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Introduction

Launch vehicle technology has probably been

the most controversial aspect of the manned space

flight program as it has developed during the past

twelve months. This paper is a hopefully comcise

exposition of the present lunar flight system con-

cept, and necessarily represents the concerted ef-

forts of numerous individuals within government and

industry who are engaged in the Apollo/Saturn pro-

gram, and whose substantial contributions must be

acknowledged at the outset.

In the midst of confusing and complex issues,

we have seen through the year 1961 a period of re-

solution, reassessme_t and realignment of the

national goals in space flight. This has been a

period of great expectations, great impatience, in-

tense debate, and concentrated technical effort.

The decisions that have been made are emerging in

broad outline in the contract structure. It is my

purpose here to provide some insight into the

assessment and decision phase that has led to our

present position and course of action.

From the many conceivable lunar mission pro-

files, NASA has selected the rendezvous approach

for the early Apollo manned lunar flights, based

on the Saturn C-5 launch vehicle. Evaluation and

selection of flight systems for lunar missions

have proved a most intricate and demanding task.

That which is technically feasible is not neces-

sarily desirable in the broader sense of achieving

a national objective. One must move far afield in

systems engineering and operations research to

associate mission concepts with the means of ac-

complishment for specific tasks within a given

time frame. Selection of the present mode has been

made in full recognition that we are stuck with

these basic decisions for many years to come.

Lunar Flight Systems

The C-5 rendezvous approach for early manned

lunar missions was identified and selected during

the course of a series of in-house NASA studies

that culminated in the recent NASA-DOD Golovin

Con_nittee. This concept has withstood the rigors

of many months of critical examination. Although

it has onlyrecently been revealed as an integrated

flight system, the various concepts consolidated in

this plan existed in 1960, and in prior years.

Eventual full development of manned space

flight requires a broad spectrum of mission capa-

bilities extending from early spacecraft qualifi-

cation flights in earth orbit through lunar

logistics and planetary exploration. The principal

flight systems considered for the lunar mission are

indicated in FIG i, along with mission phases.

Launch vehicles in three principal performance

classes are required in sequence. The Saturn C-I

is aimed at a growth capability of 25,000 ib in

earth orbit. The initial concept and objective of

the booster was to demonstrate operational feasi-

bility of clustered engine systems, to which has

been added the development of large hydrogen-

oxygen upper stage technology. Its principal

mission in the manned space flight program is to

develop the Apollo spacecraft. The second and

larger vehicle, Saturn C-5, is aimed at initial

manned lunar landing capability. The projected

lunar orbit rendezvous mode provides approximately

90,000 Ib to lunar transfer injection. The earth

orbit rendezvous mode provides 400,000 ib as-

sembled in earth orbit with a capability to inject

approximately 150,000 ib to lunar transfer. The

Saturn C-5 launch vehicle is utilized in qualifica-

tion of the entire Apollo flight system, projected

unmanned lunar logistics support, development of

earth orbital operations technology, development of

advanced nuclear propulsion technology, and the

Apollo manned lunar circumnavigation and initial

manned lunar landing. The Nova is generally con-

ceived to be a direct mode vehicle, having a

400,000-1b earth orbit capability and a 150,O00-1b

injection capability to lunar transfer. Its

applications include the Apollo lunar exploration

phases following initial lunar landings, manned

lunar logistics support of the lunar base, and de-

velopment and application of both rendezvous and

nuclear propulsion technology for initial planetary

exploration.

In outlining such a program it is only natural

to place reliance on the most accessible tech-

nology. Basic elements more or less in hand at the

outset of this evaluation, which began in earnest

one year ago, included the basic Saturn launch

vehicle technology as we know it today, a substan-

tial investment in the F-I engine development, and

a substantial investment in hydrogen-oxygen upper

stage technology with the Centaur, the RL-10

engine, the Douglas S-IV stage, and the J-2 pro-

pulsion system development. At each step in the

decision-making process, we have moved forward

from an established position in launch vehicle

technology.

To place events in perspective, consider the

status of the national large launch vehicle program

one year ago. FIG 2 shows the original Saturn

building block concept in which the S-IV stage of

C-I moves to the third stage of C-2 and a new

large hydrogen-oxygen stage known as S-II, powered

by the J-2 propulsion system, is brought in to

achieve maximum utilization of the 1.5 M ib thrust

S-I stage. Indicated orbital capabilities for

these systems were in the range of 20,000 ib for

C-I and 45,000 ib for C-2. The proposed prime

mission for C-2 at this time was manned lunar cir-

cumnavigation with a forerunner of the Apollo

spacecraft.

As illustrated in FIG 3, detailed conceptual

design of the S-If stage was well underway with a

260-inch diameter and a propellant load of approxi-

mately 330,000 lb. Concurrently, the J-2 propul-

sion system was being developed, specifically
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tailored to this stageconcept.

Movingout fromthis baseline into aneval-
uationof the lunarprogram,investigationof many
alternateproposalsin this performanceclasshas
shownconclusivelythat nonewlyconceivedlaunch
vehiclesystemwouldlikely becomeavailableat a
morerapidpace. TheSaturnC-I booster,as
presentlyconceived,hasmovedon into theflight
test phase. FIG4 graphicallydepictsSA-Iat the
instantof lift-off in its successfulfirst-stage
test flight in October1961. TheSaturnC-l, in
its growthversions,is well onthewayto becom-
ing the"DC-3"of mannedearthorbital space
flight.

Evaluationsof the lunar flight systemssum-
marizedin FIGi haveindicatedcertaingeneral
fundamentals.It is clear that substantially
larger flight systemsarenecessary;it is also
substantiallytrue that wecannotreachthemoon
withoutmasteringliquid-hydrogentechnology,re-
gardlessof boosterconfiguration. This tech-
nologypacestheprogram,andis in fact anawe-
somedevelopmentasthosefamiliar with it can
readily testify.

Prime Approach

A very broad range of possibilities has been

suggested for launch vehicle configurations to

accomplish manned lunar missions. In establishing

the present concept, all facets of advanced pro-

pulsion technology have been examined. The

booster stage investigations range from all-

liquid systems, through hybrid liquid-solid sys-

tems, to all-solid systems. Myriad combinations

of high-energy upper stage systems have been

utilized, each matched in its performance class to

specific booster stages and mission profiles.

A starting point for establishing the concept

is the projection of mission profiles such as

lunar and earth orbit rendezvous, and the direct

profile. Mission development projection estab-

lishes performance requirements, and determines

the essential tasks for each mode and the flight

sequence and number of flights to qualification.

Conceptual design of approximately 50 launch

vehicle systems was undertaken to match the per-

formance requirements. The launch vehicle de-

velopment projection then determines the flight

sequence and number of flights for stage and ve-

hicle systems qualification. The full mission

model is then employed to integrate mission and

vehicle qualification programs, to develop a

master flight plan for each specific launch ve-

hicle configuration, in which the expected flight

history is projected on the basis of detailed

failure modes analysis of the primary propulsion

and related vehicle subsystems. With detailed

PERT networks, operations analysis can proceed,

incorporating manufacturing and test facilities,

logistics, funding, schedules for engine stage

and vehicle development, to assess the total sys-

tem cost and capability on an operational basis

in achieving the mission objective. Following

initial screening of likely prospects, the assess-

ment is recycled in greater depth in all areas of

detailed preliminary design in the launch vehicle,

and its primary subsystems, to establish techni-

cal feasibility and performance capability. In

conjunction with operations analysis, the ex-

pected probability of mission success must be

substantiated within expected funding levels and

within the specified time frame. In successive

iterations we move from the feasible to the desir-

able.

Many novel proposals offered to accomplish

early manned lunar missions have not withstood

critical examination. In development of the broad

outline for projected lunar flight systems the con-

tention is not primarily among launch vehicle con-

cepts; it is between Nova class direct flight and

C-5 class rendezvous modes. Studies indicate that

whether we use liquid or solid booster stages is a

relatively minor factor in achieving the desired

performance capabilities. The large solid booster

concept has been amply tested, and upon the most

careful projections appears deficient as a prime

approach. Its main attractiveness is contingent

upon adoption of Nova concepts. If solid motor

development and facilities concepts are aimed at

growth capability for Nova class vehicles, the

projected schedules for motor development and stage

and vehicle integration become incompatible with

lunar mission objectives in a C-5 class vehicle.

The Nova concept itself has also been amply

tested. It has long been recognized that it is

only the logistic support of a permanent manned

lunar base, coupled with manne_ planetary ex-

ploration, that demands a booster of this capa-

bility. Only in view of a multibillion dollar

national commitment for such a sustained and am-

bitious level of manned space flight activity does

a decision to undertake Nova class booster develop-

ment early make sense.

With rendezvous, the Saturn C-5 is large

enough to do the initial mission; with all factors

considered, it potentially provides the capability

for the earliest manned lunar circumnavigation and

manned lunar landing. The major advances in tech-

nology required for this concept are the develop-

ment of hydrogen-oxygen systems and rendezvous

techniques. This conclusion represents the end

product of thousands of man-hours of homework and

the integrated technical judgment of hundreds of

individuals. Confidence in the validity of this

approach is high.

The conceptual phases of the assessment and

decision tasks have been concluded and implemen-

tation of the lunar flight program is well ad-

vanced, as indicated by the commitments represented

in FIG 5. The Apollo spacecraft system is being

developed by North American Aviation. The

Saturn C-l, S-I stage is being developed by

Chrysler Corporation Missile Division, and the

S-IV stage by Douglas Aircraft Company. The

Saturn C-5 is being designed and developed with

Boeing on the S-IC stage, North American on the

S-If stage, and Douglas on the S-lVB stage which

also has application into Saturn C-I. The C-5

S-IC stage major assemblies will be fabricated at

the newly acquired plant in Michoud, Louisiana;

the S-If stage will be fabricated at Seal Beach;

and the S-IV and S-IVB stages will be fabricated

at contractor facilities on the West Coast. C-5

stages will be tested at MSFC, during the early

phases of the program, and later at the newly

acquired Mississippi Test Facility. The entire

launch vehicle system will be flown from Cape

Canaveral out of a newly acquired 80,000-acre

site now being developed.
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Evolution Of C-5 Concepts

Exposition of lunar mission profiles with the

Saturn/Apollo flight system has been ably set

forth in many previous papers and recent publica-

tions. The review of rendezvous modes herein is

limited to those aspects of the flight system that

reflect directly in launch vehicle systems engi-

neering, which is approximately to the point of

lunar transfer injection.

The present Saturn C-5 launch vehicle concept

evolved in detail from conceptual design studies

of the earlier Saturn C-4. Just as the Saturn C-I

program started with a well established H-I engine

program, the advanced Saturn concept starts with

the F-I engine depicted in FIG 6. This F-I engine

is expected to approximately equal in thrust the

combined output of the eight H-I engines of the

present Saturn C-I booster. Conceptual designs of

a four-F-I engine booster began at MSFC late in

1960, utilizing an expanded version of the four-

J-2 engine S-If stage already in detailed prelimi-

nary design for the earlier C-2. This configura-

tion was affectionally known as "Nova Junior" at

the time, and evolved into the Saturn C-5 concept,

shown in FIG 7, concurrently with the development

of rendezvous concepts for the manned lunar

mission.

It is important to note that this launch ve-

hicle configuration is not optimized for a

specific application. Rather it represents a

careful balance of design choice decisions aimed

at preserving mission flexibility throughout the

range of applications in the rendezvous modes.

Rendezvous is largely a matter of staging

technique and logistics in its effects on launch

vehicle size and development phasing relative to

the mission profile. The Saturn C-5 is capable of

two general mission profiles based on rendezvous

in lunar orbit and rendezvous in earth orbit. In

earth orbit mode (EOR), rendezvous defers the

commitment of men until flight readiness in orbit

is verified; thus it is essentially a fail-safe

technique. In lunar orbit mode (LOR) man is

committed prior to rendezvous; thus a relatively

higher degree of exposure is anticipated.

Rendezvous in earth orbit comes at a price in

cost, complexity, and performance capability of

the total launch vehicle system. A rather trite

but fundamental equation can be stated as follows:

2 X C-5 is not equal to Nova. Depreciation to

approximately 80 per cent of combined vehicle

escape capability of 2 X C-5 results from the

orbital mechanics and weight budgets associated

with EOR.

In a very crude illustration, the logistics

of earth orbit rendezvous can be surmnarized as

follows: a plush manned lunar mission can be pro-

vided with a flight system based on ten F-I

engines. Now, this capability can be cut in a

number of ways: one flight with ten F-l's (a Nova

class vehicle), two flights with five F-l's, or

five flights with two F-l's. Performance and cost

optimization indicate the optimum solution to be

two flights with five F-l's.

As it is presently conceived, the C-5 flight

system has a flexible capability for lunar trans-

fer injection payloads ranging from 90 to 150,000

Ib, depending on the mode selected, and the time

phasing in which the mission capability is re-

required.

Two operating modes utilizing earth orbital

operations with the Saturn C-5 are illustrated in

FIG 8. In the tanking mode the tanker is parked

in orbit with the full load of oxygen required for

the orbital departure stage. The R-I and R-2

stages plus the Apollo spacecraft system are mated

and checked out on the ground, and launched as an

integral unit by the second Saturn C-5 to the high

departure orbit illustrated in FIG 9. Economics

of the weight budget are such that the tanker

represents a full load for one C-5, and the orbit

launch vehicle with its LOX tank empty represents

a full load for the second C-5. Following transfer

of LOX from the tanker to the escape stage of the

orbit launch vehicle, separation occurs at the

designated station (FIG 8) in which case all

equipment associated with rendezvous and propellant

transfer are left behind in orbit. This arrange-

ment has the obvious advantages of permitting

staging to occur at lunar transfer injection so

that the R-2 lunar braking and landing stage

remains sealed until the lunar braking phase is

initiated. This arrangement also provides the

minimum orbital staytime for liquid hydrogen in the

R-I stage, and permits flexibility in loading be-

cause the liquid oxygen is most easily ballasted

across the docking interface to equalize the launch

load place on the two C-5 vehicles.

In the connecting mode, also illustrated in

FIG 8, similar maneuvers are executed with the R-I

escape stage injected to orbit fully fueled. How-

ever, the staging ratio of the lunar transfer in-

jection stage and the lunar braking and landing

stage cannot be maintained as favorably. The in-

jection maneuver has the disadvantage that the

parasitic weight of the docking structure and

auxiliary maneuvering propulsion systems must be

carried part way to the transfer velocity, and

the larger R-2 stage must provide a portion of the

initial transfer injection. This stage thus

arrives at the lunar braking maneuver with partial-

ly expended tanks and a used propulsion system

having unpredictable leakage. In this mode an

additional restart of the propulsion system is re-

quired on the braking and terminal stage, and the

expected reliability deteriorates. Our present

attention is focused on the tanking mode. The C-5

launch vehicle configurations employed in the

tanking mode are illustrated in FIG i0. The C-5

launch vehicle configuration utilized here as a

two-stage orbital carrier has an approximately

equal payload for the unmanned first launch and the

manned second launch.

As mentioned previously, the Saturn C-5 launch

vehicle system is not an optimized system. The

S-IC and S-If stages are basically designed for

maximum orbital capability without sacrifice of the

many other requirements placed on the design.

Propellant optimization of the S-II stage is a com-

promise between the full five-engine burning case

and the engine-out optimization. In the three-

stage-escape configuration illustrated in FIG 7,

design studies were undertaken specifically to

assess constraints and compromises in stage con-

figuration and vehicle performance associated with

application of the "building block" S-IVB stage,

which is utilized as an escape stage on C-5, an

orbit launch stage for the tanking mode, and as a
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secondstageof theC-I launchvehiclesystem.In
all cases,designsweremadefor themaximum
flight loadsencounteredin the limit loadscase,
eogo,theS-IVBwhenflownonSaturnC-I is de-
signedstructurallyto accommodatethe three-stage-
escapetrajectory flight loadsin theC-5appli-
cation. TheS-If tankageis sizedfor thetwo-
stage-orbitmission,anddesignedstructurally for
a three-stage-escapemissionwhichimposesthe
highestaerodynamicandstructural loads. The
S-ICstageis designedsubstantiallybyground
windloadandlongitudinalaccelerations,in-
cludingtherebounddynamicloadsin thetail
sectionassociatedwithapproximatelya three-
secondholddownduringtheF-I engineignition
period. Alternatemissionswith theSaturnC-5
are flownoff-loadedasrequired,with consequent
performancedeterioration. Butwithcareful de-
signchoices,payloadpenaltiescanbelimited to
aboutoneto threethousandIb in escapemissions,
whichis acceptablein the interestof retaining
missionflexibility withoutaltering thebasic
stagegeometries.

TosummarizetheC-5applications,this
launchvehicleis conceivedasa flexible system
to accomplish,in atwo-stageorbit configuration,
either of theearthorbit rendezvousmodesillus-
trated; or in a three-stageescapeconfiguration
to accommodatethemannedlunarorbit rendezvous
modeaswell asdirect lunarlogistics support;
or in a two-stageescapeconfigurationto accommo-
datetheearlyApollolunarcircumnavigation
flights; or asa two-stagebooster,to accommodate
theNERVAnuclearthird stagefor escapemissions;
andto providein theS-IVBa "buildingblock"
upperstagefor thepresentSaturnS-I in theC-I
program.

Tocompletethepictureof theSaturnC-5as
a basiclaunchvehicle, theboosterstage,shown
in FIGii, will beapproximately140feet long,
33 feet in diameter,andpoweredbyfive F-I
engines,usingliquid oxygenandRP-Ifuel aspro-
pellants to delivera sealevel thrust of about
7,500,000lb. Thepropellantcontainerswill have
a combinedcapacityof about4,600,000lb.

Thebasicpropellantcontainerdesignwill
featurea cylindrical structurethat hasseparate
bulkheadsfor thepropellantcontainers,with the
liquid oxygentankforwardandtheRP-Itankaft.
Eachcontainerwill havesloshsuppressionde-
vices. Thelauncherholddownloadsaredistri-
butedto thethruststructureby thelauncher,or
holddown,posts. Thrustloadsintroducedbythe
tenter enginearecarriedout to thering frame
of thethrust structurebya crossbeamsystem.

Thefour outboardenginesare to bemounted
ona diameterof 364incheswithanaerodynamic
fairing locatedovereach. Thrustloadsare
shearedout byfourvertical postsovertheen-
gines. A separateliquid oxygensuctionline,
connectingeachengineto the liquid oxygencon-
tainer, will run throughinsulatedtunnelsin the
fuel container. Twofuel suctionlines connect
eachengineto thefuel container. Fuelcontain-
er pressurizationwill beaccomplishedwith
helium. Gaseousoxygengeneratedin theengine
mountedheatexchangersmaybeusedfor pressuriz-
ing the liquid oxygentank;however,this scheme
maybereplacedbya heliumsystemsimilar to
that usedbythe fuel tanks,if weightand

reliability advantagesare realized. Enginegim-
baling for flight control is accomplishedbydouble-
actingpistongimbalactuatorsusingtheRP-Ifuel,
bledfromthehighpressurepropellantfeedsystem,
as thehydraulicfluid. A staggeredenginestart
andshutdownsequenceis to beused.

TheS-If stage,illustrated in FIG12,will be
approximately80feet long, 33feet in diameter,
andequippedwith five J-2rocketenginesthat
operateonliquid oxygenandliquid hydrogen.The
five engineswill developa total thrust of about
1,000,000lb. Fourof theengineswill bemounted
ona diameterof 210inches,with the fifth engine
mountedin thecenterof theconicalthrust struc-
ture. Thepropellantcontainerswill bedesigned
for a capacityof about900,000lb.

Thebasicpropellanttankstructureis of a
conventionalsemimonocoquedesignwitha common_
insulated,doublewalledbulkheadseparatingthe
liquid oxygencontainerfromthe liquid hydrogen
container. Theliquid hydrogen,as shown,is to
be locatedabovethe liquid oxygen.

Controlof theS-II stagewill beachievedby
gimbalingthefour outboardengines.Thecenter
enginewill befixed. All five engineswill be
alignedparallel to thecenterlineof thevehicle.

TheS-IVBstageemployssimilar technologyto
theS-If exceptfor certainaccommodationsfor
adaptationto orbital launchoperations.Thepro-
pellant containerdesignwill becylindrical with
a diameterof 220inches,with propellantcapacity
of approximately230,000lb. Asin the S-If stage,
a commoninsulated,doublewalledbulkheadwill
separatethepropellantcontainers.Theliquid
hydrogenis abovetheliquid oxygen.Thisstage
is conceivedto beequippedwith a singleJ-2
engine.

Operational Considerations

Returning again to the broad outline of pro-

jected lunar flight systems summarized in FIG i,

it has been shown that the principal dependence

for the early manned lunar landing attempts is

placed on the Saturn C-5/Apollo system. It appears

likely that there will be substantial pressure to

fly operationally early in the vehicle R&D program,

which places a premium on the initial reliability

growth history rather than the inherent or oper-

ational probability of mission success° The

launched cost of these very large systems is in-

deed substantial and it is obvious that oppor-

tunities to fly will necessarily be limited by the

available dollars, facilities, and launch crews.

Also as vehicle capability moves into the 100-ton

range, it is obvious that the investment com-

mitted in spacecraft systems and upper stages with

each launch is tremendous even when a substantial

portion of this weight is represented by pro-

pellants available in orbit.

The desire for high probability of mission

success is evident. Very general statements have

been made to the effect that "new design

philosophy" must be adopted to achieve an order of

magnitude increase in stage and subsystems re-

liability. Realistically, we are stuck with the

technology rather as it exists today. The basic

items of propulsion, structure and flight control

that will be utilized in the first manned lunar
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landing attempt are in hand. Figuratively speak-

ing, the keel has been lald. In the area of pro-

pulsion, H-I engine experience can be extrapolated

but it is doubtful that this much experience can

be gained on F-I and J-2 engines prior to the

point of commitment. Major portions of the engine

system hardware, such as the F-I prevalves, are

being exercised on the test stands today, and

vital items of this nature are not going to look

much different when the C-5 first flies.

The flight history of past programs based on

ballistic missile practice is hopefully not

typical of expectations for the man-rated ad-

vanced flight systems utilized in the lunar land-

ing program. Recent experience with Minuteman,

Titan II, and Saturn C-I offers encouragement

that technology is improving more rapidly than

the complexity of the flight systems. Holding on

to these gains necessitates a rather conservative

design philosophy for manned flight systems,

leading hopefully to an inherently high tolerance

for malfunctions, and a high confidence of early

success. It is felt that the present Saturn C-5

concept represents a very substantial advance in

launch vehicle technology that will stretch both

our capabilities and our courage to accomplish.

To place this development in perspective, FIG 13

presents a comparison of the present state-of-the-

art in Mercury-Atlas with projections for Apollo

flight systems. The intermediate launch vehicle

is the Saturn C-I configuration utilized for the

Apollo earth orbital spacecraft qualification.

The large model represents our present concept of

the Saturn C-5. It appears that a substantial

task lies ahead to achieve manned lunar landing

within this decade.

LUNAR FL/GHT SYSTEMS

SATURN C-I FIGURE ]

• EARTH ORBITAL I._OGISTICS - GROWTH TO 25,000 POUNDS

• OPERATIONAL FEASIBILITy OF CLUSTERED ENGINE SYSTEMS

• DEVELOPMENT OF HYDROGEN OXYGEN STAGE TECHNOLOGy

• APOLLO EARTH ORBITAL SPACECRAFT QUALIFICATION FLIGHTS

SATURN C-5

• LOR MODE - 90,000 POUNDS TO LUNAR TRANSFER

• EOR MODE - 400. 000 POUNE6 ASSEMBLED IN EARTH ORBrT - 150. 000 POUNDS TO

LUNAR T RANSFER

• APOLLO FLIGHT SYSTEMS QUALIFICATION

• UNMANNED LUNAR LOGISTIC SUPPORT

• DEVELOPMENT OF ORBITAL OPERATIONS TECHNOLOGy

• DEVELOP_ENT OF ADVANCED NUCLEAR PROPULSION TECHNOLOGy

• MANNED LUNAR CIRCUk_qAVIGATION AND INITIAL MANNED LUNAR LANDING

NOVA

• DIRECT MODE - 400, 000 POUNDS IN EARTH ORBIT. 150,000 POUNDS TO LUNAR

TRANSFER

• APOLLO LUNAR EXPLORATION

• MANNED LUNAR LOGLSTIC SUPPORT - LUNAR BASE

• DEVELOpk_ENT OF RENDEZVOUS AND NUCLEAR PROPULSION l PLANETARY

EXPLORATION

FIGURE 3

FIGURE Z
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FIGURE 4 SA-I AT INSTANTOFLIFT-OFF

FLIGHT SYSTEMS

IMPLEMENTATION
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MICHOUD
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TESTED
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