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ACSTRAC T 

The initial phase of the JUNO V epace vehicle development program, 
a s  presented herein,  provides for a s ta t ic  demonstration and a total of four 
flight feasibility tes ts .  The la t ter  two flights will give the U. S. i t s  f i r s t  
payload capability in excess  of 10,000 lb in mid 1961. The objective of the 
overall program is to provide a rel iable,  economical, and flexible c a r r i e r  
vehicle with relatively l a rge  payload capability foi- orbital  and space 
missions a t  the ear l ies t  2ossible date. 

- This repor t  gives the design philoeophy used as well ari a description 
of the booster  and the interim two-stage t es t  vehicle which will be used fo r  
flights number 3 ahd 4. In addition, pre l iminary details of poesible upper 
stage configurations, weight breakdowns, and performance character is t ics  
a r e  presented. 

Beeauee of the l a rge  payload capabilities offered by the JUNO V many 
possible miss ions  can readily be envisioned and these a r e  outlined along 
with their  potential use rs .  

Operational aspect8 such ae  s ta t ic  t e s t  requirements,  handling and 
pransportation considerations, fabrication procedures,  and launching s i t e  
 requirement^ a r e  a l so  diacuesed in detail along with engineering, test ,  
and flight achedules. 

Based on the resu l t s  of present  studies i t  appears  feasible to design, 
kevelop, s ta t ic  teat,  and launch four JUNO V single and two stage engines 
by the end of C Y  1961 within the  total  funding of $72 million. 

It will, however, be necessa ry  to take immediate action to insure  
Fhe required development procurement and testing of the second atage to 
meet this  achedule. 
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I. INTRODUCTION 

The preoent state of the a r t  in the field of orbital c a r r i e r s  in thz United 
States i s  represented by the VANGUARD and the JUNC) 1 (JUPITER-C) 

I vehicles. These require approximately 1000 and 2000 lb, respectively, of 
take-off weight pe r  pound placed in orbit.  Thin rcsulta in a transportation 
cost of approximately l l  000,000 $/lb fo r  the VANGUARD and 100,000 $/lb 

u inta arbi t  far JUpdO 1, i f  the experienced reliability i n  taken into account, 

The present satellite c a r r i e r s  on ordcr'but not yet successfully flown ~ 

(JUNO 11, THOR-11?L, 3UNQ X (JUNO IV), and ATLAS-1 17L),vrill reduce 
the growth factor gradually to about 100-lb take-off weight per pound piaced 
in arbi t  and the cost to about 3000 $/lb, However, %he maximum payload 
capability of the orbital ca r r i e r s  above, without uac of high-encrgy propollant, 
will be limited to about 3000 lb for the next two years. If required, uoe  of 

, high-energy propellanto will extend the payload c~pabi l i t i es  of LGBM-based 
arbital  c a r r i e t s  to 5000 and possibly 10,000 lb by 1961 / 6 2 .  

The Army Ballistic Missile Agency was among the ear ly  groups who 
considered a payload capability of 20, 000 to 40, 000 lb for orbital  lnisaions 
and 6000 to 12,000 lb for eecape missions a s  urgent requirements for space 
missions of the near future. 

The Army Batlietic Missile Agency initiated studies on the b o o ~ t e r  
required for thie task in April 1957, These initial studies, based on a booster 
in the 1 .5  million-pound thrust  class,  placed special emphasis on a propulsion 
system. At that t ime a cluster of four NAA E-1 engines, which wcre in the 
ear ly  stages of development, were considered. This booster, which in the 
beginning waa designated the SUPER-JUPITER, and several  upper stages 
were, investigated by ABMA with the assistance of NAA. The total effort in 
this a r e a  from April 1957 until September 1998 was approximately 50, 000 
man-hours which enabled a fast s t a r t  on this program. Rcports resulting 
from these stuil5iTs a r e  listed in the bibliography. 

I 
Ln July 1958, representatives of the Advanced Research Projects Agency 

(ARPA), showed interesl-in a clustered boonter with 1 .5  million-pound 
thrust  based on available engine hardware. The ARPA objective was to obtain 
a booster with approximately 1.5 million-pound thruot a t  the e a r l i e ~ t  
possible date within the funding lirnitationa. This requirement favorcd the , 

choice of eight modified NAA JUFXTER engines rather than four E - l  enginen. 
This choice would result  in a saving of approximately $60 million and about 
2 years  development time. 

The vehicle based on this booster' was given the,>unofficial designation 
JUNO V by ARPA. This vehicle will have an initi:~l growth factor of about 50 
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which can further bc raduced to 25 by Lrac of kigla-asncrgy propellants, and to 
about 1 0  by use: of a nuclcarrpowered upper stage. The tracopartation cost  
can hopefully be redtlccd ta 100 $/lb pzyload by rncz,nn of booster recovery 
in due course of development. 

A B W ' s  experience ir2  the field, plus the availability of Pacilitiea atnd 
manpower, led to Al.?.PA Orcler Number 14-59, datod f 5 hup.dt I9SO. The 
scope of this order  i s  given in the following excerpt: 

"Initiate a developrncrxt program to provide a, hsrgc n p c c  vehicle 
boastcr oti approximately I ,  500, OCO-lb  thrust based an clt.;t?tcr of avt,ikablo 
racket engineo, The imznedizte goal of this program i c  to demonstrate a 
full -scale captive dynamic firing Ey the end of CU 1359.  " 

Fur ther  t i t ~ ~ d i c s  for the cxtcnoion of the big booster prr.gram pant thc 
fcasihility dernonrrtxation rcoulrcd in  a mernorands~a oal agreerx3ent nigncd by 
M r .  R, Ti. Jnhnaor., Direction of h R P h ,  and Ifi.lsj, Gen, J, B. Xfedari?, 
Commanding Gct~erai of AOMC, on 23 Segtembar 1 5 5 .  Thia mcmorandum 
provides for an extension of the p r o g r e n ~  to i n c l ~ ~ d c  fou r  booster test f3ir;:hts. 
The firet two flight5 vdll bc booster propulaian ili$..t t c c t c  p a d ,  tho l ~ t t c r  
two flights will bc with a occontl stage which viill pravido limitod orhital 
capability. AQMC i e  required to cubrnit to ARPA mt ln-"cr than 15 October 
1950 a detailed development and funding plar: based cln this sgrecrncnt. &See 
Appendix A for copy of memorandum. ) 

Tlzirt repor t  outlinea the suggested developmezit prozrzrn based on the 
available f~mde.  Funding limitations make this  program a c~rnpsornioc from 
a desirable development p r o a r m  rcquired to meet thc natiirsnal neec! nt the 
ear l ies t  date. 

Preoented herein a r e  a list of potential uecrs and rninnianft £0,- the 
JUMO V vehicle, the design approach that wan uscr! in  arriving at tLc 
proposed configuration, a ciescription of the boantcr and the two-atage 
interim test veliicles, A190 other p romio i i i~  upper -stage ca=binstion~;,  
a weight breakdowa and p re l i a ina ry  p c r f o m s n c ~  cclcul?+tionn, operational 
coneidcrations clealing with thc teat  stand, an.cdcrilhly, trr:nnpor"ition, 1 ~ ~ d  
launching operations and finally a program schedule are discussed. 

Ttlc OBJEGTIVZS OF THE REPOX'H" are omm,ari,-,ed in thibcs? two 
points : 

A. To f a ~ n i l i s r i a e  a l l  orgznizationn and pcreorzncZ v 5 t h i ~ ~  tk$c dn-cclap~icrzt 
team with the rcquir  ecl tpsk including aaeumption;, o r a , r ~ ~ ~ o ' i c d  approzcix, 

I anticipated development pioblern s, and schedule. 
I 



B. To inform the potential users  of the expected capabilities and 
availability of the JUNO V, as well a s  the technical details of the design 
configuratian as presently envisioned, 

I 

t - 39 
1 

, 4 4 



. JUNO V SPACE VEIIICLE DEVELOPMENT PRrJGXA;46 

A. Proposed Uesignatiotl 

Althougll not yet approved, thc popular name proposcd by 
Cr .  von Braun for the space vehicle result ing f rom the J U N O  V develop- 
ment  program is "SATURN". The SATURN is considered to bc tile f i r s t  
r ea l  $pace vehicle a s  thc Douglas DC-3  was the f i r s t  r e a l  a i ~ l i n c r  and 
durable worlchorse in aeronautics.  Is is  expected that the J-UNO V vcilicle 
wi l l  s c r v c  a l l  national and possibly international spacc  programs a s  thc 
wor ld~orsc  for  more  than  a clecade. 

13. Prog ram Objective 

S 
71 use a The objective of the program i a  to clcvelop for oper;eionc. 

reliable, cco:~omical, and flexible c a r r i k r  vehicle for orbJtal. >.:id L- z n ~ c c :  
mi so ion^ tvithin the shor tcs t  possible t ime,  The orbitzl  payload capability 
should be in the 20, O C O  to 40, 000-lb c lass  an&for  escape and s imi la r  
missions, , in the or'cler of 5000 to 10,000 Ib. The apace vehicle under 
consicleration should a lso  have a capability to c a r r y  a t  leaet  1003 lb  of 
useful instrumentation for soft-landing miss ions  on the Moon o r  Mitrs. 

C. Potential  Users  and Missions 

The following organizationo are considered a0 potential users  with 
possible miss ions  l is ted accordingly: 

I 

1 .  ARPA, as representat ive of the Department of Dcfcnae fo r  a l l  
mi l i tary  services :  

a. C a r r i e r  vc l~ ic le  for  resea rch  and development of offensive 
and defensive sp '  cc weapons. 8 

2 .  U. S .  ARMY 

a. Orbital  c a r r i e r  vehicle for  space defcnsemiss icqs  against  , 

offensive ene-my space vehicles. 

b. Orbital  c a r r i e r  vehicle for  c o m m ~ n i c a t i s n  and m z t e o r o l ~ g i c a l  
. - satellites. 

c ,  Emergency supply c a r r i e r  for surface-to-cu;.fa.ce eupply 
operations such as :  

(1 )  3QO-miic alnglc-atage gayrick v c . i : i ~ l ~ .  

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

\ 
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3. U. S. AIR FORCE 

a. Orbital ca r r i e r  vehicle for  the DYNA-SOAR III weapon 
~lylltetn. 

b. rantled orbital ca r r i e r  for man-in-space program. 

' 
t 

C. Orbital ca r r i e r  fo r  reconnaissance satellites. 
_____---- -- - 

d. fRBM m d  ICBM for special missions with multiple nuclear, 
t 

chemical, o r  conventional warheads andlo t  for transpoitation of propaganda 
material ,  

4. U, S. NAVY 

il a. Orbital ca r r i e r  for navigation satellites. 

- .  

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

b. Space vehicle for the exploration of outer space, Moon, and 
plans t s , I 

f 
c. Orbital ca r r i e r  for establishment and maintenance of civilian 

f space stations. 
I I 

I 

d. Flying test  bed fo r  F-1 engine, nuclear propulaion, and 
other systems. 

6. UNITED NATIONS 

The J UNO V space vehj _------ , .a.AeSLAb ur 

vehicle for any international space-flight progtam deck- -  ,-.. 
-1 

United Nations. 
I 

icle famiiv -;.-.%." offered a e  a ca r r i e r  
l e d  llnnn h r r  +ha 

7. COMMERCIAL CUSTOMERS 

It ia anticipated that the econonrica of the JUNO V orbital ca r r i e r  
- -  vehicle will approach the $100 p e i  pound figure by 1970 and attract private 

organizations for commercial  applications of orbital transportation. 



D. Syfitcim Parameters 

Thc JUNO V space vehicle system is considered a very  important  
member ,  but only one member ,  of a family of c a ~ r i e r  vehicles which mus t  

a% 

be available within the national mi l i t a ry  acd ciyilian space organization. 

Therefore ,  the "transportat ion sys tem" point of view will be 
considered dur ing  the design phase of this vehicle. Among others,  the 
following.major points a r e  being consldcrcd: 

1. ;Reliability and safety 

r 2, Economy 

3. ~ k r l ~  availability 

4( Teat facilities 

5. La&ching facil i t ies 

6. Propellant  production capacities - 

7, Production rcquirements  
# 

8. Maintenance and serviceabil i ty 

9. Logist ics (general)  

10. Mobility 
\ 

11. Grew engineering and p sycho l a~ i cn l  f a c t ~ r c  

12. User requirements  

All these i t ems  are subject to detailed investigation for t he  optimization of 
the transportat ion system under consideration. 

. . 



* *  

111. DESIGN APPROACH 

A.' P r i m a r y  Design Parameters  

Reliability and crew safety play the pr imary roles in thc develop- 
ment of this ca r r i e r  vehicle since i t  is anticipated that i t  will be the f i r s t  
space vchicle to be used frequently for personnel transportation  or^ a . larger 
scale. Iti general, it i s  realized that this vehicle should approach aircraf t  
reliability. Before men can be flown in this vehicle, a reliability of at least 
90 per  cent should be demonstrated. Proven hardwarre will be  uscd whcre 
possible and weight penalties will be accepted to obtai&~the necessary 
reliability. Although economic considerations a r e  generally considcrcd 
overriding, reliability must not'be sacrificed for economy and/or performance. 

,. 3 
Performance and schedule a r e  the next most important design 

\ parameters .  AS has been noted, the achievement 6f a large payload capability 

. s  a t  the ear l ies t  possible date i s  one of the p i imary  objectives of this develop- 

, ! ment  program. 

3 :r 
8 s  Due to  the larde number of potential missions, firing ra tes  up to 

about two per  week a r e  expected. Therefore, the recovery o€ the costly 
first-stage booster will be an,economical requirement. Booster recovery will 
reduce the long-range program expenditure and, a t  the same time, will a s s i s t  

. I 
I 

in obtaining good reliability a t  an ear ly  date. 

These design parameters ,  a s  well as others, a r e  discussed in the 
next severalparagraphs.  

I 

B. Propulsion System (Cluster vs. Single Engine) 

In order  to fulfill the program objective of providing the U. S .  with 
a large payload capability a t  the ear l ies t  possible date, the use of existing 
propulsion systems is mandatory. Since a booster thrust level of 1500K i s  
desired and n'o single engine of this level i s  available, a cluster of smal ler  
engines i s  required. A comparison of the two configurations i s  shown in 
Fig. 1. The required large-payload capability can be achieved 3 to 4 years  
ear l ie r  by this means. 

i The cluster concept also yields a shorter  vehicle - this i s  

" B desirable from structural  design and launching preparations standpoint - and 

a a s impler  control system. Simplification of the control system resul ts  from 1 
the elimination of the requirement to gimbal an extremely large thrust  , 

chamber. In addition to the above design considcrations, the clustered engine - 

concept eliminates the immediate need for additional large  tegt and produEtion 
facilities and also reduces the handling and transportation problems aeaociated 
with a large Ijingle engine. 





A bet ter  chance of c rew survival  during booster  p o ~ c r c d  flight ia 
gained s ince  fai lure of one engine does not r e l ~ d e r  the ctltirc vehicle powcrlcsa 
a s  would be  the case  with a l a rge  single engine. F a i l u r e  of one engine would 
s t i l l  p e r m i t  the vehicle ta  accomplish a l imited misoion, Loos of 2 o r  3 
enginea would s t i l l  leave the vehicle controllable and provide adequate s tabi l i ty 
to allow c r e w  bailout, which is a major  design considcrat ion.  Conaidering 
the rel iabi l i ty of the c lus tered  vehicle, i t  i s  believed that this  method,  s ince  
i t  employs existing s m a l l e r  engines, offers  g r e a t e r  safety fo r  c rews  in 
manned flights than the l a rge  single engine in the same t imc  period.  The 
use of a c lus te r  r equ i res  l a r g e r  production r a t e s  s l ~ d  thus g r c s t e r  rel iabi l i ty 
will be developed e a r l i e r .  In addition, many development p rob lems  'can not 
be foreseen for  Ihe l a rge  single engine because of the l a r g e  jump in ' thrust  
level  o v e r ' p r e s e n t  experience.  Thus, the schedule of the l a r g c  single cngine 
is considered  to be quite uncertain. 

Another important  considcrat ion in designing th is  vehicle is ; 
economy. Because of the  l a r g e  payload capability, many possible, misa ione  
can be envisioned, Some of these  have a l r eady  been descr ibed in  Section 
I1 C. This  va r i e ty  of miss ions  will requi re  a l a rge  number  of f i r ings.  To 
make a program of th is  s i ze  economically feasible,booater r ecovery  m u s t  
be used. The clustered engine approach i s  m o r e  suitable f o r  booster  
r ecovery  than the single engine approach. Should engine damage o c c c r  
during the r ecovery  operation, only the damaged  engine^ o r  p a r t s  thereof 
m u s t  be  replaced in the c lus tered  a r rangement  r a the r  than the oile l a r g e  
and cost ly s ingle engine. 

C .  Tankage Design 

Severa l  different tankage deeiene can be  envisioned fo r  a boos te r  
of th is  s ize .  . F o u r  of the m o s t  promis ing a r e  shown in Fig. 2. 

The f i r e t  configuration given consis ts  of a single l a r g e  tank, 
21 6 in. i n  d iameter ,  with a n  in ternal  b u l u e a d  to  ~ e p a r a t e  the LOX and RP-1.  
The m a i n  advantages of th is  method a r e  minimum overa l l  dimenoions, 
minimum plumbing, no additional pressur iza t ion  o r  vent manifold, and 
utilization of existing design experience s ince  this  i s  the conventional tankage 
approach.  However in a booster of th is  s ize ,  conventional tsnlcagc h a s  
ce r t a in  disadvantages. The handling of the tank would be complicated s ince  
i t  could not be  broken down into s m a l l e r  components. The only available 
means  fo r  t ranspor t ing  a 216-in. d iameter  cylinder c r o s s  country i s  by 
water.  New tooling' would have to be provided and production faci l i t ies  
a t  ABMA would have to be modified. The fuel feed l ines would extc:ld 
through the  LOX container.  In addition, a n  insulated bulkhead and heavier  
ant i -s losh  s t r u c t u r e  would be  required.  



COMPARISON OF POSSIBLE JUNO Y BOOSTER TANKAGE DESIGNS 
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The concentric tanlr ar rangement  (number 2, Fig,  2) consists  of 
a n  inner LOX container and an outer fuel container. Thc outaide diamctcr 
would be the same as the single tank. The major  advanb-ges of thia rleiign 

A a r e  the elimination of fuel  lines running through the LOX tnnIt and the 
reduction of the ~ l o s h  problem. Due to such i tems as double cylindrical 
walls and insulation between LOX and fuel containers, the concentric tank 
design would be approximately 2070 heavier  than the conventional desizn 
(number 1, Fig. 2).  

. The th i rd  configuration given in Fig. 2 is 'comprised of nine tanlcs - 
a center  tank of JUPITER diameter (105 in. ) surrounded by eight tanks of 
REDSTONE diameter  (70 in.),  These diameters  were chosen to  take 
advantage of existing tooling and production facilities and to reduce initial 
cost.  The outeide diameter of the ar rangement  i s  256 in, LOX i s  c a r r i e d  
in the center  tank and four of the outer tanks. Fue l  is ca r r i ed  in the four 
remaining outer  tanks. The advantages of this system includc eaa ic r  handling 
and transport ing because the booster  tankage can be disaseembled and each 
tank handled and shipped separately.  Since off-the-shelf hardware  can be  used, 
shor te r  fabrication t ime and lower manufacturing coeta can be real ized.  
Center  bulkheads and fuel l ines through the LOX tanks will not be required 
and the well-proven JUPITER anti-slosh design can be uacd. The dis-  
advantages include l a rge r  outside diarn e ter ,  more  s t ructura l  m e m b e r s  
required,  and the need for  additional pressur iza t ion and vent manifolds. 

The fourth configuration shown in  Fig. 2 consists  of eight 
REDSTONE diameter tanks in a c i rcu la r  ar rangement  with an  outside diam eter  
of approximately 256 in. Each  tank would contain both LOX and fuel and 
would requ i re  a center ,  insulaf ed bulkhead. In this design longer tanks would 
be required;  however, by omitting the center  tank,sufficient space is gained 
to pe rmi t  the placing of fuel lines in the center  opening and thus eliminating 
the need of running them through the LOX containers. 

After  pre l iminary study, the multiple-tank arrangement  of one 
center  tank surrounded by eight outside tanks has  been selected as the mos t  
advantageous design for  the Phase  I of the JUNO V program. 

D. JUNO V Staging Considerations 

e - In any new design the possibility of introducing various concepts 
exist. In the JUNO V vehicle development the possibility of using a different 
type of staging was  investigated. 

This principle, shown in Fig. 3, i s  cal'.ed para l le l  s taging and 
differs f rom the conventional staging,  shown in Fig. 4, a s  EoLlowo. All of the 







vehicle engines a r e  mounted pa ra l l e l  to eiich othcr arid a l i  a re  igciteil a n d  
burn  wrth full t h rus t  f rom the  ground, Engines and tanks a r e  dropped off 2 s  

thc s tage  requ i t ements  ate ful i i l led with tho tern t~in ing tanks and engincs 
continuing as the next s tage ,  The propellants  u sed  d u ~ i n g  the f i r s t  -s tage 
burning a r e  supplied f rom the tanks that a r e  dropped at Eiret-stage separat ion.  

The pa ra l l e l  staging a r rangement  has  ~ c v e r a l  advantages over  
the conventional staging. I t  allows fo r  m o r e  fle:.ribility in burning t i m e s  f o r  
individual m i s ~ i a n s ,  It  also e l iminates  thc problem of altitude ignition which 
i s  inherent  in the conventional staging. A smal lez  fotai  num5cr  of eszpit-ics is 
requi red  to pe r fo rm the same miss ion  and t21c engines are be t t e r  ut i l ized 
since the ceittcr engines burti f o r  a g r e a t e r  t ime.  Wi th  all cny;ines burning 
f rom launch, a s h o r t e r  total  burning t ime  i s  r equ i rcd  and thus l e s s  gravi ty  
l o s s e s  are  incurred .  A smoother  aece le r s t ion  tlxrou'ghoue: pawcred f l ight  is 
also achieved which m a y  bc m o r e  des i rable  f o r  manned space  flight,  P a r a l l e l  
staging would r e s u l t  in a s h o r t c r ,  m o r e  compact  vchicle and could reduce  
the assembly ,  launching, and handling pto"uen~ s .  

Severa l  disadvantages of the  para l le l  stagin;; ovci- the conventional 
a r rangement ' shou ld  be  mentioned, Since, s o m e  e n g i n c ~  will bu.rn throughout 
the powered flight of the vehicle,  they cannot be used zt their  optirnurn 
expansioh ra t io ,  Also  the l a s t  s tage  will  b e  sorne;j.hat heavier  bcc?Iusc of the  
additional va lves  and th rus t  f r a m e  a t tached resui'zing ill p e t f a r m a n c e  loss .  
A new technique sat isfying a l l  rel iabi l i ty requirementc; mustbbrr developed 
and t e s t ed  which m a y  r e s u l t  in a .longer development time and higher. cost .  
Separa te  feed s y s t e m s  will  be r equ i red  to  provide maximum propellant  
utilization and  modifications will  be r equ i red  f o r  the u ~ e  of high-energy or  
s to rab le  propellant  in the upper s t ages .  Due to t he  above -rncntioncd 
requ i red  developments, the  para l le l -s taged vehicle would pro3abLy not be 
available a s  e a r l y  a s  a conventional-staged vehic1.c; however, exper ience  
gained f rom the ATLAS program might  be a.?pliczble. 

Since the pa ra l l e l  staging principle would r equ i re  adcitional 
manpower,  funds and t imc,  the f i r s t  four boostcrs  will b~ of conv-.ntional 
dcsign with c l u ~ t e r e d  tanks.  F u r t h e r  s tudies will be ~ z d e  Lo dctcrrnine the 
potentialities of the pa ra l l e l  staging concepts for  lhc J"JX.;ih'B Ji prozram. 

E. Guidance and Contro l  

The JXJNO V space  vehicle booster  t~sili be conl;.ollcd by the use  
of techniques and components s i m i l a r  to  those  employed an tbe JUPITER 
mianile ,  However, the  cont ro l  ~ y s t e m  will  impose  some requirements on the 
overa l l  design. Two bas ic  r equ i rements  will  3312 d i ~ c ~ ~ ~ l e c ? .  ?.ad arc ehswn.. 
i n  Fig ,  5. 
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a. Canting of a l l  the engines so that the th rus t  vec to r s  p a s s  thr,otsgh 
the cen te r  of gravity of the vehicle. 

b. Swiveling of the four outer  engines uscd for  contzoi, 
' . 2 %  

1 d 

Canting of a l l  engines ini tcad,  of a pa ra l l e l  arrang&mant is 
dcs l rable  f rom the control  standgvo;i'ni 6.6cnuse the effects  ol t l lruot xnicalign- 
rnent, t h rus t  differences,  diff,eatte~'ie's-ih'cutoff irnpul.se,zand f rz i lu~e  of an 
engine will be minimfaed. With engineo canted, these  deficiencies will: 
resul t  in a para l le l -dr i f t  of the flight path but not rotation of the vehicle about 
its center of gravity,  Compensations fo r  such deficiencies can 3 e  effec ted  
by s m a l l  co r rec t ive  maneuvers ,  If pa ra l l e l  a r rangement  of :he engines is 
chosen, the effect6 o f the  deficiencies l i s ted  above a r e  greatly increased,  

Swiveling ins tead  of hinging the engine- appears des i rable .  By 
hinging the engines, f a r c e s  prcrvitied by deflection of only two engines axe  
available f o r  controlling tho pitch o r  yaw axis.  i f  one cf them fails,., the 
remaining engine m u s t  provide'adequate control  forcc3,and comparat ively 
l a r g e  cnginc deflections a r e  anticipated, 

By swiveling the four outer  engines, each will  contribute in the 
control  of the pitch, yaw, and ro l l  axes .  Therefore ,  the req.t;i;.cd dci'lection 
p e r  engine f o r  each ax i s  i s  reduced,  2nd fa i lure  of one will not r equ i re  
s e v e r e  arlgular deflections of the remaining engines. P r e l i m i n a r y  s tudy  
shows the ~ o s s i b i l i t y  of operat ing with swivel angles comparable to those 
on the JUPITER m i s s i l e  (seven degrees) .  

By adoption of the scheme  proposed above fcar~t ing  of ail engines 
and swiveling of the four  outer  engines),  a maximum safety factor with 
r e s p e c t  to  cont.ro1 will  be rea l i zed  s ince  the vehicle can SF kept in  cont ro l  
under  ex t remely  a d v e r s e  conditions. 

F. Booster  Recovery  

In o r d e r  to conduct the ove ia l l  SUN0 V operational space vehicle 
p rogram within the  economic l imitat ions that mus t  be imposed,  booster  
recovery ,  rejuvenation, and r e u s e  of hardware  is consi<::red m:a2an,a"tryy. 
An economic feasibi l i ty study has  been madc to verify t h i s  point (3e f .  I ) .  
With recovery ,  the number of boosters  requi red  fo r  a c o n l p r e k c n s i v ~  Slight 
t e s t  p rogram can  be  reduced by approximately 50 per  cent. Duriraz the 
operat ional  l i fe  of the J U N O  V vehicle an even l a r g e r  percentage  can 
be  saved. 

In addition to  the monetary  savings rea l ized  through recovery ,  
valuable information can be gained f r o m  studies coiidacte$ o n  boos te rs  which 
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m 
I he payload inc reases  to be gained by usins propellant such as 

LOX-HZ, E2 -N2H4, and Li'2-HZ warrant  thcir  i rnmccliat~ devc'loprnent for  
th i rd  s tage  application. Initially, these high-energy-propellant (KEP) s t sgcs  
will be used only in unmanned space probes  and cargo vehicles. As  rel iabil i ty 
is demonstrated,  the high-energy-propellant third stage could bc used fo r  
manned mi5 sions. This approach provides a continuing inc rease  in pe r  - 
formance,  yet  maintains reliability in the cr i t ica l  manned miaeion a r e a ,  

The joint requirements of reliability and economy susgcst  the 
utilization of a previously developed storable-propellant fourth stage tor  
miss ions  requiring orbi ta l  maneuvering o r  terminal  t ra jec tory  corrcc'tions 
such a s  space  probes  and landing vehicles, 

The upper s tages  under consideration demonstrate the design 
philosophy of reliability and economy achieved by maximum utilization of i 
existing developrnents,and the basis far growth with the advancing s ta te  of 
the art,without sacr i f ice  of reliability in c r i t i ca l  missions.  

Several  months will be required for  a syetems study and detailed 
investigations before any recommendations with respect  to  the choice of the - 
total  vehicle configuration can be made. 

I .  

H. Mobility and Flexibility 

It i s  necessa ry  to establish the required mobility f o r  the J U N O  V 
vehicle and design the system to meet  these requirements. Since 
this vehicle will probably be the workhorse of space t ravel  f o r  the ncxt 
1 0  years ,  all possible applications of the system should be considered in 
establishing these  requirements ,  

Battlefield-type mobility i s  not considered fessiblc o r  necessary .  
However, the necessa ry  mobility to allow fir ing f rom severa l  launching s i t e s  
in var ious  pa r t s  of the world should be achieved. Due to the limitation of 
launching facil i t ies during the ea r ly  pa r t  of the R8cD program,  the f ir ings will 
probably be res t r i c ted  to AMR. F o r  operational deployment of the JUNO V 
vehicle, a n  equatorial launching s i te  is ve ry  desirahlc,  i f  not mandatory, 
f o r  mos t  space and orbi ta l  missions.  The mil i tary  unc of the subject vehicle 
may require  launching s i t e s  within the zone of the in ter ior  to provide adequate \ 

defense for  the launching si tes.  

The mobility o r  transportabil i ty of this vehicle system should be 
based on p resen t  o r  planned t r a n s p ~ r t a t i o n  capability and not require  the 
development of new systems.  With the t rcnd toward a i r  tranoportation, the 
J U N O  V vchicle should be designed so  that the complete vehicle sys tem 
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i s  a i r  t ransportable to insure  maximum mobility. This can only be 
achieved with a vehicle of this  s ize  by using a multiple-tank configuration, 
thus permitt ing disassembly into severa l  sections which may be t ranspor ted 
separate ly  and reassembled a t  the launching si te ,  Figure  7 i l lus t ra tes  
the air transportabil i ty of a clustered-tank booster  design broken into i t s  
cornpontrnte, 

With the increasing cost  of miss i l e  and space  vehicle 5yrt  ems ,  
i t  has become evident that unless a future vehicle has  considerable mission 

-flexibility i t  will not be economically ieasible. Since this  vehicle will be 
utilized as a basic transportat ion unit of the 1 .5  million-lb thrus t  c lass  
fop the next decade or longer, it should fulfill the transportat ion needs fay 
all possible miss ions  mentioned ea r l i e r  in the repor t  (Section XI C). 

Flexibility irr t e r m s  of hardware  must  a l so  be designed into the 
sys tem.  F o r  example, a l l  booster  engines should be completely in te r -  
changeable, The booster  should a l so  be designed with a capability to 
accammbdate varying upper-stage configurations such as a modified JUPITER, 
modified TITAN, modified ATLAS, o r  possibly newly developed upper 
s tages ,  including the X-15 and DYNA-SOAR. 

1. Crew Safety and Reliability 

To insure  complete success  of any miss ion i s  impossible, but the 
insutance of a high degree of success  of a manned venture into space is 
mandatory. This high probability of completion of mission can be accompiished 
only by consideration of all pa ramete rs  involved. These pa r ame te r s  include 
rn e chanical fac tors  and h m a n  character is t ics .  Not only must  each component 
of the vehicle mee t  the des i red reliability, but the overal l  reliability mus t  
eqv-al the required figure. This imposes  ve ry  high requirements  upon the 
reliability of individual mechanical  par ts .  There  is no component which is 
l e s s  important than another if  the success  o r  the fai lure of the miss ion 
depends upon it. However, this  does not imply that in each miss ion fa i lu re  
the re  will be  subsequent loss  of life. The present  expected reliability of 
mechanical fac tors  is 90%. In each of the 10% fai lures ,  the des i red intact 
recovery of the c r ew  is a t  l eas t  90%. Therefore ,  a 9970 factor can be applied 
to human conservation in space flight. The human charac te r i s t i c s  will dictate 
ce r ta in  vehicle character is t ics ,such a s  maximum accelerat ions,  s o  that the 
two mus t  be optimized. 

One of the most  important contributions to a rel iable booster i s  
the engine c lus ter  ar rangement  and i t s  control character is t ics  which keep 
the vehicle stable even if one engine is shut off,  



Reliability of compotlents can be increased,  but general ly only a t  
a cost--cost in t e r m s  of money, t ime,  and payload. Theae penalties m u s t  be 
accepted,  for  the p r i m e  considerat ion i s  success  of the miss ion ,  Optimization 
will be accomplished,  but not to the point where rel iabi l i ty i s  endangered. 

Jo Cirowth Potential  

The JUNO V vehicle f i r s t  s tage,  a s  well a s  the total vehicle,  i s  
designed for  growth potential,  The design a p p ~ o a c h ~  howcvcr, i s  to  es tabl i sh  
the r equ i red  rel iabi l i ty f i r s t  and improve performance l a t e r  without l o ~ i n g  
reliability, This  s e e m s  to be the only logical approach s ince  this  vehicle 
eventually will be  used for  personnel  t r a n ~ p o r t a t i o n ~ a n d  c r e w  safety aspects 
have f i r s t  pr ior i ty ,  

The propult~ion sys tem a r rangement  allows the rcplacement of 
the four  inboard engines by one l a r g e  (i. e , ,  the 1000 to  1500K F-1) 
engine a s  shown in Fig. 8, This can be done with any l a r g e r  engine with 
approximately the s a m e  dimensions,  The use  of the s a m e  propellants  
(LOX/RP-1) would be des i rable  but is not mandatory  due to the pa ra l l e l  
tankage a r rangement ,  

The tanlcs provide a capacity up to 750, 000 lb  of useful propellants  
based  on the density of a LOX/RP-1 mix tu re  ( 2 .  3:l). This  allows the use  
of a total  of 650, 000 lb of usable propellant fo r  the single-  and th ree - s t age  
vehicles,  which is nea r  optimum for booster  recovery ,  and the u s e  of 
750, 000 l b  of usable propellant  fo r  the  two-stage vehicle. Basical ly,  i t  will 
be  v e r y  e a s y  to enlarge  the tank volume by lengthening the tanks. Since 
each tank will b e  f i l led  with only one propellant component,and s ince  the bas ic  
d iamete r  of the booster  is l a rge  enough,' change8 in  propcllant volume will 
p resen t  no p rob lem,  

This  flexibility is highly des i rable  if  the take-off th rus t  should be 
inc reased  o r  i f  the effective take-off accelera t ion  should be inc reased .  The 
instal lat ion of a f ixed 1 . 5  million-pound thruot  single chamber  (F-l ) 
engine would r a i s e  the total  th rus t  up to  2. 3 million poundn with t'nc 
assumpt ion that  the four control  engines would be  uprated to 200X a t  tha t  
t ime.  This  is v e r y  likely s ince  it is expected that  the F- l ,  o r  a s i m i l a r  
engine,will  not be available fo r  flight tecting before 1963 o r  1964. A 
2. 3 million-pound th rus t  level  would allow take-off w e i ~ h t s  up to  1 .  75 mi l l ion  
pounds which, in turn ,  would allow prapellant  weights up to 1. Z million 
pounds in  the  f i r s t  ssage i f  des i rable .  Thus, this  growth potentip1 of the  
booster  and, the re fo re ,  the en t i r e  vehicle is considered highly dcoirablc. 

I 

The p resen t  approach of pa ra l l e l  tanlcage dc eign, but conventional 
staging,allows the bes t  possible flexibility with r e spec t  t o  upper otaging. 
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Initially it is cxpcctc:d to  use upper s tages  with convcnLiona' 
propellnnts,  such  a s  LQX"/KP-I, in connection with the: m a s t  rc l fn l~le  ba rdware  
rrvaiiabic. L a t e r  a s  improved engines with high-energy propellants  b c c o n c  
available (provided these  have a t  l eas t  the samc rcliabil~t.;) thc upper s t a g c s  
can  be chahged. Thus,n l a rge  growth potential with r e spec t  to pcr lar rnancc  
is avnilablc which can eas i ly  cxcced payload capabilities of 50, 000 lb a t  
a 300-nli1e ai t i tude fo r  orbi ta l  miss ions .  

K. Mannfacttlring Considerat ions 

In designing the J U N O  V booster  s tage,  every  cffor"chou1d be 
~lxpcndcd to  make the final design compatible with the hBh&\ Fabr ica t ion  
1,ahora.tory faci l i t ies .  The clustered-t-y-pe tanlcagc recornmended 
in Section 111 C sa t i s f ies  this  objective. 

Although any type of tankzge could be fabricated In tirnc to m e e t  
the required tzme schedule,  c lus te red  tankage =ill help to  s ~ ~ s c  this schedule 
by decreas ihg the fabricat ion t ime  required. The propose:! t a t ~ k a ~ e ,  by using 
REDSTONE (70 in. ) and JUPITER (1 05 i n ,  ) diarnc t czs ,  ~5.31 n:a!:c u s c  of 
p resen t  tooling and fac i l i t ies ,  such a s  welding i i ~ t u r c s ,  head dies,  
hydros ta t ic  t e s t  stand, X-ray faci l i t ies ,  and harldlinz cq~riymcnt.  This  
mcthod a l s o  m a k c s  u s c  of the v a s t  experience wlzich ;>as bccn built up by 
the fabricat ion and a s s e m b l y  personnel  in p r o d u c i n ~  REI?ST*"C3?YTYT72 AND 
JUPITER miso i l e s .  - -__ 

Since the proposed design i s  made up of ocvera l  identical pa r t s ,  
'ih " 

i t  lends itself to  production l ine techniques where  many  m a j o r  cornponcnts 
can b e  p r o c e s s e d  a t  the s a m e  t i m e  using many  crcwsrs. This method will  help 
to  reduce  the fabricat ion and assembly  t i m e  and will yield more re l iable  
and  l e s s  cxpcnsive boos te r s ,  A design based on a l a r z e  o j n ~ l c  tznk \ ~ ~ o u l d  

, , impose  working space  r c ~ t r i c t i o n s  which would not be con~pa t ib le  with l a r g e  
working c r e w s ,  thus el iminatinz production-line methods and requi r ing  
longer fabricat ion and a s s e m b l y  t ime.  I 

In c a s e  of mobilization, the production of thc cLa:t-tered-tan1.< I 

boostcr  could be diopersed over  a l a r g c  area to pretrczt dcs"lruction of ZTIOTC 

than a l imi ted  number  of m a j o r  subassernb1ic;c o r  fi~:ly r z ~ o e ~ x b l c d  boostero.  
The components could be shipped from the product io ;~  p:znt to the ,~lunclziilg 
s i t e  and assernbled  t i ie rc . for  f i r ing.  



IV, DESCRIPTION OF JUNO V SPACE VEHICLE 

A. Boaster  Configuration 

The bas ic  booster  s t ruc tu re  cons is ts  of eight 70-inch d iamete r  
tanks arranged around a cen t ra l  105-inch d iameter  tank, Thc total d iamete r  
of the  boos te r  is 21-1 / 3  feet.  (See Fig. 9. ) The bas is  for  this  select ion of 
tank a r rangement  has  been d iscussed in Section 111. The cen t ra l  tank and 
four of the  outer  tanks will contain LOX and form the load-carry ing s t r u c t u r e  
of the  booster  while the remaining four outer tanks will contain fuel. The 

7% design usable propellant capacity i s  750, 000 pounds. Due to  thermal 

,q$i contract ion in the LOX tanks, the 4 outer  fuel tanks will not be used as , 
b a s i c  s t ruc tu ra l  elements,  s ince they will have a gliding upper b e a t i n g  to 
allow fo r  LOX tank contraction. The engine-mounting s t r u c t u r e  t r a n s m i t s  ,, ii thruet and gimballing laads  into the center  LOX tank structure,  and par t ia l ly  

i! into the ou te r  LOX tanks which c a r r y  th rus t  loads and bending moments  into 
1 

1 the adap te r  s t ruc tu re  fo r  the upper s tages.  ABMA analys is  confirms the 91 findings of Refe rence  2 and indicates that the re  a r e  no aerodynamic  objcctions 
concerning the  open tank ar rangement ;  however, i f  some unforeseen problem 
should aeise, a thin skin can be added around the tanks,  

a 
,1 

I 
I 

The bas ic  s ingle engine will be  the NAA H-1 designed fo r  188K. This 
engine is a grea t ly  s implif ied and repacked S-3D engine which is used in the 
JUPITER, THOR, and ATLAS miss i l e s .  All the components have been 
thoroughly developed and have extensive s ta t ic  t e s t  t i m e s  accumulated. --. 
Some components have  been extensively flight tested. All components have -% 
been s t a t i c  t e s t  f i r e d  a t  th rus t  levels  exceeding 188K successful ly,  The 
s imple  p r e s s u r e  sequencing s t a r t  sys tem and the improved turbopump 
design were  developed and extensively tes ted  under the X-1  engine devclop- 
ment  supported by Ai r  F o r c e  contracts .  This  modified S-3D engine, 
impvoved by a l a rge  number of s ta t ic  and flight t e s t s  within the bal l is t ic  
m i s s i l e  p r o g r a m s ,  provides a th rus t  chamber  and a c c e s s o r i e s  that a r e  t ru ly  
re l iable  workhorse  i tem e. - 

The turbopumps a r e  mounted on the th rus t  chambers  in such a 
manner  that  each engine is an in tegra l  unit. The rel iabi l i ty and economy 
inherent  iil the  utilization of thoroughly developed and tes ted  components f rom 
o the r  p r o g r a m s  provide, within a shor t  per iod  of t ime,  a rel iable improved 

1 
5 engine specif ical ly adapted to clustering.  

Eight of these  modified S-3D engines will be incorporated into the 
booster  c lus ter .  They a r e  a r r a n g e d  with four fixed engines mounted in the 
cen te r  with the remaining four mounted outside and gimballed fo r  rol l ,  pitch, 
and yaw control .  This  design will give sufficient control  fo rces  even if one 
engine should fail during powered flight, All engines a r e  canted so that  the i r  
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lines-of th rus t  pa s s  through the c r i t i ca l  vehicle center  of gravity, The exact 
angles of cant will be determined during the final vehicle deaigrl. 1 

I 

F o r  c r ew  safety,individual f i r e  walls and a f i r e  extinguisher 
sys tem will be provided fo r  each engine s o  that in case  of f i r e  only the 
affected engine need be shut down and the remainder  can continue to burn. 
Vents will a l s o  be prdvided to eliminate any accumulation of combustible i 

gases in the ta i l  section. I 

The new eight-engine propulsion system will have only 10  major  
components pe r  engine a s  compared to the 68 components of the original  
Sd3b engitie, This it! the major  advantage of using the modificd cngifie. 
P roven  propellant-tank pressur iza t ion methods a r e  being studied to  . 
determine the optimum methods with respect  to simplicity and reliability. 
A simple nitrogen pressur iza t ion system will be used in the f i r s t  four 
boosters.  

The single boaster, as well as the final booster  for  a multiatage 
vehicle, is designed for  recovery due to the valuable hardware  involved. 
A recovery of the f i r s t  two flyable boosters would a l so  tend to acce le ra te  
the development schedules since any trouble which might develop could be 
thofoughly investigated a f te r  recovery. Moreover, some of the recovery 
hardware  will be  used for  further test ing resulting in considerable savings \ 

of h o n e y  and hardware  lead time. . 
The s imples t  recovery system available will be uaed in the ea r l y  

flight t e s t s ,  This consis ts  of six 100-foot diameter parachutes, at tached to  
the top of the booster, which will be ejected a t  about 7000 f t  altitude, a f t e r  
the booster speed has  become subsonic due to i t s  own acrodynarnic drag. 
The parachute package, weighing approximately 1800 lb, will reduce the 
b o ~ s t e r  velocity to about 35 f t l sec .  

This final velocity will be reduced to near  z e ro  by 12 brakc rocket8 
(FALCON solid-propellant motors  o r  s imi la r )  each providing about 5000-lb 
thrus t  f o r  1.4 sec .  These  brake rockets will be ignited by a proximity fuze 
when approaching the water  surface.  The booster will be floated into an  LSD 
and brought back to the Gape Canaveral  harbor .  It i s  hoped that the feasibil i ty 
of recovery of big boosters can be demonstrated in this way. The optimization 
of the recovery system will be c a r r i ed  out in due course  of development, as 
soon as the expected f ir ing ra tes ,  and other specifications, for  the ent i re  
transportat ion system have been determined. 

B, Interim Two-Stage Tes t  Vkhicle 

Several  possible second-s tage configurations appcar desirable fo r  
the interim tes t  vehicle. The baeic requirement i s  for  a n  economical and 



rel iable second stage that will orbit  sizable, useful phyloads ca r ly  in thc 
R&D phase of the big booster. Modified REDSTONE, JUPITER, o r  THOR 
miss i l e s  promise  high reliability a s  upper s tages ,  Modified ATJdAS o r  
TITAN vehicles will offer a t  this t ime substantially increased payloads, 
however, with somewhat lower reliability than the highly*dcvcloped single& 
s tage miss i l es .  The des i red ea r ly  schedule and the limitation of funds 
probably will determine which s tages  a r e  most  desirable. Figure  10 shows 
the two-stage configuration utilizing a JUPITER for  the second stage. A I 

detailed study of possible configurations i s  underway. 

Two basic  problems of the REDSTONE, JUPITER, ' and THOR 
- 

will be  altitude s t a r t  of the engincs and s t ructura l  modifications rcquircd to 
take the f i r s t  s tage accelerat ions of 8 to 10 g's .  The altituclc s t a r t  problem 
is rbughly the s ame  Ear all engines. Considcrablc experience has bccn I 

gained in this problem by the TITAN second-stage program.  Structura l  
modifications to  the single-stage miss i l es  will be much l e s s  than that for 
the ATLAS o r  TITAN, 

All  two-stage configurations will not provide booster  recovery 
s ince  the required cutoff velocity is so  high that the aerodynamic heating 
during re -en t ry  would require  considerable heat  protection to  the booster  

a 

s t ruc tu re ,  Thus,the recovery of the f i r s t  s tage of a two-stage orbit& vehicle 
(Numbers 3 anci 4) does not look at tract ive a t  the present  t ime.  

The question as to  which hardware  should he chosen fo r  the 
second stage of the two- stage in ter im tes t  vehicle (with orbi ta l  capability) 
is present ly  being studied in detail. It is expected that a f i rm recommendation 
on this  subject can be made within about four to eight weeke. 

C ,  Promising Multistage Vehicle Configurations 

The objective of the JUNO V vehicle development program is 
a flexible transportat ion eystem for  a g rea t  number of space  n ics iono .  Some 
of these  miss ions  require  th ree -  and four-stage vehicles, and a l l  require  
emphasis  on reliability, schedule, and performance,  

-Therefore ,  i t  s e ems  advisable tci study the question of upper stages 
in  g r ea t  detail,from the sys tems  point of view,in order  to  oatisfy all 
requirements  in  a n  economical way a t  the ea r l i e s t  possible date. 

Some of the mos t  po*is ing mult istage vehicles to be studied 
fur ther  a r e  shown in Fig. 11 and l is ted below: 







1. Conv.cntiona1 Staging with Conventional Propellants  

a .  F i r s t  stage: Booster with eight engine clustcro (LQX/RP-I] 
Second stage: Modified TITAN f i r s t  otago (LQX/RP-1) - 
Third  stage:  Modified TITAN accond stage (LOX/RP-1) 

This vehicle ronfiguration i s  consic1exc;rl as typical Ins a conservst ivc 
- approach and was used fo r  performance  calculation^ and determination of 

payload capabilities, 

b. F i r s t  stage: Boostcr  as  above 
' Second and third stages: Madified ATLAS vehicle (LOX/RP-1) 

c. F i r ~ t  stase: Booster  as above 
Second stage: Optimized new second stage of about 21 6-in. 

diametctr (LOX/RP-1 ) 
Thi rd  stage: Modified JUPITER (LOX/RR-1) 

2. Conventibnal Staging with High-Energy Propellant  Upper Stages 

a. F i r s t  s tage:  Boostcr  a s  above 1 

Second stage: Modified TITAN f i r s t  s tage  
Thirrl stage: 75K fluorine/hydrazine engine (NAA) 

b: F i r s t  stage: Booster  a s  above 
Second stage: Optimized 216411. diameter,  41 OLC thrus t  

(LOX /RP - 1 ) 
Third  stage: Optimized 50 to lOOK ( M ~ / O Z )  ~ t a g e  (P&W) 

c. Four-s tage  configuration0 for space miss ions  as (1 -a), 
(1 -b), (1 -c ) ,  (2-a), o r  (2-b) with ei ther the 6I< JPL storable-propcllsnt  
engine fo r  lunar  landing o r  planetary satel l i te  miss ions ,  o r  the 12PZ NOhkkD 
(LFzfN2Hq) engine for  a high-energy space  probe. 

3. Pa ra l l e l  Staging 

a.  'Seven LOX/RP-1 ( N U - 1  88M) engines used for  all 3 s tages  
as shown in Fig. 3. 

b. The para l le l  staging vehicle utilizing Ugh-energy propellants  
would consist  of: 

F i r s t  stage: 7 LOX/RP-1 (same as 3a) 
Second stage: 3 LOXJRP-1 (same a s  3a) 
Thi rd  stage: 1 H ~ / O Z  o r  N2Mq/Su'20q 



pas.,, 

4. Conventional Staging with Muclcar Pi-o;j;llsion $ystc;n in Second 
%lase 

a*  First n:cgc: Chcrnicab b o o a k r  [as ill C 1 and 2)  
Second stagc: Nuclear p r o p u l ~ i o a  system t l ~ i n s  M2 at3 

, follow-on of ROVER project 
Third s t z g e :  Chemical high-energy o r  ntorable-propcll?.nt 

erx~ine for m i d c o u r s e  correction o r  terminal, ldaneuvcrs 
on spzc:: missions. 

All of tlleoe a s  well ac  other co;lfi&urntians < r e  being studied 
at the present time by ABMA, a n d  pre l iminary resalts from the812 
invee t iEa t ion~  will be available by the summer of 1959. 

I 

I 
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V. . . PHYSICAL CWARACTERISTICE . : ~ND PERFORMANGE 

A, Weight Breakdown 

Table 1 presents the weight 4;reakdown upon which the performunce 
calculations for the various configurat:'ons were based. These weights a r e  I nominal values for a typical ease and will vary for any spccific mission. The 
interim twodtage flight test  vehicle an'd the typical three-stage vehicle uses 

I 
LOX/RP-1 propellants. The upper limiit of the three-stage vehicle pe r -  
formance band i s  based on these weigh)s but assumes a specific irnpulee of 

-365 aec vacuum (F2/NZHq propellants), 

33. Prel iminary Performance 

; i 1. Assumptions 

I The performance or  pay1o;ad capability was calculated for the 
JUNO V LOXlRP I booster with varioub possible upper-stage configurations. 
The a s  eumptians which were made for ithe s e  calculations a r e  summarized 
a s  follows, I 

1 
i The vehicle was vertically launched and followed the path of a 

prese t  mathematical tilt function for th'e f i r s t  40 scc of the poxvered * 

I flight. After the f i r s t  40 s ec  of burning time, the missi le  followed a gravity- 
I tilt  zet'o-lift trajectory until the desired injection altitude was attaincd a t  
I a flight path angle of 90" with the local.vertica1. The vehicle then followed 

the path of a circular orbit until the ve{ocity.required for the desired mission 
was reached. Some control forces would be required to maintain this c i rcular  
flight path; however, these forces a r e  Amall and can be neglected fo r  purposes 
of preliminary design. 

. The influence of the Ear th ' s  rotation was considered with 
the assumption that the vehiclerwas launched from an equatorial s i te  in a due 
eas t  direction. This assumption provides maximum benefit to the vehicle 
performance from the Earth 's  rotational velocity. 

F o r  the purpose of determining the performance of the booster, 
i t  was desirable to assume a complete vehicle including some type of upper 
staging, Many assumptions a r e  possible for the considered upper stag;es,but, 
f o r  simplicity, only a few configurations were considered for performance 
calculations. The performance of the eight-engine cluster booster was 
investigated a s  a two-stage satellite vehicle consisting of the JUNO V LOX/RP-1' 
booster with a modified JUPITER missi le  a s  the upper stage and a three- 
stage satellite vehicle, consisting of the same booster with a modified TITAN 
missile,as the upper stages. 
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First B~ostt3r 

3~stru~?e:i"ation Compartment, lb  

Total Fajrload, !L 

I c s t r ~ 5 ~ c n t n t i o n  (C;P;GI, Ib .. . **- 

Propulsion, Ib 

Recovery E ~ ~ u i p i ~ e ~ ~ t ,  Ih 

Useful  Propellant Reserves, lb 

Expected Propellant 
C a n s u m ~ ~ t i a n ,  l b  

Effective Net Weight,  Lb 

Expcctcd Cutoff V!eight, lb 

Epected Takeoff Weight, lb 

Mass Pat io  

Takeoff Thrust, lb 

Vacuum Thrust, Ib 

Specific Impulse, sec 

Vacuum Specific Lrnpulse, sec 

Burning Time, aec 

Fuel Ratio (effective) 



Due to the large number of variables involved and the complexity 
of the differential equations of the vehicle's motion, it was necessary to 
calculate the trajectory data by numerical. methods of integration, 

Aerodynamic drag was considered in the trajectory calculations. 
An accurate drag coefficient curve was not available tor the various 
configurations investigated8 however, since the liftoff accelerations were 
reasonably low, the influenee of d.rag during the powered ascent trajectory 
was relatively small  compared to thc: other variable te rms of the t r a j cc to~y ,  
such as vetocity gain due to thrust increase with altitude, gravity loss, etc. 
To estimate the velocity loss due to drag, a drag coefficient similar to that 
of the JUPITER missile was assurned. 

The performance investigations were based on the weight data 
given in Table 1, and the dimensions a s  shown on'the sketches of the vehicle 
configuretians in Figs,  10 and 11. 

2. Payload capability 

The payload capabilities of the JUNO V space flight vehicle 
family a r c  very impressive a s  compared to the satellite potential thus far  - 

demonstrated in this and other countries. The performance investigations 
reveal n8t payload capabilities up to approximately 40, 900 lb in a 100-statute- 
mile circular orbit. Approximately 11,800 lb net can be injected into outer 
space with escape velocity for possible maneuvers in the vicinity of the 
Moon o r  same planet. 

The gross payload capabilities of the booster,with the various 
upper stage c~nf igura t ions~are  shown versus orbital altitude in Fig. 12. The 
-gross payload is defined a s  the sum of the weights of the net payload (including 
payload container), instrument compartment, and the guidance and control 
inbtrurnentation. The weights of these components a r e  given in Table 1. 

a. The Two-Stage Configuration 

I One of the ear l ier  tes t  missions of the JUNO V orbital vehicle 
i will be that of a two-stage configuration. Restart  capability will not be 

available in the JUPITER second stage; therefore, the payload must be brought 
into i ts  orbit  by a direct ascent method. Performance was calculated for 
direct ascension into a circular orbit, and the payload versus orbital altitude 

.I is given in Fig. 12. The maximum gross orbital payload of 20,080 lb is 
shown a t  an altitude of 160 krn o r  100 statute miles. Some increase in 

- I payload could be attained at lower orbital altitudes; however, this would be 
a t  the expenee of a more circular aerodynamic heating problem. The 
maximum orbital altitude which can be attained with the two-stage version 





without r a ~ t a r t  capability ill approximately 750 krn (470 statute mi les ) ,  without 
- a payload, however. 

I t  was stated in  the assumptions that these  payload weights a r e  
baeed on equatorial  orbi ts  and a direction of due east .  The l a rge r  the vehicle, 
the g r ea t e r  was the gain i r i  payload due the rotational velocity of the Ea r th ;  
therefare,  f o r  a polar  orbit,  the payload capability of this  configuration 
would be ';oneiderably reduced. Assuming an  azimuth of 13' re t rograde for  
a polar  orbi t  (near equatorial launch si te) ,  a velocity loss  of approximately 
560 m e t e r s  p e r  second resul ts ;  this is equivaleht to a payload penalty of 
approximately 5200 lb for  the 100-mile orbit.  

To allow fof unpredictable variat ions in the t ra jec tory ,  a 
surplus  amount of propellant m2s t  be ca r r i ed  to compensate fo r  a p j  deficiency 
in the f inal  cutoff conditions required to accomplish a specific mission.  This 
eutplue propellant is f e f c r r ed  tr, as propellant residuals for flight performance 
r e se rve  atld is usually c a r r i ed  in the l as t  powered stage. F o r  the purposes 
of th is  investigation, propellant r e s e rve s  consistent with the weight data 
in Table 1 were  used. However, a flight performance r e se rve  of 3 pe r  cent 
of the final velocity requirement i s  recommended for  an  actual  mission.  

- F o r  the two-stage vehicle, this  3% is equivalent to approximately 2300 pounds 
of propellant  for  the 100-mile orbit  and 1550 lb for  a 500-mile orbit;  however, 
a total  nominal propellant r e s e rve  of 2000 lb was assumed  f a r  the performance 
data given in Fig ,  12. In addition to the 2300 lb o r  1550 lb required fo r  
flight performance rese rve ,  an  additional propellant r e s e rve  mus t  be included 
for  variat ion of the mixture rat io which i s  relatively independent of the 
payload o r  altitude. 

b. The Three-Stage Configurations 
, 

F o r  the JUNO V c a r r i e r  a8  a three-stage vehicle, i t  was 
assumed  that  the l as t  powered stage will have ei ther r e s t a r t  capability o r  a 
smal l  fourth s tage  to provide a kick a t  the apogee of the t r ans fe r  ellipsc. 
The t rans fe r  ellipse method of ascending into the orbit  is necessa ry  for  high 
al t i tudes and is the mos t  efficient method payloadwise for  lower altitude 
orbits.  

Two performance curves for  thc three-stage configuration 
a r e  presented in Fig,  12: one f o r  the modified TITAN a s  the upper s tages  
with conventional LOX/RP-1 propellants, and the other fo r  the modified 
first-stage TITAN as the second stage with high-energy propellants in  the 
lae t  stage. The payload improvement to be derived f rom using the high- 
energy propellants is approximately 8000 lb  for  the 100-mile (1 60 km) orbi t  
.and 5650 l b  fo r  escape missions.  



Thr: rna;:iruil\lrn g r o s s  payload for  s 1.00--mile circulnl '  orhit i s  
. approximately 32, 900  lb  with conventional propr:lia~lln, a n d  40, 900 lb wi th1 

'nigh-energy propellants , in the l a s t  s tagc ,  In cornptltjng payload capability 
a t  ths  high cfrbital al t i tudes,  a minimum payload condition v:a~ found to  exis t  

* 

f o r  a n  orbi t  a t  a radia l  distance f rom the E a r t h ' s  center  of 15 .58 t imeo the 
radius  vec to r  o r  r ad ia l  distance f r o m  the  E a r t h ' s  cen te r  to the point of 
injection inticl the t r a n s f e r  el l ipse.  The analyt ical  proof that this minimum 
payload o c c u r s  a t  this  altitude o r  radius  vec to r  i s  given in Rcferencc  3.  
Afte r  the tyrinirnum payload i s  reached,  the payload weight i n c r e a s e s  and 
approaches  the escape  payload a s  a l imi t  a s  the orbi ta l  alti tude i o  increaoed,  
without l imit .  The cscape  g r o s s  payload i s  6150 lb with convcntioi~al  p r o -  
pel lants  and 11,  800 lb  with high-energy propellants ,  Thc minirnulm g r o s s  
payload in orbit  is 1360 lb  with conventional propellantn an:l 7260 lb  with 
high-energy propellants .  

F o r  a 100-statutc tni le  (1 60 Icm) re t rograde  polar  orbi t ,  the 
velocity l o s s  was approximately 560 m e t e r s  p e r  second (near  equatorial  
launch s i t c ) ,  and the result ing l o s s  in payload w a s  found to be 6900 Ib 
with conventional propellants  and 71 00 lb with high-energy propellants  in 
the l a s t  s tage.  F o r  the orbi ta l  alti tude,where tke paylcjad i s  a mi~zimurn,  
this  veloci ty l o s ~  corresponds  to payload penalt ies  of 1700 Ib with con- 
ventional propellants  and 2200 lb  with high-energy prn?cllants.  The total  
nominal  propellant  r e s e r v e  of 3100 lb  in the l a s t  powercd stage was 
actual ly anoumed. f o r  the purpose  of pe r fo rmance  calculaiinns and the data 
given in  F ig .  12. The surplus  propellant  normal ly  reqii i rcd for 3 p e r  cent  
of to ta l  c h a r a c t e r i ~ t i c  velocity of the veliicle a s  a performzncc r c s c r v e  is 
approximate ly  3050 lb  fo r  the 100-mile c i r c u l a r  orbi t  a d  approxirnatcly 
1500 to  1700 pounds fo r  the e scape  condition. The lo\nrer propellant r e s c r v e  
fo r  the e scape  miss ion  resu l t s  f rom the 10.c.icr esca?:: ~ a y l o a d  o r  f cwer  
cutoff weight of the final s tage.  . 

C. Volume Considerat ions 

Because of the large payload carry ing capabil i t ies  of the JUNQ Y 
fami ly  of space  vehicles,  i t  1s n e c e s s a r y  to conzidcr  the vol~ume 
requ i rements  f o r  the p ~ y l o a d s .  

A study of payload compartmcrzt leiig"L1,ior payloads up to 40, 000 lb, 
is shown in Fig.  1 3  for  var ious  payload densi t ies .  T"rrec s tandard  payfon d 
configurations w e r c  considered:  95-in. diameter (TITAN), 105-in. diaiiletcr 
(JUPITER), and 121-in. diarncter (ATLAS). Pzyload specific gravi ty  values 
of 1 . 0  and 0.2 werc  used.  The speci f ic  g ~ a v i t y  value of I .  0 wot~ld  hc  fo r  
high-density ca rgo  type paylcads;  the If, 2 would m o r e  nea r ly  r e p r e s e n t  the 
value f o r  instransented manned o r  unrnanneri sa te l l i tes  o r  probes .  

38  

, - 



The consideration of volume requirements 1s of p r ime  concern 
since i t  will dictate to a great  degree the design of the ground-handling 
equipment, the control system of the vehlcle, and the numbcr of vehicle 
configurations which will be required,  

As can be  seen f rom Figs. 11 and1 3, the use of conventional 
payload designs fo r  the smal l -  diameter upper stages,  with payload weights 
of over  20, 000 pounds and specific gravity of 0.2, will add excessively to 
the overal l  length of the vehicle, Therefore, in these cases ,  consideration 

a should be given to other approaches, such as a "doughnutt' design where the 
payload is wrapped around the l as t  s tagc,or some other unconventional dcsign, 

i' D. Space Missions 

The seve ra t  different configurations of the JUNO V all-purpose 

'1 vehicle described in Section IV,  allow the user  a wide variety of missions.  
These miseians, described in Section 11, may be grouped.into four 

i 
categories,  namely: 

(1) Ballistic vehicle missiotls 

(2) Ea r th  Satellite miss ions  

(3) Probes  

(4) Lunar and planetary miss ions  

The ball is t ic  vehicle miss ions ,  surface-to-surface transportat ion 
can be accomplished with the f i r s t  s tage booster only o r  the f i r s t  s tage 
booster  plus a second stage. Fo r  pre l iminary performance calculations, 
a modified 4 UPZTER propuision system has  been assumed as a second stage 
for  the ballietic t r anspor t  vehicle. The payload-range capability of the single- 
s tage  t ranspor t  vehicle va r ies  from 500,000 lb a t  350 krn (21 8 miles)  to 
20, fi00-lb-at 3800 krn (2360 miles) ,  a s  shown in Fig. 14A. The payload 
range capability of the two s tage  t ranspor t  vehicle v a ~ i e s  f rom 100,000 lb 
at 2500 km (1550 mi les )  to  30,000 lb a t  7500 km (4650 mi les ) .  

The JUNO V vehicle will have the capability of performing a 
l a rge  number of ea r th  satel l i te  missions.  This capability has  been previously 
described in paragraph V B. However, i t  should be noted that the two-stage 
vers ion a l so  places into orbi t  the empty JUPITER second stage of about 
9000 pounds, .mos t  of which can be  used for  building mate r ia l  for  a 
permanent satel l i te  station, i f  desirable,  
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The 24-hour orbit ,  which is part iculariy desirable f o r  corn- 
munications and navigstiori catellites, can casily be sttaincd with ei ther of 
the typical three-etage vehicles shown in Fig. 11, with a payload of approxi- 
mately 3200 pounds. The system utilizing a high-energy propcl la l~t  th i rd  
stage has a payload capability of 8200 pounds in a 21-hour  orbit.  

Figure  14B gives the payload capability for various t j pe s  of 
special  JUNO V miss ions  ranging from orbital  miss ions  to outer space probes. 

Since escape velocity is l ess  than that rcquired for the twenty- 
four hour orbi t ,  the payldads for the LOX/RP-I and high-energy upper 
stage three-s tage JUMO V space vehicles a r c  61 50 pounds and 11,800 pomds  
of grass payload, respectively. 

Interplanetary missions having soft landing rcquiretncnts  
may be accomplished i f  aerodynamic braking is employed. Payloads up  to 
4700 pounds, including weight required for  soft landing system,  m a y  be 
placed on M a t s  o r  Venus. 

Lunar soft landing, since no aerodynamic bra2cinf-j i s  possible, 
requires  a fourth-stage braking rocket. A net payload capability of 
3500 pounds can be obtained with a four-stage version of the J U N O  '?" vehicle, - 

The capability exists  for boosting the orbital X-15 wit11 tile 
two-stage vehicle, If the X-15 i s  loaded to a gross weight of 25,000 pounds, 
a velocity increment will be realized which will allow the orbiting of a 
manned vehicle. 





vx. OPERATIONAL CC~NSIDERATIONS 

A, Teet Stand Operations 

The tes t  stand operations required to support the J U N Q  V devel- 
opn.lent .p rogram a r e  based on the following objectives: 

1. To provide o r  confirm data of components, sub- . 
system,  and complete booster system to the groups responsible for design, 
fabrication, and inspection. 

2, To evaluate, by functional o r  simulated test ,  the hardware 
generated by the desigfi decisions as soon as possible after  the component, 
sub-system, o r  system is fabricated, 

3. To establish, by study and complementary t cs t  p rograms ,  
operational techniques, tes t  facilities, tcs t  and support cquipmcnt, inotru- 
mentation, and organizational capability to executc the tes t  program. 

4. To accumulate technical confidence in the basic vehicle through 
the m e d a  of captive testing'and to apply this cxperiencc in establishing the 
operational capability and application of the subject booster. 

These objectives fo rm the basis  of a test  program predicated on 
accomplishing two goals* The f i r s t  of these i s  to p ~ o v i d e  tes t  data to resolve 
the problems involved in clustering a number of individually proven power , 
plants into a booster system and to qualify the c lus ter  for  flight tes ts .  The 
second goal is to refine the operational performance and rcliability,oi the 
clutitered booster  to the point of establishing complete confidence in, and 
maximum return from, the flight t es t  program. 

I t  will be necessary to provide tcs t  stand positions, irstrumcntation, 
sys tems control networks, t e s t  and handling equipment, ground equipment, 
operational techniques and checkout and operating procedurcr,. Tlle Iar{;est 
single item will be the modification to the enat position of the pyesent s ta t ic  
t es t  stand. The modified stand with the J U N O  V booster stage installed 
i e  shown in Fig. 15. 

Water flow evaluation tes t s  o n  the propellant supply manifolds will. 
be accomplished a8 soon a s  possible and before the entire tnn!ic?,?e has been 
fabricated. These ea r ly  t es t s  will afford a prel iminary evaluation of thc' 
manifold and help in providing information for  thc development of the inntru- 
mentation f o r  the complex flow system. Water flow tes ts  on the cornplsta 
b o ~ d t e ' ~  tangCag@ ~ n d  m a n i f ~ l d  ~ y d t e m  cart be esnsducteed b a l s ~ a  t31e eaginc 
haf dware i s  available. This approach again will provide the dual advantage 





of p r e l i n l ~ n a r y  systc:n cvaltiatian and in:;trurnc:r~tatlot~ rind uprx.;?tin!~ t~c l : : i iq~e  
vcrif j  cation. 

Single engine evsiuation t e s t s  will be performc:fi a s  ::ooo as ?he 
moclificcl 3 U121TER (3-1-1) en:;inc is available, Bcsicics acceptance tests, 
evaluations of ignition 2nd c u t  off sequences, pump suction c'fisrsztcFistics, 
engine acce s so r i e s ,  gin.balFng charncter is t ice ,  c21zginc ~ns t run~cn t a t i o t l  

I 
program,  sys t em control  networks, vibration character is t ics ,  rel iabil i ty i 

of components, ground a n d  support equipment, oycra t~of ia l  p roccdur r :~ ,  
, thrus t  control,  and gain fac tors ,  vfill bc determined, - - 

Cold flow tests on the ent i re  boos te r s  with water  and propellants, 
will be the initial program conducted on the t e s t  stand. T h e  technique of using 
the turbopumps In a bobtail configuration will be applicd ; both water  and actual 
propcllantd will be used,  Although t ime  m a y  preclude, i t  may  be feasible t s  I .  -, 
provide a plenurr; device bn the pump outlets to simulate chamber build-up, , 7-y -,-;--* 

.X 
This  would enable the ent i re  c lus ter  to perform under operational conditions --.+ - 4d A 

without the hazards  involved in ignition and mainstage tests .  

Following the cold flow program,  LOX-tvztcr ignition sequence 
t c s t s  will bc made,  f i r a t  on individual engines, f o l l o ~ c d  by a group of four  
and then eight, The next s tep  will be  ignition and rnairzsta.5e f i ~ i n g s ~ ~ t a r t i n g  
again with an  individual engine and then test ing the inboard f o u r ,  the outboard ' 

four, and finally the ent i re  booster. 

The t es t  program required to support the JUN8 'Ir dcveloprnetlt 
p rogram is a n  acculnulation of experience, tech:ziqucs, facilities, instrun?enSz.lion, 
and equipment proven to bc the  mos t  rel iable and productivc during past  and 
cu r r en t  act ivi t ies.  It is felt that the above outlined app rosc i~  will provide 
the maximum re tu rn  to the program.  

33. Fabr icat ion and Assernbly 

The problems in the fabrication of thc cont%i:;crs for  the lnr,;e 
c lus tered booster  are not unique in that present fabricztlon tcchniqucs ail:! 

tooling will bc utilized. Thcse techniques and toolirlg havc bccn t r i e d  arad 
proven, thus allowing m o r e  t ime and effort to bc applicd to the r*cw pro5l'cms 
that mus t  be soived in the segmented thrus t  f rame ,  LOX and fuel. n~an i fo lds ,  
and such problems associated with the clustering of many po=scr plants into 
one boostcr. 

In  the assembly  of the booster  the re  \.;ill bz =any new, challenging 
problems to be solved. I t  is proposed that the l r r ~ g n  booster  bc: broken 
dowa into as many la rge  subassernb:ies as possible so that qc-reral cretvs can 
be crrnploycd at the same t imc,  thus allowing w.arlr to yrogreaG nl. n m o r e  
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uniform rate ,  ~ h e s e  subassemblies will be built up, inepected, and checked 
out a s  a single unit, without interrupting work on other eubasoemblies, after  
which they will be assembled into the final booster assembly f o r  mating test ,  
syeteme tests, and pressure  tes ts ,  The booster then will be disassembled 
ahd $hipped. b 

The only new r e q u i r e m e n t ~ ~ o t h e r  than the usual fabrication tooling, 
will be the l a rge  assembly cars ,  alignment eqtkipm ent, and handling equipment 
necessary  to perform the final assembly, 

'""9 
C .  Launching and Handling Conoiderations 

The proposed vehicle configuration require8 a new approach in 
j launching techniques, not only because of i t s  dimensional properties,  but 

1 

) mainly because multi-engine vehicles have t tr  be restrained from lift-off 
1 

i until complete ignition and thrust  development for a l l  engines has  occurred. 

i 
? 

Considering the upper stages dnd the unusual length and weight of 

gqi k . the whole vehicle, the support has  to be extremely stable and rigid. The 

" 1  support and holddown systems shown in Figs. 16, 17, and 1 8  a r e  suggested. 
These systems a r e  considered to be the most practical  for  both the stat ic 
and flyable versions.  

The vehicle will  be supported a t  four radial holes located 90" apar t  
a t  the outer circumference of the outer thrust  frame. These will be the main 
supports, Four  auxiliary aupports will be located a t  the end f rame of the 
boostr r  a lso  90" apar t  but a t  45" with respect  to the main supports. 

In o rde r  to assemble  the booster on the firing pad in the initial 
development phase, the fbllowing steps a r e  proposed: 

(1) Lift the thrust  frame-engine assembly by crane and place on 
the auxiliary supports of the launcher. 

(2) Engage the four main support pins by placing them in the 
respective holes of the outer thrust  f rame.  This establishes a rigid base  for 
the assembly of the tanks. 

e (3) Lif t  center tank by crane, using available hoisting equipment 
and assemble  to the vehicle base. Successively assemble  the outer tanks, 

A " a l s o  using the crane and available lifting equipment. 

The launcher will be approximately 30 to 35 feet high and will have 
a hexagonal base of approximately 35 feet. (See Fig. 17, ) It will be a tubular 
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s tee l  s t ruc tu re  d t h  a twg-way flame deflector.  On top of the hexagonal 
s t ructure ,  the re  will be a turntable allowing for 360" rotatiozl, On the 
turntable there  will be four main and four auxiliary support a r m s ,  The 
main  arm8s-6cGort  the fueled vehicle and retain it until full combustion is 
obtained, The re lease  mechanism is a hydro-pneumatic sys tem,  The 
auxi l iary  a r m s  s u p p a ~ t  the thrus t  f r ame  and engine assembly during the 
mi s s i l e  as tenlbly  phase. The auxil iary support a r m s  will have a built-in 
hydfaulic jack to apply p r e s s u r e  a t  the end f r ame  of the assembled einpty 
vehicle in br der  to .check out the launcher re lease  mechanism . Two complete 
launch emplacements wrrbld be desirable for  a large-scale  R&D flight t e s t  
prdgram to insure  completion of the t es t s  without extensive delays. Water 
and nitrogen purge systelns will be provided and the launcher can be used 
far captive f ir ings ~f 2 o r  5 s e c  duration. The advantages of the proposed 

- launch sys tem a r e  summarized a s  follows: 

( I )  Maximum stability because of a self-freeing pneumatic re lease  
mechanism, 

(2) Support s t ructure ,  actuator controls, and accessor ies  a r e  in  
a natural ly protected position. 

(3) Maximum accessibil i ty of engines and f ir ing xccessor ies  is 
provided. 

(4) Minimum damage possibility during firing. The flame deflector 
9 I is relat ively easy  to exchange. . 
:. 

,/ 
The t ranspor t  scheme fo r  the f i rs t -s tage  booster  of the JUNO V (, 

vehicle will utilize the tact ical  designed JUPITER and REDSTONE t rans  - 
p o r t e r s  by'ei ther land o r  a i r  from the fabrication a r e a  to the launch s i te  by 
dismantling the clus tered tankage into individual components, Since no 
individual components will exceed cross-sect ional  dimensions of 10  x 10 f t  
and the weight limitiation of 25, 000 lb, which a r e  requirements for  a i rcraf t ,  
ra i l ,  and highway shipment, the design is consistent with s imi la r  JUPITER 
and REDSTONE transporters being utilized. Existing t ranspor te r s ,  therefore,  
could be used without major  modification. At the launch si te ,  the t r anspor te r  
*with tankage can  be unloaded by conventional hoisting devices and a r ranged  
into a composite f i r s t  s tage on the launcher. 

Hoisting and erecting of the segmented engine thrus t  f rame,  thc 
compo.site tankage of the f i r s t  stage, and the completed second and th i rd  stageo 
on the launcher,  can be accomplished with a 25-ton gantry crane. (See Fig. 19.) 
The heavies t  anticipated load can be lifted by the hook on the main  100-foot 
boom. The height required fo r  staging erection is facilitated by booming back 
the main baam until ths 48-faat jib b ~ o m  is over the working radius. Duo t a  tkp 





s i z e  and height of the vehicle, i t  can be considered a stable column to which 
- -  the servic ing platform can be attached, a t  the required working levels .  The 

c rane  will be used in the assembly and dismantling of the service  platforms 
surrouriding the vehicle. (See Fig. 19. ) 

D, Launching Facil i t ies 

. 
The s i te  and launch facilitics should. be planned and built for  the 

I f ir ing of the c lus tered f i r s t  stage only, but should have inherent expansion 
capabilities to accornmodatc a full three-  o r  even four -stage version.  Since 
development of this  launch s i te  ~ h o u l d  utilize existing plant facilities and 
utilities wherever poasible, a Gape Canaveral  s i te  was the .cnly consideration. 
The resulting f ir ing azimuths will probably bt: between 45 and 100 degrees  
e a s t  of t r ue  north. 

The launch facilities will be designed for approximately a 
2,006,  000-lb reaction force,  and will provide for  preflight functional live 
engine t e s t s  up to five-second duration. The required beneficial occupancy 
date f o r  the launching s i te  is J u ~ e  1960. 

The TNT equivalent ru le  for  ground safety (hazard 'considerat ions 
should be based on 50 p e r  cent of total weight of liquid propellant a s  being 
equivalent in releasable energy to, that amount of TNT) will be used in the 
design and, applying this  rule,  the preselected radius of the ground safety 
zone is 5410 feet. This safety zone should be enforceable f rom X-30  minutes 
m t i l  firing during the initial firing and launch phase. 

I/ Five promising s i t e s  at Cape Canaveral  have been considered and 
a r e  l is ted below with their costs .  These  costs  a r e  pre l iminary and a r e  given 

d 
fo r  comparison purposes only. 

1A. New launch pad just north of VLF-20; a TITAN s i t e  on which 

I construction ha s  been stopped. The existing TITAN blockhouse could be  used 

i 
($4,198,000). 

i 1 B, Modified VLF-20 for  JUNO V vehicle use. Here  again the 
3 TITAN blockhouse cou!d be used ($3, 953, 000). 

2. New launch pad southeast of VLF-11; a n  ATLAS s i te  using the 
existing blockhouse ($4, 033, 000). 

s 

3. New launch pad eas t  of VLF-56; a JUPITEiR site, using the 
existing JUPITER blockhouse ($4,488, 000). 

* I -  
-- 

4. New launch pad and blockhouse northeast  and c lea r  of VLF-20,  
TITAN site ($5,418,000). 



pf'oposa1$ (1Aj alld (2)  a r c  ailnpler in natilre, more  readily 
effcctcd, and l e s s  complcx than proposals  (1 a), (3) ,  2nd (q;, Construct ion 
bcing terminated  on V L F - 2 0  before occupancy of projccc TITAN, pz;.~mi"L , 

blactchousc tcclznical equipm cnt instal lat ions to be el;Eccted vrithcl~l e:ccessive 
movement of instal led equipment aa  weald be necessa ry  in proposals  ( 2 )  
and (3) ,  Although utility serwiccr~ a r e  available a ~ ~ d e r  p-opos21s f lh j I  (ZB), 
(21,' and (3)'  requi r ing  only extension f rom existing fzcility to arljzcent 
proposed new latlach pad, extensive modificat ions arici new* r;er.v+iceo to 
exist ing VLF-56  ut i l i t lcs  would be n d c e s s a r j  to  prrrr~:it yruposal  ( 3 )  t o  bc 
accamplished. E;ctensivc modi;Eicatic;n vv*ould bc :zcce:;sary to "v"XA17-20 to  
zccornplish proposal  !1B), rendering utility of V f Z - 2 0  impyactic;.rl f o r  fzltrare 
TiTrkN usage without rcrnodification. PropoeaX. (4) v r o ~ l l d  ;cqQir6c cornplcte 
utili ty development in a new a r e a .  N e c e s s a r y  lead  times f o r  effecting thcsc: 
proposals  are: 

P r o p o s a l  ( l A )  22  rnorlt:ls 

P r o p o s a l  {l B) 21 months 

P r o p o s a l  (2) 22  months 

P r o p o s a l  (3 )  21 months 

P r o p o s a l  (4) 25 months 

Genera l  c ~ n s t r u c t i o n  methods usually employed woulci i n t e r f e r e  with 
m i s s i l e  t e s t  opera t ions  under proposals  (2 )  and  (3 ) ;  convcrscly,  ~ c h c r i u l e d  
m i s s i l e  t e s t  operationo in V L F  -1 1 and V L F - 5 6  would cc7;lse interruptions and 

' difficulties to  conetruction cont rac ts  operatin: adjacent  o r  in  these  two a r e a s .  
P r o p o s a l s  (1 A), (1 B), and (4) can be effected without suclz in ter fcrcnccs .  
P ropoaa l  (3)  could not be effected without conoiderablc intcx-'i'eisncu f rom 
f i r ing  schedules-of  ABNA on VLF-56 ,  V L F - 2 6 ,  and QLY-30. Also, 
cons iderable  in te r fe rncec  would be occassioned by o ther  uchcdulcd operat ions 
of TI-:OR and POLAXIS on V L F - 1 7  and VLF-25 .  X:;cc,a:ing proposal  i 4 j ,  
c r o s s  in te r fe rence  to scheduled operat ions of J U X O  Y i s  min imal  only fo r  
p roposa l  { lA) ;  under proposals  (1 B), (Z), and (3 ) ,  density of c r o s s  i n t c r -  
f e rence  during t e s t  opera t ions  would be untenable to  maintaining requ i red  
schedule f o r  the  JUNO V program.  

The launch pad should be  re inforced concre te ,  230 feet  in diameter, 
with b las t  r e s i s t a r ~ t  a rea  160 feet  in d iamete r ;  v.:itI~ ccn tc r  mounting launch 
table and def lec tors ;  with su r face  level  r a i l  t r a c k s  for  rno~ern~~xt of se rv ice  
s t r u c t u r e ;  with subsurface  instrumentat ion t e ~ m i n a i  room, fue l  and LOX 
tanks; with s u r f a c e  genera tor  building, t r ans to rme  r vault, and cam era  pado; 



with necessa ry  personnel  accessways and cableways. The launch pad i s  to 
be  provided with f i r e  fighting &luge and flame coolant water  supply and to be 
sloped to c a r r y  off fuel dilution water. 

The blockhouse is to be of reinforced concrete design, positioned 
1050 feet  minimum distance f rom the launch pad with means  for optical 
observation of operations on the launch pad. Also, it must  be adequate for  

I - the mi s s i l e  t e s t  and launch console, instrumentation racks, remote-control  

--7'!$3 fueling and  high-pressure  air panels, and operating personnel, Complete " -; hazard protection of personnel  is required and necessary;  a i r  conditioning, 
fo r  equipment heat  removal and for  personnel, must  be provided with 

' i i i  
, /-- . .* adequate flushing and ventilation means  for  buttoned-up operation in case  of 

E! 
Y 1 a mise i l e  failure. Estimated number of personnel  stationed in b l ~ c k h o u s c  

fo r  operation is 130 persons  including observers .  The existing TITAN 
blockhouse, o r  a blockhouse s imi la r  to the planned PERSKIN6 facility, would 

i/ be acceptable. 
1 

The LOX and fuel supply system will consist of one 100, 000-gallon ??.2J# tank (LQX) and one 60,000-gallon tank (fuel) with pumps, valves,  and 
acceesor iee  located behind revetments spaced to meet  applica'ole safety 

I distance requirement from launch pad. 

" i 
'I 

A water supply for  f i r e  fighting, pad flushing, and coolant will be 
required.  The coolant supply may  be  utilized for  flushing and f i re  fighting 

J 

?, requirements ,  

Of the proposals  considered, proposal (4) i s  excluded on the bas is  
that the cost  is the higheot, the t ime of availability is not commensurate with 
the requirement,  and that the a r e a  in which i t  is proposed is not yet developed 
f a r  industr ial  use. C r o s s  in terferences ,  during construction, to ABMA tes t  
ope rations, and to other miss i l e  projects  such as THOR, POLARIS, etc. , 
seem to preclude installation of this  facility under plan (3) .  Under 
proposals  (1B) and (2), construction and occupany would necessi tate removal 

I 
of equipment essential  to ATLAS and TITAN operations which would have to 

i be replaced to permit  operation of these  projects  ei ther during of af ter  
execution of JUNO V project.  Under proposal  (IB), either the TITAN launch 
s t ruc tu re  o r  the proposed launch s t ructure  for  JUNO V would be  affected. 
Under proposal  (21, instrumentation installed in the ATLAS blockhouse would 

"1 have to  be  removed for JUNO V and reinstalled for A T U S  operations. If 

.. proposal  (2) were  utilized, c r o s s  interference between JUNO V and the A T U S  
would resul t  in excessive loss  of t ime fo r  both projects  due to overlap of 
ground safety a r e a s ,  etc. 

Of a l l  the s i t e s  considered, proposal (1A) i s  mos t  coavenient 
(see Fig. 20) to AZMA-MFL assembly a r e a  a t  CCMTA for  the planned 





operation; construction a t  this s i te  can be effected with minimal m o u n t  of 
c r o s e  interference;  no facilities a r e  affected that would be completely removed 
f rom presen t  o r  future duty; the installation of instrumentation and technical 
equipment in the blockhouse can be m ade without affecting another project; 
and the errtimated cost  for the re,commended launching facilities is well 
within funds anticipated fo r  this pa r t  of the project.  



V X ,  SCH22DULE 

The schedules presented a r e  divicled into tvm phar;cs: {.A) C~2r;it .e 
Firing of the Booster ,  and  (6) Flight  Test  Prcgrcm of the J U N 3  V. 

A, Gaptivc Fir ing of JUNO V Booster 

shotvn in Fig ,  21, tile sched.de for the c;a~;tivc f i r ins  p ? ~ ? s c  of 
the boostcr  program has been divided intc four a r r a s :  (1) Dcsi:;n a n d  
Engineering, (2) Fabrication and Asncmbly, ( 3 )  Ghcci;out and  Tezt ,  ar,d 
(4) Captive Pir ing.  As indicated on the scheda12c, :.he f irnt  engine dc i i~ re red  
'will be utilized on a singie cngine t es t  setup for engine fami1iariz:ttion an6 
rellnbility tcata. T'ncse t e s t s  wiil include both hot  nad cold, 2 3  well  as shor t  
and long duration, runs  during tho five-rrlonkh singlc enzinc teat program, 

The captive testing of the booster will bc dividcd i z to  three  steps. 
In o rde r  to approach the complete vehicle c o n f ~ p r a t i o n  in s tcpo,  a ten t  
progr~am of running the four inboard engines alone,  tiliclz the four ourboard 
cnginea alone, has been adapted before going to the firin: of thc ent i re  
eight engines. 

The availability of components required l o  rxcct the 3cl:c.d~lu3 
'preacntecl an the captive f ir ing phase of the progrsxl hzs becn vcrif icd with 
the respective organizations involved and long learl-time itlern n such ar, 
engines are present ly  c ~ v e r c d  contractually. Enginccl-ing d e s i ~ n c  snd  stu&?ica 
on the booster ,  test-stand modifications, and detailed planning in 
a l l  a r e a s  of the captive firing demonstration a r e  proceeding a s  indicated, 

The manpower requirements  to accomplis!l f i e  captive ZizPng oE 
the boodter by Dcccrnber 1959 i a  wel wit!lin the capnbil:!tgr o f  s'-2:i(U:L. 

8 

B. JUITTB V Flight Teat P rog ram 
5 

The ochedulc GZIQ-,VII i n  Pis. 27, outline:: t k c  fLi;>:?E; Ccqt pro -.: '21 go:: 
a total of four 5UM8 V vehicles. Au indicated in tI-c f1i:;Itt tcr: ~c,'ji"Gul.c?, d,h? 
f i ra t  twa vchiclcs (No. 1 and No. 2 )  ?-;ill be f i re2 z.; 'i~oc;',za. tc--l ?/.,.::~G~.cJ 

only, ~ ' 4 th  booster  rccovcry,  and vehicleo No. 3 a.ad :lo. 4 r i 3 1  I;:: fkzrd an 
two-stage in ter im t c c t  vehicPce with. or"aaltal cnpr.bility,,k~ri; eo r222vri.;- cIC 1L.c 
f i r s t  ntagc. The f i r a t  E l i~h t  of the boonter vehicle, Pit.. I ,  %.-ill. > a  rnziic? 
utilizing the czptive Lcot tanlcage ~ 5 t h  a new cc t  s j f  enzincr. Ii: i n  a.2n":icipc7tcd 
that the original s e t  of engines o rdercd  for  czptive I z r f i r a ~  viii I:c r-r&7 

extensively dui-inc the px.cgrtam and %;ill not be z c c ~ p t ~ f s i - s  f o r  fl!.r-:." 61.x: to 
total accumulated b u r k n g  t h e .  The o r i ~ i n a l  s c t  of :11~ir,cn 1-6 !I, Lo=.-J:; 'cvc~~ 
be reworked and utilized on later flig?" ~~efsicicrj or f u r  c izglc-cnjinc 
dcvclopm cnt and product -h?proverm ent teatins. 

-- -- 
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S C H E D U L E  

CAPTIVE FIRINS OF JUNO V 

KJDIFY SIEiGLE EKSUJE TAXPAGE COWICUP&TION 
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ELh3~9XNQ &lfa V EKXI~TZri C o I r n L  SYSW. 

STQD KOOLPICATION 

ENGRG D Z J Z E R T  

KODIPY SLi2I.E EEtiSIJlE TANKAGE CONFIGURATION 

FII&XICATION JUNO V BOOSTER 

J U N O V  BOCST";R CONTRDLSYSTM 

STAND HODIFICATION 

SIN233 BNZIKf3 COPI'FICIIRATION 

JUNO v aX)ST& 

4 INBOARD Et421Nis OF JUNO v LI30STER 

4 OUTBOARD EfiSINES OF JUNO V BOOSTI% 





Tho following booster  vehicles, No. 2, 3, and 4, will lnvolve the 
procurement  and fabrication of th ree  completc syntem s a s  flight-tent -~ehic lca  
only, Due to  the t ime limitation in s ta t ic  firing checkout, i t  i s  anticipated 
that v e r y  l i t t le  i f  any tenting will bc accomplished as pure  enginc devclopmcnt 
on the c lus tered configuration tankage; 

The SUN0 V flight t e s t  schedule i n  considered to be obtainable 
within the p resen t  capabilities of ABMA; however, two cr i t ica l  i t cms  which 
could cause a schedule delay require  immediate attelltion: 

1. Engine delivery, Item 3 on Fig. 21, hao been covered 
contractually f o r  the f i r s t  nine engines and long-lead i t ems  for  the cight 
additional engines to be used for  vehicle No. 1 flight test .  Duc to the lofig- 
lead t ime  required fo r  engine hardware,  i t  will be necessa ry  that immediate 
act ion be taken to iaeure  delivery as indicated for  the remainder  of the 
engines. P r e sen t  plans a t e  to procure  a l l  engines, including the captive 
t e s t  engines, on an  incremental  funding bas i s  to alleviate the requirement  of 
complete funding at t ime the engines a r e  ordered.  

2. Although no decision has  been made aa  to which of severa l  
possible second s tages  will be used for  vehicles 3 and 4, i t  is nccessa ry  that 
act ion be taken to provide funding to accomplish engineering, fabrication, 
and test ing of the second-stage sys tem.  As can be seen  on the ochcdule, 
engineering should begin the l a t t e r  p a r t  of 1958 and be completed not l a t e r  
than November 1959. It will a l so  be necessa ry  to p rocure  long lcad- t ime 
i t ems  fo r  the second stage ea r ly  in 1959 t o  insure  delivery of hardware  to 
mee t  the  proposed schedule. Item 42 on Fig. 22 indicates delivery dates of 
engineenor propuleion units, as required for the second stage to mee t  the 
propoered schedule. 



In suui~marixing the JtJi\163 I/ r3r2velopmerAi p ~ c ~ g r . = i x ,  the p resen t  
p rog re s s  should be made Icrrovrn, ! 

Aifer a cfircf~tl  c o r n j ~ a ~ i ~ o n  of the a\,-ailable engines: in t h e  150P; ;';irt:s'i 
class, t i le  1.ic.I cngi i~e  was selected a s  thc basic cr/r;:por,cnt nE t i l e  
clus ter .  This  cngine, rated a t  138&;=, it; a grcatly sinlplificd S-311) engine 
and is c?n;prstible with rcqz~ired titnc schedule. 

A;.~angcm tilt studies r c  sialtcd ii: rhc eight -cxttgi:x~ crz?.fi~uration 
wjlich !lzio b u c ; ~  descr ibed .  This gives a to:>-l, sca-l::vsl f'nrG::t O; 1 5g1??;. 
One s e t  of boostcr  cnginco has bccn ordercd 2nd d c i i v c ~ y  will I?::gin in 
Apri l  1953 .  Promis ing boostcr  propellant flovr designs zrc cz.i:-.cntiy Izeinf: 
studied. 

The para l l e l  tankage arrangement  consisting of a f. 05-inch ccntrai 
tank plus an outer r ing of eight 70-inch tanks ~ ~ 2 . 3  C ~ C S C ~  zs  tile basic 
structure for rcasona of economy, air transportability, anrl scheduling. A 
detai l  design or' the boostc.,f tanks, thei r  supporting ~Iructmre, and the 
engine thrus t  f r ame  are .now in p rogress .  A siimple par;.chuk Tccovcry 
sys tem,  made up of cxisting components, wiil bc u ~ c d  Tor thc f i ~ z t t t w o  
non-orbital flights. 

Daaic s t i~d ic s  in the guidance and control  crcc? c;hclc7 t k t  the 
requii-cm cnt s a r e  campatiblc with cornponcratr. 2v;;iL- ;)ic from lkc JUPiTE3 
and ;PEnWZI-:TNG program" mtizl control  design has bzt'rr 6t:sxtcd. The: 
first four vehiclc3 will c a r r y  a complete guid;incc: and cnil;ro; ;;.stxi and 
extensive i n o t r ~ m e n ~ ~ t i o n ,  Comrn~md ciatolf is p1znl-i~~ for $:kc f i r  a t  ta-;a 
flights and depletion cutoff fo r  the two orbi ta l  fli;;:';~. 

The deoisa of the r c q ~ ~ i r c d  modil"icnt;on to "c;, 2 LL: I."& .; c:;",",ot..c~ !n~.n 
., - -  _^ - I .  becn f roscn  and work thouLd bes in  in Novcmbe;. 1 TI&. -.-.:..t.:i.i;~; c<;:J;iz eA:t 

r c q u i r e r n e r ~ ~ s  arc  in thc s tu iy  and design gh!zesc,. C C < : ~  c ; T ) ~  ~ 3 %  z ~c-L-; ;,3-";;\irlil~,hi~lz 

pzd a;ld tfic chan~cs needed in the TITAN bl6c;dt;~c:;e c2:i.r TkT?-23 at t hc  
Atlantic ?:Zir,aile Ranee arc in prog.i.erj3. Gost of the rcqLiirc2 p?.d and 
modifications i s  es t imated a G 4 . 2   million. 

. . . . , . . . . .  . . . . -. . . 
' ,. 7;"ariuys p ~ s ~ i h i l i t i ~ f i  of ~bt.aj.:xizg an oi-biial 'cz?:?kii.t-r ~~E,TX.;: i.x t : 3 ~  

,. , . . . . 
f.Ii&c pr?5~~7,m-wi:h ,a t -Afo-s ta~c .vehicle zrc.prer,l;:~t?~~r f.?cir.l;.,c,",;rd.icd. "i'i~.:; ' m e  of &. rn'cidifi&cl JUFSXi?.G. is one of tLc mos t  pi.o~i-:;;ir;l.ng !;olu"di?na :~QC.:-.-~Z$@ 

* ... . : of -ih< zv-,ilz~bi~it:y of hard;.iar&, tadling, gromnd : ~ " , ~ i ~ + ~ . 3 2 3 $ ~  B;:;: t cm r : a~~ i~c rh ! ; - j~  
. . . . 

aqd :itF3 hood psyloati ,characterist ics ' .  ,.Cress pay;.cads up ts I. 9, 030 ~ o c x d r ~ ,  
f d r ' . a . ~ ' ~ ~ - m i l e  altitude, b+n b& 'expected. frorn such :: Sehicic-. 

. .  .. , 
, .. . 



Based on proposed funding, the highlights of the SUN0 V development 
program c a n  be summarized ae follows: 

Captive dynamic demonstration of booster - D e c e m b e r  1959 

Flight test of vehicle No. 1 (booster and dummy 
top section, non-orbital) - September-October 1960 

Ftighr test of vehicle Nor 2 (booster and dummy 
top section, lion-orbital) - January 1961 

FLight tes t  of vehicle No. 3 (booetef and sccot:d 
stage, o ~ b i t a l  capability) - June-July 1961 

Flight t es t  of vehicle No. 4 (booster and sccdnd 
stage, orbital  capability) - October-November 1961 



, C0;TGLUSXONS AND r&GOZ D~~~-TNDA9T;OP~~~ 

A, Conclt~siona 

A e  a rcelxit af a detailed study of Ihc  JUiTO V :;pt~ct: ~ch i c l s :  
- dsvelopmcnt p rogram requirements  the f 0 1 1 0 i ~ i i ~ ~  coficlunianr; ca.n be 

(I ) Schedtxlc rc;ui;;cmcntn, cog$ iim itatictnn, 7-23 cn,.;izcc-;i~~:; 
conniderationn f a v ~ r  the ~ c l c c t i o n  of ,a Nu ecnsiae c l u c t : : ~  w;."h z noinl*n~l 
thrunt  04 8 x Z80K for  :hc? p:.og~l.c;iaa sy.yrotcn1 c~mbincd.  ;-i;lh a g:a:allcS 
t a n b . ~ e  a r r s n ~ e r n e n t .  T h i n  dcaign approach apz?ca.ro t a  Ec xzar oplimwz~ 2 o  
sccn today and  m.alcea ~r,,zxii~?um use  of exiating prodzceioan n:xd tcz t  facl l i t ics ,  

(2) Thc p resen t  anticipated 77, mill ion d3llar - fort? vclziclc - program 
i a  adequate to dcrnonotrtt tr  tho usefulness of a 1.5  million-lb L l ~ r u s t b o o ~ t e r  
£9' tllc launchifig of Zargc hrbittt! payloads. It  ~ h o n l d  not, X D ~ : ~ C V C ~ ,  be 
cortoidcrcd a s  an  E&D program.  derjigned to  fully exp lo i t the  potentialities 
of auch a rlevclopmcnt: nor can it produce the rcqui red  fitzai reliability. 

(3 )  The anticipated f ir ing achcdulc:, which i;~cltzc',i:~ the 1nunc;iing of 
two 2 -  ntnge vehicles with orbi ta l  capabiliticn, requi r e a  ri. dr>cision witl\iil 
3 mont5s on the scconci E;tagc to be  utjcd. Funds up to $5.96 mil l ion ~f F X  1759 
and  i. 950 money will be r equ i red  Jepcnding on the t ype  of scrond ~ s t g c  
sclectcci. 

'(4) If c7.c urlintcrruptecl continuation of i h ~  E l i ~ i ~ t  tc;t prosram i n  
d e s i r e d  after the prcscbnt four-vehicle p rogram,  ndditional f:li~diny; of 2 
s m a l l  amount w!ll be requ i red  in  F Y  1960  and of a l a r g e r  amountdin F'K 1961 
f o r  long l ead- t ime  i tems.  

(5) The mnclifica,tion of the t e s t  tower and construct jon of the 
proposca  in ter im launching site. will  have to be initlatcd without delay i f  tlic 
dcs i rcd  f ree  fl ight f i r i n g  sclzedule i s  to  be met. 

. . ( 6 )  A boostcr  r ecovcry  Trograln,  bcgznn~ng with a simpic ; a rac i~u te  
sys  t ern,  i~3 considercrf. mandatory  to improve ove-all  systeel-r, rel iabi l i ty and 
reducc  long-terra to ta l  funding requireinents  for  the JUNO V space  vehicle. 

(7 )  The 2-stagc JUNQ V orbitai c a r r i e r  v e l ~ i c l c  will pro-vide the firfit 
U. S ,  capability for  launching a-10, 000-lb-gror3:; paylozd into orbi t  by mid 
1961. 

(8) The 3-s tage  J U N O  Y vchiclc vrilf. providr, ti-c l i r s t  TJ. S. cay;;bility 
f o r  launching a sa te l l i te  in  the 20, 000 to  3 0 ,  000-l'u class in 1.262 and could 
provide the  f i r s t  manned lunar  circumnavigatioll  by 1963/1354 i f  an al l-out  
p rogram could be ini t iated in 19559. 
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In concurrence with the above conclusions the following recornmcn- 
dationd i r e  made: 

(1) Authorize supporting study af system requititlmcnts f o r  thc 
f UNO V space vehicle within the National Space Flight program which docs 
not requ i re  additional funds. This study should include various ponoibilitieo 

'f-'7 of to ta l  mult i-stage vehicle ~bnfigtlrat ions and capabilities with ernphaaie 
an  (a) reliability, (bj &cohomy, ( c )  performance.  Such infarmatiall is  

- I t !  anticipated since a compilation of factcs sholtld bc available by summer  1953, 

!.) ! This  compilation will se rve  a s  a bas is  for  fu r the i  decisions by M P A  on the 

! continuation of the clevelapment program.  

(2) Expand presently envisioned feasibility demonstration program 

1 - covering four vehicles into an  all-out R&D program not l a t e r  than s u m m e r  
3 1959 to keep abreas t  with, o r  possibly surpaoe, the RL~SSUN capabilitico in 
3 
I this  a rea .  In this  respect  action should be taken in the near  future to makc 
4 

additional funds availabie fo r  the procurement of long lead-t ime i t e m  8 for  

\hi 
th'e program,  beyond the four approved vehicles, to  insure  a n  unintcrruptcd 

i flight t e s t  program in 1962 and 1963. 
! 
1 
1 
i (3)  Approve and support the develapment of booster  rccovcry 

i techniques beginning with the f i r s t  two flight t e s t s  of the J U N Q  af boaster. 
Booster  recovery i s  considered mandatory f o r  a ecanornically fcaaihle long- 

' !  range prQgram. This will n ~ t  require  additional funds within thc four-  
t 
o ttehicle program.  
t 
! 

(4) Two-stage orbital  t e s t  vehicle should be assigncd a reentry  
tea t  payload for  ass is t ing development of payload and capsule recovery,  y 1 
Payload as well as second ctage mus t  be funded scparately. 

f 

(5) Lditiate steps for  construction of operational equatorial 
launching s i te  to be  available by summer  1962. 

I 

I 
J 
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Appendix A 
MEhlORANDUM O F  AGREEMENT - Advanced R c s c a r c h  P r o j e c t s  At;cncy 

and  A r m y  Ordnancc Miss i l e  Cornmand 

SUBJECT: High T h r u s t  Boos ter  P r o g r a m  Using C l u s t e r e d  Engines 

On 1 5  August  1958 ARPA, by O r d e r  No. 14-59 ,  cli?ccted AOh46 to 
in i t ia te  a development p r o g r a m  to provide a l a r g e  space  vehiclc  hoos t e r  of 
app rox ima te ly  1.  5 millior; pounds t h r u s t  b a s e d  on a c l u s t c r  of ava i lab le  
rocke t  engines ,  with the immed ia t e  goal of demonst ra t ing  a ful l  s c a l e  captivo 
dynamic  f i r ing  by the end of Calendar  Yea r  1959. The  purpose  of this  
Memorandltm of A g r e e m e n t  i s  to i u r t h e r  del ineate  the ohjcct ives  of th i s  
p r o g r a m ,  trpecifically including p ro j ec t ed  F Y  59 and F Y  60 funding l eve l s .  

In addi t ion to the capt ive dynamic f i r ing  l i s tcd  above,  i t  i s  l ~ e r c b y  
a g r e e d  tha t  th i s  p r o g r a m  should how be extended to prcvidt: f o r  a propuls ion  
flight t e s t  of th i s  boos t e r  by approx ima te ly  Sep tember  1960. Also ,  in o rdc r  
to  p rov ide  f o r  a n  o r d e r l y  development  leading to i n c r e a s e d  re l iab i l i ty  and  
a c t u a l  ut i l izat ion fo r  placing payloads in  orb i t ,  i t  i s  d e s i r a b l e  that  t h i s  f ~ r s t  
p ropuls ion  fiight t e s t  in Sep tember  1960 be  followcc! c lose ly  by ano the r  
propuls ion  flight t e s t  and  l a t e r  by two additional boos t e r  fl ights which, 
without sophis t ica ted  upper  s t ages ,  would be capable  of placing l imi ted  
payloads in  orb i t .  

It i s  o u r  understanding that  the design,  development ,  fabr ica t ion ,  
and  te'sting. to  include the capt ive dynamic f i r i ng  and  the f i r s t  fl ight t e s t  
d e s c r i b e d  above with r e q u i r e  $1 3 . 4  mill ion in  F Y  59 and  $20. 3 mil i ion  in  
F Y  60. In addi t ion,  fac l l i ty  requirements n e c e s s a r y  f o r  .the accornpl ishmcll t  
of the  above p r o g r a m  a r e  $1.6 m i l l i o ~ i  in F'Y 59 and  $ 7 . 0  mi l l ion  in  FY 60, 

T o  suppor t  the t h r e e  addi t ional  flight t e s t s  described above (one - 
propuls ion  t e s t  f l ight  and  two flights c a r r y i n g  o rb i t a l  payloads) ,  addi t ional  
F Y  60 iunds in the amount  of $1 0 .0  mil l ion m u s t  be provided  f o r  the 
p r o c u r e m e n t  of long l e a d  tirnt. i t ems .  ,The engineer ing ,  fabr ica t ion ,  s t a t i c  
t e s t  a n d  launching of t hese  t h r e e  vehic les  (exclusive of payloads and  upper  
s t a g e s ) ,  would r e q u i r e  a n  e s t i m a t e d  $1 5. 0 to $20. 0 mill ion in  F Y  61. 

AOMC wil l  submi t  t o  ARPA not l a t e r  than 1 5  October  1958 a dc ta i lcd  
development  and  funding plan based  on th i s  ag reemen t .  Upon approva l  o l  
t h i s  plan, addit ional  F Y  59 funding will be provided.  

S igned  by 3 .  B. M e d a r i s ,  Maj.  Gen. ,  USA, and  Roy W.  Johnson,  
D i r e c t o r ,  ARPA, 23  Sep tember  1958. 
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