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Author iza t ion  by t h e  Advanced Research P r o j e c t s  ~ ~ e n c ~  (ARPA) of t h e  

-%fA Department of Defense, t o  cons t ruc t  a  1,500,000 pound t h r u s t  boos t e r ,  i n  

$ 1958 came a s  a  r e s u l t  of s e v e r a l  years  ' concerted e f f o r t  by Development 
3 3,% 

Operat ions Div i s ion ,  Army B a l l i s t i c  Mis s i l e  Agency. While pre l iminary  f., 

t h e o r e t i c a l  s t u d i e s  of e a r t h  s a t e l l i t e s  had taken p lace  a s  e a r l y  a s  1947, 

t h e  f i r s t  d e t a i l e d  engineering s tudy  was a  p u b l i c a t i o n  i ssued  September 

15, 1954, "The Minimum S a t e l l i t e  Vehicle Based Upon Components Avai lab le  

From M i s s i l e  Developments of t he  Army Ordnance COE," by D r .  von Braun. 

This  s tudy  l a i d  t h e  b a s i s  f o r  a  program i n  which the  A i r  Force and Navy 

were i n v i t e d  t o  p a r t i c i p a t e .  The A i r  Force dec l ined  s i n c e  t h e i r  i n t e r e s t  

l a y  i n  o r b i t i n g  much heav ie r  s a t e l l i t e s ,  but  t h e  Navy accepted.  The Army- 

Navy coopera t ive  e f f o r t  culminated i n  t he  submission of a  proposa l ,  P r o j e c t  i 

O r b i t e r ,  i n  August 1954. .. 
Active i n t e r e s t  i n  space p r o j e c t s  continued a t  ABMA, and during t h e  

- - 

per iod  ending wi th  approval  of t he  Juno V program, f i v e  d i s c r e t e  launch 

v e h i c l e  design s t u d i e s  were completed. 

I n  a d d i t i o n ,  concre te  plans f o r  a n  i n t e g r a t e d  space program were 

developed which m s t e r i a l l y  a ided  l a t e r  i n  i d e n t i f y i n g  a  Nat iona l  space 

program. 
b 

In f luence  of t h e  I n t e r n a t i o n a l  Geophysical Year (I.G.Y.). The I n t e r -  

n a t i o n a l  Geophysical Year ( J u l y  1, 1958, t o  December 31, 1958) had a  pro- 

found in f luence  on the  U. S .  space a c t i v i t y .  Ideas  and proposals  f o r  space 

e x p l o r a t i o n ,  h e r e t o f o r e  confined t o  elements of t h e  Department of Defense, 

rece ived  broad suppor t  of the  i n t e r n a t i o n a l  s c i e n t i f i c  community. Fred"' 

S inger ,  an American de l ega te  t o  t h e  Fourth Congress of t h e  I n t e r n a t i o n a l  

As t ronau t i ca l  Federa t ion  meeting i n  Zurich,  Swi tzer land ,  i n  August 1953 



had proposed orbiting a small earth satellite. Another proposal was made 

at the Third Symposium on Space Travel in May 1954 meeting at the Hayden 

Planetarium,by a representative of the U. S. Weather Bureau, Harry Wexler. 

The following October at a meeting of the International Council of scientific 

unions in Rome, discussions of the possibility of launching an earth satellite 

as a scientific experiment of the I.G.Y. took place. These discussions 

led to the adoption of a resolution recommending the project. 

In the United States, the National Committee for the I.G.Y. endorsed 

the satellite project and on July 29;1955, the President approved the 

endorsement. Scientific responsibility for the program was assigned the 

National Academy of Sciences and fiscal responsibility assigned the National 

Science Foundation. The Department of Defense was required to furnish 

logistic and technical support as well as launching rockets. 

The Department of Defense, at the time, had under consideration several 

proposals from the military services for the development of satellites and 

satellite launch vehicles including Project Orbiter. The Department of 

Defense Advisory Group on Special Capabilities (Stewart Committee) and the 

Department's Policy Council recommended approval of a Navy proposed project. 

Approval was granted in September 1955. The Navy proposal drew heavily 
s CI. upon experiencg gained i their ppper Atmosphere Xesearch Program which /I92 ,--j.; .-. - 
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& L J ,  usad- the Viking and Aerobee-Xi Launch rockets. The new program was desig- ,. h.4 
['P 

nated Vanguard. 

With the apparent loss of the opportunity to participate in the U. S. 

satellite program, ABMA concentrated upon development of the Jupiter 

ballistic missile. As a part of that development, a test program to verify 

2 



design of the warhead reentry body was undertaken: The test program re- 

quired test conditions that could best be duplicated by actual reentry. 

The Redstone missile, modified to serve as the required reentry test vehi- 

cle, was designated Jupiter C. In response to an ABMA request to use the 

Jupiter C as a back-up to Vanguard, a Department of Defense Directive was 

issued on June 21, 1957, citing a May 1956 memorandum from Mr. Holaday, 

directing ABMA to dissest from satellite activity. 

The Russians, however, succeeded in orbiting Sputnik I on October 4, 

1957. Their achievement prompted an announcement that Vanguard would orbit 

a four-pound satellite during December 1957, to be followed by a scientific 

satellite in March 1958. The question of ABMA's participation on a back-up 

basis was then reopened. Authorization to proceed was received on Novem- - .. f- 

her 8, 1957, and executed on January 31, 1958, just 84 days later. ~ ~ p ~ ~ ' ~ a - ' ' - ~ L  . 
C I 

. -% - 
~atio; Impact of Operating Satellites. Just as the 1 .G.Y had exerted 

a deciding influence by sponsoring adoption of earth orbiting satellites 

for collection of scientific data, the actual launchings by the Russians 

impressed the American public with the potential of satellites and space 
'C9 j ( 

exploration. Congress or'the President moved to reexamine the National 
/' 

posture relative to the new field of space. From these examinations there 

emerged an organized space activity armed with extensive plans detailing 

a logical and orderly progressive long term space exploration program. 

--- 
Organization. 

In the month following launch of Explorer I, the President directed 

Dr. J. R. Killian, Jr., to head a committee to study and recommend on 

Government organization of a national space program. Concurrently with the 

President's action, the Department of Defense announced activation of the 



Advanced Research Projects Agency (ARPA) to provide leadership and coord- 

ination of the various space and anti-missile projects conducted by elements 

of the Department. Congress placed a one year time limitation on ARPA 

(ending February 1, 1959) for the initiation of non-military space projects. 

This organization was instrumental in planning the technical programs 

to be conducted and in initiating development of the rocket launch vehicles 

by which the programs could be carried through. Among the many projects 

initiated by the agency was that of a booster in the 1.5 million pourid 

thrust class. This booster program was later to grow into the Saturn 

Vehicle Development Program. 

The results of findings of the Killian Committee were forwarded to 

the congress who in turn conducted a series of committee hearings. The 
8- .. 

resul*$ts of CongresSional hearings were embodied in House Resolution 12575 
I 
\ 

calling for the establishment of a National Aeronautics and Space Adminis- 

tration, modeled after it's predessessor, the National Advisory Committee 

for Aeronautics. Signed into law by the President, the resolution became 
,f$? 

the National Aeronautics and Space Act of 1958 (Public Law 85-568). \ Re- 
d , , *  

'J, 
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fining and expanding the agency led to flze ad-3 of the Army's Ballistic 

Missile Development group in October 1959/by Executive Order. 

The Technical Plan. As early December 1957, ABMA published the first 

technical plan for an integrated missile and space vehicle program (9). 

This plan was followed in April 1958 by a similiar plan published by the 

Working Group on Vehicular Programj(l) conveined by NACA. The program 

evisioned by ABMA consisted of two principle parts: Instrumented and Manned 

satellites and Moon flight vehicles. The program suggested development 

and/or modification of existing hardware into seven basic carriers, 



des igna ted  consecut ive ly  Mark. I through V I I  . The c a r r i e r s  were " .  
Vanguard, June s e r i e s ,  A t l a s ,  Super T i t a n ,  Super J u p i t e r  and Su e r  A t l a s .  r 
Opera t iona l  payloads suggested ranged from 21 pounds i n  1958 upward t o  

50,000 pounds i n  1970. I n t e r e s t i n g l y  enough, t h e  t o t a l  Research and 

development c o s t s  f o r  t h i s  p l an  was es t imated  a t  2.6 b i l l i o n  d o l l a r s  (9) .  

It i s  a l s o  i n t e r e s t i n g  t o  n o t i c e  t h a t  f l s c i e n t i 6 i . c  exp lo ra t ion  was ev is ioned  
T 

through 1965 w i t h  s u i t a b l e  s a t e l l i t e s  f o r  communication~~~reconnaissance, 
f 

followed by permanent space s t a t i o n s  becoming o p e r a t i o n a l  i n  1965 through 

1968. This  proposa l  was of some s i g n i f i c a n c e  t o  the  Nation Space E f f o r t  

s i n c e  it c o r r e l a t e d  a l l  e x c i t i n g  b a l l i s t i c  missi le ,developments  i n t o  a 
pj 3p57Jfw, : 

s i n g l e  comprehensive space exp lo ra t ion  and e x p l o r ~ t a t i o n  program. Use 

0 1  of e x i s t i n g  long r a n g - r o c k e t s  was emphasized s o  a s  t o  r e a l i z e  maximum 

c a p a b i l i t y  a t  minimum c o s t .  I n  t h e  t a n g i b l e  sense  t h e  proposal  sug- 

ges t ed  the  n e c e s s i t y  of achiev ing  h igh  payload c a p a b i l i t y  (50,000 pounds) 

dur ing  1970. The proposal  a l s o  c a r r i e d  t h e  seeds of t h e  Sa turn  Program. 
c/p 

It proposed a mark V I ;  Super -Jupi te r  c o C f i  u r a t i o n  f o r  o r b i t a l  c a r r i e r  ? 
(9) t a b l e  XV. Payload c a p a b i l i t i e s  of 20,000 t o  30,000 pounds were "-- rpd d 
ev i s ioned  f o r  ope ra t ions  over a  seveJ year  per iog ef-1963 t o  1970. 

& 

By A p r i l  1958 a n  ad hoc Working Group i n s t i g a t e d  by NACA i s sued  a  
s 

s i m i l i a r  r e p o r t  (1) .  The number of v e h i c l e s  were increased  t o  t h i r t e e n  

rl f"! d i s i g n a t e d  mark I through mark X I ,  s e e  Table 4 .  
/ 

I n  t h i s  r e p o r t  (1) i t  appears  t h a t  t h e  so -ca l l ed  Super J u p i t e r  X-qLf ' .5-L+ 

tLd @.designated &rk  X ( judging by t h e  f a c t  t h a t  4 ,  E-1 engines a r e  used f o r  

boos t e r  power), i t  should a l s o  be noted t h a t  claimed payload c a p a b i l i t y  

has  increased  t o  t h e  range of 25,000 t o  35,000 pounds. 



*v - 
Sequential events to be expected from a long term space exploration 

3 program are shown on tables 1, 2, and,k. These tables reflect the access- 

ment of ABMA, Air Force, and the NACA ad-hoc Working Group as to the 

time frame during which accomplishment of projects could be expected. 

An examination of the tables disclose/ a surprising similarity of the 

basic philosophical approach: thorough scientific exploration followed 

by man in space. The purpose of the payloads listed reflect the primary 

role of the group advancing the plan; Table 3 lays great stress on 

military - scientific facets, Table 2 follows the same pattern, while 
Table 1 emphasizes the scientific approach. Commercial applications were 

(." also considered in Tables 2 and 3 but lacking in Table 1. Thus it is 
i 

seen that ABMA and the Air Force considered a broad base of scientific, 

-' f l  
military, and commercial benefits to be acqui9ed by the National Space 

Effort. Thus the sizeable outlay of public funds would reap concrete 

returns in terms of national defense and in terms of commercial ventures - 
especially in the communications field. Add to these concrete advantages, 

the intangables, that could possibly be accured through scientific 

investigations. Thus the entire package of purposes of satellites and 

probes gain3 a proper prospective that cuts across the national objectives 

.;"a' I 
of producing an advancing econoiag in a militarily strong country. This 

necessary duality of purpose was appreciated by ABMA and exploited to its 
-- - 

fullest in their initial plans. 

The large orbital payloads estimated as desirable by ABMA in their 

initial plan (9) is incorporated in the NACA estimate, Table 1. Un- 

fortunately the estimated payload weights were unavailable in the Air Force 

plan, Table 3. The general missions however, would tend to reflect 
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payload weights of similiar missions described in Tables 1 and 2. 
.. - 

These basic plans formed the bases of the initial NASA long range 

plan which was provisioned by the National Aeronautics and Space Act of 

1958. The formal NASA plan was keyed for a progression of space science 

4' research and exploration activities for a ten year perio2, from 1960 to 

0 
1970, and indicated important areas for work in the past 1970 perid. 

Four major fields of activity were delineated: scientific satellites, 

lunar and planetary exploration, application satellites, and manned space 

flight. Some key milestone events of the plan are shown on the folldwing 

table (17): 

TABLE 4 

SELECTED MILESTONE EVENTS OF THE INITIAL NASA 10-YEAR PLAN .. 
YEAR EVENT 

Manned orbital & Auborbital flights 
Lunar Impact 

Prolotype Communications satellite 
O.A.0 Satellite 

Soft Lunar Landing (Instruments) 
Launch Saturn C-1 

O.A.O. and Planetary Probe 

1965 Prolotype Apollo Test (C-1) 

Launch Saturn C-2 (3 stages) Launch 
RIFT, Unmanned Spacecraft in Planetary 

Orbit, Manned Apollo earth orbits, 
Circum lunar Manned Apollo Flight 

Post 1970 Manned Lunar Landing 

While the plan shown above is not as detailed as those shown on Tables 

1, 2, and 3 it does show that the manned lunar landing was to take place 



., . . 

in the post 1970 era which is in substanti.al agreement with the NACA 

Working Group report (Table 1) but not with ABMA (Table 2) or the Air 

Force plans (Table 3). 

In viewing these plans it must be remember&- a that they were keyed 
/ 

to launch vehicle availability. The availability was directly relateabBe 

to the timely approval and allocation of funds for development. 

f- With the submission of budget requests for Fy 62 the National 
I Administration refused approval funds requested for large booster develop- 1 ments. This precluded the possibility of manned lunar landings until 

mid 1970's. (17). The lack of timely fiscal action therefore invalidated L 
the plans shown in Tables 2 and.3 in so for as manned lunar landing events 

were concerned. All three of the basic pians, (Tables 1, 2, and 3) in 

addition to the formal NASA plan (Table 4) emphasized the gradualism 

necessary when confronted with exploratory effort in an unknown field. 

The major differences in preliminary planning and the formal plan appears 

in-the absence of operational space stations during the 1960 era and 

citation of specific manned progra4 {is Apollo. This is explainable 

since Apollo evolved as a program after publication of the preliminary 
b 

plans. Also the initial plans cited purposes for utilization a military, 

scientific, and commercial while the formal NASA plan made use of more 

specific uses i.e. scientific, lunar and planetary exploration, - . appiication 

satellites,'and manned space flights. The three categories of purposes 

put forth in initial planning was aimed at a broad base of the american 

economy and national interests. In military applications the over all 

aspect of national defense was treated from communications, anti missile 

and anti satellite vehicles and surveillance satellites, the commercial 

aspects took into consideration comunications and navigation, while the 
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scientific satellites were aimed at investigations whose results were 

largely-intangable. This broad approach initially planned inherently 

gained a broad supporting bases to justify the large expandatures necessary 

to carry out such a revolutionary venture. 

THE ARMY BALLISTIC MISSILE AGNECY (ABMA) 

If we,examined the Working Group Plan (1) and the ABMA plan (9), we 

can immediately grasp the significance of the launch vehicle development 

programs that has been of particular importance at the Marshal Space Flight 

Center. The first consideration is of course the payload carrying capa- 

bility of the existing vehicles; Vanguard, Redstone, Jupiter, Thor, Atlas, 

Titan, an Palaris in terms of the expected weights of the projected 

3;:~ 
satellites, probes,-etc. Watching these-expected weight requirements 

f 

with available vehicles or modifications to existing vehicles brought order 

and reason to the relatively complex planning exercises. Thus ABMA 
8 

spotted de'fic4encies in payload capabilities of existing vehicles and 

suggested developments or modifications to fill these gaps, Tables 4 and 6, 

taken from reference 1 but generally compatible with reference 9. !Phe 

composite NACA report suggested thirteen configurations as opposed to the 

configurations initially proposed by ABMA. These configurations (1) were 

serially numbered "$ark I, Ia etc. through XI". in asending payload 
I 

capability. It wiii be noted that the NACA report subscribed to the Super- 

Jupiter coneept, designating it Mark X. This is important for it:supported 

the subsquent ARPA decision to develop the static test article which led 

to Juno V and ultimately to the Saturn Program. 

At ABMA therefore the plans and proposals for the Juno I, 11, 111, 

IV, and V are in consistant agreement with the plans submitted first by 



ABMA (9) and later accepted, with minor adjustments by the NACA Working 

Gorup (1). 

2) 
At this juncture, the technical plan and organizational plase for 

the NASA has evolved. At this point, the ABMA contributions to the 

National Space Program can be viewed in proper prespective if we digress 

to follow their accomplishments during the 1956-1959 period, keeping in 

mind the master plans cited in references 1 and 9. The logic of the pro- 

gressions from Juno I through Juno V will be evident as will be the fact 

that &MA consistantly adhered to their portions of the National Vehicle 

scheme. Often heard charges of incroachment by ABMA into a dominate 

position of rocket vehicle development is thus seen to be unfounded. 

The ABMA effort functioned within the framework of a shared development 

program including all developed ballis tic" missiles through out the country. 

Of the total number of vehicle, ABMA projected effort was concerned with 

only 38% to possibly 45%. 

The story of ABMA activity in the field of launch vehicle development 

for satellites actually begins with a seemingly unrelated decision. This 

decision was to conduct a flight test program in order to prove the 

ability of the war head to withstand the high temperature environment 

generated by its reentry into the dense atmosphere such a test was un- 

necessary during development of the Redstone Missile since its speed and 

altitude did not create a thermal environment necessitating development of 

special heat resistant materials. The ~upiter's speed and altitude how- 

ever were such as to create a severe thermal environment around the reentry 

warhead. The concept of abalation cooling was evolved as a solution 

which necessitated in flight proof tests. Thus the Redstone was modified 

to act as a carrier for the reentry test body. Even under the stress of 



, . 
pres s ing  development problems, t h e  modi f ica t ions  t o  t h e  Redstone were 

c a r r i e d  ou t  i n  such a  manner a s  t o  accomodate f l e x ? b i l i t y  o r  mult i -  

purpose thus  reducing c o s t  i n  d o l l a r s  and e f f o r t  by t ak ing  advantage of 

t h e  f a c t  t h a t  s e v e r a l  jobs could be done wi th  the  b a s i c  v e h i c l e  (F ig  9 ) .  

The d e c i s i o n  of produce maximum f l e x i b i l i t y  i n  Redstone r edes ign  produced 

dramat ic  payoffs  f o r  t he  United S t a t e s  Space E f f o r t .  

The r e s u l t i n g  t e s t  v e h i c l e  o r  r e e n t r y  t e s t  v e h i c l e  (RTV) was de- 

s i g n a t e d  J u p i t e r  6 .  From the  f i r s t  f l i g h t ,  so -ca l l ed  launch of m i s s i l e  

No,. 27, t h e  success  of t h e  des ian  approach was g r a p h i c a l l y  p o r t r a i e d .  

The primary o b j e c t i v e  of t h i s  f l i g h t  was t o  t e s t  t h e  s t r u c t u r e ,  s t a g i n g ,  

propuls ion  system, te lemet ry  system, and p red ic t ed  f l i g h t  pa th  (4) .  The 

v e h i c l e  exceeded i t s  p red ic t ed  range by 850 m i .  r i s i n g  t o  a peak 

a l t i t u d e  of 600 m i .  A l l  p a r t s  of t he  v e h i c l e  func t ioned  s a t i s f a c t o r i l y .  
.. 

La te r  it was aboard J u p i t e r  C t h a t  t he  Nose cone shown by P res jden t  

Eisenhower over t e l e v i s i o n  on Nov, 7, 1957 a s  a  demonstrat ion of United 

S a t e s  t echno log ica l  achievements was c a r r i e d .  The s t a g e  was then  s e t  f o r  

t h e  e x p l o r t a t i o n  of  t h e  f l e x i b i l i t y  prev ious ly  incorpora ted  i n  t h e  Jupi te r ! .  

C des ign .  Thus a  reapproachment t o  the  ques t ion  of backing up t h e  

Vanguard Progarm. However, t he  previous May 1956, M r .  Holaday had s e n t  a  

memorandum t o  General Gavin, Army Research and Development, which gener- 

a l l y  s t a t e d :  Without i n d i c a t i o n s  of s e r i o u s  d i f f i c u l t i e s  i n  t h e  Vanguard 

program, no p lans  o r  p re sen ta t ions  should be i n i t i a t e d  f o r  us ing  any p a r t  

of t h e  J u p i t e r  o r  Redstone programs f o r  s c i e n t i f i c  s a t e l l i t e s .  Previous 

d e c i s i o n s  t o  base a l l  american space e f f o r t  on the  Vanguard launch v e h i c l e  

were r eappra i sed  i n  view of t h e  Russian launch of Sputn ik  I, October ,4, 

1957. The d e c i s i o n  thus reached premi t ted  t h e  Army t h e  oppor tun i ty  of  
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demonstrat ing t h e  wisdom of i t s  previous dec i s ion .  Thus.on January 31, 
-, . 

1958, 80 days a f t e r  a u t h o r i z a t i o n  t o  "go ahead", t h e  modified J u p i t e r  C - 
r e  Chr is tened  Juno I launched t h e  f i r s t  United S t a t e s  s a t e l l i t e .  During 

t h e  succeeding t e n  months per iod  ending i n  October 1958, t h e  Juno I was 

t h e  p r i n c i p l e  United S t a t e s  space lunch v e h i c l e ,  used i n  s i x  launchings 

of e a r t h  s a t e l l i t e s .  

During t h e  per iod  of space o r i e n t a t e d  a c t i v i t y  a t  ABMA wi th  Juno I ,  

events  i n  Washington were t ak ing  p l ace  t h a t  would profoundly shape t h e  

f u t u r e  of t h e  ABMA b a l l i s t i c  m i s s i l e  design group. As previous ly  de- 

scussed ,  pages - , organ iza t iona l  a c t i v i t y  evolved the  ARPA w i t h i n  t h e  

Department of Defense. A s  t he  ARPA began planning and implementing de- 

velopment programs w i t h i n  t h e  scope of t h e i r  ass igned  mission,  i n t e r e s t  

i n  ABMA planning (9)  prompted d i scuss ions_ lead ing  t o  t h e  development of 

launch v e h i c l e s  possessing h igher  o r b i t a l  and even escape c a p a b i l i t y .  

Ever p re sen t  budgetary and schedule cons ide ra t ions  prompted t h e  ARPA t o  

inco rpora t e  requirements f o r  use of e x i s t i n g  hardware i n  t h e i r  o rde r s  f o r  

launch v e h i c l e s  t o  ABMA. 

The second launch v e h i c l e  p r o j e c t  i n s t i t u t e d  a t  ABMA was i n i t i a t e d  

by a n  ARPA orde r  N r .  1-58, i s sued  on March 27, 1958, approximately two 

5 
months a f t e r  launch of Explorer  I and almost two months a f t e r  t h e  

announcement c r e a t i n g  ARPA was i ssued  on February 7, 1958. 

The v e h i c l e  au tho r i zed  by o rde r  ~ r .  1-58 was des igna ted  Juno 11, 
- 

f u l f i l l i n g  t h e  requirement c i t e d  i n  r e f e rence  I ,  f o r  a  Mark I1 v e h i c l e ,  

s e e  Table 5 .  

It was a  mod i f i ca t ion  of t h e  J u p i t e r  IRBM t o  which upper s t a g e s  were 

added, formed by c l u s t e r i n g  of s o l i d  p rope l l an t  motors.  The Juno I1 was 

f i r s t  launched i n  Decmeber 1958 approximately 9 months a f t e r  i s suance  of 



the ARPA order. Juno I1 was destined to serve a useful life of 17 months 
-. . 

(December 1958 to May 1961) during which ten lift-offs were carried out. 

In addition to earth orbiting missions of higher payload weights, the Juno 

I1 was assigned escape missions carrying the Pioneer spacecrafts. Its 

first launch attempt in December 1958 was for air escape mission carrying 

Pioneer 111, the first two unsuccessful launching of which had been 

attempted with the Thor-Able I vehicle in October and November 1958. 

The Juno I1 launched the Pioneer 111 to within 38,000 miles of the lunar 

surface which is quite remarkable achievement for the first launching' 

of a new vehicle (5). 

Prior to the approval of the Juno I1 program in October 1957, 

March 1958, ABAM had completed and submitted in the performance of the 

Jupiter based series of launch vehicles, using existing or available .. 
hardware. This configuration employed upper stages formed by clustering 

aolid propellant Meteor motors.. It was designated Juno 111, the Mark 

111 vehicle of the Integrated Program (1) (see Table 5.) 

The Army development Board acted upon the proposal with a ruling 

that due to the lag between submission and consideration, the configuration 

did not represent best capability. Thus Juno I11 was disapproved for 

development: The Jet Propulsion Laboratory concurred in the Development 

Board's action, stating that the Meteor Motor was not suitable for clustering 

With the rejection of the Juno I11 proposal, the last attempt by 
- -- 

ABMA was made to upgrade performacne of the Army ballistic missiles by 

using inexpensive clusters of solid propellant motors. Henceforth, to 

fulfill the demands of the United States space program by supplying 

vehicles possessing the power to loft heavier payloads (see Table 5) 



ABMA found it necessary  t o  r e s o r t  t o  l i q u i d  propel led  upper s t a g e s ,  i n  
" .  

t h e i r  response t o  an  ARPA reques t  forwarded i n  A p r i l  1958 f o r  a  s tudy  t o  

d e f i n e  a  v e h i c l e  based on e s i s t i n g  hardware and g e n e r a l l y  capable of  
' 

performing advanced space missions.  A s  almost a n  a s i d e  ARPA reques ted  t h a t  

advancements i n  t h e  s t a t e - o f - t h e - a r t  inpropuls ion  and guidance. 

A s  w i l l  be r e c a l l e d  ABMA s u c e s s f u l l y  obta ined  a u t h o r i z a t i o n  the  

previous  month (March 1958) t o  proceed wi th  t h e  Juno I1 development. 

Thus w i t h i n  one month May 1958 ABPIA had completed a  prol iminary des ign  

s t b d y  (6) geared t o  t he  ARPA reques t ,  y e t  adhereing t o  t he  b a s i c  Nat iona l  

i n t e g r a t e d  p lan  (1) by complying t o  t h e  requirements of a  Mark V I  v e h i c l e .  

The des ign  submit ted by ABMA was based on J u p i t e r  type  i n i t i a l  

s t a g e s .  The upper two s t a g e s  were complete depar tures  from previous 

ABMA space  launch v e h i c l e s  i n  t h a t  l i q u i d  p rope l l an t  rocke t  engines .. 
were used f o r  primary power. Thus ABMA proposed us ing  t h e  gene ra l  

E l e c t r i c  Companies (GE 405) engine adopted f o r  use a s  Vanguard 1z s t a g e  

power and i n i t i a l l y  developed by t h e  Army i n  connect ion wi th  t h e  Hermes 

A-3B program a s  t h e  X-400 engine.  Modif icat ions f o r  Vanguard Appl ica t ion  

had a l s o  changed i t s  des igna t ion  t o  X-405. ( 7 ) .  For t he  t h i r d  s t a g e  

power ABMA proposed us ing  a  J e t  Propuls ion  Laboratory engine then  under 

$ 
development and r a t e d  a t  10,000 pounds t h r u s t .  The t h r e e  s t a g e  v e h i c l e  

composed of  t h e  J u p i t e r  and s t a g e  v e h i c l e  composed of t h e  J u p i t e r  and 

t h e  two upper s t a g e s  was designated Juno IV (F igure  21, Tine Kay 3 ,  - -- 

1958 s tudy  ve ry  c a r e f u l l y  considered t h e  case  of pump fed  ve r se s  

p re s su re  f ed  l i q u i d  p rope l l an t  engines .  The l a t t e r  type were v igo rous ly  

propounded by t h e  J e t  Propuls ion  Laboratory who had a t  t h a t  time two 

p re s su re  f e d  engines under development. I n  view of t h e  gene ra l  na tu re  of 

space missions ev is ioned  by ARPA t h e  f l e x i b i l i t y ,  e s p e c i a l l y  m u l t i b l e  



r e s t a r t  of c a p a b i l i t i e s  of pump f e d  engines,  s t r o n g l y  supported t h e  
-, * 

ABMA t e c h n i c a l  p o s i t i o n .  However ABMA.left the  door poen by s t a t i n g  t h a t  

i f  performance and e a r l y  a v a i l a b i l i t y  were not  ove r r id ing  cons ide ra t ions ,  

p re s su re  f ed  upper s t a g e  rocket  engines would be accep tab le  (6 ) .  The 

es t imated  performance c h a r a c t e r i s t i c s  of t h e  ABMA, May 1958 v e r s i o n  of 

Juno IV i s  shown i n  Table 6 .  It would appear t h a t  t h e  upper s t a g e  engine 

combination proposed by ABMA was impressive s i n c e  it was employed a s  

t h e  propuls ion  scheme f o r  t he  s h o r t  l i v e d  d i s i g n  a c t i v i t y  (May-Dec. 1958) 

f o r  t h e  Viga v e h i c l e .  

The Juno I V  a c t i v i t y  dur ing  t h e  t h r e e  months per iod  from May through 

August 1958 concerned i t s e l f  w i th  a reassessment of t h e  program and 

t h e  a c q u i s i t i o n  of a  new pa r tne r  i n  the  des ign  a c t i v i t y  t h e  J e t  Pro- 

pu l s ion  Laboratory.  .. 
The crux of t he  a c t i v i t y  is found i n  t h e  r e s u l t s  of a ABMA/JPL 

conference he ld  a t  Hun t sv i l l e  August 19-20, 1958 (81, four days a f t e r  

i s suance  of t he  formal ARPA orde r  N r .  15-59 and 16-59. This  ARPA orde r  

was more s p e c i f i c  than  t h e  gene ra l  gu ide l ines  forwarded i n  A p r i l .  The 

o r d e r  s p e c i f i e d  a  v e h i c l e  capable of i n j e c t i n g  a  500 pound payload i n t o  

a  300 N. m i .  Po lar  Orb i t .  

0 
The b a s i s  o f  t he  new approach ABMA/JPL approach (8) were formulated 

w i t h i n  t h e  framework of t he  fol lowing ground r u l e s :  

I n  a d d i t i o n  t o  being t e c h n i c a i l y  sound, t h e  program s y n t h e s i s  - 

must t ake  a v a i l a b l e  and f o r t h  coming v e h i c l e  components i n t o  cons ide ra t ion .  

Optimum u t i l i z a t i o n  of p re sen t  f a c i l i t i e s ,  development programs, 

and personnel  should r e a l i z e  an  economical program. 

The g r e a t e s t  p r o b a b i l i t y  of achiev ing  a l l  Army and ARPA missions 

should be r e a l i z e d .  (See Table 8) .  



Growth p o t e n t i a l  i n  payload c a p a b i l i t y  f o r  t h e  per iod  1959 t o  

1965 should be provided toge the r  w i th  a n  e a r l y  payload c a p a b i l i t y .  

E x i s t i n g  Army programs a t  AOMC could not  be i n t e r f e r r e d  wi th .  

The r e s u l t i n g  program plan  descr ibed  a  two phase program charac- 

t e r i z e d  by two launch v e h i c l e  con f igu ra t ions ;  a  two s t a g e  v e h i c l e ,  Juno 

I V  A and a  f i n a l  t h r e e  s t a g e  v e h i c l e ,  Juno I V B .  Abandonment of t h e  

ABMA r e s e r v a t i o n ,  P a g e ,  were p a r t i a l l y  s a t i s f i e d  by t h e  two phase 

approach. It was argued t h a t  t he  3PL 10,000 pound t h r u s t  engine could 

be ready  a t  a n  e a r l y  d a t e  thus pe rmi t t i ng  e a r l y  launches.  ABMA poin ted  

ou t  however t h a t  t h e  Juno I V A  conf igu ra t ion  could no t  meet ARPA Po la r  

O r b i t a l  requi rements ,  '(8). 

The s i x  v e h i c l e  program planned by ABMA and JPL was aimed a t  

making a v a i l a b l e  a  launch v e h i c l e  s u i t a b l k  f o r  a l l  ARPA and Army launch 

requirements  dur ing  the  1959 - 1960 pe r iod .  During t h i s  i n t e r v a l  f i v e  

d i s c r e t e  missions were ev is ioned  Table 7 a s  d e s i r a b l e  and p r a c t i c a b l e :  

communications, meteoro logica l  observa t ions ,  s c i e n t i f i c  i n v e s t i g a t i o n s ,  

space wxplorat ion,  and a  gene ra l  advance of technology (8).  The f i r s t  

two missions f e l l  w i t h i n  t h e  perview of t h e  Army whi le  t h e  remainder were 

of more s c i z n t i f i c  exp lo ra to ry  na tu re .  



TABLE 7 
" .  

Juno I V  
Ten ta t ive  Program 

0 f  
Miss ions and  Vehicles  

- O r b i t a l  Payload Maximum 
Range Mission A l t i t u d e  I n  La t i t ude  Launch Vehicle  

Miles Pounds Covered Date 

AMR MET 250-300 300-250 57O J u l y  1959 I V A  
AMR COMM 300 300 33O Oct.  1959 I V A  

Spare 300 300 Dec. 1959 I V A  
PMR MET 300 600 Po la r  Feb. 1960 I V B  . 
PMR NAV 1,000-2,000 500 P o l a r  Apr. 1960 IVBn 
AMR (Aft) E q u i t o r i a l  
AMR COMM 1,000-2,000 500 3 3O June 1960 I V B  

AMR: A t l a n t i c  Mis s i l e  Range 
PMR: P a c i f i c  Mis s i l e  Range 
MET: Meteorological  Mission 
COMM: 

.. 
Comunica t ions  Miss ion  

NAV: Navigat ion 
*Res tar t  c a p a b i l i t y  i n  t he  t h i r s  s t a g e  propuls ion  t o  be 

a v a i l a b l e  f o r  t r a n s f e r  e l l i p s e  t r a j e c t o r y .  



Advanced Research Projects Agency (ARPA) to provide leadership and coord- 

ination of the various space and anti-missile projects conducted by elements 
&><: it ,.', , ?!' . ,*A ;/- 

of the Department. Congress placed a one year time limitatiod(ending Feb- 

ruary 1, 1959) for the initiation of non-military space projects. 

This organization was instrumental in planning the technical programs 

to be conducted and in initiating development of the rocket launch vehicles 

by which the programs could be carried through. Among the many projects 

initiated by the agency was that of a booster in the 1.5 million pound 

thrust class. This booster program was later to grow into the Saturn 

Vehicle Development Program. .. 
The results of f.indings of the Killian Cormnittee were forwarded to 

the Congress who in turn conducted a series of committee hearings. The 

results of Congressional hearings were embodied in House Resolution 12575 

calling for the establishment of a National Aeronautics and Space Adminis- 

tration, modeled after it's predessessor, the National Advisory Committee 

for Aeronautics. Signed into law by the President, the resolufion became 

the ~ationgl Aeronautics and Spsce Act of 1958 (Public Law 85-568). Re- 

fining and expanding the agency led to the addition of the Army's Ballistic 

Missile Development group in October 1959 by Executive Order. 



/ 

TABLE I/ 5 .. 

Vehicle Descr ip t ions  
Based On 

E x i s t i n g  M i l i t a r y  Hardware f o r  an  I n t e g r a t e d  Space Program 

Vehicle  Desc r ip t ion  

F i r s t  Stage Redstone + (11+3+1) 6" Sergeant  
s o l i d  motors upper s t a g e s .  

F i r s t  Stage J u p i t e r  + (11+3+1) 6" Sergeant  
s o l i d  motors upper s t a g e s .  

F i r s t  Stage Thor + 15K B e l l  Thrus t  Stage 

F i r s t  Stage J u p i t e r  + (12+3+1) Meteor S o l i d  
motors upper s t a g e s .  

F i r s t  Stage At l a s  + 15K B e l l  Thrus t  Stage 

C a r r i e r  foa t h e  GLOBAL SURVEILLANCE SYSTEM 
could poss ib ly  c o n s i s t  of At las  Booster + 
High Performance Upper Stage (LOX + LH2). 

J u p i t e r  o r  Thor Boosters w i th  Appropriate  
upper s t a g e s .  

Unchanged two s t a g e  T i t a n  m i s s i l e .  

Three s t a g e  o r b i t a l  c a r r i e r  c o n s i s t i n g  of 
f i r s t  and second s t a g e  T i t a n  and t h i r d  
s t  age Polar  is  . 

Use LOX o r  LH2 i n  upper s t a g e s  

Three s t a g e  o r b i t a l  c a r r i e r :  F i r s t  s t a g e  
4x380K LOX/JP engines,  second s t a g e  lx380K 
LOX/JP engine,  At las  s u s t a i n e r  engine wi th  
h igh  performance p r o p e l l a n t s .  

/ 

Two Stage recoverable  v e h i c l e ,  p o s s i b l e  2 x 
1.35K LOXIHydrazine engines payload r e tu rn -  
a b l e  a f t e r  some s t a y  t ime i n  o r b i t .  

Mark I 

Mark I .a  .( 

Mark I1 

Mark 1 I . a .  

Mark 111 

Mark N 

Mark V 

Mark V I  

Mark V I I  

Mark V I I I  

Mark I X  

Mark X 

Mark XI: 

Designat ion 
Vanguard 

Juno I 

Juno 11 

Thor 3. 117 

Juno I11 

At la s  -t 117 

T i t a n  

T i t a n  + P o l a r i s  

sigh Energy T i t a n  



,A, RL. 
Payload Capability 

Of 
Vehicles ~ e s c z b e d  on Table 

Designation 

Mark I 

Mark 1.a. 

Mark I1 

Mark 1I.a. 

Mark I11 

Mark IV 

Mark V 

Mark VI 

Mark VII 

Mark VIII 

Mark IX 

Mark X 

Mark XI 

Single Payload Capability (lbs.) 

3.5 - 21.5 

18. - 35. 

60. - 100. 

200. - 300. 

300. - 700. 

1,500. - 2,000. 

2,500. - 8,800. 

500. - 1,000. 
.. 

1,000. - 3,000. 

3,000. - 5,000. 

5,000. - 10,000. 

25,000. - 35,000. 

50,000 





1 TABLE // 

Estimated Weight and Performance 
Juno IV 

Pressure Fed Upper Stage Engines 

& 
rn 

$ 
. 

& 
rd 
4-1 

3 

& 
rd 
u 
rn 

0) 

b 

I I 

Juno IVA 
136,000 

124,025 
105 

NAA 530 
165,000 

253 
LOX- JP 

10,250 
70 

JPL 6K 
6,000 
296 

N,o~N.-,H,, 
-r ..& 

Parameter 
Vehicle Lift-off Weight 

Lift-off Weight (lbs.) 
Diameter (inches) 
Engine 
Thrust (SL) (lbs.) 
Isp (SL) 16-sec. /lb. 
Propellants 

Lift-Off Weight (lbs.) 
(Power Unit Only) 
Diameter (inches) 
Engine (JPL) 
Vacuum Thrust ( I b s  . ) 
Isp (Vac.) - 
Propellants 

Lift-Of f Weight (lbs .) 
(Power Unit Only) 
Diameter (inches) 
Engine 
Vacuum Thrust (lbs . ) 

--%k (VAC.) 
Propellants 

Initial 

Juno IVB 
138,900 

106,696 
105 

NAA 530 
165,000 

253 
LOX- JP 

23,990 
70 

JPL 45K 
46,360 

304 
N,o,, /N,H,. 

L < L - +  

7,091 
70 

JPL 6K 
6,000 
296 

N,O,, IN~H,, - ,  

ST- 120 
Minit. ST-120 Operational 



THE JUNO IY CONFIGURATIONS 

USING PRESSURE -FED ENGINES 

IN UPPER STAGES 

JUNO IVA JUWQ IVW 
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