i0il 
test ing;  5i:I have a  sccondar 'y  micision, a lo~i-nl.titu<i., o;t>i:?i c;pa::jiiiy 
in the  o z d c r  o f  a few thousand pounds. T i i i r  i s  aciiicuer: h i  r):;ic7'a tliii.:! - ge wi th  a n  i n c r t  c iu~-~ iny  aeco:xd s t age ,   he prutotyl>n ~ ~ ~ ( I : I I - L c c I  :;-sistc:m . ,  

L provide  the a c c u r a c i e s  r e q u i r e d  f o r  a n e a r  circu!;j: oi.??+::. 

, 
These four  vchic lcs  r e p r e s e n t  the presently ;?,lros.-ci* p:.o;,i-AT.. 



LIQLe 1 

TYPICAL JUNO V SCIG3DUI.E AND MISSION CHART 

Vmtilclr Tsnta1I.e P t a p 1 . d  Vmhlclc 
Number  - F l r t n h  Dulc Demcrlptton f l l f i l ,Ceol~?. ----- 

( a )  I x 150K Doc.lcr 
650,UOO Ib Usable P r o p r l l a n t  ( I )  Propula lon  T e s t  Slag+ 1 

I O c t  60 (b) 120-Ln. Dummy Stage  TI (21 S t r u c t u r a l  Tc.1 

2 J a n  61 120-In. Dummy Stage  Ill 
(31 Cont ro l  System T a r t  

(c) 120-In. In.trwnent C o r n p a r b e n t  
(4) Booster  Recovery  Sys tam T e s t  

(d) Noms Cone ( 5 )  h u n c b m l (  Fac l l l ty  Checkout T..t 

(a) 8 r 150K B o o l t e r  ( I )  Propul r lon  Tse t  S tage  I m d  Ill 

750'000 Ib Pr6pell'n' (2) O t b i t l l  Guldrncc Tmrt WlLhaut 
(b) 120-10. .Dummy St&&* a T r h h s l n r  Elllpae 

3 Jan 61 
(c)  8OK 120-In. D h m r t r r  (31 Struc turn l  lflph 8 T a r t  

4 O c t  61 80.000 l b  Usable P r o p c l l m t  
s u g e  m (WXIRP-I)  

(4)  Secondary  Shor t  Ll fa t lme 
O r b l t r l  Prvlomd MlRIlon With 

(d) 120-Ln. h . t rument  Comparbnrmt  Attempt of R a c o r e r y  

Ir) 120-In. Pnyland Compkthmsat  

tL) b x 165K Booste t  (1) Propt~lb lon  T o l l  Slags I and  U 
bS0,OOO Ib U h b l e  P t o p e l l r n l  and Klck s lap6  

(b) 120-In. D m m y  Stage ll ( 2 )  G d d a n c a  A c c e r t c y  Temt l o r  

5 Dec 61 ( c )  .%OK 12.0-In. Dlamctar  96-mln ( 3 0 6  N .  M.)  C i r c u l r r  

80 ,000 Ib Uarbte Propel lan t  Orb11 Wllh Trrnmler  Elllpm. 
b FCb 62 

S U a a  I n  I M X I R P - I  I  and Klck M8nsurer  

1 Apt b2 
(d) hk Storable  Klck Stage  (1) Boo#tr+  Rcco+rry  T e s t  

6000 Lb tJ*abla Propel lan t  (4)  Cornplat. Conl ro l  Syalcm Tc.1 

(@)  i20;ln. I n I t r u m r n t C o m p A r h e n l  ( 5 )  Research  Inmtrumentatlon (or  

If) 120-lh. Payload C;omparuncnt 306 N. M. Orbl t  

(a) 8 x 16SK Dooster ( I )  Comple te  Propul.lon Sys tem 
650.000 Ib Urnable Propel lan t  Teat  

(b) 2OOK Stape If (120-ln. Dlmncter )  (2) Guldancr m d  Contro l  T.mt t o r  
160. 000 Ib Usrbln P r o a s l l r n t  S o a c e  Mlm~ion. 

b J u n  62 ( W X I R P - I )  
I31 B o o r t r r  Rccoverv  . . 

9 J u l  62 ( c )  8OK S t a ~ c  I n  80.000 Ib Usable  P r o p e l l ~ n t  ('I 
10 Au[ 62 ( W X I R P - I )  Mi.mlans nuch a. 

Lunnr  Sa ta l l l te  
(dl 6K Storable  Klck S h & e  Lunar Hard Lnndlng 

. 6000 Ib U,abla Propel lan t  In terp lanetary  P r o b e  

tt) ' lZO-In. Ins t rument  Comphthmr  ' ( 5 )  Checkout .I E q u t a r l a l  h w c h l n y  

If) 120-In. Payload C o m p a r h r a t  S l t r  

1.1 8 x l65K (I BBK) Dooatat - '. ( I )  Propul*ion System Tcmt 
650,000 Lb U,rble P r o p o l b n t  

(2) Guidance and Corltrol T.bt 
(bl LOOK Staxe  U for  24-br  O r b l t  

I  I  S r p  62 160,030 ib U m b l a  Propel lan t  
( M X I R P - I )  ( 5 )  Boast.+ Racovery  

I 2  Oct  62 
( c )  )OK Stan= IU (120 I".) (4) Payload Cont ro l  Syntrrn T o r t  

I f  Nor  62 30*000 I b  U'ablr (5 )  Communlcatlon Paylaad 
0~~02.) 

(d) bK Storablc  Kick Sta(je 
Camponnot Tear In 2.4-hr Orbl t  

(e) 120-in. Inmtrument Compar tment  

(0 120-In. Payload CompnrLmsnt 

(a) I x 188K Booster  ( I )  Propuls ion  T e a t  
650.000 Ib Usable Propcll.nt (2) Cuidmc. and Contro l  Te.1 f o r  

(b) 2OOK S h g r  U Rendcvou. hlnnsuvar In 

I 4  J a n  6 3  160.000 Ib Umnble P r o p e l l a n t  306 N. M. Orbl l  

IS  T r b  63 IC) ~ O K  ~ t l g s  m (3) Fllght Mission Tent [or 
80.000 Ib Urnable Propel lan t  Orbi ta l  Rsndcvorts and  Return  

I 6  M a r  63 
(dl 6K Klck Stape  

(Diologlcal 3pecLmtn) 

6000 Lb Urnable Propel lan t  

( a )  lnmtrumcnt Compar tment  

(0 Payload  C o m p a r t m e n t  



rcrnaining t w i : l ~ o  x l ~ i l i c l c s  sl- low:^ in T'ablo I ,  : ~ , l ~ h . r ~ : ~ . ~ ~ l  
. . cn'oitivc .?/it11 re:;pi:ct to confic;ur.ation, n-il.scl.or:i;, nr:d [irir.!:; r - l ~ ~ t : ~ : ; ,  

I logical  sccond-pl;n:ic follocv-on p r o g r ~ n ~ , q ~ i " l " i '  i.s gearc t i  t o  

r-nrill.ipurpo:jc space vclliclc.  W h c ~ c n : ;  the f i r s t  *L:.vr:~ crhir.:.ll lest: 
r c .on ly  capnblc c l  ~itacl l i r lg  a. lnw-alti tudc o f i i t ,  the next  :i.ircc v ill 

c. of rcncking a 305. 6 N. M. (y6 .  00 m i n )  orb i t .  Tlx is  1s ob!.aiucd by 

t h r e e  vehicl  
obes as thc  secondai*y 113ission, T h e  p r i m a r y  rr,i,,,,x.c;n nroulcl bc L ~ c  

l ent  of vehicle  coxnrnneilts. Th i s  group c a r r i e s  f o r  ?he first  t i t 1 7 ~  the 
s t age  as d c ~ c r i b c j  I ~ Q V S J  Thc next  group of t L r  ~ c t  V C ~ I I C ~ C S  0: this  
cvcloprncnt p ro l , r am c o n s i s k ~  of the comple tc  'o1~r-:,t-;,i? s y c f  .rn ~ w t l z  
z r y  mission of testin: the guid:i.ncc a c c u r a c y  ~ 1 7  n. 2.1-lir* orb-:. 
iltcd pacicagco o r  payload t0rnponcnts  m a y  be  <::!dcti n 3  svcondnry 
, l 'hc remain ing  t h r e e   chicles of the t - ~ l c a l  16-vchiclc  p r n g r d  rn 

d wo~i ld  bc a four  hatage, canfigurat ion wit11 a  pr i rr lzry mi.: :ion of 
a .  

s ion  eys t cm t e s t  and  co91d:hgve as ~ e c o n Z a r y  r n ~ s s i o n c  ~ ~ ~ i d a i ~ c c  nnri 
t e s t  fo r  renclczvous ;l-+fiausters in  a- 306 N. M .  o rb i t  and  o r b i t a l  r e t u r n  

f i  

The  cont inr~at ion of the 16-vehic le  t icvc lop~ncnt  .3;'o;12m (13;inse 1 
will  dcpcnd so~nevr'rlat on the p r i c r ~ i t y  of rn iss ions  ;I $ 5 1  ,i~ccl to  t1:ls 
p r o g r a m .  Due t o  the f ac t  that t h i s  vcllicle wii l  be n ~ c s e a r c i l  c a r r i e r  
ha11 a m i l i t a r y  vehicle  Lo bc cl'cploycd ifi the f ie ld,  c i l t i n c e s  can  LI 
r incorpora t ing  payloads ealrly i n  the deve1op:ner.t p r ag rn rn .  It 
ot  be overlooked,  howeve*, that a r easoaab lc  reliability witi? - 
to corhpletion of thc  r n i ~ e i ~ n  cannot  be cxpectcd before  tile 50th 

and  th i s  only i f  the p r o g r a m  +is  p r o p e r l y  funclecl. 

Thc  in i t ia l  d c v e ~ ? ~ r n e ~ z i  p;zogram.. i l lust-rat  '2 l a  Tab1 <. J. can 
c ~ c d  a s  typical art& simuld be  uscc! f o r  inlLial ?I,Ln::iL-s; ~ ~ : : ~ ~ ~ o : ~ c ~  

11 v e r y  lllcely not S c  c o ~ s l d c r c t i  i c a s lb l c  r!u~ t o  J i m , > > t l ~ n :  I n  
f ~ c l l l t i c s ,  and tinzc. Tilas, a low probabi l i ty  of r: :,SLC~<S:'U!. 

initla1 phase of t hc  program will  have  to L C  acccp;ccl. I t  S C ~ C T A : ~  

r cach ,  Z~owcver,  to obtain a r ~ i s  s ion  rolla,>l?-t\r o:' zp:>;'o:<ix .Z tt!y 

e s t  'Jehicles . . 
, . 

. . 

SUN0 V p r o g r a m  ernbodies veh ic l e s  u sed  ,:;o!c?y for t e s t  
opera t ionz l  vc1liclt.s. The f i r s t  group,  of c;nl.y ",=nnsicr;: i:zii>.:>ii.;in 

c  following velliciq$, w h i c l ~  are  cons ide red  as i : ~ t c r i m  "id c c a 2 i e r s  
ce ,  



a. Single-Stage Booster. This will se rve  a s  test  c a r r i e r  for 
eight engine cluster and will be used for feasibility tcst  of c1usl;er schcmc 
a t  a thrust  of 150K per  engine. It will a 1 s o . b ~  used for ear ly  recovery 
teste. Two se t s  of hardware a r e  on order.  Flight tes ts  a r c  expcctcd in 
the fall of 1960. 

b. Two-Stage Interim Orbital Test  Vehicle, This version will 
be used for a propulsion tes t  of the third stage and also for an orbital 
guidance tcst. The s ize  of the orbital payload for a low-altitude near - 
circular  orbit is of minor importance. Two se t s  of harclviarc for the booster 
a r e  on order.  A decision a s  to which upper stagc shoulcl bc user1 has  r,ot 
been made yet, and i s  due in a few months in order  to meet  the dcsired 

y . schedule (mid 1961). 

c, Three-Stage Interim Orbital Test  Vehicle. This vehicle i s  
essentially the same vehicle a s  described under 3b (above), but a Kick stage 
for providing the required velocity increment a t  apogee i s  incorporated. 
The JPL 6K engine is presently favored f o r  this version. 'The BELL 11 7L 
engine might a lso be an  acceptable solution in case the 6K engine i s  not 
available. This configuration will allow the establishment of a 96-min orbit  
a t  306.6 N. M. with a payload of several  thousand pounds. 

d. Single Stage Advanced Power Plant Test  Vchiclc. This vcraion 
is essentially the standard booster where the four inner engines can bc 
replaced by any engine to be flight tested. Such a flying tes t  bed i s  very  
desirable for the development of 3 1000I< to 1500K single chamber cngin.~.  
If such a test  program can be connected with a booster recovery system 
which eliminates a water landing, a near optimum test  vehicle for a l l  kinds 
of programs will be available. A tes t  vehicle of this kind is expcctcd to be 
mandatory in the yea r s  1964/65 and thereafter. Another use of the b o o ~ t e r  
a s  a tes t  vehicle is anticipated for the flight-testing of a nuclear upper stagc 
required a t  a l a te r  date within the second generation of the JUNO V vehicular 
program. 

4. Payload Considerations 

Becauae of the large payload carrying capabil.itic~ of the JUNO V 
family of space vehicles, i t  is necessary to consider the volume requi rc~ncnts  
for the payloads. 

A study of payload compartment length f o r  payloads up to 40, 000 Zb 
i s  shown in Fig. 10'for various payload densities. Three a tandnrd  payload 
configurations w t r e  considered: 95-in. diameter (TITAN), 105-in. diameter 
(JUPITER), and 121 -in. diameter (ATLAS). Payload specific gravity values 
of 1.0 and 0.2 were used. The specific gravity value of 1.0 would be for 





high-density ca rgo  type payloads; the  0.2 would m o r e  nea r ly  r cp rescn t  the 
value for  instrumented manned o r  unmanned sa te l l i tes  o r  probes .  

The considerat ion of volume requirements  i s  of prime concern 
s ince  i t  will dictate to a g rea t  degree  the design of the ground-handling 
equipment, the control  sys tem of the vehicle,  and the number of vehicle 
configurations which will be requi red .  

As  can b e  seen  f rom Fig.  10, the use  of conventional payloacl 
dedigns for  the smal l -d iameter  upper s tages ,  with payload weights of over  
20, 000 lb and specif ic  gravity of 0.2,  will add  excessively to tfxc overa l l  
length of the vehicle. Therefore ,  in these  c a s e s ,  considerat ion should be 

. given to  o ther  approaches ,  such a s  a "doughnut" design where  the payload 
is wrapped around the l a s t  s tage,  o r  some  other  unconventional design. 

I3. Vehicle Pc r fa r rnance  and Weight Information 

1. F i r s t  Generation Fami ly  

a. General .  The s tandard  JUNO V configuration for  the f i r s t  
generat ion i s  shown in Fig. 11. The i l lustrat ion shows the 256-in. booster ,  
the conical  shroud,  ' t he  upper s tages ,  the ins t rument  cornpartmcnt and 
finally the payload compartment.  The l a t t e r  th ree  a l l  have a diarnctcr  
of 120 in. The length of the th ree  and four - s t age  ve r s ions  is approximately 
188 i t ,  varying slightly with the density of the payload. The th i rd  s tage  
can be omitted, providing m o r e  room fo r  a bigger payload compar tment .  
The d iameter  of the second s tage  will  be  inc reased  to 256 in. in a l l  c a s e s  
where the hydrogen/oxygen high energy ve r s ion  is required.  

Table 2 s u m m a r i z e s  the  weight and performance assumpt ions  
which were  used fo r  the calculation of payload capabil i t ies .  The weights were  
es t imated  and will have to  be ver i f ied  a f t e r  the design i s  f rozen and accura te  
weights a r e  available. Only the operat ional  ve r s ions  of the f i r s t  generat ion 
a r e  given. Some engine pe r fo rmance  data have been included. The s tandard  
ve r s ion  a s  given in  the  f i r s t  four  columns of Table 2A i l lus t r a t e s  the c a s e  
for  the 306. 6 N. M. orbi t  where  the fourth s tage ,  as present ly  envisioned, 
provides the apogee kick only. 

The high energy ve r s ion  (hydrogen/oxygen in  the th i rd  s tage  only) 
is summar ized  in columns 5 through 8 and represen t s  the veliicle p a r a m e t e r s  
fo r  a typical 24-hr orbi t .  In both c a s e s ,  'an equatorial  launching s i t e  has  
been assumed.  

The l a s t  vehicle given in T ~ b l e  2A is a three-s tage  orbi ta l  c a r r i e r  
with hydrogen/oxygen in the second s tage  and a s torable  propellant  s tage  f o r  
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I v e r n i e r  and apogee Kick maneuver.  This  has  bcen calculatcd a l so  for  a 
- 

typical 306.6 N. M. equatorial  c i r c u l a r  orbi t .  Columns 9 and 10 of Tablc 2A 
depict a two-stage ve r s ion  with hydrogen/oxygen in the  second s tage  fo r  
low-altitude orbi ta l  miss ions .  

Table 21, s u m m a r i z e s  the vehicle pa ra rnc te r s  given in detail  
i n  Table  2A, 

b. Surface-to-Surface Missions.  The JUNO V can be used for  
the transportat ion of l a rge  payloads over  shor t  and medium, as well as 

- - 
t .  inte rcontinental,  ranges.  The single - s tage ve r s ion  o f fe r s  payload capabil i t ies  
i 

in the  o r d e r  of 100 to 150 tons over  200 to  300 m i l e s ;  and, a s  a conventional 
two-stage vehicle, i t  offers  payloads in the o r d e r  of 20 tons over  
t ransa t lant ic  ranges  o r  10 tons fo r  v e r y  long ranges  such as WASI-XINGTQN- 
MOSCOW. Typical payload capabilities v e r s u e  range fo r  an  optimized two- 
s t age  vehicle a r e  shown in Fig .  12. 

c. Orbi ta l  Missions.  The orbi ta l  payload capability of the s tandard  
JUNO V vehicle f o r  equatorial  o rb i t s  plotted v e r s u s  o rb i t  alti tude is depicted 
in Fig .  1 3. The ve r s ion  using conventional propellants  shows payload 
capabil i t ies  up to 22, 000 l b  f o r  low altitude orbi t s .  If high energy propellants  
a r c  u s e d i n - t h e  th i rd  stage,  payloads of approximately 25, 000 lb  can be 
c a r r i e d  into a 100 N. M. orbi t  and 4700 lb into a 24-hr orbi t .  In case  that 
the equatorial  orb; t  ha's to be reached f rom AMR by "doglegging", the 
payload in  a 24-h: orbi t  would be substantial ly reduced. 

d. Space Missions.  The capabil i t ies  of the JUNO V space  vchicle. 
w i n g  higll ene rgy  propellants  in  the th i rd  s tage  a r e  summ'arizcd in 
Tablc 3 for typical  space  miss ions .  Gross  payloads (including 

\ I, a r e  given fo r  var ious  e scape  miss ions ,  lunar  miss ions ,  and some  in tc r -  

1 - planetary miss ions .  These  f igures  a r e ,  of course ,  p re l iminary  and requ i re  
f u r t h e r  ref inement.  

2. S e c m f l  Generation F a m i l y  

The second generation of the JUNO V family will  offer  consiclerable 
performance i n c r e a s e s ,  hence will be  m o r e  economical.  Tliis objective will  
be reached around 1970 with the vehicles having about the s a m e  rel iabi l i ty 
as the f i r s t  gene-ration. The vehic les  will  have a s m a l l e r  nun-rber of s t ages  
in the c a s e s  where  the nuclear  second s tage  will  be used. It io prcscntly 
anticipated that  chemical  propellants  will  be m o s t  economical  for  t r a n s  - 
portat ion from the ea r th ' s  su r face  to  low and medium altitude orbi t s .  
Nuclear  propulsion in the second stage,  however, will be  v e r y  advantp-scous 
and will  be  m o r e  economical  f o r  all space  m i s s i o n s  than chemical  propcllantn. 
Nuclear  propulsion will make it feasible t o  t ramport  substantial  payloads to 
the s u r f a c e  of the moon without requi r ing  orbi ta l  rcfueling. 





ALTITUDE (KILOMETERS) 
I I I I . . 

100 500 1000 5000 10000 22242 50000 1OOOOO 
- , (STATUTE MILES) 

FIG. 13 TYPICAL JUNO Y PAYLOAD CAPABILITY FOR ORBITAL MISSIONS {FIRST GENERATION) 
, . - 
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It  i 8  expected that the second generation of the JUNO V vvhicic 
gradually provide payload capabilities for  orbi ta l  r n i s ~ i o n s  up to 100  t o n s  

and c a r r y  payloads in the o r d c r  of 1 0  tono to the moon and  ncigl.).'t>oring 
planets.  Such payload capabil i t ie~i  will takc c a r e  of a l l  requiremento expected 

- f r o m  space  act ivi t ies  tc~ take place in the next two decadcc. 

The objective in the overa l l  long ranke JUNO V space  t ranspor ta t ion  
program i s  to  provide rel iable t ranspor ta t ion  in the mos t  econarnical v~2.y 
fo r  a va r i e ty  of space  miss ions .  Individual s t ages  and sublsysterns will always 
be interchangeable and will be introduced into the sys tcm as they become 
available a f t e r  thorough testing, No chances will be  talccn especia l ly  in ca3c 
of personnel  t ranspor ta t ion ,  The en t i r e  design and  development approach. as  
presented  he re in  will i n ~ u r e  that the vehicle will not be  o b ~ o l e t c  t v h t n  i t  
becomes  aperat ionally available. Thus ,  i t  i s  expcctecl that: the tnxpayer ge ts  
the moet  r e tu rn  f o r  h i s  money and that: the overa l l  effort will ntay within 
the l imi ts  of the national economy. The p rogram anticipated he re in  is 
expected to s t ay  within the one billion dol lar  p e r  year l imi t ,  



V. OPERATIONAL CONSIDERATIONS (S) 

A. Tes t  Stand Operation 

The t e s t  s tand operat ions requi red  to  support  the J U N O  V d c v c l -  

optncnt p rogram a r c  based on thc follovring objectives: 

1 .  To provide o r  confirm pc ' i formance data of components, s u b -  
sys tem,  and complete booster  sys tem to the groups rcsponsiblc for  dcsi[;n, 
fabricat ion,  ant? inspection, 

2. To evaluate,  by functional o r  s imula ted  tcs t ,  thc ha rdware  
genera ted  by the design d e c i ~ i o n s  a s  soon as possible a f t c r  the componcni, 
sub-.system, o r  sys tem is fabricated.  

3. To establish,  by study and complementary t e s t  p r o g r a m s ,  
operat ional  techniques, tes t  faci l i t ies ,  t e s t  and support  equipment, ins t ru -  
mentation, and organizational capability to  exccutc the t c s t  p rogram.  

-4. To accumulate technical  confidence in the bzs ic  vehiclc through 
the media  of captive tcsting,and to apply this  e i p c r i c n c c  in establishing the 
operat ional  capability and application of the subjcct  boostcr.  

Theye objcctives form the bas is  of a tes t  prograln prcdicatctl  on 
accomplishing two goals.  The f i r ~ t  of thcse  i s  to  provide t c s t  data to rcsolve  
the problems involved in clustering a number of individually provcn power 
plants into a booster  sys tem and to qualify the c lus te r  for  flight t c s t s .  The 
second goal is to refine the operat ional  pcrformnncc and reliabilityof the 
c lus te red  booster  to the  point of establishing complete confidence in, znd 
maximum re tu rn  f rom,  the flight t e s t  p rogram.  

It will be n e c e s s a r y  to provide t e s t  s tand positions, instrumentat ion,  
eys tern s control  networks, t e s t  and handling equipment, ground cquipm cnt, 
cpera t ional  techniques and checkout and operat ing p rocedurcs .  The l a r g e s t  
s ingle i tem will be the modification to  the eas t  position of the p resen t  ctzt ic  
t e s t  s tand.  The modified s tand with the JUNO V boostcr  s tage  instal led i s  
shown in Fig.  14. 

Water  flow evaluation t c s t s  on the propellant  upp ply manif~lrl:; wili  
be accompliohed a s  Boon as poss ib le  and  before  the en t i r e  i ~ . i l ! < a ~ ~  lla:; ;::en 
fabricated.  Theee  ea r ly  t e s t s  will afford a p re l iminary  evaluatio:.: of the 
manifold and help in providing information for thc dcvcloyrrncnt of 'ibic i n s t ru -  
mentation for  the complex flow sys tcm.  In la ter  flow t e s t s  on t ? ~ s  complctc 
booster  tankage and manifold oystem can bc  conducted bcfore  tL.2 cn:-inc 

hardware  is available.  This  approach again  will provide the dun1 zr:v;-:n'ingc 
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- .  .- . . .  - .  . . . .  
h .  . . 

- .  -. ' - 
I - 

. - 
of p ~ c l i m i ~ a r y  sys tem cvalbation and instrumentation 2r.d opcrzt ion tcckniquc 

. . verif icat ion,  . . 
\ 

Single cnginc evaluation tcz t s  bc ?crforme*, . 2s . sool: a s  the . . 
I .  

rnocli'ficd. JUPITEX ( H - I )  cngine i s  avs.ilable. Bes ides  scccptczncc tests,  
- evziczt ions of igkition and cut oif seqacnces ,  pump suctihn cha rac te r i s t i - s ,  

enzinc z c c c s  s o r i c s ,  ~iml:aling c h a r s c t c r i s t i c s ,  cnginc i l i s t~ulncnta t ion  . . . # .  , .  

- pTcSrarn, systctm control  I I C ~ W O ~ ~ S ' ,  - vibrat ion c l ~ a r a c t c r i s t i c ~ ,  rel iabi l i ty - L . 
. . of cornponc:lts, srouni! and support  cquipinent, operational p r o ~ c r l u r c s ,  . I .. , . 

t h r ~ ~ s t  csl;trol,- and .gzin f ac to r s ,  will bc  de tc imined.  , . . 
9 : .  . . 

Colci flow tcs t s  or. i!;~ cnt i re  bcos te r s -wi th  watr:r a:;d propcl!ant;, . 
, - wi!l bc tile ini t ial  p rogram c o l ~ c l ~ c t c d  .on the t e s t  stattd. Thc tcchnic;.;~ of urjing. . -. . . 1 .  

ihc turbcpumps in a bobrail config\;ration will  bc appilc:i ; bctli water  and act1141 . 
propellants  will be.uscd. Althoug!~ tirnc m a y  i t  may be feasi5l.c to ' 
p i o ~ i d t .  a p l c n u v  dcvicc on thc pump outlcts  to s imula te  khambcr  build-up. . 

T h i s  would cnablc the cn t i r c  c l k t c r  to pc r fo rm undcr opcra t io l~a l  conditions ., - ' ' 

witllout the haza rds  involvcd in  ignition and mains tage  t c s t s .  , ' 1  

< . -  . . . .  
I .  

- .  * .  
Following the cold f1ov.v p rogram,  LOX-water ignitio5 scqucncc - .  . '. r : . > .  . , . 

t e s t s  will bc madc,  f i r s t  on iildividual engines,  followcd by a group of four - 
- and then eight. The next s t ep  will  bc  ignition and mains tage  f i r i n ~ s ~ s t a r t i n g  . , 

,. again with a n  individual engine and then test ing thc inboarc! four ,  .the outboard -. 
. - 

four, and finally the ent i re  - boostcr .  . . _ . - * ,  

-- 
Thc t e s t  p rogram rcquired  to supaor t  thc JUSO IJ  dcvelopmc?~t : - , . a  . + .  

prograll1 i s  a11 accumu1a:ion of cxpcr icncc ,  tcc!lniqucs, faci l i i ics ,  instrumcntatiol?,' . 
1 .  

and equipment proven to-bc'the m o s t  rc l iablc  and p rcduc t iv .~  ,dui-in2 pas; and - - ?  . . 
c u r r e n t  activities. It i s  fel t  th&t thc above outlincd approach-wil l  provirlc - ,  -. . - . . 
the maximum r e t u r n  to thc  p rogram.  

, -  I _ .  -- -- 
C .  

B. ~ a b r i c a t i o n  and Assembly  a - .  
. .  , , 

- .  
Thc problems in  thc fabricat ion of the conta incis  fo r  the l a r g c  . .- , ' . . 

c lus ic rcd  booster  a r c  not unique in  that p r e s e n t  fabricat ion t c ~ h n i ~ u c r ;  .ind ,- . - - .  " . . tooling will be  utilized. Thcsc  tcchniqucs and toolin2 llave bccn tzicd and 
. provcn, thus allowillg m o r e  t imc  and effort  to  bc  np?licc! to the new 2 r o b l c m s  _ - L 

that  mus t  bc  solvcd in the scgrnentcd th rus t  f r a n c ,  LOX and Cucl *--~ailifolds, - D 

- and such-problc?ns a'ssociatc:cl with the clusterillg of many power plants  into. ' - 
onc booster .  . . 

' . 
r * . - -  

. I:I thc a s sembly  of thc  boos te r  t h c r c  will bc m s ~ y  new, cha l l eng i l~g .  . . . . 

prob lcms  to be solvcd. It i s  proposed that the  l a i g c  boostcr  bc bro!:cn , . . . . - . . down into a s  many lnrgc  subassemblies a s  possible s o  that s c v c r a l  c r e w s  can . . . .  . 
be cmployed a t  thc .sa lnc  t imc ,  thus allowing \vo;li to p rogrcks  a t  a m o r e  a -. - . .  . . . . . . . . - - - . . . , 

-18 : . . 
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follows: 

(1) Maximum stability bccausc of a self-frccine pncurnztic rc lcasc  
m echar~ism , 

(2) Support Strudture, actuator controls, and acccsr,orics a r e  in'a 
naturally protccted position. 

(3)  Maxiin'un~ accessibil i ty of cngincs and f i ~ i n g  a c c e s s o ~ i c s  is 
provided, 

(4) .Minimum damage possibility during firing.. Thc f l a n c  dcflcctor . 
. 

i s  rslat ivcly easy  to exchange. 
- 

The ultimate t ranspor t  scheme lo r  the JUXO Tr booster \vill utilizc 
the JUPITER and REDSTONE t rans2or tc r s  of tactical d c ~ i g i l  for lanZ o r  d i r  
from the fabrication a r e a  to the launch sitc. Sincc no inc!iviclual corn~oncnts  
will excced the s ize  and vfcight limitations, the d c s i p  i s  consistent with. the 
t ranspor te r s  presently bcing used. 

. , 

As was mentioned in Section III H, a i r  transportabil i ty is desirable 
since wit11 booster  recovery the need f o i  shipping an entire booster to the . - 

launch s i t e  a t  one t ime is eliminatcd. Only components rcquircd to support 
' 

the rejuvenation operation will be needed, and these can casily be a i r  
t ransported.  

For the f i r s t  fcw firings at AMP.., i t  m a y  bc dcsirablc to ship the 
. 

. - 
booster by water to eliminate the nccd for  rcasacrnbly a t  t h c ~ l a u n c l ~ i n ~  sitc. . 

This problem i s  presently bcing i n v e s t i ~ a t c d  to find i t s  cffcct on vchiclc . 
. . 

reliability, cost, and schedule. 

Hoisting and erccting of thc cornplctcd zccond i n 2  third stazcs on. 
thc launcher can be a c c o m p l i ~ h c d  with a 25-ton Ssntry cranc. T!lc Lcnvicst 
anticipated load-can be liftcd by the hook on the main 100-11: boom. Thc i i e i ~ h t  
required f o r  staging erection i s  facilitatcd by booming bzclc thc m::in boom 
until the 40-ft jib boom is over  thc vrorlcing radius. Duc to thc  sizc zilcl hcight- . 

of the vehicle, i t  can be  considered a stable column to vr i~ic l~ thc s c r v i c i n ~  
platform can be attached a t  thc required vrorkdng lcvzln. Thc c ranc  vrill LC 
used in the assembly  and dismantling of the se rv icc  pl3tforriil~ surround in^ . 
the vehicle. 

D. Launching Facil i t ies 

1. Atlantic Miss i le  Range (Ab!ZY) 

The s i t e  and launch facilities sllould bc plznitcd and built for  tiic 
. . . . 
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=.;abilities to nccommodntc'a fir11 t1z:cc- o r . cvcn  fou i - s t5 .g~  ~icr..ji,ii., . . . . . .  
.. ...; Z c c ~ ~ ~ s c  of tilc limited t i n ~ e  available,,  dc\;el~>ij!nent of this  iac!;cil .sikc s!lould- :. ... . . : .  .' 

- - .. . . . . . . .  . . . . ..=-- - . . .  
..... c - ~ : ~ ~ z ~  CXiZjtin: faciiitics .and uti1itj.c~ -vihcrex!:lc;. ::brjsi;j:.2;, ~ : < ' ~ ~ ~ ~ i , ~ ~  ;q.i:c.:. ..:.. -.. :. : : 

. . . . . . . . .  * I .  

.-T .,LS the on% c~nsidel 'a t i i tn  fo r  ~h~~, f i i . s i : .vch ic lcs .  :.The: rcssi5;n;; fir in^ ;;,..:., ..:. ..:..,.. . . . . . . .  : . . . . . .  ... . . :. ...,a. . . ....... -.P 
. . . . .  . . , . ; .  . . . . . .  . . . . . .  az?iau:hs ->:.ill pr06ably.Lc, . ' .be t~~;~~n 45 a n d 1 0 0  deG:ca i t  'bf t rue  no:t!l.; .,: . , _ .  . . .  . . .  . . I .  . . . . .  . - . . . . . . . . . .  . . . . . .  . , 

. . . . 
. . . ,  

. . " - - - 
T s c  l ~ u i l c h  facilities w l ~ l  bc  cicsigncd for ;.p~roxi;xatcly a _ . .  

2, COO, C00-15 rcacticn f ~ r c c ,  ,.-ad wiil provide for prcfii;::: f r : ;~ct ion~. l  live 
c c ~ 3 i c  t e s t s  ilp to 5-zec  rluration, Tilc i c ~ l u i ~ c c i  bzncficial o c c u p a ~ c y  date . . . . . . . .  - .  , 

50;. ti=c lzuncl~ing s i te  i s  June 1950. -, .' - 
-. - .  - I 

TIlc TNT cqLtivalcnt ru lc  f o i   round safety (hazard con;idczations . . 
r 2 -, 

s>oiil", Ec based 011 50 pc r  cent of total  weight of 1iyiic.l propelisnt  as being .: . " . . 
<. , rq i ; -s icnt  ir, rc lcasablc  cncigy to that nmour,t of TNT)  -.::ill bc t iscit  in t l ~ c  - * 

- - 
c ~ s i ~ ~ ; ~ ~ d ,  appiying this  rulc, thc prcsclcctcd radiu:: of tl:c :gi-ound salc'i;. . . . . . . . .  
zozc-is 5-510 ft. .This safety zone should bc cnforceablc fro~n,i:-30 minutes * 

- .  . . --- -.:ii ii;ing during the itlitis1 firhg an6 i iunch  ghasc. 
! . - .  

. .  . . - .  The la-~ii-1~11 pad silould be rcinfo;ced concrctc,  230 ".' L L . i i l  dizr;ictc:, 
v:%: the fol!o\ving fcaturcs:  b lzs t  r e s i s t sn t  a r c a  160 ft i;l d i z < ~ e t c r ;  center. 
momtin& launch tablc a::d ~ c : ~ c c ~ o ~ s ;  surface  levcl  ;.ail txac:;s fo r  rno:renlcnt : . .  . " 

of ser-.-ice s t ruc tu re ;  subsu;.face instzurncntation t e rmina l  room, fllcl and - 

LOX tanks;  surface  Sencrztor SuilZing, t r ans former  vaklt, 2nd camera  pzds;  
295 neces sa ry  person:lcl access\=.-ays at5 cableways. Thc launch pad is to be  . 

. . ~;.ovi?cd with f i r e  fighting dcluse and f lame coolznt watcr  supply and to bc 
. --  . * .  

sloaeci to c a r r y  off fuel dilutl .on water. - 5 

. , -  . . 
. . 

. . . . . . .  . . . . . . . .  . . . . . . :  , . . - . * .  - 
i . .  . . . . . . . .  . . . . . . The blocl&ousc is.^ LO 5c o f  reint 'oicc2 concrctc desizh, pos+tio:-teci. ... - ...-- . . ~ . .  - . . 

. . .  
. . 

. . .  . . . . . . . . . . . .  1050 ft ixinimum Cistzncc from the launch pad witii -mcci;~.s:~or, ~?ti-ccal'.:..'..~'~. . .  ..- . . .  . . .  . . . . . . . . .  . . _ . r  
< 

. . : . . .  .. cbserz-ation of operations- on the iaunc'r, pad. ..l.lso, - i t ' m ' . ~ s t  ~ c . ~ , ~ . ~ l e . ~ u s t c " : f o r : - ~  :-.-.- . . .  
. . . , -~ . . .  - . .  

Eie mi s s i l c  t e s t  and lzuccll console;- ins t rum cztation r.acli<, :cmotc -co:~tr,ol.- . .  I.. . , , r ;  ' - . . . .  
. . . . . . .  . . .,  - -. . : . . Eccf5n~ ar,d h i ~ l i - p r c s s u i e  z i r -pzncls ,  arid opci~~t i r .g :pcr~sonncl .  -Complete - -  . . .  

. . 
. . . <  - 

. . . . .  - .  . . . . . 
*--. I.C--C-LV --, -.-- protection of~pcrso,zncl  is ' r cca i rcd  2nd nccessz;.y. -2.i~ 'cons~:'i~:nln~--;':. -. . . 

-:..... . < .  . .  . . .  . . . .  : - -. . . 
. . '. 

* ;I= ecilisment hcat  rcmovz? and-for  pe~sor-tncl  must  bc pravi:icd with :. -. .- . . " , . :. 
. . .  . . .  . . .  - . I -  .:.. . . . . .  a<ec_ilatc flushing and v c n t i l ~ ? t i ~ ~ ~  a earis for  btittcncd-il? c ~ c ~ z t i e i l ' i ; ~  -c,zsc.ol :.. ..- . . . .  . . .  

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

. . . . . . .  . .: . . .  .. - 
.... . . . .  . .  2 misslie fai lure;  Es t imate2  numbor of pcisgnnel  s t a t ione l  ii. 'Jlocii!lol;~e :.. .,; .:., : 1 

. ,. . . . : . .  . . . . . .  
. . . . .  .... -. £0: s l c r a t i o n  is 130 persons  iricludix~g o ~ s c T v ~ ~ . ~ .  . . .  , . .. .... . . . .  . . -  - ', 

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

. . . . .  . - .  . . . . . . . .  
. . _ _ ,C , ,. . : .. ' .: .. . .  'The LOX 2r.d fucl supply sys tem will consis t  ci GEC 100, 000-gallon .....:. : -  . . . . .  

. . . . . . . . . . .  -. - : . ,. . - +&-?- . . . . . .  , . . :. . . . :.... .-Z. \ L 3 X :  s a d  one 60, 0 9 0 - ~ a i l o n  . . tank (fucl) ~ i t h . ~ u n n ~ s ,  viivcs., -.ai:d ; .  . I .  . . . . . . . . .  . . . .  . . - a cce s so r i e s  located behind r c v c t n i n t s  spaced to mcc: app l ica l i csa fe ty  . . . . .  . . . .  , . 
. . .  . . . . . .  . , . . 

Zis:azcc r c ~ u i r c m e n t ' f  rorn lnl:~-tcll pad. A water su2pi.r for .  f.ire.fightj.ng, '- . . . . . . .  . . . . . .  . .  
> .  . . . . :  

- -& ~ , . . s : . , ~ ,~ ,  =;*. L : - ~  and coolant will be  rcquircd.  Thc c~ola11t  s.up;t)iy mzy bc uiiiized;. ..: -:. .. 
. . 

' : .  . . . .  for  firrshizs azd f i r c  fighting r e q ~ i r c ~ m c n t s .  . . . . .  . . . : * .  . 
. . . .  . . 



vera l  si tes a t  AMR were considered on the basis of cost, avail?.ble 
Caci and non-interference with other activities. The most promising 
so lu~~un LU the problem is the construction of a new launching pad just north 
of VLF-20, a TITAN si te  on which construction has been atoppcd. The cxistinl 
TITAN blockhouse could then be used thus keeping construction cost  to a 
minimum (Fig. 16). It is estimated that this installation will cost approxi- 
m a t  2 million and will require a lead time of 22 months. 

)cation of the JUNO V launch pad next to VLF-20,  a n  inactive 
racilitate i ts  construction since there will be no c ross  intcrfcrcnce 
3erations caused by overlap or' ground safcty areas, etc,  Also, this 
rould not requ' removal of facilities presently in u s e  or  
1 for fu ture  us 
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3 study of the jity for  an  equatorial launching si te and 
the besr: rocarlon rbr this site has  Deen made by ABMA (Ref. 5 ). Thin rcport  
concludes that an equatorial orbi t  is necessary;  that the only econorr.ical 
way t o  obtain this orbi t  is from a n  equatorial launching si te;  and that 
Ghristzzas Island is the bes t  location. The proposed equatorial launching site 
is sl i Fig. I 

-s +LC. 
urrrLF c A v l v r a C + v s C  VI apcr~e will be hampered without nuclx a facility, 

steps shoul LS possible to establish an equa.toria1 launching 
site at Cbr: 
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.ken as 
Island 
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VI. PROGRAM CONSIDERATIONS ( S )  

A. General 

In reviewing the design c r i t e r ia  for the overall JUNO 'ir Spncc  
Vehicle Development Program,  i t  becomes evident that rcliabiiity 1123 bccn 
s t r e s sed  throughout every phase. The reliability of a ncsv devcinpmcnt, 
such a s  the JUNO V, i s  dependent for the mos t  par t  upon the avail-b!c t imc 
for  engineering and testing (schcdulc) and tho availability of moi?cy to 
perform the required work (funding). There  i s  an in terre la t ionsl~ip  Lc.i~:!c:cn 
schedule, funding, and reliability which should be optimized. Such op'ii1l7i:~,ation 
requires  that each of the variables be proper ly  weighted. The J U N O  V 
system study now underway has  a s  one objective the optimization of tire overal l  
program with respect  to schedule, cost, and rcliabilify, a s  wzll aa  s t z g i n ~ ,  
g ~ r f o r m a n c e ,  and other m o r e  technical cr i ter ia .  

It  should bc understood, however, that i f  schedule and coat a r e  
considered to be independent variables and a r e  established without properly 
evaluating their  influence on reliability, the overall  net re tu rn  f rom the 
JUNO V development program may  be  drast ically reduced. 

a. Schedule 

The schedules presented in  this section a r e  divided into three  phases: 
(1) Captive F i r ing  of the JUNO V Booster, (2) Approved Program for the 
F i r s t  Four  JUSO V Vehicles, and (3 )  Typical Expansion of the JUNO V 
Program.  

1. C a ~ t i v e  Fir ing of the JUNO V Booster 

A s  s h o r n  in Fig. 18, the schedule for  the captive f ir ing p h a ~ e  
of tSe booster  proSram has been divided into four a reas :  (1) Deoign and 
Engineering, (2) Fabrication and Assembly, (3) Checkout and Test ,  and 
(4) Captive Firing. As  inZicate6 on the schedule, the f i r s t  enginc delivered 
will be utilized on a single engine t es t  setup for enginz familiarization and 
reliability tes ts .  These  t es t s  will include both hot and cold, as wcil as  shor t  
and long duration, runs during the five-month single engine t e s t  p r o ~ ; r > m .  

The captive testing of the booster  will be dividcd into thrcc  etcps. 
In o rde r  to approach the complete vehicle configuration in steps,  a "int 

program of running the four inboard engines alone, then the four ouiboard 
engihes alone, has  been adapted before going to the f ir ing of thc eni i rc  
eight engines. 

The availability of components required to mce t  the schcGu1.e 
presented on the captive f ir ing phase of the program has  bccn verified with 





the respective organiz,;ltio~-re invol\.c\d . i l i i i  li\rlc lc,x;i-ti::icx ;:r:;*,s 5 : : ~ : :  :+F 

engines a r e  presently covcrcd c o ~ l t r ~ c t i : . ~ i l ? - .  E;lgi:~rcri::;-, dcac ; : s  aiii  

s tudies on the boostcr ,  tes t -s tand modificzitions, a n d  dc:;rile:! p1:::ning i n  
a l l  a r e a s  of the captive firir.g demonstrat ion a r c  procccding as  inciicaicd. 

The manpower requi rements  to accomplish the capti-ic. f i r ing ol 
the booster  by Decem.ber 1959 is  well within the capability of rZ.3MPA. 

I 

2. Approved JUNO V P r o g r a m  

The schedule shown in Fig. 19 outlir.es tile approved procraln 
for the f i r s t  four JUNO V vehicles. As indicated on t t c  schcdillc, ve:iiclcs 
1 and 2 will be f i red  a s  booster  flights oniy, with du:nrny upi?cr S ~ . ~ L J C T , ,  

and will be  fitted with a parachute r ecovery  sys tem for  thc bocrjtcr. Vciiiclcs 
2 and 3 will be  flown a s  two-stage vehicles,  and the boostcr  v ~ i i l  no;: be 
recovered due to the high re -en t ry  velocity result ing from the pe r fo rmance  
requi red  to  provide orbi ta l  capability. The configuration of the vehicle ~ v i 1 . i  
be a s  foil ow^: SUN0 V booster  (8 x 150K), dummy tanlcage sect ion in the 
second stage,  and the second-stage propulsion sys tem in the th i rd-s tage  
pouition. Since the second-stage propulsion sys tem will be eventually used 
a s  a third s tage  i t  i s  proposed that  a l l  vehicles (1 through 4) be flown 
with the ex te rna l  configuration of a th ree  - s tage  vehicle. 

The schedule sho.m in Fig. 19  indicates that the same booster  
tankage used f o r  the captive demonstrat ion will  b e  utilized for  the flight t e s t  
of vehicle No. 1. Due to  funding l imitat ions,  this  was felt to be the only 
p o s s i j l e  way to  provide four flights. It  should be pointed out, h~swcver ,  that 
i t  wosi2  be v e r y  des i rab le  to  utilize the f i r s t  s e t  of tankage a s  a permanent  
captive t e s t  i tem in orr',er to  i n c r e a s e  the overa l l  booster  rel iabi l i ty by 
expar.Zing the  captive t e s t  p rogram.  In addition, i t  i s  considered undesirable 
to utilize the  first s e t  of tankage for  flight purposes  since even the l imi ted  
captive t e s t  progtarn  coul2 cause  fatigue fa i lures  in the s t ruc tu re .  

TC -. - =---.  L,: .er  3-9. , . :s - c s e l  fo r  the f i r s t  flight-test vehicle,  i t  will  
>-. r.::rz ..~:rh s ~ c u .  s e t  of engines, due t o  excess  accumulated burning 
::me 2n the or ig inal  s e t  of engines. The or ig inal  s e t  of engines will  be 
reworkeci a n 3  phased back into the  J b T O  V engine t e s t  o r  flight p r o g r ~ i n .  
The boos te r s  f o r  vehicles 2, 3, and 4 will  involve the procurcrnent  a n d  
fabricat ion of t h r e e  complete s y s t e m s  as flight t e s t  vehicles only. Due to  
t ime  l imitat ions in the s t a t i c  f i r ing checkout, it is anticipated that l i t t le ,  
i f  any, tes t ing  will be accomplished solely a s  engine development on the 
c lus te red  configuration tankage. 

The J.UNO V flight t e s t  schedule i s  cons idered  to be obtzi:za~)lc 
within the p resen t  manpower capabil i t ies  of ABMA; however,  four i t e m s  





a r e  considered worthy of immediatc'attention: 

1. The desirabil i ty of flying the f i r s t  s e t  of SUN0 V booster 
tankage and/or  the possibility of adding one additional se t  of t a n h g e  to 
increase  the reliability of the ea r ly  development phase of the program.  

2 .  The possibility of reevaluating the schedule and funding 
established to date as a resul t  of the J U N O  V schedulc, futiding, and reliability 
s y s t e n ~  study as i t  progresses .  

3, Engine delivery, Item 3 on Fig. 19, has been covered 
contractually for the f i r s t  nine engines and long-lead i tems for the eight 
additional engines to be used fo r  vehicle No. 1 flight test.  Due to the long-  
lead t ime required fo r  engine hardware,  i t  will be necessary that imrncdiate 
action be taken to insure  delivery as indicated for  the remainder of the 
engines. P r e sen t  plans are to  procure  all engines, including the captive 
tes t  engines, on an  incremental  funding basis  to alleviate the rcquircment 
of complete funding a t  the t ime  the engines a r e  ordered. 

4, Although no decision has bcen made ad to which ,of scvcra l  
possible second stzges will be used for vehicles 3 and 4, it  i n  ncccssnry that 
action be taken to provide funding to accomplish engineering, fabrication, 
and testing of the second-stage system. As  can be seen on the schedulc, 
engineering should begin the la t ter  p a r t  of 1958 and bc completed not l a te r  
than November 1959. It will a l so  be  necegsary to procure  long lcad-time 
i tems for the second stage ea r ly  in 1959 to insure  delivery of hardware  to 
meet  the proposed schedule, Item 42 on Fig. 19 indicates delivery dztes of 
second-s tage engines, o r  propulsion units, required to mee t  the proposed 
sclledule. 

3.  Typical Expansion of the JUNO V Program 

The extension of the JUNO V program should bc made in three 
general a reas :  type of vehicles (2, 3, and 4 stage), missions,  and  nlilnbcr 
of flights. The f i r s t  two a r e a s  have been discussed in detail i n  Cfiaptcr 1'4'. 
The expansion of the JUNO V family in t e r m s  of the number of velzicir3 or  
flighte i s  shown in Fig. 20. 

The-number of flights has '  been dividcd into f0u.r types: teat  
vehicles fo r  both the first and second generation of the JUNO V f?.rnily, 
orbital  vehicles, space miss ion  vehicles, and vehicles which may be used 
for the establishment of a multipurpose space station. It  should bc 
understood that the miss ions  ass igni ient  i s  for i l lustrat ion purpos c s  and 
is indicated only to show one logical division. 





The availability of each t h e  of vchiclc. rc:c:uircd to pcrforrn 
the miss ions  indicated on Fig. 20 is considcrcd to be ~ c l l  witilin the s ia tc-  
of-the-art.  I t  is fur ther  considered that the dcvclopmcnt tcarns involvcd 
have the necessa ry  development, testing, production, and firing capability. 

The extension of the JUNO V program to includc thc nu:nI,cr 
of vehicles shown and the type of miss ions  indicated assurncs thc ,Lvailztllity 
of an equatorial launching s i te  in 1962, In o rdc r  to cxploit to tlzc fu l les t  
extent the mission and payload capabilities of tile JUNO V vehicle Inl-niiy nn 

equatorial  launching s i te  i s  considercd mandatory. As statcd cc?..rl~er, the 
expansion of the J UNO V program shown in Fig. 20  is only one par,r.;biliiy; 
the sys tem study present ly  being accomplished will cnclcavor to 0pti17' L 1i:e 

the overal l  JUNO V program and provide necessa ry  informatian to rfctcrrninc 
the b e s t  possible extension with respec t  to reliability, ecoiloiny, pcrformancc,  
and schedule. 

C. Cost Trends  

The purpose of this  section is to indicatc cost  t rends and c r i t e r i a  
for  the SUN0 V space vehicle program ra ther  than to present  dctailed facts  
and i temized funding breakdowns. In o rder ,  however, to p resen t  3ome cost 
information f o r  planning purposes,  pre l iminary es t imatcs  indicatc that thc 
average hardwarc  cost  fo r  the first ten JUNO V vehicles described ea r l i e r  
would be $6 million to $9 million each. This docs not include the necessa ry  
engineering, labor, testing, support,  and facility cost.  Long-range es t imates  
of hardware  costs  f o r  a complete JUNO V vehicle show that the unit cos t  
could be l e s s  than $5 million; and, i f  booster  recovery i s  considercd, the unit 
cos t  could possibly be  reduced to l e s s  than $4 million. 

The JUNO V system study, mentioned ea r l i e r ,  will includc an 
optimization investigation from the cost  standpoint and will resul t  in a 
detailed cost  breakdown for  the ent i re  program.  As indicated abovc, the 
hardware  cost  for  the JUNO V vehicle is relat ively large.  To real ize  the 
I maximum possible re tu rn  f rom the hardware ,  i t  i s  impcrativc that the 

necessa ry  engineering and test ing be  accomplished to insure  the hi[;hcst 
possible reliability. Since the value of the development program wili be 
measu red  by successful  flights, it becomes apparent  that a division mus t  be 
made as to what percentage of the available moncy should be devotcd to the 
procurement  of hardware  and  what percentage to increasing the reliability 
through m o r e  thorough engineering and testing. If the JUNO V vehicle family  
is going to provide space  transportat ion fo r  the next decadc, a s  cnvisioncd 
to  ciate, i t  is considered mandatory  that every  effort be made to  insure  
a comprehensive engineering and test ing effort in the beginning rathc r than 
an all-out flight p rogram of relat ively unreliable vehicles. 



% - 
T3crc a r c  scvcrzl  ~ c n c i a l  a i c a s  in tilc JUKO V progxun Lhzt ivill . 

havc conciidcrablc effect on rcducixg thc ovcrall cost: . . - . . . - 
' - 

1. In the 2 c s i ~ i l  and dcvclopncnt of thc JTJNO V vchiclc sycrtem, 
e .  

cvcry cffort has  bccn maclc to utilize hardware already dcvclopcd and 
compcncnts that lx~vc  bcca provcd rcliablc. This has ilot bcc:~ donc l o  tilr .. . - 
point of eliminating the possibil i t .~ of utilizing a d v a n c ~ m c ~ i s  in iIlc  sip.?.:^ of ' 
the a r t  and hardware :hat wiil bc rfevclopcd and provcd during t1:c lifc span ' 

, " 
of the prosrai i .  On the co~tra;.y, inzny com?oncnis 2rcsc:ltly plznncd for . 

:'nc JUNO V vcbiclc z r c  prcscrirly In the devclopnent SILXSC ilil~l will b2 . , 

p r o g r ~ m m c d  into the syt tcm as scoxi a s  thc i i  reliabiii?~ is dcmonstr;l'icd. 
. , 

-2 ,  The smailcst  nw,$er  cf z iz jc r  components (stages) rcquircd- . . - - : . .  - .. 
to proi-idc the capability an2 flcx:hility Jcs i ied  in thc JUS?;C) family -:rill 1 .  

. . 
bc U Y C C ~ .  A total of ski  di:fcrcnt s:zzes wiil 5 e  uscd as buicding b1oci;s foi. ' 
the f i r s t  gcncration of vc3lclcs. Vi6A these building bloc!:s, a l l  conceivablc 
missicns,  for this c lass  vehicle, czn Ec accomplishcrl: Thcsc missio~zs - . .  
range from surface-to-su~izcc trar,s?ortation to.planctary soft landings. . - 

, . . - . . . '  
3. A booster recovery systcln will bc uiilizcd in thc J-UNO V .' . 

?rogrsm malting i t  possi'olc to recover and rcusc thc most  c:<pcnsive component . - 
of the vchiclc. Ear l ic r  studies (Xcf, 3) indicate that apptosiniatcly 50% . . , 
of the boostcr cost can be saved by utilizing a boostcr rccovery ~ y s t c m .  

D. Reliability 
- - 

In considering the o ~ e i z l l  J7fi<O V spacc vcllicic development * , 

zcozr z z ,  icliabiliiy piays a rnzjor role. It has  bccn stated car l ic i  that the 
3ti:;O V vchicle i s  plznncd for  mzzncd spacc travel and thus rcquircs s 
systern rcliakility appioacsing that of ptcscnt  day aircrzi't. Tlic: possibility 
cZ o5taining this high Ccgrcc is ra::tc;. remote during tlie early d.cvclopncnt . . 
--a L,,scs. Howcvcr, a major exzcz3iturc cf effort-02 in.crcasing thc~vchiclc . . ' ; . . 
zeXz'iility during the car ly Scsisn and testing phasc i s  co:=si2czcd css  eniial 

, a 

zzz \ v o ~ l d  2esult in Z gica icr  overall nct return from the piog:Z:;.1, Cvca 
--- ,ougk 2 smaller  amount of flizht hardvrzie is provided. . . . -  

. .  . .  
- - .  

A comprchcnsivc stud.f on the reliability of cach of ;kc majorr  . - 
crr=l?ozen:s in the JUNO V vehicic f3niTy wili constitute onc 2hasc of ihc . . 
3'L.Z-CG V system study. Hcrc z s i n  t l c  -.ch.icie relizbility t21roughout thc ' . . 
-,rozrzzzx v;iil depend fo r  the most par t  or, the enginceiirtg cffozt c:;pcnacd. - . . 
z e - ~ - A  y csiimares of the systcrn ;.e',iability with res?.:ct to t h z  nur;l:>cr 
cf -.-c-Xcles iaunclxed a r c  presented in Fig. 21. The rclizkility i:zs 32cn dividcd 
;3-a -A:cc sczc ia l  arcas:  

1 Boostcr recovery rciiability, which i;ldica:cs :iiz ,nroL.zbili?y 
ci reca-.-c;ric~ L\C boostcr, is sho*~.~n to s t z r t  a t  approxir;lztcl:; 20%. It should 
- 

;.I 
-- -- 





l:,e ~ l i l ~ l c r ~ t ~ ~ t l ,  h o ~ ~ e v c r ,  that  tne rccovcry systcm i s  c::p-ctcd ~ C J  bc 
.ap!~ro:cirnatcly 80% rcliablc. The '20% i s  dcrivcd f r o n ~  the ??o:l~:c'. of fhr: 
vehicle rcliability and the. rccovcry iciinbility. As tail bc scci-., tI1c rcC:c:very . 
jtclisbility i l ~ c r c a s c s  abcvc tile rnissi lc rcliability. This i s  p:>:;cii-?lc s ince  
the boo:;tcr portion of tlrc f l i ~ h t ,  inclucEng rccovcrj-, tvi l i  bcco:nc ;narc 

rcliablc,  al thougl~ thc uppcr s tage rcliability may s t i l i  rcinnin T ~ l s l i v c l y  lo\tr: 

2.  Trehiclc. rcl inhil i tr  i s  sho-r;ll to s t z i t  a " L a p i o : c i ~ ~ ~ ~ t ~ l ~  25.;; 
f o r  vcllicle No. 1 and incrcasz  to above 35%. It silould bc ~ n c l e r o l ~ o d  that tllc 
\.chicle reliability s h o ~ n  i s  tkc p r 0 5 ~ c i  of thc.ir,diviciual stzigc relia,hili!ies . -  _ ' 
v.4lich a r c  clifficult to prcdict  at this  e a r ly  date. . . . .  

. . 
3. Crcw survival  is Sascd 02 tllc dcvc1cpmc:lt of an csc;..p:: 

systcnl with an  ini~ixl~rc?iabil i 'cy of n'i least GC% 'joalld rrn incrcn:ii:-.g rclinhility 
to  at :cast 95%. I n  dctcrminiilg thc c;cvr s;rvival p~ob?bi i i ly ,  t hz  lollo\l:ing 
cq:intioA sllould bc uscd: crcu- survival  = vchicie rciiability + (I  - vclliclc 
rciiability) :< crew cscapc system rclizbility. 

. - 
Tile accuracy of the information prcsentcd irr  Fig. 21 is bast::-1 0:1 

the cffort o r  lnoncy dcvotcd to the program to incrcasc  rciiabi!it;r. No f h i ~ d  
, . 

valuc can bc placed'on this cffort at present ;  however, thc curvcs  a r c  
- considcrcd to be typical of tile reliability thzt can be cxpcctcd for a properly 

funded program.  

. . . . 
-- 

- .  

. .  

. . 



. - 
- As a result  of additional study on the JUNO V space vehiclc 

development program, the following cor=clusions can be drawn: ' . . 
. . 

i 1 -  
- * .  . - L .  

( I ?  :- 

1. Schedule requirements,  cost  limitations, and engineering . . 
considerations favor the selection of an  NhA engine c lus tcr  with a norninal . , 
thrust  of 8 x 188K for  the propulsion system combined with a paral lc l  
tankage arrangement.  This design approach appcarr; to be near  optimum an . 
seen today.and makes  maximum use  of existing production and t e s t  facilities:- 

. . . 2, The present ly  anticipated 72 million dollar (four-vchiclc) ' % _, 

program is-adequate to demonstrate the usefulness of a 1.5 million-lli thrust  ' - . . 
booster for the launching of l a rge  orbital  payloads. I t  s h ~ u l d  not, ltowcvcr, 

' 

be ;onsidered a s  an  R&D program designed to ful.ly~cxploit th& potentialitier; '. . .  - . 
of such a development, nor  can it produce the requircd final rcliabilily. -. 
There  i s ' a  danger of schedule slippage ea r ly  i.1 the program i f  thcrc  i s  a . . 

. . .  deisy in the allotment of funds, which a r e  considered cxtremcly scarcc .  . .  . . -  . . .  
' ,  . '., t: \ - 3. '  The anticipatcd firing ichcdule,  which includcs tllc launchiny; of : . 
two 2- i tage vehiclcs with orbi ta l  capabilities, requires  a 'dccision within - . 

. . 
3 months on the' sccond s tage  to be used. Funds up to $5.96 million of FY 1959 
and 1960, money . a will be requircd, depending on- the type of sccond stagc sclectcd. ' 

. 4  4. If al<uninterrupted continuation of thc flight t es t  p r o g r a h  i s  - ,  - . .  
desirdd After the present  four-vchicle program,  additional funding of a .  ' 

. smal l  amount will be rcquircd in  F Y  1960 and of a l a r g e r  amount i n  F Y  1961 . ' . 
- for long lead-t ime i tcms.  The amount of funding rcquircd will rcslilt  f r o 4  - 

. .  the J U N O  V sys tcms  study which is expected to bc' completed by hlarch 1959. 
. I  . . . . . . .  , - . . . . 

. 5. The modificaticn of the t e s t  tower and construction of t h c .  
proposed interim launching s i t e  will havc to be initiated withotit dclay i f  thc ' 

. - . . .  
desired f r ee  flight f ir ing schedule is to bc  met.  ) .  . a 

6. A booster recovery program, beginning wit11 a simplc paracllutc ' 
system) is 'cbnsidcrcd mandatory to improve ovcral l  sys tcm rcliability and . 
reduce long-term total funding requirements for thc JUNO V space vehiclc; - 

7. .The 3-stage JUNO V vehicle will provide thc  first'^. S .  . 

capability for launching a sate l l i te  in the 20, 000 to 30,000-lb clasn in 1962'and . 

could provide the f i r s t  manned lunar circumnavigation by 1964 i f  an  all-out - 
- program could b e  initiated in 1959. - , . - , 
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. .  .:. 1.  . E::p)=L.L:C prczcn:!;~ cnvisioncC feasibility. ~ ~ : ~ ~ o ; l s e q a t i c l ~  prgcn;r;:ill . - .:.: . .  . .  , 
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