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ABSTRACT 

The initial phase of the JUNO V space vehicle development program, 
as presented herein, prpvidcs £or a static demonstration and a total o{ four 
flight feasibility tests. 'i'he latter two flights will give the U. S. its first 
payload capability in excess of l O, 000 lb in mid 1961. The objective of the 
overall program is to provide a reliable, economical, and flexible carrier 
vehi�le with relatively large payload c_apability fo;:- orbital and space 
missions at the �arliest possible date. 

This report gives the design philosophy used as well as a description 
of the booste,r an.d the interim two-stage test vehicle which will be used for 
flights number 3 and 4. In addition, preliminary details of possible upper 
stage con£igurationa, weight breakdowns, and performance characteristics 
are presented. 

Becaus� of the large payload capabilities offered by the JUNO V many 
possibI'e missions can readily be envisioned and these are outlined along 
with their potential users. 

Operational aspects such as static test requirements, handling and 
transportation considerations, fabrication procedures, and launching site 
requirements are also discussed in detail along with engineering, teat, 
and flight schedules. 

Based on the results of present studies it appears feasible to design, 
develop, static tes-t, and launch four JUNO V single and two stage engines 
oy the end of CY 1961 within the· total funding of $72 million • 

. lt will, however, be necessary to take immediate action to insure 
the required development procurement and testing of the second stage to 
meet this schedule. 
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I. ·. IN TROD UC T_lON

- - , w t·h1,�H es i+ . 
( ' 

· The present state 0£ the art in the fielld. of. orbital ca.rriero in the UniteJ:
States is represented by the VANGUARD _amd the JUNO t (JUPITER- C) 

. -: : 

vehicles.. These require approximately iCIOO and 2000 .lb, reapective.ly; ,pf 
take.:.of{ weight per pound placed in orbit. Thin 'reaulta.in a transportQJ�9n 

. cost of approximat�ly 1,000,000 $/lb £or the VANGUARD and 100, ooo·:$1lb
into orbi_t for J.UNO t;· i£ the_ experiertced r•eliability is taken into account, 

The p.resent satellite carrier.a -�m. o�di�r, but not yet successfully flown 
(JUNO U, ):HOR.:.1l 1L. JUNO X (JUNO. IY), and ATLAS•l 17L), will- _reduce . 
th�·growth £actor ·gradually to about l oo.:.rb take-off weight per pound placed·· 
in orbit :in_d the cost to about_ 3000 $/lb� , However, the maximum payload 
capability of the orbital carrlers above, _without use of high-energy propellant, 
will be limited-t.o about 3000 lp for the ne:x:t two years. !f required, UGe of 
high-ener.gy propellants will extend the payload capabilities of ICBM-baned 
·orbital carriets to 5000 and po-ssibly lo, 000 lb by 1961 /62 .. ·

The·Army. Ballistic Missile· Agency was among the early groups who
considered a ·payload capability or" 20,000 to 40, 000 lb for orbital missions
and 6'600' to rz/ooo lb for escape missfons as urgent requirements for space
missions of the near future.

. . 

. 1'h.e .Army Baflistic .Missile Agency in.itia,tcd studies on the boonter 
required ·for this task in April 1957. These initial studies, based on a booster 

. in the:LS m_illi9n"'.'po�nd thrust_cl<J.ss, placed special emphasis on a propulsion 
sys·t�m. At that time ·a cluster of four NA.A E·-:1 engines, which were in the 
ea.rly.stages of development,. were considt�ied. This booste·r, which in the,·
beginning was ·designated the SUPER-JUPITER,· and.several upper stages 
wer(;.·investigated ·by A�MA with.·the assistance of NAA. The total effort i"n. 
this 'area (roin April 19_57 until September· 1958 was approximately 50_, 000 

. man-,hours which enabled a fast start on this program. Reports resulting 
from .these stucfies are ·listed· in th� _bibliography. 

. . . . . . . 
� 

In July 1958, representatives o·f the Adva�ced Research Projects Agency 
(ARPA), showed interes1j_n a cl�sforcd booster with 1. 5 million-pound· 

: th.rust based on avail;.ble engine. hardwa,rc .. The ARPA objective was to obtain 
a booster with approximately L 5 million-pound thrust at _the earliest 
possible date within the fundingliinitationo, This requirement favored t_he . 
choice of eight modified N

A

A JUPIT.J;:;R,. en1gines rather than £our E-1 engines. 
· This choice would result in ·a saving of approximately $60 million and about 

2 _years development time. · . 
. 

·,
. . . 

The vehicle based- on _ti,'li_s booster· was· given th�_unofficfal designation 
JUNO V by ARPA. Thia vehicle will hav� an initial growth factor of about 50 

L 
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which can·£urthcr be r�duccd to 2.5 by use of high-energy propellants,. a.n.� to
about l 0 .by _use ·of a nu�lear-�powered U:pper f;tage� 'The ti·anspo.rtation c·oat .·

. can hope('L\lly·b� reduced to .1 oo· $/lb .p�yload by incc.n:1 of boost�er. recovery •
"in due coutse ·of dcyelcipi'rtent'. · . . . . .. 

. . . . . ABMA 1 s e�pei.-ie·nce in the .field, plus the ·availability
. 
of f�cilitiea anc;l .

,: · ·manp?w·er, led .to .ARPA Order Numbe_r 14-5 19, dated 1:5 August 1953 .. T}ie · 
' ,_.· · . : scope', of this' ()rder .is given in the following excerpt: 

. i 1Initiate a dcveiopmcnt program to provide a large np,?.ce vehicle . 
boos�.cr '0£ approihnately l; 500, 000-lb thrust based on cl1.u:iter o( a.vz-.ilable· · 

.

. r.ocket engi�ea·. The imi,,ediate goaJ. of this progt�m is to demonatratc a_ 
£µ11 -:e'calc captive dyn�mic firing by the end of CY 1959. 11 

. . . . . . 

.. Fur_th�r studies for· the extension cf the big bo0ster progra:m pant the 
feasibility dcmonotration rcaulted in _a memor�ndum o! agreement �igne,d by.· 
M,r. rt.� .W. J:oh_naor., Directfo.n of ARPA, and },faj. Gen. J, .Il. lv!cdar,i1;·, · 

· 

Commanding <:ie'neral 0£ AO}AC, on 2.3 September 1958. Th.fa memorandum 
. provicles•for-an extenllioO: of.the program to inciuclc foi\r boo5tcr tc;;t flights •

. • The first two Hiijhta v.ill be booster propulsicln fliGht. tcrnb and th� latter·.
t'wo flighta will' be with. ::!. second stage which will provide limited orbitil 
capability. ,A011C ·1a· requfrcd to submit to ARPA .not lnter .than 15 October·· 

. '1958 .a. detailed ·dev-clopment and funding plan based 011 this asrccmcnt. · {See 
App en di� A for copy:of memorandum.) 

. 

Thia report o·utlinea the suggeet.ed development pro.�ra.m based on the . 
·available 'fonds; Fundfog lii:n-itatio.ns make this program a compromioc .from
a:dcsir�bie developin�ht progra..-f( r�quircd to1 meet t!:lc national need at the
earliest dat·e. · · 

Preacntedh.erein ·are a. list of potential ua�rs and miooiono for the 
·JUNO V vehicle, the dc:Jign approach that V;aa useq in arriving at the

: proposed configuration, a description of the boontcr and the two-sta3e 
· interim test.vehicles.. Also other promi.oin·3 uppc1<-otage combinationa,
a weight breakdown . and prelbninary' perfornnancc ·calcuhtion.!'J, operational
conoidcration·s dealing .vit.h the test stand, ao scmbly, tnmoport,:\tion, Tnd 

. launching operations and finally a program sche.dulc are discuased • 

. · Th.c OBJECTIVES OF THE REPORT are 1rnm.marized in !:hes"! two
points: 

A. To £;;imiliarize all org�nizations and jpcraonncl Y:ithin the cbvelopmcnt
team •with the z:cq_�rcd tf�k including asaumption3, .sugg.estcd approach,·
anticipated dev:elopment pr:oblem·a, · and sched.ule. 

. . 

, .. 

. • I .
. 

' ..... 
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B. To inform the potential users of the expected capabilities and
availability _o( the JUNO V, as well as the technical details of the d_e�,ign 
cort£iguration as preserttiy envisioned. 
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II. JUNO V SPACE VEHICLE DEVELOPMENT PROGRAM

-A. Proposed Designation

· Although not yet approved, the pop'ular nam c proposed by ', 
·Dr. von B·raun for the sp_ace vehicle resulting from foe JUNO V develop
ment program is "SATURN". The SATURN is considered to be the first
real space vehicle as the Douglas DC-3 was the first real airliner and
durable workhorse in acronatitics. Is is expected that the JUNO V vehicle-. . . . . 

will serve all nation.al and possibly international space programs as the
workhorse for tnore than a ·ciccatle.

13. Progrfim Objective

The objective of the pro[p:am is to clevc� for oper,,.tiom1.l use a
reliable, cco:,omical, an_d £1exible carrier vehicle for orbit;:,.l and space 
mi:rnionG within th_c shortest possible time. The orbital p<1.yload. cap3.bility 
should be _in the 20, 000 to 10, 000-lb class and. for cr,cape and similar 
missiori.s, _ in the or.der of 5000 to l 0, 000 lb. The space vehicle under 
consideration should atso have a capability to car,:y at least l 000 lb of 
useful inst_rumcntation for soft-landing missions on the Moon o:r Mars. 

C, Potential Users and Missions 

The follo�ing organizations are cons·idered as potential u:; ers with 
possible missions listed accordingly:. 

l. ARPA, as representative of the Department of Defense for all
.military services-: 

a,. Carrier vehicle for re!learch and development of offensive 
and defensive sp�cc weapons, 

2. U. S. ARMY

a, Orbital carrier vehicle for space defense missions against
offensive enemy space vehicles. 

b. Orbital carrier vehicle for communi,;ation and m_��teo:r-ological
satellites, 

c. Emergcnc,; supply carrier for surface-to-surf.ace supply
operations such as: 

(l) ;rno�milc 11inr,lc-stag¢ c.a:rri�r vnh.iclo,

(2) 4000-mile two-stage carriei· vehicle.

4 
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3. U. S. Am FORCE

a. Orbital carrier vehicle £or the DYNA-SOAR III weapon

b. ,�ed orbital carrier for _man-in-space progratn,

c. Orbital carrier for J:econnaissance satellites.
----- . .. . .  � 

d. mBM and ICBM for special missions with multiple nucl�ar,
chemical, or conventional warheads �nd/or for transporta,tion o! propaganda
material. 

4. U. S. NAVY

a. Orbital carrier for navigation satellites.

S. NASA

a. Orbital carrier for scientific research by means of
instrumente.d satellite.a. 

b. Space vehic;l_e for the exploration of outer space, Moon, and
'planets. 

c. Orbital carrier for establishment and maintenance of civilian
apace stations.

d. Flying test bed for F -1 engine, nuclear propulsion, and
other·systems.

6. UNITED NATIONS

The JUNO V space vehicle family might be oHercd as a carrier
.vehicle for any i!}ternational space-flight program decided upon by the
·united Nations.

· 7. COMMERCIAL CUSTOMERS

It ia anticipated that the economics of the JUNO V orbital carrier
vehicle will approach the $100. per _pound figure by 1970 and attract private
orga.niz�tions for commercial· applications of orbital transportation.

5 
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D. Sy1;tcm Parameters

The J_UNO V space veh'icle system is considered a very important
· memJ?er, but c;,nly one member, of a family of carrier vehicles which must
· be. ava,ilable within the national military ar.d ciyilian space organization.
. . . . 

Therefore, the "transportation system" point of view will be 
con_sidered during t.h.e design phase of this vehicle. Among others·, _the 
following 1major points are being. considered: 

1. 

2 • 

3 .• 

4. 

5. 

6. 

7. 

8. 

9. 

l 0;

Reliabilitv and 
. . 

safety 

Economy 

E'a.rly availability 

'rest facilities 

Launching facilities 

Propellant production.capacities 

Production requirements 

Maintenance and serviceability 

Logistics (general) 

Mobility 

11. Crew engineering and psycholo3ical factors

12.. U se_r rcquirem ents 

All these items are subject to detailed investigation for foe optimization of 
the transportation system under consideration. 

6 
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Ill. DESIGN APPROACH 

A. Primary Design Parameters

. Retiability and crew safety play the primary roles in the develop-
ment o( this carrier vehicl'e since it is anticipated that it will be the first 

· space vehicle to be used frequently for personnel t·ransportation ·on a��a-rge r
scale. 1n general, it is realized that this vehicl�--shoufd approach aircraft
J:'.eliability. Before men can be fjown in this ·vehicle, a ,r·eliability .o( ,.t l�ast
90 per cent should be· demon_strateci. Proven hardwarE(,w.ill ·be used :where

· possible and weight penalties will be accepted to o&tain;.the necessary
·· reliability. Although economic �C>nsiderations are, generaiiy considered

overriding,, reliability tt'l�1>t n�ti'b·e sacrifitccd £or economy and/or performance.

Per£o1rtn_ance ·and schedule· are the next most important design 
·parameters. As has been noted, the achi,�vement of a· large payload capability

. at th� eal'liest·po�sible dc'ite is one of the p;imary objectives of this develop
ment prog·r-am. 

Due to �he large number 0£ potential missions·, firing rates up to 
about two per week are· ·expected. Therefore, the recovery of the costly ·

Hrst-�tage booster wiU b� an,economical requirement. Boos�el". recovery will 
reduce the long-rahge program· expenditur•e and, at the same time, will assist 
in obtaining good reliabili.ty at an early da.te, 

These design parameters, as wdl as others, are discussed in the 
next several paragraphs. 

B. · Propulsion System (Cluster vs. Singie Engine)

In order to fulfill the program o'bjective of providing the U. S. with
. a large payload capabiHty at the earliest possible date, the use o( existing 
propulsion syste·ms is mandatory. Since cl ho-aster thrust level of l SOOK is 
desired and no single engine of this· level :is available, a cluster of smaller 
engines is required. A comparison··�£. the two configurations is shown in
Fig. 1. The required large-payload capability can be achieved 3 to 4 years 
earlier by this means. · · 

. . . 

The cluster concept also yields a shorter vehicle - this is 
desirabie from structural design ai1d laun,ching preparations standpoint - and 
a simpler control system, Simplification o( the control system results from 
the elimination of the requirement to gimbal an extremely large thrust 
chamber •. 1n· addition to the above design ,conaide.rations, the clustered engine · 
concept eliminates the immediate need fol'. additional large test and production 
facilities and also reduces the handling and transp_ortation problem a aaoociatcd 
with a larg_e · single engine •. 

* 11& .... 
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A better chance of crew survival during booster powered flight ia. 
gained since failur� of one engine does not render the entire vehicle powerless 
as would ·be the case with a large single engine. Failure o{ one engine would 
still permit the vehicle to accomplish a limited mission. Loos. o! 2 or 3 
engines would still leave the vehicle controllable and provide adequate stability 
_to a.llow crew bailout, which is a major design consideration. Conoidcring 
the reliability of the clustered vehicle, it is believed that this method, since 

.it employs existing smaller engines, offers greater safety for crews in 
rnann�d flights than the large single engine in the same time period,. Tht: 

. use of a cluster requires larger production rates and thus grcat:er reliability 
will be developed earlier. In addition, many development problems 'can not 
be foreseen for �he large single engine because of the large jiJ!np in 

1

th.rust 
level over· present experience. Thus, the schedule of the large single engine 
i� considered to be quite uncertain. 

Another important consideration in designing this vehicle is 1
economy. Because of the large payload capability, many possible missions 
·can be envisioned. Some of these have already been deocribed in Section
·II C. ·. 'Fhis variety of missions will require a large number of firinis. To
make ·a pr.ogram of this size economically feasible, booster recovery must
be use'd,- The clustered engine approach is more suitable £or booster
recovery ·than the single engine approach, Should engine damage occur.
during the recovery ope.ration, only _the damaged engines or par.ts thereof
must·be·._replaced in the clustered arrangement rather than the one large
and costly' single engine.

C. Tankage Design .

Several different tankage designs can be envisioned for a·boooter
of this size. -Four of the most promiaing are ahown in Fig. 2. 

The first configuration given consists of a single large tank, 
216 in: in diameter, with-an internal bulkheac;l to separate the LOX and RP-1. 
The main advantages of this method are minimum overall dimensions, 
minimum plumbing, no additional pressurization or vent manifold, and 
utilization of existing design ·experience since this is the conventional tank.age 
approach.· However in a booster of this size, conventional tankagc has 
certain disadvantages. The handling ·of the tank would be complicated since 

. it could not be broken down into s·maller components, The ·only available 
means for transporting a Zl 6-in. ,diameter cylinder cross country is by 
water, · New tooling· would have to be provided and production facilities 
at ABMA would have to be modWed, The fuel feed lines would extend 
through the LOX container •. In addition, an insulated bulkhead and heavier 
anti-�losh structure would be required. 
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The concentric tank arrangement (number 2, Fig. 2) consists of 
. an inner LOX container and an outer fuel container. The outside dLimctcr 

would be the same as the single tank. The major advantages of this design 
... are the elimination o( fuel lines running through the LOX tank and the 

redu�tion 0£ the slosh problem. Due to such items as double cylindrical 
walls and insulation between LOX and fuel containers, the concentric taitlc 

· design would be approxim.ately ZOo/o heavier than the conventional design
(number 1, Fig� 2).

The tpird co�Hguration g:iven in Fig. Z is comprised of nine tanks -
_ a center tank 0£ 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 
�ost. The outside diameter 0£ the arrangetnent is 256 in. LOX is carried 
in the c_enter tank and four 0£ the outer tanks. Fuel is carried in the £our 
rem�ining outer tanks. The advantages of this system include easier handling 

. and transporting· because the booster tankage: can be disassembled and each 
tank hand

l

ed and shipped separately. Since c:1££-the-shclf hardware can be used, 
shorter fabrication time and lower manufacturing costo can be realized. 

·center bulkheads and fuel lines through the LOX tanks will not be required
an<:1 the'we)l-proven J_UPITER anti-slosh design can be used •. The dia
advanta·ges include larger outside diameter, more·atruch.ira.l members

'requir'ed, and.the need for additional presSUit'ization and vent manifolds.

The fourth ·configuration shown in Fig. 2 consists of eight 
· REDSTONE diameter tanks in a circular arrangement with an outside diameter
of approximately 256 in. Each tank would contain both LOX and fuel and
would require a center, insulated bulk.head. In this design longer tanks would
be required; ho_wever, by omitting the center tank,sufficient space is gained
to perm'it the placing of fuel lines in the center opening and thus eliminating
the need of running them through the LOX containers.

After preliminary study, the multiple-tank arrangement of one. 
center tank surrounded by eight outside tanka has been selected as the most 

· advantage_ous design for the Phase I of the JUNO V program.

· D. JUNO V Staging Considerations

In any new design th_e possibility of introducing various concepts 
exist. In the JUNO V vehicle development the possibility of using a different 

. type o( staging was investigated. 

This principle,· shown in Fig. 3, is: cal:.ed parallel staging and 
differs from the conventional stagi ng, shown: in Fig. 4, as follows. All of the 
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v_ciJd�l� engines are �ounted para)lcl to _each other and all are igr.ited ari<;l . 
. ,· butn vlith

. 
foll_· thrust fro:rn _the g"icmnd. Engines- and· ta.nks ar.e dropped otf as .

,-., the. stage_-requhetnehts-;at_"e. fuifiiled with th� temi,!.ining ta�ks''·and engines . 
c��tintiing.�·s the next:_ stage:: The prop·elfapts used ·d.ur;i.ng the first·-'atage' .

. :Qurni.ng ate. suppli�d from .the tanks that _.are drqpped at Graf-stage separation.· . .
. ... . ·, . .. . . . . . . . . . . 

The· pai:aliel. stag1�g ,:1.rra�gement has''..s�veral advantages· o:ver: 
,: foe conv�nti�nal staging. )t .a.Uows f?r more, ftexibii'ity _ih burning tim e·s f\,H 

inclivid:uaf·mis�ions, It also �li.rninates _the pri)hiem of altitu,de ignition-which 
is• iriherent in-the'. conv.e�tional staging.- A smailer fot�l :number of en}.ihcs··;s .•
r°equircd :t�-

-
petfort:n ·th-e same mis-siori and the engin�s are better �tilized

-s-inc'c ti{e_ center e:ngin�s·bu'.rri for a gteat�r.time.· .WHh-�11 eni?;ines h\lr.ning
. frotil launch; ·a shorter total burning time is required and thus less gravity .

. ·,:fosse·s_ are incur;ed. A_smoother a·ccelcra�i'on throu'ghout p�w.cr;d flicht is 
. -

.
al.so achieved w\Lidh may be more des�rablc fo:r.11,,mncd i:;pac·c flight. Parallel
�tag.irig woutd· r'.e.sult in a shorter·, more compact vehicle -and �ould r;educe · 
tr,:e assctnbly, · 1aunch

0

ing, ,and. handling p .t"oblems.
. . 

.. 

. . · .·: S�vtiril dis�dva_ntages. of the parallel .staging ovc·r the conventiona_l . 
. ,a�_ra�gem:crit'sh�uld .be �entioned. S_ince. sorne eng:incs will burn throughout 

. :
. t'h� p�wer�d flight oi _the' vehicle/ they cinnot be used at their optimum .

. exp.an.sibn rat'io,
. 

Also the last· stage will be somev.;hat heavier bcc2:use of the:
ad-�iti�nal-vilv�s. :-and·th:ru�t fraine attached re.sµlting in ped�rmanc·e loss�_.· 

·•�new technique satisfying all-r.eliability requix.ements must be developed·
. a:�d tested. vihich may result.fn a .longer deyelopment time and higher: <:os.t .. 

Sepa.f_ate :feed sy�tem·s. will be required to: provide maxirnum·propeUant . 
. 

utilization and �6difications �vill be required for the use ofJi.igh-energy or 
.storable pr�pell��ffo .the upp�r·stages·. D,;e to tlie above -:-meritioned . . ..
·tequired·.devefopmen'

t

s. the par.allel�stagcd vehicle-would p;obably not be
. �vailable- a:s . e-�rly as a. ·conventional.-staged ·vehicle; however; exp� rienc e 
gain�d °fr1;>rh the A TL.�S program might be a.pplicablc�· 

·. , · Since the paraJlel staging principle would require addtional 
. n}Z.:npowct,_- funds ;i,nd tim·e, tlie fir.st four boosters will be of conv-::ntio11al 
.· design with cluste�ed tan�s .. ·Further studies \rvill be r::13.ne to dctc:rmine the. 

yc>'tentiahhes of t�e parallel staging GO��cpt? for �he; JUNO V ,program .. 

· E� -:Cuida:nc·e·:and Control

.. 
. . 

:The.JUNO V $pace.vehicle booster wiil be_contzollcd by th� u�e· 
: ·._

.
of t:echniques' a�d ·compon�nts sim"ilar to· those em.ployed on the.JUPITER . . 

<.:ro_i�she·�- ·H6w'ev.e·r, the.·coi;!-tro� ·system :...ViH impose_ some requir.emcnts on the
. · :o--v,era.11 design. Two ba�.ic ·requirements: will. be .diSC\�SfJed and are shown·
·,-,.fo'Fig.·_s., ,•· .. . · · 

. . --; . " . . . . � . , ' 
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. �� Cant.ing of all. the<'e'.1gines so that the thrust vectors pass: thi;o,:µ.gh 
· the center· of grayity of the vehicle.· 

. 
· -- · .... _<:-. > , -- . ·,�:,r.·.· . 

. ) .. _·.·:"·.�:./·i?.
'

.' .· 

-h. Swi��-lh�g of th� four �-ut�'r- -�ngines
. 
_li"se_d ._f?1(1��Ji;,��;·,.-

- _ _ .·
· ,·ca-nH

·
n
.
g o.£ all:eng�n::s.:1!l�i

{ff/�;/�i��;ill�/a/J:l�,��
;�

.-'.:if;�\�< -). , 
- . des�rable·Jrom the control �t.4.n:Cil,PP'li:t\ �ca.m�e the._effoct-s of)t-hrust mrnahgn -: 

. '.m�i�t; Jb+U !?t_ �ifter��{'..�iL:�if.ft.�'i�li.;,; ·-,:c·utoff i�pul;e,_ .imd .failu�e of ·a:n· 
.. engir1e ·,'{ill be-�1n:#$J:iea/·\y�lh-i'�)i.g_in�·s· ca�.ted,. these deficiencie.s, win: 

. ·;· . .. � \;es ult in a:·parallel\tl't�{f;of_ �hl'.liigh( patQ but not _rot_atio_n_of the_ 1/(}hiale ,abx)Ut 

._. .. -' :'its; ceht.c:r t>f, g-.r�vitY,�•fC:�tnp�-h;s·atiohs _t_o-r· such. defidencies can be effccte� 

. ·>· ,: _.by small c·orre·�tive· ;tx.\'io··e\1'{et·s. · tf·paralle1 a·rrangement of the 'engines is 
;.-,:_-:,'chosen i 'the effects �¥.t�e �

.
et-iciencies listed-above are great1y'·increa1:1ed • 

. :. . . . . . � .  . . . .. . 

· .· •. Swi�e1ing:
-
-_inlf�acl o£}{£�ging the, ertgin�- �ppc.irs deaira-ble·. ·By .. 

. hin,ging .the �ngi�es� ·.-f�:i:c·es 'p.t�y,i.
.
dtgl by deflection of only two. engines art?

• ·  • . , . ' , ' ,  . •,, .- ,;(c . , ' 

·:ayai-l_able'tor. e:ontrollir1g,-t
,
he_,P\{ft�r ya.w ax.;_s. H ohc cf them fai�s,., _the 

• 1'.:.efuairi.ing. engin_e must ·p.ro"{•i��)tdequatc control forcc_s.., and comparatively. 
large cngii;ie ·.deflection_s. are anticipated. 

By ·swi�cling the four outer engines; each wiil. contribute in the 
contro-1:of the ·pitch; yaw,' an·d roll axes. Therefore, the requi:rcd deflection· 
per .. engine for ea�h axis is r·ei:J:uced,_ and failure of one w:ill not require . • 
·severe angular 'deflection� of the rem.lining engines. PreEmjnary study 
shows the F_vs-tiibility of operati�g with swivel angle·s·coh1par?-ble to those 

. :OP tlle _J'UPITE� missile (seven deg-rees'). . 
. . 

_By'adoption of the schen1e:p�oposed ab�ve. (canting of all.engines 
and·.s.wiveiing of. ihe

.
four outer engii.i.es}, a ma.ximum safety factor with· 

• respect to ·cont,rol will be· realized: sine� the vehicle can b::- kept in control
under- extnim'ciy adv�rse conditfons. 

F. · J3oos·ter Recovery'
. . . . 

. . . . 

In qrd�;. to �ondnct the oveia)I JUNO V operational space :vehicle 
program· wlth-in ·the econorrlic limitations that rri ust be imposed, boostei- . 
rec:overy, rcjuvenatio�. and r�use �f ha1:dwar-e is consio..ered man-'..atory. 
An economic ·feasibility sJudy has .been m_ade· to veri(y thi,s point (Ref. .1 ); 

: · · · . Vlith r��ov�r:y; the n-umbcr of booste-ri rcqtiir.ed for a -comprehcn_sive flight 
t�st p-i-�gram c�n be _ reduc_ed· by approximately 50 per cent. Durfog the 
oper.atic;,nal life of _the JUNO V · - vehfole· - an �venlarger-percentage can 
be- ·save_d. · -.-

. . . · In addition to the monetary s:avings realized thr:ough. recovery, . 
_ va�\.\able·: fnform�fi9n can· be gained from studies .. �9nducte;d. on boos_tera which 

16. 

s qrs�fT-





szdusr· •

_The payload increases· to be gained by using propellant such as . 
LOX-Hz, Fz -NzH4, _and F z-Hz warrant ·their immediate development for 
third stage application·. Initially, · these high-energy-p1·opcllant (HEP} stages
-will be. used oniy .in unmanned space probe.s and cargo vehicles. As reliability
is demonstrated, ·the high-energy-propellant third stage could be used for
rnann·e°d mis_sions. This approach provides_.a continuing increase in per
fo�mance, _ _y .et· maintains rehability fn th� c·ritical manne·d miaaio;-i area.

. . The joint requirements of reliaqility and economy sugge.at the 
utili_zation of ·a. previously developed storable-propellant fourth stage for __ 
niis.sions requiring ·orbi�al maneuvering· or terminal trajectol".y ·correc'tions
such as space probes an� la_nding vehicles. 

The upper stages under consideration demonstrate the design 
philosophy o{ reliability and .economy. achieved by maximum utilization of
existing devel�pments,and the ba-�is £ot growth with the advancing state of 
the art, without sacrifice of reliability in critical missions. 

Several months will be required for a systems study and detailed 
investigations before any recommendations ·with respect to the choice of the 

· total vehicle configuration can -be made.

H. Mobility and Flexibility

I , • 

It is necessary to establish the required mobility for the JUNO V
· vehicle and design the systetn to meet these requirements. Since.
· this vehicle ·will probably be the workhorse of spac·e travel for the next·
10-years, all possible applications of the system should be considered in
establishing these requ�rements. ·

· Battlefield-type mobility is not considered feasible or necessary.· 
However, the necessary mobility to allow firing from several launching sites 
in various p-arts of-the world should be achieveq;. Due to the limitation �f 
launching facilities d·urin·g·the early part of the R&D program, the firings will 
probably·be restricted to AMR. For operational deployment of the JUNO V 

. vehicle, an equatorial launching site is very desirable, if not mandatory, -
for mos,t -space and orbital- missions. The m·ilitary use of the subject vehicle 
may require launching sites within the zone of the interior to provide adequate 

· defense for the launching sites.

The mobility or transportability of this vehicle system should be 
based on present or planned transpo·rtation capability and not require the
developm_ent of new syste:ms-. With the trend toward air -transportation, the 
JUNO V vehicle should be designed so that the complete vehicle system 
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- is. air transportable to insure maximum. mobility. This can.only be· 
ac:hieved with a vehicle of this size by using a multiplc�tank configuration,
·thus permitting disa.ssenibiy into several sections .:Vhich may be transported
separately and reassembled at the launching site. Fig.ure 7 illustrates

. the air tran·s_po.rtability of a cluste:red-tank booster tlesign br.oken into it$ 
component&.. · · · · 

With the increasing cost of misi;ile and space vehicle systems, 
it has become evident that unless a, future vehicle has co·naiderable mission 

.flexibility it will not be economically feasible. Since this vehicle will be 
utilized as_ a basic transportation 1.mit of the 1. 5.million-lb thrust cla&s 
fot the next decade or longer, it should £ul£i1l the tran�portation needs for 

· ·all possible missions mentioned ea,rlier in the report (Section II C).
. 

, 
. ' 

Flexibility ir.: terms o( ha;rdware must als·o be. designed into the
· system. F_or example, all booster engines should be completely inter

changeable, The booster should also be designed with a capability to
·accbmihodate vary'ing upp!:!r-stage configurations such as a modified JUP11'ER,
modified TITA.N, modified ATLAS,, or pos.sibly newly developed upper
stages;· including the x.::15 and DYNA-SOAR.

I. Crew Safety �nd Reliability

To insure complete success of any mission is impossible, but the ..
insurance of a high d·egree of succ•!ss of a �anned venture into space is 

. mandatory. This high probability of com.pletion -of mission can be accomplished 
only by consideration o( all p�rameters involved. These pai:ameters include 
m·echan1ca1 factors 'and'human chairacteristics. Not only must each component 
of the vehicle meet the desired reliability, but the· ove·1·all reliability must 

-eqi:.al the· required figure. This imposes very high requirements upon the
reliability of individual mechanical parts. There is no component which is
less important than another if the success or the failure of the mission
dep.ends upon it.· However, this _does not-imply that in each mission failure

.
· there will be subsequent los-s of life. The present expected reliability 9f
mechanical factors is 90%. ·In each of the 1 Oo/o failure:s, the desired intact
recovery of the c_rew "is at least 90%. Therefore, a 99% factor can be applied
to human conservation in space. flight. The human characteristics will dictate

. certain vehicle characteristics,suc:h as maximum accelerations, so that the
two must be optimized.

One of the most importantt contributions to a reliable booster is 
the engine cluster arrangem.ent and its .control characteristics which keep 
the vehicle stable even i£ one engine is shut off. 
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Reliability of components c·an be increased, but generally only at 
a cost-cost in terms of money, time,· and payload. Ther,e penalties must be 
accepted, for .the prime consideration is success of the mission. Optimization 
wilf be accomplished, but not to the point ·where reliability is endangered� 

J. .Growth Potential

The JUNO V vehicle first stage, as· -well as· the total vclJ.icle, is
designed for growth poterttial. Th.� design approach, however, is to establish 
the required reliability first andl -improve performance later without losing 
reliability. This seems to be the only logical approach since this vehicle 
eventually will be used for personnel transport�tion, and crew safety aspects 
have first priority, 

The propulsion system a·rrangernent allows the replacement of 
the four inboard engines by one large (i. �., the 1 000 to 1500K F -1) 

. 
. 

engine as shown in Fig. 8. This can be done with any larger engine with 
approximately the same dimensions. The use of the same propellants 
(LO:X/RP-1) would be desirable but is not mandatory due to the parallel 

.tankage arrangement, 

The tanks provide a capacity up to 750, 000 lb 0£ useful pro.pellants 
baaed on the density 0£ a LOX/RP-1 mixture (Z. 3:1 ). This allows the use 

. of a total° of 65'0, 000 lb of usable propellant for the single- and three 4 stage 
vehicles, which is near.optimum for booster recovery, and the u_se CJf 
750, 000 ·1b of usable propellant for the two-stage vehicle. Basi_ca\ly, it will 

· be very easy to enlarge the tank volume by lengthening the tanks. Since
each tank will be filled with only one propellant component,and since the basic
diameter of the ·booster is large enough," changes in prop�llant volume will
present I?-O problem.

This flexibility is highlly desirable if the take·-off thrust should be 
increased .or if the effective take-off acceleration should be increased. The 
installation of a fixed 1. 5 million-pound thrust single chamber (F-1) 
engine would raise the ·total thrust up to 2. 3 million pounds with the 

. 
. 

assumption that the four control engines would be uprated to ZOO!( at that 
time. This is very likely since His expected that the F-1.,or a similar 
engine, will n·ot be available for flight teGting before 1963 or 1964. A 

. Z. 3 million-pound thrust level would allow take-off weiehts up to 1. 75 million 
pounds which, in turn, would allow pr.:,pellant weights up to 1. Z million 
pounds in the first stage ic' desirable. Thus, this growth -potcnti2..l of the 

· b�oster arid, therefore, the entiire vehicle is considered highly dcoirable. '

The present approach of parallel tankage design, but conventional 
staging,allows the best possible flexibility with respect to upper staging. 
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Initially it is cxpecte.d to use upper stages with conventiona�. 
··propellants, such as LOX /RP-1, in connection with the most reliab-le hardware
av�ilablc. Later as improved engines with.high-energy propellants become
available {provided these have at least the same r.cl.iabilit1·) the upper stages

'can be changed. Thus,a large growth potential with respect to performance 
is available which can easily exceed p�yload capabilities of 50, 000 lb at' 
-a 300-milc aitHudc Cot orbital missions.

l< .. Manufacturing Considerations 

In designing the JUNO V booster st�ge, every effort should be 
expended to make the final design compatible with the ABMA Fabrication 

.-Labordory facilities. The cluster�d-type tanJc.agc rccomrn�ndcd 
i_n Scct�on III C satisfit:s this ·objective. 

Although any type of tankz.ge could be fabricated in time to meet 
the required time schedule, clustered tank.age will hP.lp to ease this schedule 
by decreasing the fabrication "time requi1·ed. The proposed tankage, by.using 

· REDSTONE (70 in.) and JUPITER (105 in.) diamcte:·s, will make use 0£
present tooling an.i facilities, such as welding fL'<t-µres, head dies,
hydrostatic- test stand, X-ray facilities, and handlinr_: equipment: This
met�od also makes use of the vast experience which has been built up by
the fabrication and assembly personnel in producing RJDDSTONE A.ND
JUPITER misoiles.

Since the proposed design is ma.de up of several identical parts, 
it lends itself to production line techniques where many m_ajor components 
can be. processed at the same time using many crews. This method will help 
to reduce th_e fabrica-tion and assembly tim·e and will yield more reliable 
and less expensive boo·sters. A design based on a larGe .aincle tank would 
impose working space restrictions which would not be �ompatible with large 

· working crews, thus eliminating production-line m eth.od� and requiring
longer fabrication and-assembly tiz:ne. j 

! 
In case of mobilization, the · production of the c�u5tc:i,-ed-tan'.t 

booster could be cli;per5ed over a large ar�a to prevent destruction of more 
than a limited number �f major -subassemblics or folly �-i';semblcd boO$tcrs, 
The components could be shipped from the productio:1 p�;;.nt to the �aunchjnG 
site and assemolcd there.for firing. 
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IV. DESCRIPTION OF JUNO V SPACE VEHICLE

A. Booster Configuration_

The basic: booster structure consists of eight 70-inch diameter
·_ tanks arranged a.round a central 105-inch diameter tank. '!'he total diameter
· _ 0£ the booster is 21-1 / 3 feet. (See Fig� 9.) The basis for this selection of

tank arrangement has �e en discu-ssed in Secti�n - III. The centrai" tank and
four of the outer ta�ks -will contain LOX and form the load-carrying structure 
o{ the booster while the remaini:ng fo�r outer tanks will contain fuel. The 

· des:ign u_sable propellant capac"ity is 750, 000 pounds. Due to th�rmal
· contraction in the LOX tanks, the 4 outer fuel tanks will not be used as
. bask s_tructural elements, since they will have a glidhfg upper bearing to _ 
allow fo-r LOX tank contraction. The engine-mounting structure transmits 
thru_st and gimballing lc;,ada into the _center LOX tank structure, and partially 
into the outel' LOX tanks which carry thrust loads an.d bending moments into 
the adapter structure for the upper stages. ABMA analysis confirms the 
£indings·o(.·Re£erence Zand indicates that there are no aerodynam.ic objections. 
con·c�rninc the ope'n tank arrangement; however, if some unforeseen pro0blem 
should arise, a. thin skin can be added around the tanks •. 

. 
J 

.The basic single engine will be the NAA �-1 designed for l B81<. This 
engine .is a greatly simplifi.ed and repacked S-3D engine which is used in the 
JUPITER,· THOR, and ATLAS missiles. All the components have been 
thor·o1.1ghly dev�loped and have extens1ve static test times accumulated. ,--... 
Some comppnents have b.een extensively !light tested. All components have '� 
been static test £ired at thrust levels exceeding 188K success!ully. · T,he 
simple pressure sequencing start system and the improved turbopump 
design were _developed and · extensively tested under the_ X-1 engine develop-
ment supported by·�ir Force contracts. This modified S-3D engine, 
improved by a farge number of static and flight tests within the ballistic 
missile programs, provides a thrust chamber and accessories that are truly 
reliable workhors·e items. 

The turbopumps are mounted on the thrust chambers in such a 
manner that each engine ·is an integral unit. The reliability and economy 
inherent -i,1 the utilization of thoroughly develope·d and tested components from 
other progra:ms provide, within a short period of time, a reliable improved 
engine specifically adapted to clustering. 

Eight of these modified S-3D engines will be incorporated into the 
booster cluster. They are arranged with four fix(!!d engines mounted in the 

- center with t4e remaining four mounted outside and gimballed for roll, pitch,
and.yaw control. This design will give sufficient control forces even if one

·engin� should fail during powered flight. All engines are canted so that their
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Hnes ·of th:r;ust pass thro,ugh th:e critical vehicle center of gravity. The exact 
angles -0£ cant will be_ detcrtnined during the final vehicle deaign. 

For crew safety, individual fire walls and a fire extinguisher 
system will be ·provided fqr each .engine so tha� .in case of fire only the 
affected engine need be. shut down and t·he remainder can continue to burn. 
Vents will also be provided to eliminate any accumulation of combustible 

· gas e� in the tail section.
· · 

· The new eight••engin_e propulsion system will have only -10 .major
components per engine as compared to the 68 components of the original 
s:.30 engine •. T}:i.is is th,e major advantage of using the modified engine . 

. Proven prqpellant-tank :press.urization methods are being studied to , 
determine the optimum methods with respect to simplicity a:nd reliability. 
A ·simple nitrogen press_uri.zation system will be used in the first four 
boosters. 

The single bo�,ster, 'as well as the final booster_ for a multistage 
· veh_icle, is designed for recovery' due to the valuable hardware involved.
A, recovery of the first.two flyable boosters would also tend to accelerate

· the· development schedulE!s since any trouble which might develop could be·
thoroughly investigated .a.'fter recovery. Moreover, some o( the recovery
hardware will be used for fu�ther testing. resulting in co_nsiderable savings
_of money and hardware :lead time.

The simplest. r�covery system available will be uoed in the early 
flight ·tests. This consists of six 100-foot diamct�r parachutes, attached to 
the �op of the booste.r, which will be ejected at about 10·00 ft ·altitude, after 
the- _booster spe�d has become subsonic due to its own aerodynamic drag. 
The parachute package, weighing approximat .ely 1800 lb, will reduce the 
booster velocity to aboult 35 ft/sec, 

. . 

This final velocity will be redu�ed to near zero by 12 brake rockets 
(FALCON solid-propellamt motors or �imilar) each providing about 5000-lh 
thrust for -1. 4 sec.· The:se brake rockets will be ignited by a proximity fuzc 
when approaching the waLter �urface. The booster will be floated into an LSD 
and brought._back to the Cape Canaveral harbor, It is hoped that the feasibility 
of recovery of big boost◄ers can be demonstrated in this way. The optimization 
of th� recovery system will be carried out in due course of development, as 
soo� as the expected fidng rates, and other specifications, for the entire 
transportation system have' been determined. 

B. · Interim Two-Stage Test Vehicle

Several possible second-•stage configurations appear desirable for
the interim test vehicle. The baE-ic requirement is for an economical and 
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reliable second stage thc!-t wi.11 orbit sizable, useful payloads early in the 
... R&D' phase o( the big booster. Modified REDSTONE, JUPITER, or THOR 

missiles promise high reliability as upper stages. Modified ATLAS or 
TITAN vehicles will o££er at this time sub.stantially increased payloads. 
howeve.r, with somewhat lower reliability than the highly;.,devcloped single
&tage missiles. The desired early schedu_le.and the limitation of funds 
probably will determine which stages are most desirable. Figure 10 shows 
the two-�tage configuration utilizing a JUPITER for the second stage_. A 
detailed study of possible configuration.s is underway . 

. ·Two basic problems of the REDSTONE, JUPITER,, and THOR 
will be altitude start_ ofthe .engines and stru.ctural modifications required to 
take the first stage acceler_ations of:8 to l O g's. The altitude start problem 
is roughly the ·same for ail ehgines. Considerabl� experience has ·been 
gained in this problem by the TIT� second-atage·program. Structural 
modifications to the single-stage · missiles will be much less than that for 
the AJLAS or TITAN •. 

All two-stage configurations will not provide booster recovery . 
since ·the required cutoff velocity is so high that the aerodynamic· heating 
during :re .. ei;try would require considerable heat protection to the booster 
. structure, Thus,the recovery o{ the first stage of a two-stage orbita't vehicle 
(Numbers 3anci4) does not look attractive at.the pr_escnt time • 

. · 'fhe question: as to which hardware should he chosen for the 
second stage of the two-stage i�terim test vehicle (wi�h orbital capability) 
is presently being studied in detail. It is expected that a firm recommendation 
on this subject can be made within about four to eight weeks. 

C. Promising Multistc1:ge "/ehicle Configurations
. . 

The objective of the.JUNO V vehicle development program is
a flexible transportation system £or a great number of space miGaiona. Some 
of these missions require thr.ee- and four-stage vehicles, and all rcqufre 
emphasie on reliability. sche4ule, and performance. 

··Therefore. it seems advisable to study the question of upper stages
in great detail, from the syst.em s point of view, in order to satisfy all 
requirements in an economical way at the earliest possible date . 

. Some o{ the most promisins multistage vehicles to. be studied 
·· further are s.hown in Fig. 11 and listed below:
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1. Convc�tiorial Stagi�g with Conv�_ntion;il Propellants·'

.- .. 

ci.. �irst. stage:_ Boo�ter �ith. eight e�gine clust'�1·s. (LOX/RP-I)
Second stage: M6d.i£ied TITAN first stage (l-,OX/RP-1) 
.Third stage:. ,Modified TITAN. second-stage -(LOX/RP-I} . . . .- . . . 

·, 

:- . -

. . . This vehicle :Config_ui-atiOfl is con�ide�ccl a; typical _f
.
or � -�onser'.va�iv·e

approach an·d, was \1s ecl for performance· calcul::1.fions and determinati;n· of 

- .... .

payl6adcapapilitie 8; 
. . . 

. ,.-.b. ·First .stage:' Boostc� as above .
_ : Se�ond and third stages: Modified ATLAS vehlcle _(LOX/RP-I): . 

.. . c� .· First stage: Booster as _above - - . . . . . _ . 
·s�c�nd stage: Optimiz�d new second stage of about 216-in •.

diameter (LOX/RP-1)
. ' Thf.td_ stc1ge:_ Modified JUPITER (LOX/llp:.1) · ·· 

. . . . 
2> ·coriyent ibnal Staging with_ �igh-Ene;gy Propeilant Upper Stages

. . . .. . ' ' - . . . 

. a, First" stage: Booster as above_ 
Second stag·e: Modified ·TITAN -first stage 
Third st,i:ge: 75K fluorine/hydr.azine engine· (NAA) 

• •." ;_ I 
• • 

., . 
'I

b/ -First stage:· Booster as above 
Second stage: Optimized 2.16-in. �iameter, 41 OK thrust. · 
. (LOX/RP-1) . . . . . , 

·. Third_ ·stage: Opd.mized 50 to 1 OOK,_ (Hz/Oz) &tage (P&W) 

. . _ · c. Jtour-�tage con!iguration·a for_ space;_;missions as (l �a}, .
·, .. (1-:-b) ,- (l-c),. (2.-a), -or (2-b) _wit.h· either the 6K JPL storable-propella·nt · 
: ·engine {or lunar ·landing or planetary. satellite' missio-ns, or the l 2.1{ NO:MAD
·. (LF2,/_N2H4) _engin;e for a. high-energy apace probe_ •.

3. ·f>ar�llei .Staging · · . i :

a. ·sev¢n LOX/RP�l (NAA-l 88K) engines used for all 3 stages.
as shown in-F-i"g._ 3. 

. . . 
.

. . 

. b.' The para:U�l stagi�� v_ehicle �tilizing high�nergy propellants 
would consist o!: · 

First stage: 7 LOX/RP-1
. 

(same as _3a)
. Second -stage: 3 .LOX/RP-1 (same as 3a) 

Third stage;- 1 Hi/Oz 0� -_N2H4/Nz04 

�l 
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. ·: .

·4: 'Conventior,al 5t.'.lgin:g with N�clca; Pi-op..11:Jio:1 �y;tem· in Sc�ond
· ··Stage ·

·a-' Firnt at.:r,c: Chemical .b'.ooater (as in C 1 and 2) _ 
·. S.econd cta·gc: Nucle

.
a.r propuldon syntcm uoin_g.Hz as 

.. follow-on of ROVER pr�jcct _ . 
Third ·stage: Chernic:a1 h1gh-cnergy or storable-prope�hmt 

enl}ine for midcourse corre9t_ion or terminal ri'lc'.ncuvers 
on space miasions. 

:All �fthe�e aa ·weii a::: other _c;o:1.figu:rations s-�re bcine·studied
_at the pr.es-ent ·time by .ABMA, and p�elim.ina.ry. res·ults from these. 

· • invest�ea.i:�ons will' be available by the _summer _of 1959.
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PHYSICAL CHAitACTERISTIC8 AND PERFORMANCE 
,------·· · · . . ! 

·A. Weight Breakdown

· · . Tacile 1 presents the weight 1·reakdown upon wh�ch the performance 
calculations for the va't"ious configurat:

t
ons were based. These weights are 

nominal values for a typical case and \:lill vary for any specific mission. The
interim two-tJtage flight test vehicle an'd the typical three-stage vehicle uses 
LOX/R.P-1 propellants. The upper lirdit of the three-stage vehicle p-er
fo�mance-band b based on these weighks but assumes a specific impulse 0£ 

. • l 

_. _____ 365 sec va.cuum _(F2,/NzH'.4 propellants). 

13. ,Preliminary Perform·ance

1. Assumptions·

· · · : . · · · The performan�e or ·paylo�d capability was. calculated for the
JUNO V LO.X/RP 1 booster with variouf possible upp�r-stage configurations, 

· The assumptions which were made for it

l 

hese calculations are summarized 
as follows. 

The vehicle was v�rticall{ launched and followed the ·path of a
preset ma.themaHca.i tilt function for th:e first 40 sec of the powered · 
flight. After the £irst 40 sec of burnin� time, the missile followed a gravity
tilt zero-lift trajectory until the desire:i injection altitude was attained at 
a !light path angle o -f 90 ° with the local \vertical. The vehicle then followed
the path 0£ a circular orbit until the ve�ocity·required for the desired mission
was reached. Sorrie control forces woufd be required to maintain this circular 

·flight path; however, these forces are omall and can be neglected for purposes
of preliminary design. 

The in!luence of the Earth's rotation was considered with 
.the assumption that the vehi_cle!�as launched from an equatorial site in a due 
east direction, This assumption provides maximum benefit to the vehicle 
performance from the Earth's rotational velocity. 

For the purpose of determining the performance of the booster, 
it was de-sirable to assume a complete vehicle including some type of upper 
staging. Many assumptions ar� possible for the considered upper stages., but,
for· simplicity, .only a few configuraticms were considered for performance 
calculations. The performance of the eight-engine cluster booster was 
investigateC:I as a two-stage satellite vehicle consisting of the JUNO V LOX/RP-1·
booster with a modified JUPITER missile as 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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Due to the l�rge nutnber 0£ variables involved and the complexity 
0£ the d.i££erential equations o.f the vehicle's motion ·, it was necessary to 
calcul�te the trajectory data_ by n�merical. methods of integration. 

Aerodynamic drag. was considered in the trajectory calculations. 
An accurate drag coefficient" curve was not available £or the various 
configurations investigat�dJ however, since the liftoff accelerations were 
·reasonably· iow i the influence 0£ drag during the powered ascent trajectory

. was relatively small compar.ed fo the other variable terms ·of the trajectory,
s�ch as veiocity gain due to thrust increase with . altitude, gravity loss, etc. 
To estimate the velocity 'loss ciue to drag, a drag ·coefficient similar to that· 
0£ the .JUPITER missile was assumed,

1'he perforrnance investigations were based on the weight data 
given _in Table 1, · and the dimensions· as shown on'. the sketch�s 0£ the _ vehicle 
configur��ions in Figs, _l O at,td ·11. 

- Z, ·payl��d Capability

The payload capabilities 0£ the JUNO V space flight vehicle 
· family_ arc very impressive as compared to the satellite potential thus far .
_dernonstrated in this and other countries. The performance investigations

· reveal net payload capabilities up to approximately 40, 900 _ lb in a. 100-statute
mile circular�orbit. Approximately 11, .$00 lb net can be injected into outer·
.space w.ith escap� velocity £or possible maneuvers in the ,vicinity 0£ the
Moon or some planet. . 

The':gross payload capabilities of the booster,with the various 
·upper stage con(tguratio�s�are shown :vers.us orbital altitude in Fig. 12. The

.. gross payload i's ·de.fined as the sum 0£ the weights of the net payload {including 
. . p�yload C(?ntainer), instrument compartm_ent, and the guidahce and control

in-str.umentation. · The weights of these components are given in Table 1. 

a. The Two-Stage Configuration

. One .of the earlier test missions 0£ the JUNO V orbital vehicle
will be thai 0£ a two-stage configuration. Restart capability will not be 
available in the JUPITER·second stag�; therefore, the payload must be brought 
into its orbit by a -direct ascent method. Performance was calculated £or 
direct ascension into a.circular orbit� and the payload versus orbital altitude 
is given in Fig. 12� The maximum gross orbital payload of 20,000 .lb is 
shown at an altitude of 160 km or-100 statute miles, Some increase in 
payload couli;l be attained at lower orbital altitudes; howe�er, this would be 
at the expense of a more circular aerodynamic heating problem.- The 
maximwn �rbital.altitude which can be attained with the two-stage version 
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· without re1:1tart capability itt approximately 750 km (470 statute miles), without
a payload, ·:iowever.

It was stated in the assumptions that these payload weights are 
· based ori equatorial orbits and a direction of due east. The larger the vehicle,
the greater was -the gain ·in payload due the rotational velocity of the Earth;
therefore� £or. a polar orbit, the payload capability of this .configuration
would be �onsiderably reduced. Assuming an azimuth 0£ 13°. retrograde for
a polar .orbit ·(near equatorial launch site), a velocity loss of approximately
560 mete.rs per second results; this is equivalent to a payload penalty of
approximately 5200 lb £or .the 100:-inHe orbit.

··

To allow for unpredictable variations in the trajectory, a . 
surplus amount of propellant mu'st be carried to compensate for al'/ deficiency 
in the. final cutoff conditions required to accomplish a specific mission. This 
surplus propellant is refcrrE!d to as propellant residuals for flight performance 
reserve· ahd is u;ually �arried in the last powered stage, For the purposes 
of th'is investigati6n, propellant reserves consistent with the weight data 
. in Table f were used. However, a flight performance reserve of 3 per cent 
.of the final velocity requirement is recommended for an actu�l mission . 

.. . ·. For 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 nom:inal propellar:it r.eserve e>f_ 2.000 lb was assumed· for the performance 
data given in Fig; 12. In addition to the 2300 lb or 1550 lh required for 
:flight pedQtmance reserve, _an additional propellatJ,t. reserve must be included 
for variation o_(the mixture. ratio which is relatively independent· of the 
payload 'or aliitude. 

b. The Three-Stage Configurations

For the JUNO V car•rier· as a three-stage vehicle, it was
�ssumed that the last powered stage will have either resta.rt capability or a 
·small fourth stage to pr.ovide a· kick at the apogee o( the transfer ellipse,
Tlie transfer ellipse method of ascending into the orbit is necessary for high
altitudes and is the most efficient method payloadwise for lower altitude
orbils.

Two performance curves for the three-stage configuration 
are presented· in Fig. 12: one for th� modified TITAN as the upper stages 
with conven�ional LOX/RP-1 propellants, and the other for the modified 

· !irst-stage TITAN as the second stage .with high.-energy pr.opeHants in the
· last stage. The payload improvement to be derived from using the high

�nergy propellants is approximately 8000 lb for the 100-mile (160 km) orbit
' ·.and 5650 lb for escape m�.ssions. 
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. The maxinfom gross po.yload:for a 100-milc circub.1: o'rbit in 
app;o�iril-atclY: 32, 900 lb with conventional prop.ell"u'l.tr,, and 40, 900 lb with, 
high-epcrgy :prop<i11ants";in the last stage� In computing payload capability 

.. at the--high orbital_altittides, a minimum payload condition v:a:s·found.to exist_
·for an orbit at a radial distance from theEarth.'s center of.15. 58 ti:r:neG the -
radius vector or raciial _di,�_ta.nce from tr:i.e Earth's Cf!nter t� _the point of
i.11.J1.!�ti9n into the· fr�nsfer ellipse. The artalytical proo,f t_hat. this minimµrt1

- payload occurs' at .this _altitude or radius vector is giv<":n ,in _Rc{erence _ 3.
Afte·r the jninimum payload is reached, the payload weig�t increases a·na
·appr6aches the eRcapc payload-as a limit as the orbita_l altitude· is incrc·a_acd,
without limit .. The e·scape gross payload i·s 6150 ,lb with �onventional pro-:
pcllants_and H,-800 lb .�ith high-energy propellants. The r::iinimurn gross
paylo:i.d in _o:rbit is 1360 lb with conventional propellants arid.. 72.00 lb-with 

.high-energy propellants.

. ' For a 100-statute '.mile (160 1,m) retrograde polar orbit, the 
velocity l�ss was approximately 560 meter� per second_ {near equatorial.·.
launch site), and the resulting loss in payloact \Vas found to be 6900 lb 
with corivent.i.onal propellants and 7100 lb with high-energy propella.nts in
the last stage. For the orbital altitude,- where the payload is a minimum., 
this velocity loss corresponds to payload penaJties of 1 700 lb with con
ventional propellants and 2-200 .lb with hi.gh-eneigy prop91lants. The total 
nominal propellant reserve �f :"H 09 lb in the last power�d.stage wa_o 
actually assumed ·for th·e purpose of performance calculations and the clata ·

. 'given in Fig,_ 12. -The s_urplus propellant normally required for 3 per cent
of to_tal characteristic veiocity of the vehicle as a performance reserve is:
approximately 30;i0 lb for th_e 100-mile circular orbit z,.nd approximately 
1500 to 1 700 pounds· for· the es�ape. condition. The iower propellant :;:escrve .. 
f9r the· es cap� rnis_sio_n results fro::i the lov,er escape payload or lcwer 
cutoff ·weight of the final ntage. 

. C. Volume Conside'rations

Because of the �arge payload carrying capabilities of the JUNO V 
farnJly of s1�ace .. vehicles, fr is neces.sary ·to consider the volume 
requirements for the p"yloads, 

A study of payload compartment length,f�r payloads up to 40·, 000 lb, 
is s.hown in Fig. 13 for various payload densities.· Three standard payload 
con(igurations were considered:· 95-in; diameter (TITAN), 105-in. dian1eter 
(JUPITER), and 121-in. diameter {ATL.A..S). Piyload specific gravity values 

. of l. 0 an·d O. 2 were used. The specific gr�vity yalue of 1. 0 would be for 
. high"'.'dcnsi.ty_ cargo type, payloads; the 0._ 2 would more nearly represent the 
·:value for instrumented manned or unmani1ed satellites or probes.

. , . ..  

. " } 
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a. SECHEI

The consideration of volume requirements is of prime concern 
since it will dictate to a great degree the design of the ground•handline 
equipment, the control system of the vehicle, and the number of vehicle 
configurations which will be required. 

As can be seen from Figs. 11 and 13, the use of conventional 
payload designs for the small- diameter upper stages, with payload weights 
o! over 20, 000 ·pounds and specific gravity of O. 2, will add excessively to 

· the overall length of the vehicle. Therefore, in thei.e cases, consideration
should be given to other approaches, such as <iL "doughnut" design where the
payload is wrapped around the last'stagc,.or some other unconventional design.

D. Space Missions

The several different configurations of the JUNO Vall-purpose
vehicle described in Section IV, allow the user a wide variety ·or missions. 
These missions, described in Section II, may be grouped ·into four 
categories, namely: 

(1) Ballistic vehicle missions

(2) Earth Satellite missions

(3) Probes

(4) Lunar and pianetary missions

The ballistic vehicle missions, surface-to-surface transportation 
can be accomplished with the first stage boost,er only or the first stage 
booster pluo/a second stage. For preliminary performance calculations, 
a modified :!UP!TER propulsion system has been assumed as a second stage 

.for the ballistic transport vehicle. The payload-range capability of the single-
stage trans22.rt vehicle varies from 500, 000 lb at 350 km (218 miles) to 
20, 000 lb at 3800 km (2360 miles), as shown. in Fig. 14A. The payload 
range capability of the two stage transport vehicle vaTies from l 00, 000 lb 
at 2500 km (1550 miles) to 30,000 lb at 7500 km (4650 miles). 

The JUNO V vehicle will have the capability of performing a 
large number of earth satellite missions. This capability has been previously 
described in paragraph V B. However, it sho,.uld be noted that the two-stage 
version also places into orbit the empty JUPITER second stage of about 
9000 pounds, ·most of which can be used for bULilding material for a 
permanent satellite station, i£ desirable. 
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The 24-ho\.ir orbit, which is pa.rticularly desirable for com
mun"ic�tions and �avigatfort satellite:,, can easily be attained with either of 

· the typical·three·-stage vehicles shown in Fig, 11, with a payload of approxi
mately .3200 pounds. The system. utilizing a h1gh-cnercy propi:;llant third

. stage has a payload capability of 8200 pounds in: a 24-hour orbit. 

F'igure 14B gives the payload ·capability £or variour, types of 
special JUNO V missions ranging from orbital missions _to outer space probes •. 

· Since· escape veloci�y is less than that required for the twenty•
fou:t: hour orbit, the payloads· for the LOX /RP-I and high-energy upper 
stage three-stage JUNO Y space vehicles arc 6150 pounds and U ,:800 pounds 
of 'gross payload, respectiv,ely. 

Interplanetary missions having soft landir1g requirements 
may' be ·accomplished if aerodynamic braking is em.ployed. Payload·s up to 
47'00 pounds, ·including weight required for soft "landing system; may be 
placed on M�rs or Venus. 

Lunar soft landing, since no aerodyna..,:iic braking is possible, 
require� a fourth-stage braking rocket. A net payload capability of 

· 3500 pounds can be obtained with a four -stage_ version of the JUNO V vehi�le.

The capability exists for boostin,g the orbital X-15 with the 
two-,stage vehicle, If the X-15 is loaded to a gross weight of 25,000 pounds, 
a vel�city increment �11 b� realized which will allow the orbiting of a 
manned vehicle. 
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VI. · · OPERATIONAL CONSIDERATIONS 

. . ' . � ·  .. ._ . ' ... '': . ·. . ., . 

A. Test Stand Opetation�

The test stand operation.� required to 'support the JUNO V devel-,
· opment . program are based on the. following objectives_:

1., ro pr-ovide or confirm 'pe�f�rmance data of �omPonents. sub-· 
system ) and complE:'te booster sys.tern to the groups responsible for design,
fabrication,-- and ins)!ection. 

- . . 

2. To e:valu.a.te, by funct.ional or simulated test, the ·hardware
generated by the design decisions as soon as possible a£ter t_he component, 
_sub.:'system, or system is fabricated. 

3. To es·tablish·, by study and complementary tes't programs,
oper.itional techni'ques, test facilities, test and support equipment, instru
mentation, and organizational capability to execute the test 'program .. 

4. To accumulate technical .confidence in the basic vehicle throuch
. the media of· captive teating,and to apply this experience in establishing the
operational capabi1_ity and. application of the subject bpoatcr. 

. . 
. . 

These objecti�cs fortn the basis of a test program predicated on 
a_ccomplishing two goais., The_ first of these is to p!'ovide test data to resolve·. 
the problems· involved in· clustering a number 0£ individually proven ·power . 
plants in.to a ho.oater ·system and to qualify the cluster for flight tests. The·
second goal is to refine th� operational performance and reliability_of the
clusteri!id· booster to the point o( establish

.
ing complete confidence in·, and 

max.imwn _return.from, the fl�ght test prog-ram� 

It will be· ne·cessary to provide t1c:st stand positions, irstrumentation, 
-. systems control networks, test and handling equipment, ground equipment, 
operation�l techniques and checkout and ope:r;ating procedures. The largest. 
single item will be the modificati�n: 'to the east position-of the present static 
test stand.· . The modified stand _with the JUNO y booctcr stage installed 

, . is shown i� Fig, 15. 
,. 

Water flow evaluation tests on the propellant supply manifolds will 
be accomplished as soon as ·possible and before the entire tankc1.;;,e has b�cn 

· fabricated. - These early t.ests will 'afford a preliminary evaluation of the'. 
manifold and help in· providing information for �he development of the inotru-

. mentation £or the complex flow system. Water £low tests on the completo
booster tankagtf and manifold system can be conducted before the cn.ginc
haf-iware iEi available. This approa�h again will provide the dual advantage

· 44 .·
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bfp rcli!l1 iI�il ry' �y:s:tem·'. c�ralua\ion and _inst F�m e_r1t�ti01� �nd opr::r ;rtjon tc c-hh,ique
. vcrifi.c':iticin.. . -- . 

. 

. . . Siriglc·-.. engin.e ciraluation tests will b,e pc:::-formed as, SOOll as'thc 

) 

mo'clifi�i:l J'J]Pfl'.ER (l-I·�l) ·engine· is• availctble, :Ccsides acccpta;,,c� tests,
-cvalu'ationa ·q.f ignition .and cut off ·sequences, pump suction. chara-<;tc:-·istics, · : 

. engine o,\::cessoties, IJ.in;ba�ing cha:ra.ct�ristics,. en,ginc·instrumentation
-pi:og°r,atn,·:.il.ystern cori'troi nelwor�s; .. v:ihra.ticin characterisHcs� reliabil ity .·.I 
6( con1p'orients,. groui;td aAti support equipment, opcrri'tfonal procedures;:.
u_irust'cen-tr'of,: ii:'i\o.:gahi� rddors -, ,v"iU be" dete;minecL' ·. _: 

. . 
• • •  • • • • ,•w ♦ � • • 

• ••--=-
••• . . .• . 

Cold {lo'w te_sts on .the crxtire :boosters with wafrr a�d-propellahts,.

· wi11 be, the ii'l.itial: pr�gratrl conducted ·on: the test. sta_ri.d.·.· 'fhe technique 'of using. ·

. 

I . 
. . th.e.· turboputnps in a bobtail coniigura'tion w�ll be applied; both water ind actual

pl"opclla:ntG vi.ill b� uged.· Although tithe ma/preclude,
. 

it may b_e
.
feasible.fo. {i 

provJtfe a plenu� device on th� p·u,mp·outlets to simulate d}_?.mbcr build.:.up.. ·:• . ...,;1_·-.�: 
.
• -:-._-:-: 
.. -: •. ix:. 

This··woul'd enable the entire cluster to perform und�r operational conditions ...,._,.,,.��., 
without.the ha�ards involved i� ignition anc(mainstage. t�sts.

. . . . . � . .. . - . . . . . . 

... : F�llowi_ng the c�ld ,flo,v·p�og;am, LOX-v,·�tcr ignition 
.
sequ'ence.

tc_sts wiil bc:i.-made,·· first.on·· individual engines, follo,ved by a group of fo�r 
and th.en eight: -Th.e 'ne�t step v.iJil be ignition and n:1aJ.nsta.5-e fi:ring·s.st-artjng . 

. · .. agaitC:with.an indivldua.Le-nginc· ii.�d· then testing th� inbo.ard four, the outboard
. four', arid finalJ.y ··th·e··cntiri b6i;>ster. · .... ·: ··. : ' ·  .. ··-:. 

. 
. ·: . . . ,· . . " ... ·. .

,:_' T_he test program re_quired- to su_pport tl--�c JUNO. v
_ development

program.is an accuinulabori of expe.rie_nce • .-techniques-,. facilities, instrumcntati_on, 
. and cquipm<:_nt ·proven· to be· th� .. most reiiable and produ'ctive during _past and

. 

current. a.,ctiviti'es·.·. It' is felt that thEi abcive outlined··approach will provide·
the- maximum return fo the program ... ·

. . . 
. . , . �· 

. . 

. B. ·. F'a&:ricatioh and A;se,mbly

The ·pr.oblems in the fabric�t,ion of ·the contai,·,ers. for the fa.!'i:,C 
cluster·ed booster ar_e 'not unique .in. tha·t present fabrication techniques and .

. tooling will be utilized. Th_ese techniqties and tooling hav� been tried and .
"proven; th\is' allowing·mo:::-� _time and effo�t to be applied to 'the ·new p�o!Jfoms 

· · th�t must be.soived in, the segmented thrust frame; LOX a�dfuel manifolds,
·and· su,;:h probleri)s. as socia tcd with the clu!3te:ring of many pqv:er plant5 into
one boo·stc·r. 

. . . . 

·111 the assem'bly of the booster there viill be many new, challengfoe ·
.: proi?lems to be so1ved, It is p-roposcd.that the large booster be broken

.
. 'do�;i in.to as. �any-large subassemb_iies a:s pos,sibie so that :;everal cre•NS can
bi ct;ripl?ycd at tb·e same .tim�, thus allo,ving ,work to p1·ogresij at ;J. more 
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uni!_orm rate. ·These subasRemblies will be· huilt up, - inep�ctcd, and checked 
· out as a �ingle unit,· without_ interrupting wo·rk on other· subassemblics, after
�hich they will be assembled into the f_irtalboostcr assembly for mating test,
systems tests. and pressure tes�s. · The booster then will be disa.ssembled
ar,._d shipped. · . , ·

The only new requirements.othei than the usual fabrication tooling.,,
· wiU be the large assembly cars, aligtiment .equipment, and handling equipment
· necessary.to perfo:rm the _final a,s·embl.y.

C. Launchin,g and Handli_ng Con.siderations

The p-roposed vehicle configuration requires .i. new approach in
latinchin-g techniques, ·no.t_only.because of its. dimensional properties� but 

. mainly because multi-engine vehicles have to be restrained from lift-off 
.until c_ompl_�te ignition and thrust development eo·r all engines has occurred. 

. . Consider'in:g the upper· stages and the u_nusual length and weight of 
·the whole vehicle,· the support has to be .extremely stable and'.rigid. The
suppor� and holddown systems· shown in Figs. 16, 17, and 18 are suggested.
These syatems are c9nsidered to be the most practical for. both the static
and flyable versions.

· · The vehicle will· be supported at four radial holes located 90° apart
·· at the outer circumference of the outer thrust frame, These will be the main

supports.· Four auxiliary :supports_ will be located at the· end frame of the
boost�r also 90• apart but at 45• with respect to the main supports.

, In order_ to asaemble the booster _on the firing pad in the initial 
· developnfont_ phase, the following steps are proposed:

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

(2) Engage the fpur main support pins by placing them in the
respective holes of .th�·outer thrust_ frame. This establishes a rigid bas� for 
the assembly of the tanks.

(3) •Lift center ta.nk by crane, using available hoisting equipment
and assemble to the vehicle bas�. Successively assemble the outer tanks, 

. also using the crane and available lifting equipment, 

The launcher will be. approximately 30 to 35 feet high and will have 
a hexagonal base of �pprox:imately 35 feet. (Se() Fig. 17.) It will be a tulrnlar' 

. . - . . . 
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;--_.·.steel �tru.cture·�th .a twr,�way flame deflector. On top of the hexagonal 
-· structure, the re will be a turntable_ allowing £or 360" rotation� On the

. -_.turntable there wil!_!:>e.four main and four attxiliary support arms. The
tnait:1··arms s·uppor't the fueled vehicle and retain it until full combustion is 

.. obtained. The release mechanism is a hydro-pneumatic system. The 

.. '_auxi1iary. a.rm.s suppo-rt the thrust f_rame· and·. engine assembly during the 
_- missile as1.,embly phase. The auxiliary support arms will have a built-in 
·· hydtaulic jac� to.apply pressure at the end frame of the assembled empty
:vehicle.in .or4er to ·check out the launcher release mechanism. Two complete 
.launch.emplacements wtmld be desirable for a large-scale-R&D flight test 

.p�ogram to insure completion of the tests without extensive delays. Water_ 
and nitrogen purge systems will be provided and the launcher can be used 
£or ·captive tirings 0£ 2 or 5 sec duration, The advantages of the proposed 
launch syst.em are summarized as follows: 

, .- ,. H) Maximum stability because of a self-freeing pneun'latic release 
mechanism-. 

. . . (Zf �upport structure, actuator controls, and accessories are in
a ·naturally prote�ted position, 

- (3) ·Maximum a·ccessibility of engines and firing c>.ccessories is
provided. 

· (4) Minimum damage possibility during firing. The flame de!lector
is r,elatively e�sy· to ex.change •. 

_ The transport· scheme for the (ir·st-stage booster of the JUNO. V 
vehicle will ufilize the tactical designed JUPITER and REDSTONE trans
porters by-'either land o·r air from the fabrication area to the launih site by 

.. dismantling the cluster·ed tankage into individual companents. Since no 
individual components will exceed cross-sectional dimensions of 10 x IO ft 
and the·wcight li.mitiation of 25,000 lb, whi.ch are requirements for- aircraft, 
·rail, and highway shipment,. the de·s_ign is consistent with similar JUPITER
_and REDSTONE-traii.:iporters -being utilized. Existing transporters, therefore,

. could be us_·ed withc>Ut major modification. - At the launch site, the transporter 
�Nith tankag� can be unloaded by conventional hoisting devices and arranged 
-into -a compqsite first f:itage on the launcher.

· Hoist_ing and. erecting of the segmented engine thrust frame, the
·compo.site t�nkage of the first stage, and the completed second and third stages
on the laµ.ncher, can be ac_compHshed with a 25-ton gantry crane. (See Fig. 19,)

· · The heaviest· anticipated loa..d can be lifted by the hook on the main I 00-foot
boom. The height required for stagi,ng e_rection is facilitated by booming back
the m�in bot1m until .th_o 40 .. foot jib boom is_ over the wo1•king ra_dius. D\lo to thfl
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size and height of the vehicle, it can be considered a stable column to which 
-· -- the-·servicing platform can b_e attached, at the required working levels. The

crane will be used in the assembly and dismantling of the service platforms 
surrounding the vehicle. {See Fig. 19.) 

D. Launching Fadlities

The site and launch facilities should be planned and built for the
£iring of the clustered first stage only, but should have inherent expansion 
capabilities to accornmodatc a full three- or even four -stage version •. Since 
development of this launch site should utilize existing plant facilities ?nd 
utilities wherever pol'lsible, a Cape Canaveral site was the .only consideration. 
The resulting firing azimuths will probably be between 45 and 100 degrees 
east o( true north. 

The launch facilities will be designed for approximately a 
Z, 000, 000-lb reaction force, and will provide for preflight functional live 
engine tests up to five-second duration. The required beneficial occupancy 
date £or the launching site is June 1960. 

The TNT equivalent rule £or ground safety (hazard' considerations 
should be based on 50 per cent of total weight of liquid propellant as 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 from X-30 minutes 
•...ntil firing during the initial

° 

£iring and launch phase. 

Five promising sites at Cape Canaveral-have been considered and 
are listed below with their costs. Thes_e costs are preliminary and are given 
for co�parison purposes only. 

IA. New launch pad just north of VLF-20; a TITAN site on which 
constr1.,1ction has been stopped. The existing TITAN blockhouse could be used 
($4, 198, 000). 

lB. Modified VLF-20 for JUNO V vehicle u�e. Here again the 
TITAN blockhouse cou.ld be used ($3, 953, 000). 

Z. New launch pad southeast of VLF-11; an ATLAS site using the
existing blockhouse ($.4, 033, 000) • 

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

4. New launch pad and blockhouse northeast and clear of VLF-20,
TITAN site ($5,418,000). 
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Proposals'(1A)·_a:nd°' (2) ate ·si1npler. in-�ature, mor.c readily 
e(foct.cd

1

,- ancl ie�s complex 'than.pro-p'o_sals (fB), '{3),- v.n:1 (,:::):·Construction 
being terminated on VLF:.20 before occupancy-of project TITAN; permit;, :· 

< blocliliotis� technical equipm crh -l.nstallati6ns· to be effe'cted vlithc1it exces si;e 
.. l:'r-lovcment-of iIJ.S�alicd equ1prnent··?,s v,ould be riecessary in proposals· (2} 
__ · · ·artd· (3), Although utility ·ser-�ices· are_: avaUable Ul\d.er propo::ial-s (lA), (1 B}, 

·• (2),:· arid· (3),: l'equirin"g° only extens_ion from existing fotility to adjacent
pro-p_cs�q. neV/ launch pad, extensive modific;.tion-s and new services to·.
exi?til;lg VLF-56 utilit-i�s wou,ld_be necessar·i to perrnit :proposat.(3) to_ he 
ac:cori1plished. E;<te�sivc moclificatic:m would be necc53ary to YLF-:-20 to 
accompli-sn·•pro1,o�al OB.), rende\·ii1.g utility of VLF-20 'imp:,·acticc1l .for fut_urc 
_TIT AN ___ �s:ag�·: withou't rcmodi{ication. Proposal (4) woald. requite co:cnpld_c ·

·. uJility_ d�ycl(?p-ment i� a new area. Necessary lead titr.1.cs for ef£c_cting these
• proposa_ls are:

Proposal (IA} 

Proposal (Z) 

• Proposal (3)

Proposal (4)

� . .. 

22 'month.3 

2.1 months 

2.2 months 

21 months 

2.6 m·onths 

_ General construction methods usually employed v,ould interfere with 
�is sile test operation.s under :proposals (2) and -(3); ·conversely, scheciuled 
�issil� test operations iri VLF-11 and VLF-56 �voultl c2use int<;!rruptions and, 

. difficulties·.'tc, .const;·uction contracts _operating adjacent or in thcse - t;_,,.o areas. 
Proposals (lA). (1 B},. and (4) can be effected wi_thout such· interferences. 

_ Proposal. (3) could not be effected without consid,crablc interfe-.qnce from 
fir}ng sc4��ulcs-of ABMA. on VLF-56, VLF-26 ,- and. VLF-30. Also,
considerable interferncec would be occassioncd by other scheduled operations 
of THOR and POLARIS on_ VLF_-17 and VLF -:-25. Excepting proposal f4), 
cross interference to scheduled operations of JUNO Vis mini�il only for 
pt9posal (IA); under proposals (lB},'.(t;), and (3), density of cross inter-

. ference during t�st opera_t_ions would be untenable tQmaintaining required 
schedtile for the J'UNO V pr,ogra:m. 

· The launch pad ;hould be reinforced concrete, 230 feet in diameter,
with ·blast resista�.t area 160 feet in d·iameter; with-center mounting launch 
table and defl.ectors; with surface_ level rail tracks for moveme:,t of service 
structure;-wlth· ·subsurface instrumentation tei·min.:il room, fuel and LOX 

.. t.ank�; y;ith surfac� generator bu_ilding, tr-ans'formcr vault, and r::amera pad G ; -
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with necessary personnel access ways and cableways. The launch pad is to 
be provided with fire fighting cleluge and flame coolant water supply and to be 
sloped to carry off fuel dilution water. 

The blockhouse is to be of reinforced concrete design, positioned 
l 05.0 feet minimum dietance from the launch pad with means for optical
obsf!rvation of -operations on the launch pad. Also, it must be adequate for
the missile test and launch console, instrumentation racks, remote-control
fueling and high-pressure air panels, and operating personnel. Complete
ha.zard protection of personnel is required and necessary; air conditioning,
£or equipment heat removal and for personr.el, must be provided with
adequate flushing and ventilation means for buttoned-up operation in case o(
a missile 'failure, Estimated number of personnel stationed in block.house
for operation is 130 persons including observers. The existing TITAN
blockhouse, or a blockhouse similar to the planned PERSHING facility, would
be acceptable .

. The LOX and fuel supply system will consist of o!'e 100, 000-gallon 
tank (LOX) and one 60, 000-gallon tank (fuel) with pumps, valves, and 
accessories located behind revetments spaced to meet applic?.ole safety 
distance requirement from launch pad. 

A water supply for fire fighting·, pad flushing,. and coolant will be 
required, The coolant supply may be utilized for flushing and fire fighting 
requirements. 

Of the proposals considered, proposal (4) is excluded on the basis 
that the cost is the higheat, the time of availability is not commensurate with 
the requirement, and that the area in which it is proposed is not yet developed 
for industrial use. Cross interferences, during construction, to ABMA test 
operations, and to other missile projects such as THOR, POLARIS, etc,, 
seem to preclude· installation of this facility under plan (3). Under 
proposals (1 B) and (2), construction and occupany would necessitate removal 
of equipment essential to ATLAS and TITAN operations which would have to 
be replaced to permit operation of these projects either during of after 
execution of JUNO V project. Under proposal (1 B), either the TITAN launch 
structure or the proposed launch structure for JUNO V would be affected. 
Under proposal (2), instrumentation installed in the ATLAS blockhouse would 
have to be removed for JUNO V and reinstalled for ATLAS operations. I( 
proposal (2) were utilized, cross interference between JUNO V and the ATLAS 
would result in excessive loss of time for.both projects due to overlap o( 
ground safety areas, etc. 

Of all the sites considered, proposal (lA) is most co:wcnient 
(see Fig. ZO) to Ari.MA-MFL assembly area at CCMTA £or the planned 
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operation; construction at this site can be effected with minimal amount of 
cross interference; no facilities arc affected that would be completely removed 

. from present or future duty; the installation of instrumentation and technical 
equiptnent in the blockhouse can be made without affecting another project; 

_and the estimated cost for the re.commended launching facilities is well 
within funds anticipated £or this part 0£ the project • 
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. The schedules prcs�n-ted ar�. divided into two_phan�s:_. {A) C2.pti:ve_ 
. - Firing of' the Booste·r, ani:l (B):':F'light· Test- Prcgr.atn of th_e 1UNO V. 

A. G�ptive Firing. o{ JUNOY B�oster·

. · :.6,d- sh�wn in• Fig. 21, the schedule for th� c;a.:ptivc firi.n�i phase of
the booster program has been d:i.vidcd intc four .a rear;: {l) Desig:i. �nd 

. .Enginecdpg, (2) Fabrication and Asse°mbly, (3) Checkout o:n·d Ter.t, and· ·· 
' . (1)',Captive· Firing, Aa indicated on.the schedule,· the fir-'r.:t engine delivered 

will be utHizc::?d on a single engine test setup for cnr,inc farniliariz,ttion and 
·; reliability tests. These tests wiil include both hot a:1.d0cold, 2:J well as short 

.. ·and lortg duration_, runs. during the. five 4 month single engine t_�ot program. 

The. captive t�sting of the booster will be divided i:-,to three st'cps. ,
I� 1:>'rder to' a'pproa:�h- the Complete vehicle

. 
configuration in stepn, a test

program of running the four _inboa�d engines alone, then the four_outooard 
.. . 

engines alone ! h�s.'bceri adapted before goi�g to the firin3 of the entire
. < ·. ··eight.engines� 

T�c · a·vaitability of components required to meet the o c\1cdulc 
· presented on the captive firing phase of the progrc1,::1 h2.s beGn verified-with

. the respective organizations involved and long lead-time items suc-h a:1.
:. engines are p:rcsently ·c:'overed contractually. Eneinecring_ desi3na··and stucµ-ea
. o·n the booster; test .. stantl mc,difications, and• detailed planning in -
· all areas of the captive_ firing demonstration a·re 'pr_ocee;ding as indicated .

•. •, I ' ' • ·• • 

. . ' 

The.·manpower requirements to ac'complish .the captive firin:g of 
·· the booster by.December 1959° ia -well wit�1in the· capabilfty of ADY.A.

' 
B •. _JlJNO �-Fligh,t Teat Program 

Th': schedule Ghown in Fig. 22 outline�· th-� Hi�):1t tcr,t pro::;!",i.m fo'!-
. a· t9tal of four JUNO V vc�cles . .Ap indicated in the .Hi3ht tc::it c:,:;:1cttclc, th� 
· first two ve.hicles {No. 1 and No. 2.) v,ill be fired a:1 hoo::iter test v-:.:liicle::i

only, with boo�ter rcco'.;;cry, and•vehiclea No. 3 a.,.d :N'o:. 4 ·vvill be ffrcd ,ar,;.
two-ctage int.erim tent vehicles with orbital capi-.bility,,but no r'.:!c:Jvcry d t:�c
first otage·. The frrnt flight of the boontCT vchicie, No. 1, v:ili be m2.uc

: utii:izing the captive teat tank.age \.vith a new set of cngbcs. It i5 zi.n.ticip<'.tcd 
that the o,riginal net of �n3ines ordered for captive tenting wlll be ru.., 
extensively duri'n:; the program and will not be acccptat>le for fEr;:it tluc .to 
total accu:m\µatcd burning time •. l'hc original set 'of cn::.:;i.ntE:n will, l:.ovrcver, 
be rcv.rorked arid utilized on l,ater fligl�t vehicles or for ninBle-cnginc 
development

.
and product-improv.ement te:sting.
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The following booster vehicles, No. 2, 3, and 1, will involve the 
procurement and fabrication of three complete syotcms as flight-teal -,chicles 
only. Due to the time limitation in stati,: firing checkout, it is .:-.nticipatcd 
that very little i{ any testing will be accomplished as pure engine clcvclopmcnt 
on the clustered con£iguration tank.age·. 

The JUNO V £light teet schedule iR considered to be obtainable 
within the present capabilities of ABMA; however, two critical items which 
could cause a schedule delay require immediate atte•1tion: 

1. Engine delivery, Item 3 on Fig. 21, has been covered
contractually for the first nine engines and long-lead item a £or the eight 
additional engines to be used for vehicle No. l flight tcot. Due to the long
lead time required for engine hardware, it will be necessary th�t immediate 
action be taken to insure delivery as indicated for the remainder of the 
engines. Present plans are to procure all engines, including the captive 
tE:st engines, on an incremental fu:1ding basis to alleviate the requirement of 
complete funding at time the engines are ordered. 

z. Although no decision has been made as to which of several
possible second stages will be used £or vehicles 3 and 4, it is necessary that 
action be taken to provide funding to accomplish engineering, fabrication, 
and testing of the second-stage system. As can be seen on the schedule, 
engineering should begin the latter part of 1958 and be completed not later 
than November 1959. It will also be necessary to procure long lead-time 
items for the second stage early in 1959 to insure delivery of hardware to 
meet the proposed schedule. Item 42 on Fig. 22 indicates delivery dates of 
engines,or propulsion units, as required for the second stage to meet the 
proposed schedule. 
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·, flir;ht: te i;J_p:t"_0g'r2,m: wit!+ .a tv,,_o �sto.ge vehicle arc pres�r�tly heir>-[;' st-td.icd ... Tb.- -�-.

·: ·_ 1.l.
3_e of __ a r.noclified JUPIT1-.::1\ i?. one :of tS.c rnosf promioing ,:;ohiti:::,:;13 1��c..:.U!JC. 

':.·_of -01_2· tv�_il,:.:;bi°hty:· of hard_y.-are,. · tooling;_ gt·o,m.d equii)m6_nt, syt.tcm_·fa!3_;ilfarity, .
. ; a��Cits __ goo-d-p;;yloa4 -�naractcristic?·, ,Grc,;s'.:p.ay;..cp.ds up to l 0, 000 po�-ids,. 

· £0-r:.�/3po.::mi1e:·altitudc·, - �an be· exp�ct_ed.,ft.orri su�li � v·chick-. 
- ' . .. .... : .. � ... � ' . - . . 

··-'-··=·•·-,



, .. ,-........... �.-t••. " 

: a &FGSEJ 
..

· Based on proposed £.unding t the highlights of the JUNO V development
program can be summarized as follows: 

- Captive dynamic demonstration-of booster - December 1959

Flight te'st 0£ v.ehide No. 1 (booster and dummy .
top sectiont non.orbital) � September-October 1960

Fligh, test 0'£ vehicle No, 2 (booster and du:nmy
top se·ction, non-orbital) - January 1961

Flight test of vehicle No� 3 (booster and e aco1;d
stage, orbital capability).- June-July 1961

Flight test of vehicle No. 4 (b-ooster and _secc>nd
stage t . orb�tal capability) - October-November 1961
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.. � : · ... _ _..COJ:-tCLUSlONS AND 11..EGO!•,•Ui:LSNDATIONS - '. . . . . . . : ' . . . . . . . . . . 

, • I • �;, ""� • 

.... -· __ ·:··,, i· .. � . . -� . - 'As a re's.ult of a det.ailc·d d°tu<ly -of :the JUN'O Y r..:pc1,cc vi:;h.ick ·
_._,-c1a<-'.cfqpm_e�t 

.pi'ogtam req;iret�cnts the fo11o·,vii1G t_onchwior{s" c·�n: b�. dt"av,,11; 
• 

• 
• ·

.-
• •  - t . • . • • • -

·
. 

' •. • • 
• • 

• 
• -

• :·:_'. . ---. : '.(i ) 0

' s:�qqJ-�1�· l't�qui-r.d��n,t:·,. :c�s:t lim1t_a.tio,1{i� ,an'd ,erisinced!1g •.- c;nl:iidet�ti9n�;(i:.,:.o_r·.t·lie scl.cction of� NA:,A :engine clunt:':-:r _1.•rith a.i�orpirt,.,,l __ thru.it·•o(§:�. i·8l\K ,f.p;r:'_tli.'c, pro1)ul;;ion. sygteip ¢pmbincd v1.ith a p2.ral_lci-. -t:<fn!{,-:igc �.rra'nc-�m.c�L ''l'.hiil "de�ign: O.J)v:t'.O_�C:h-appcarn to be �car. o:p,titnti---::-J _ap ,-;·::.,;ccntoda:y:_aud ri1ak�s·'.�axi1.num·use of:��}1?tiri:g prod',.J,C�ion ii.nd te,d facilitie:s.
i' . .  ·. . .. . ..' ! · .•. : .·• 

. .· � . . . . . � . : . ; • . . . . . . .• • . . 
. 

. .. ; 
. 

•.: _ '- ·: · :(�)-T1i.c_pre_s�nt an;ticip��ed 7� millio� dollar four vchicfc �- pro-gram, ••· is ac1.c6ua·tc to··dcroon_Gtrate the usefuln-es•s of a·LS million--lb-thrus.t booster·:· .· !o_t 'th�\au�tl�frig 6f:latge.-·o:rpJtt,.l ;_�yfoa'ds. - it shou1_d- riot, however; - be . -... ' co1tiid·crc d'.a.s. 4� _R_&.D_PT08!an'l .. �e_o-igrted to fully -�xploit the potchtiahtics- of ·such a ·c1�v�l9p111-cri.t rior can it pi,9duce: the require_d fihal. r�liability.,.· .- .. : . . . . _ ... :: .(3) ,The a�tici11atcd firing sch�dulc, _ �thich i;1chid,�i:; -the launching of.-_. two z�:s·tugC ,.-_61:iTclc& w.iU1 o�bital capabilities,. requi_res a: dccisio--n wit·lii�• :.. · . 3··m onths 0� the 6-�.con"d G_tagc to be. used. Fu�d� up· to $5. 96,mj,llio-n of py' 1959:�_: a.rid 1960 money _ _,;,,,ill b�-' r-cquir-ed dcpcnuing �nth� type of s�con::1· sta.gc _- . _ · _· --,s_ci�:c:tdd. ·- -- · · · · · · ·- -__ {41 If an. �1.intc,rrtip,ted coi1tinuation of the Hizht- te:H pro;ram is· · '-cl.c;ir'c::d a.(icr :the jfrcs;n't four_ 4vehi.de progra'm, -additional ftindinif ot a-_ :�m-a_llfai;nount ·w_il'l .b� required' in "FY- 19 60 _and of a·largcr .amount-in FY 1 961 :_for lont:_leacl-timc item�. - . - - . - . 
(Sf.The m:o·di•(icati;n oi the_ tei,,t" :tovier and construction of the .- :pi:;opd�cd i�_tc'r1m;·1a�nthi�g s:iie.. wili ha·.re "to be i�itia:t�d wit}1a'ht-dclay i( the, .. d}tii::cd· free (light fi.ring sche.dufe is 'to b'e tnet;. - . -. . : . . �-· . . . . 

. 
. , . . . . . . 

;,, ,i.= •• • • -_ (6},A bo�st�r_ recovery progra1n, b�gi�ni!lg with a simple ;:-arachutc sy,si:cm,. fs considered mand_atory t'o improve ovcraU system reiiioility and .. rcduc_e "iong�te :rtb· total .fund{n. g :r'equireineqts frrr th.e: j UNO' V spac:e �chicle.' . 'P) The, i'��tagc ·JUi'--ro ·v. orbii:�i- ca.rrier vehicle will pr�vide the firs_( ·u:. _ s.,,·capab,ility £qr launching a-1 o·; 000-lb_gross .payload; into orbit by,t'Pid.- J'-96L-- ·. -·-. - - - - · 
. _; ·'., - · - - . ('8) "Th"e 3-st,agc JlJNO V vehicle "will provi�g the first U. s. cap2.bHity . - f_o/la'tl-nching a 'S<l,tcllite irt'. the ·2.0;,0 00 tn 30, OO_O�lb class in i 962 and could .\p,ro,vh)..c,t,ii:c.frr.st ��;·ri"ncd .iunar't::ir'cumnav1.gation by 196�/1964 ife.n ali-out,:· :pr_ogi--�m-,could:·b_e"in,it1ate'c1 in f959; - - - -
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B� · .-ll� cort:1 i-n E!ndatlot1s 
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p 

,·. , . 
•, 

1ri concurrence ·with the above conclusions the· folio\ving rccommen-. 
·._ dations.�te ·rrtade:

_ UJ Authotize: supp�rting �ttidy· of system rcquirem cnts for the 
· JUNO V spaee vehicle within the National Space Flight-pr·ogram wh1ch docs'
- not require additiortal funds·. This study should include various ·possibilities.

� · -· · ·· · - of tota.i hlul-ti-stage vehicle configurations- and capabilities with emphasis.
. :
. -)�-

· . . 
. bh (a) _reliability, (b) economy,. (C)- performance. Such info;rmat;oli. is .

:/71 J :I 
·-anticipated since a· compilation of £acts should b(. available·by su.rnrn_er 1959,

·1 J. J .• , Thi� comp.iiation will serve i:tS_ a' basis. £qr furt_he�· decisiona·by AR.PA on the 

· ·-. ,-,� _ continuation of the. development program .. 
j: .

· _ -� . _.
. (2.) Expand presently·envisione-d leasibili�y dcmoristra_tion progr�m 

. j > ;covering f)?�r:�ehicles into_ an all-out R&D progra� not later. than summ�r
. . i .... : . · __ l 959 °to'.ke·ep .alJ.rea'st with�. or possibly surpaas, the Rl,TSSlAN capabiliticr, in 

. l . this area •.. _ In_ t�is ,re�pe-d: a_ction should be taken. in the.near, futu,rt to make . ·.-.. l additional'funds-available 'for the procurement of long lcatl-time·ifrms for: ·.

�J{ ·_th:e. :·pttigr�rii:, :b�jond the'four approved vehicles, to insure a� 
•' _ - {ligh_t t<:st' progr�_m in 1_962 and 1963. _ 

'. ·i . . ·. - .. . ' . ' ' - . . . . . 

l 
J 
:r-.. I _: i
I· 

. .
.j. 
� ' . 

. \·\ ; 

1/. .j.
. . . , 

. j 

f 
1 

.J 

·,
j 

; 

. . - ·:' ;- ·. '(3)' Approvfand support the devel;p'ment of ·boostCr recovery 
. -te'c-�ique·s l:>eg1nnirig· with'the first_ two fiight tests qf the JUNO V boo.oter'.

. �oosth·:re�o:very i� rorisider_ea mandatbr:ifor a eco_nom
.
ically fe�aibi� fong-

rarige pt6grafo: .. TJ}is wi11 ri°-f·requi:re aci.diti6nal furids_,'within-·the_fo.ur- _ . 
·vehi _c;'le progra:tn . · · ·

., ·. . . 
. ·' . . .-.- . ·.�· ... :,;·:.� ._:. .�·-· . . . ,·, .. 

·:. · ·
-:(4) Two-sta'g'e· ·orbit�i- t�st'·vehfcle · aho:uld be aa sig�cd a rccnt ry .

test payload for assisting. ·6-evelopmerit of payload and cap-·sule recovery. 
Payload as weil'as second 6tage mu�t-:be .funded e�para.foly •. ·. · . · 

.. · .
· ___ (5} ,x£{t-iat-e steps fo� ton_s_truction of ope ra.t.io,�� 1 equatoria I·

· launchfog·_site -to be: available: by $-ummer: i 962�: · ·. . · · · 
' . . . . . . . . . . 
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Appendix A 
ME}.iORANDUM OF AGRE.SMENT - Advanced Research Projects Agency 

and Army Ordnance Missile Command 

SUBjECT: High Thrust Booster Program Using Clustered Erigines 

On 15 August 1958 ARPA, by Order No. 14-59, di:rected AOMC to 
initiate a development program to provide a large space vehicle booster of 
approximately 1 •. 5 millior: pounds thrust based on a cluster of available 
re>cke( engines1 with the immediate goal of demonstrating a full scale captive 

· dynamic.firing by the end olCalendar Year 1959. The purpose of this
Memorand1tm of Agreement.is to further delineate the objectives of this
program,' upccif:cally including projected FY 59 and FY 60 funding levels.

In_addition to the captive dynamic firing Ustcd above, it is hereby 
agreed that this program should now be extended to pr0vide for a propulsion 
flight. test of t�is booster by approximately September 19?0· Also, in order 
to provide for an orderly development leading to increased reliability and 
actual utilizat.ion for placing payloads in orbit, it is desirable that this first 
propulsion flight test in September 1960 be followed closely by another 

. 
. 

p'ropulsiqn flight test and later by two additional booster flights which, 
without sophisticated upper stages, would be capable of placing limited 
payloads· in orbit. 

I_t is our understanding that. the design, development, fabrication, 
and te'stin:g·.to indutle the captive dynamic firing and the first Hight test 

· described above with requite $13. 4 million in FY 59 a�d $20. 3 million in
FY 60. In a_ddition, facility requirements necessary for the accomplishment
of the above program are $1. 6 million in FY 59 and $7: 0 million in FY 60.

To support the three add.itional flight tests described above (one 
pr·opulsion test flight and two flights carrying .orbital payloads). additional 
FY 60 funds in the amount of $1 o: 0 million must be provided for the 
procurem.ent of long lead time items. ,The engineering, fabrication, static 
test and launching of these three vehicles- (exclusive of payloads and upper 
stages), would require an estimated $15. 0 to $20. 0 million in FY 61. 

AOMC will sub�it to ARPA not late� than 15 October 1958 a detailed 
development" and funding r,lan based on this agreement. ·Upo·n approval of 
this plan, additional FY 59 funding will be· provided. 

Signed by J. B. Medaris, Maj. Gen.; USA, and Roy W. Johnson, 
Director, ARPA, 23 September 1958. 

"· CbiOM ll[UllAL 
r' 
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