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Foreword

Few of man’s technological endeavors compare in scope of signifi-
cance to the development of the Saturn family of launch vehicles.

At the time of this writing in 1979, we may still be too close to the
project to see it objectively from the perspective of history, but I expect
that future historians will compare the development of Saturn to such
great and imaginative projects as the building of the Panama Canal and
to such latter day technological achievements as the Manhattan Project.
In terms of both vision and achievement, Saturn may surpass them all.

It was as if the Wright Brothers had gone from building their
original Wright Flyer in 1903 to developing a supersonic Concorde in
1913. Unimaginable; yet in 10 short years the builders of Saturn
progressed from the small, single-engine rockets like Redstone to the
giant vehicle with clustered engines that put man on the moon. Our
Earth-to-orbit weight-lifting capability grew in that decade by 10 thou-
sand times.

Saturn was an engineering masterpiece. The ultimate Saturn, taller
than the Statue of Liberty, had a takeoff weight that exceeded that of 25
fully loaded jet airliners, and produced as much power as 85 Hoover
Dams.

The Saturn program was also a masterpiece of management. There
are those who hold that one of the principal benefits this country derived
from the Apollo-Saturn lunar landing program was the development of a
new and extraordinary management approach through which the National
Aeronautics and Space Administration directed vast human and material
resources toward a common purpose. The system that was developed to
meet the incredible complexities of the program, taking account of its
pioneering nature and the time constraint imposed, provides a pattern
for managing a broad spectrum of future technological, scientific, and
social endeavors.

One of the most remarkable things about the Saturn program was its
success rate. An early press release openly stated that because of the
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complexity of the system and the tremendous advancement in technol-
ogy required, program officials fully expected half of the 10 Saturn I's
launched to fail. None did. Neither did any Saturn IB, nor did any
Saturn V, either test vehicle or operational rocket—and there were 32
Saturn launches in all.

The reliability assessment of the system was such that only two
Saturn Vs were launched before the third sent Frank Borman’s crew
around the moon during Christmas of 1968. In all, 27 men went around
the moon aboard Saturn-launched space vehicles, 12 actually walked on
its surface.

Close on the heels of the lunar landing series, NASA developed
Skylab, the world’s first major laboratory in which we could operate
experiments in the new environment of space. The Saturn again played a
pivotal role in this enterprise—the core component of the Skylab itself
being a modified Saturn stage. Only a Saturn V could lift the huge
laboratory into orbit, which, when an Apollo spacecraft was annexed,
weighed 100 metric tons and was 36 meters long. The three crews, which
inhabited the space station for a total time of nearly six months, were
launched on the smaller Saturn IBs. The Saturn family made Skylab
possible, so Saturn deserves a large share of the credit for the mission’s
success in establishing a broad foundation of scientific and technological
knowledge.

Furthermore, we should not overlook the role Saturn played in the
Apollo-Soyuz Test Project of 1975. It was another Saturn 1B that carried
an American crew to its historic rendezvous with two Soviet cosmonauts
in orbit. The reliable Saturn gave NASA every confidence that its crew
could ascend on schedule following the Soviet launch half a world away
and make the time-critical union of those two small objects in space. We
had a high level of confidence that this, the last Saturn, would perform
with the same excellence as its 31 predecessors. It did not disappoint us.

It should be pointed out that the Apollo-Saturn program was a
national achievement. It has been estimated that 20 000 private firms and
300 000 people participated in the development of this system. The
challenge taxed American ingenuity to the extreme. The result, of
course, was that American technology made the “giant leap” referred to
by Neil Armstrong. Whole new industries were born, offering products
that touch our everday lives in ways we could not have dreamed of just a
decade before.

We may not soon again face a challenge to match the lunar landing,
and it may be some time before we mount the kind of scientific and
engineering effort that gave us Saturn. Whenever that next challenge
comes, we have in the Apollo-Saturn program the basic blueprint for
achieving success. It not only will point the way but will also give the
confidence needed to undertake new and dramatic challenges.

xil




FOREWORD

Among the other lessons learned from the development of Saturn is
the evidence of how much a free society can do and how far a dedicated
people can go when they are properly challenged, led, motivated, and
supported.

This is our legacy from Saturn.

June 1979 William R. Lucas

Director, George C. Marshall
Space Flight Center
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Preface

The gigantic Saturn V launch vehicle may well be the first and last
of its kind. Subsequent space ventures will be based on new vehicles,
such as the smaller, reusable Space Shuttle. Manned launches in the near
future will be geared to orbital missions rather than planetary excursions,
and unmanned deep-space missions will not demand the very high thrust
boosters characteristic of the Apollo program. As the space program
moves into the future, it also appears that the funding for elaborate “big
booster” missions will not be forthcoming for NASA. The Saturn V class
of launch vehicles are the end of the line of the Saturn generation. It is
not likely that anything like them will ever be built again.

Because of the commanding drama of the awesome Saturn V, it is
easy to forget the first Saturns—the Saturn I and Saturn IB. This history
is an attempt to give due credit to these pioneering vehicles, to analyze
the somewhat awkward origins of the Saturn I as a test bed for static testing
only, not as an operational vehicle, and to discuss the uprated Saturn IB
as an interim booster for the orbital testing of the first Apollo capsules.
Evolution of the engines is also given considerable space early in the
narrative. Because the Apollo-Saturn program was expected to put a
man on the moon within a fixed time span, the use of available hardware
was particularly attractive—an aspect of the program that is not generally
appreciated by the public. The development of the early Saturn I and IB
vehicles, as well as the engines, illustrates this approach. Inevitably, the
unique nature of the mission called for advances in the state of the art,
and the Saturn history includes some examples. One outstanding exam-
ple is the development of high-energy liquid hydrogen engines. Other
examples include the development of insulation for extended storage of
large quantities of hydrogen in vehicle tanks and the advances in the
computer technology of the guidance and control systems.

The development of Saturn was enormously expensive and time-
consuming. Even given the expected costs of developments to advance
the state of the art, why were the costs of the development time so great if
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the program still relied so much on existing hardware? Part of the answer
involves the uniqueness of dimensions. Even a proven component, to be
used in the huge Saturn, had to be scaled up in size. The larger
component had to withstand a similar increase in the amount of
punishment inflicted on it, and this fact opened up a whole new regime
of operational headaches. The scaling up of components and systems for
lunar missions seemed to involve geometrical progressions rather than
simple arithmetic progressions. The F-1 enynes for the S-I1C first stage
graphically illustrate this difficulty. The size of the Saturn stages and
engines also called for enlargement of test stands and other facilities, with
attendant increases in time and costs. The logistical challenge assumed
gargantuan proportions. The managers of the Apollo-Saturn programs
also discovered unanticipated expenses in storing and maintaining exotic
hardware that was subject to degradation unless constantly monitored,
refurbished, and attended by additional cadres of technicians.

This book is a Leahnologudl history. To many contemporaries the
narrative may read too much like a technical manual, but the author’s
concern is for posterity, when the technical manuals may be lost or
dispersed (as many are already) and knowledgeable participants have
long since died. The narrative approach was largely predicated on
questions that might well be asked by future generations: How were the
Saturns made? How did they work? Two other histories, ali ‘eady published,
deal with subjects keyed to the Apollo-Saturn program: (1) the dev elop-
ment of the Apollo command and service modules along with the lunar
module, and (2) the construction and operation of launch facilities at
Cape Kennedy. These books contain much of the political and adminis-
trative strugglcs surrounding the origins and development of the Apollo
program, and it would be redundant to retell the whole story for the
Saturn history. 1 have therefore included only the background that
seemed necessary to put the Saturn in proper perspective, and Part Two
recapitulates the programmatic and administrative origins of Saturn.
The bulk of the text is devoted to the theme of technological develop-
ment. Even chapter 9, on management, is geared to the specifics of the
technological management of Saturn vehicles.

The decision to treat the history of the Saturn program as a
technological narrative shaped the nature of all sections of the book. So
that some of the innovations and advances might be appreciated, it
seemed advisable to include a brief historical overview of rocket technol-
ogy. Against this background, I hope the Saturn story will stand out with
greater clarity.

The narrative itself is organized into seven parts. The question was
how to deal with the complexity of many simultaneous programs during
the Saturn development that involved the various engines, stages, and
associated equipment for three separate launch vehicles. A strict chrono-
logical organization seemed unnecessarily confusing. The topical approach,

xui
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although constructed in a loose chronological sequence, provided the
opportunity to deal with the early technology involved in Saturn I and
Saturn IB launch vehicles pmncml\ in terms of the concept of clustering
tanks and engines. The engines themselves, although they possessed
inherent differences, evolved out of common principles of engine design
and cryogenic technology. Dealing with these propulsion systems as a
separate unit made the significance of their development stand out more
clearly. Similarly, I analyzed the evolution of rocket stages as a unit and
emphasized propellant tankage for the Saturn V vehicle. Although many
early Saturn flights were concurrent with the research and development
phases, all the launches are summarized in two chapters toward the end
of the book. Just as the flights were the culmination of Apollo-Saturn,
discussion of them all at the end of the narrative seemed logical.

The manned operations involving the spacecraft—the activities of
the launch crews at liftoff—the role of the astronauts—these events
involved discrete numbers of human actors. The inherent drama in
launches and missions tended to spotlight the people involved. On the
other hand, development of the Saturn launch vehicle rested on millions
of hours of prior research and development and on thousands of
designers, engineers, technicians, and specialists who worked behind the
scenes. It was often impossible to single out a specific individual respon-
sible for a specific achievement because most of the major decisions and
breakthroughs resulted from elaborate team efforts. In fact, one veteran
of the Marshall Space Flight Center told me that he preferred that the
Saturn history not mention people at all. It was too hard, he explained, to
isolate significant achievements without mentioning dozens of people
who made successful contributions.

The launch vehicle, as dramatic as it was during liftoff, played a
minor role in the total duration of a mission. It was visible to observers
for only eight minutes or so as it blazed into orbit. The personnel of
Houston’s Mission Control and the astronaut crew occupied center stage
for the lion’s share of the lunar mission. For all the spectacular effects of
the Saturn vehicle’s awesome launch, most of the Saturn story deals with
many years of unglamorous research, development, and test. It is a story
of prior work: of nuts, bolts, and pyrotechnics—and that is the story I
have tried to tell in these pages.

June 1979 R.E.B.

Houston
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Prologue

The passage of time blurs many details. Part One is intended to
bring back into focus some of the facts, circumstances, and back-
ground of space exploration. The opening section of chapter 1 briefly
recapitulates the flight of Apollo 11—the first lunar landing mission—and
provides the opportunity to introduce some of the hardware and
nomenclature of the Apollo-Saturn program. A historical overview of
rocketry, including the main threads of Saturn’s origins, provides a
background for the scope and boldness of Apollo 11 and the Saturn
adventure in the chapters that follow.
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Concepts and Origins

Movement of the rocket from the assembly site to the launch pad
was scheduled for 20 May 1969. In slow sequence, the 142-meter-
high doors ponderously opened, retracting upward like a vertical accor-
dion, revealing the launch vehicle inside the huge gray structure known
as the Vehicle Assembly Building. As the folding doors moved higher,
the bright morning sun highlighted the whiteness of the three-stage
launch vehicle with its scarlet lettering and black markings. Most of the
American public, and the world, knew the towering 111-meter rocket as
the Saturn V or the Apollo 11. To the men and women who built it, it was
known better by its official designation: AS-506. Whatever its name,
everyone knew its destiny. This rocket was going to be the first to land
men on the moon.

Other Saturn rockets had preceded it. From Kennedy Space Center
(KSC), the National Aeronautics and Space Administration’s facility on
Florida’s Atlantic coast, 10 Saturn I vehicles were launched from 1961 to
1965, and five Saturn IB vehicles were launched between 1966 and
1968." Prior to the launch of Apollo 11, between 1967 and 1969 NASA
launched two unmanned Saturn V rockets and three manned vehicles in
qualifying flights. The manned lunar landing was the payoff. This
mission, with astronauts Neil Armstrong, Edwin Aldrin, and Michael
Collins as the crew, commanded attention as none before had done.

THE FLIGHT OF AS-506
The launch of AS-506 took place on schedule. Ignition occurred at
31 minutes and 50 seconds past 9:00 a.m., and seconds later, the rocket

left Earth, bound for the moon, at 9:32 a.m. EDT, 16 July 1969.
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The intricacies of a successful lunar mission dictated a multiphased
operation, and the Saturn V was a multistage rocket. Early plans for the
moon rocket included proposals for a comparatively simple “one-shot”
vehicle in the form of a single-stage rocket. For all the attraction of the
basic simplicity of a single-stage rocket as compared with a multistage
vehicle, designers finally discarded it. The single-stage concept would
have required a rocket of great girth and structural strength to carry all
the required propellants. As a single-stage vehicle climbed into space, a
considerable weight penalty developed because all the weight of the
empty tankage had to be carried along. This weight penalty severely
limited the size of the payload—in this case, a manned spacecraft. The
multistage design allowed the first stage, with its big booster engines, to
drop off once its rocket propellants were depleted. The second stage
was more efficient because it had relatively less weight to push further
into the planned trajectory, and it benefited from the accelerative forces
imparted to it by the first stage. By the same token, the third stage had an
even lighter weight and an even higher acceleration. In addition, the
multistage approach permitted the use of special high-energy fuels in the
upper stages. These considerations played a large role in the develop-
ment of the Saturn V as a three-stage launch vehicle.

For the Apollo 11 mission, components of the Saturn V launch
vehicle and the Apollo spacecraft had arrived in segments at Cape
Kennedy. Whether they reached their destination by ship, barge, plane,
or truck, they were all consigned for delivery to the Vehicle Assembly
Building (VAB). Inside, they were stacked together to make up the moon
rocket. The VAB was the heart of NASA’s mobile launch concept, a
radical departure from earlier tradition in rocket launching. Previous
custom was to “stack” (assemble) the rocket at the launch pad itself, with
minimal protection from the elements afforded by a comparatively
makeshift structure thrown up around the rocket and its launching
tower.

This approach completely tied up the launch pad during the careful
stacking procedures and lengthy checkout. The size and complexity of
the Saturn V dictated a change in tactics. NASA was planning a heavy
schedule of Saturn launches and simply could not accept the consequent
tie-up of launch sites. In a bold new approach, NASA implemented the
mobile launch concept, which entailed the erection and checkout of
several of the three-stage vehicles and spacecraft inside one gargantuan
building, the VAB, with equipment to move the readied vehicles to a
nearby launch site. At KSC's Launch Complex 39, a small army of
engineers and technicians received components of the Saturn V, checked
them out, assembled the complete vehicle, and conducted the launch.
The facilities of the sprawling complex included the VAB, the mobile
launcher, the crawler-transporter, the crawlerway to the launch pad, the
mobile service structure, and the launch pad itself.”

4




CONCEPTS AND ORIGINS

The first stage of Saturn V, the S-1C, employed a cluster of five F-1
engines of 6 672 000 newtons (1 500 000 pounds) of thrust each, for a
total of 33 360 000 newtons (7 500 000 pounds) of thrust. The first-stage
propellant tanks contained 767 cubic meters (203 000 gallons) of RP-1
fuel (a kerosene-type fuel) and 1251 cubic meters (331 000 gallons) of
oxidizer (liquid oxygen, or LOX). The S-IC consumed these propellants
in a fiery holocaust lasting only 2.5 minutes, by which time the Saturn V
was boosted to a speed of about 9700 kilometers per hour at the cutoff
altitude of around 61 kilometers. The spent first stage fell away, to fall
into the sea, and the S-11 second stage took over. Like the first stage, the
S-I1 also mounted a cluster of five engines, but these were the 1 112 000
newtons (250 000 pounds) of thrust J-2 type, burning liquid hydrogen as
fuel, and using liquid oxygen as the' oxidizer. In the course of its
six-minute “burn,” the second stage propelled the Saturn V to an altitude
of 184 kilometers, accelerating to a speed of 24 620 kilometers per hour.
At this point, the Saturn vehicle had nearly reached the speed and
altitude for Earth orbit. After the second stage dropped away, following
its precursor into the ocean, the S-IVB third stage then hurtled the
113 400-kilogram payload into a 190-kilometer orbit, using its single J-2
engine for a burn of 2.75 minutes. In this final part of the orbital mission
sequence, the remainder of the launch vehicle and its payload barreled
into orbit at a speed of 28 200 kilometers per hour.

The S-IVB did not deplete its fuel during the third-stage burn,
because the mission called for the S-IVB to reignite, firing the spacecraft
out of Earth orbit and into the translunar trajectory to the moon. During
the parking orbit (one to three circuits of the Earth), Astronauts
Armstrong, Aldrin, and Collins completed a final check of the third stage
and the spacecraft, while ground technicians analyzed telemetry and
other data before making the decision to restart the J-2 for the translunar
trajectory burn. No problems showed up to suggest the possibility of
terminating the flight, so mission personnel waited for the precise
moment in Earth orbit for the last five-minute operation of the Saturn V
launch vehicle. Two hours and 44 minutes after liftoff, over the southern
Pacific, the S-IVB ignited and accelerated the spacecraft to 39 400 kilom-
eters per hour—enough to carry the spacecraft out of Earth orbit and
place it in a trajectory bound for the moon. The third stage was not
immediately separated from the rest of the spacecraft. First, the com-
mand and service module (CSM) separated from the lunar module
adapter, reversed itself and performed a docking maneuver to pull the
lunar module away from the now spent third stage and the instrument
unit. This transposition and docking maneuver signaled the end of the
Saturn V launch vehicle’s useful life.

As Armstrong, Aldrin, and Collins accelerated toward the moon
with the lunar module anchored to the CSM, the S-IVB and the
instrument unit were left behind in space. With both the spacecraft and
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Apollo 11
16—24 July 1969

Left, the big S-IC stage
of Apollo 11 arrived at
Kennedy Space Center
in February 1969. In
March the S-II second
stage (right) is mated to
the first stage.

In May Apollo 11 rolls out of the Vehicle
Assembly Building on s crawler (afjmir'j
and arrives at Launch Complex 39 ( right).

- ‘ On 16 July, Apollo 11 s

: launched (left); 2.5 minultes later
the first stage separates and the
second-stage engines ignite (right).
On 20 July the first men walked
on the moon (right, below).
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the third stage still in lunar-oriented trajectories, mission planners
wanted to minimize the chances of the two elements colliding with each
other. The spacecraft performed a three-second burn with its service
propulsion system to impart a velocity increase of six meters per second.
This procedure not only widened the distance between the two, but also
put the spacecraft and the three-man crew into a free-return trajectory,
which used the lunar gravitational field to aid in a return to Earth in case
the lunar landing had to be aborted. NASA also wanted to avoid the
chances of the S-IVB impacting into the lunar surface in the vicinity of
the astronauts’ landing zone, so an automated sequence triggered a
dump of residual propellants in the S-IV to realign the third stage’s
trajectory in such a way that the moon’s gravitational field increased the
S-IVB’s velocity in a different direction. This * ‘slingshot” maneuver was
effective enough to throw the stage into solar Ol"bl[ where it would
eventually impact into the sun in a dramatic demise.”

PYROTECHNIC PIONEERING

In its soaring flight out of the dominance of Earth’s gravity, Apollo 11
marked one of the great milestones in rocket technology. The chemical
and solid propulsion systems of the Saturn V and the Apollo spacecraft
represented the distillation of concepts and plans and work by a host of
people who had continuously worked toward the goal of manned lunar
exploration. The rocket itself—the Saturn V—represented the culmina-
tion of generations of technological and theoretical work stretching all
the way back to the 13th century.

There was one common denominator for the military, whaling, and
life-saving rockets from antiquity through World War I: they were
powder-burning, or “solid,” rockets. A solid rocket, although simple, had
several shortcomings. The rate of thrust after ignition of the rocket could
not be controlled; there was no guidance after the launch; the powder
technology at the turn of the century seemed to dictate a missile with an
optimum weight of about 68 kilograms (most were in the 14—23-kilogram
category); and the range rarely exceeded 2700 meters. Advances in
artillery in the late 19th century had already displaced the rocket as an
effective weapon.” For space exploration, solid-fueled rockets seemed to
lack the thrust potential for extreme range or for reaching high altitudes.
Visionaries who were thinking of using rockets for space exploration had
to consider other sources for fuel, and there were still the problems of
guidance, as well as the problem of human survival in the space
environment.

At the same time that powder rockets began to fall from favor in the
late 19th century, a realistic theory and development of space flight, with
a strong interest in new types of propellants, was beginning to evolve.
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Three pivotal figures in the new era of rocket technology were Konstantin
Tsiolkovsky (1857—1935), Robert H. Goddard (1882—1945), and Her-
mann Oberth (1894— ). They were imaginative men who drew their
theories and experiments from the growing bank of science and technol-
ogy that had developed around the turn of the century. For one thing,
the successful liquefaction of gases meant that sufficient quantities of fuel
and oxidizer could be carried aboard a rocket for space missions.
Research into heat physics helped lay the foundations for better engine
designs, and advances in metallurgy stimulated new standards for tanks,
plumbing, and machining to withstand high pressures, heat, and the
super-cold temperatures of liquefied gases. Progress in mathematics,
navigational theory, and control mechanisms made successful guidance
systems possible.

Although Tsiolkovsky did not construct any working rockets, his
numerous essays and books helped point the way to practical and
successful space travel. Tsiolkovsky spent most of his life as an obscure
mathematics teacher in the Russian provinces, but he made some
pioneering studies in liquid chemical rocket concepts and recommended
liquid oxygen and liquid hydrogen as the optimum propellants. In the
1920s, Tsiolkovsky analyzed and mathematically formulated the tech-
nique for staged vehicles to reach escape velocities from Earth. In
contrast to the theoretical work of Tsiolkovsky, Robert Goddard made
basic contributions to rocketry in flight hardware. Following graduation
from Worcester Polytechnic Institute, Goddard completed graduate
work at Clark University in 1911 and became a member of the faculty
there. In the 1920s, he continued earlier experiments with liquid-fueled
vehicles and is credited with the first flight of a liquid-propellant rocket
on 16 March 1926. With private support, Goddard was able to pursue
development of larger rockets; he and a small crew of technicians
established a test site in a remote area of the Southwest not far from
Roswell, New Mexico. From 1930 to 1941, Goddard made substantial
progress in the development of progressively larger rockets, which
attained altitudes of 2300 meters, and refined his equipment for guid-
ance and control, his techniques of welding, and his insulation, pumps,
and other associated equipment. In many respects, Goddard laid the
essential foundations of practical rocket technology, including his research
paper entitled “A Method of Attaining Extreme Altitude” (published by
the Smithsonian Institution in 1919)—a primer in theory, calculations,
and methods—and his numerous patents that comprised a broad catalog
of functional rocket hardware. In spite of the basic contributions of
Tsiolkovsky in theory, and of Goddard in workable hardware, the work
of both men went largely unheralded for years. Tsiolkovsky’s work
remained submerged by the political conditions in Russia and the low
priority given to rocket research prior to World War II. Goddard
preferred to work quietly, absorbed in the immediate problems of
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hardware development and wary of the extreme sensationalism the
public seemed to attach to suggestions of rocketry and space travel.

Although the work of Hermann Oberth was original in many
respects, he was also significant as advocate and catalyst because he
published widely and was active in popularizing the concepts of space
travel and rocketry. Born in Transylvania of German parentage, Oberth
later became a German citizen. He became interested in space through
the fictional works of H.G. Wells and Jules Verne and left medical school
to take up a teaching post where he could pursue his study and
experimenting in rocketry. Oberth’s work was independent of Tsiolkovsky’s,
and he heard of Goddard’s brief paper of 1919 just as his own book, The
Rocket into Planetary Space, was going to press in 1923. The Rocket into
Planetary Space was read widely, translated into English, and was the
precursor of many other books, articles, and lectures by the energetic
author. Oberth analyzed the problems of rocket technology as well as the
physiological problems of space travel, and his writings encouraged many
other enthusiasts and researchers. In 1928, Oberth and others were
consultants for a German film about space travel called The Girl in the
Moon. The script included the now-famous reverse countdown before
ignition and liftoff. As part of the publicity for the movie, Oberth and his
staff planned to build a small rocket and launch it. The rocket was only
static-fired and never launched, but the experience was a stimulating one
for the work crew, including an 18-year-old student named Wernher von
Braun.

During the ensuing years, Oberth continued to teach while writing
and lecturing on space flight, and he served as president of the Verein
fur Raumschiffahrt (VfR) (Society for Space Travel), which had been
formed in 1927. The existence of organized groups like the VIR signaled
the increasing fascination with modern rocketry in the 1930s, and there
were frequent exchanges of information among the VfR and other
groups like the British Interplanetary Society and the American Inter-
planetary Society. Even Goddard occasionally had correspondence in the
American Interplanetary Society’s Bulletin, but he remained aloof from
other American researchers in general, cautious about his results, and
concerned about patent infringements. Because of Goddard’s reticence,
in contrast to the more visible personalities in the VIR, and because of the
publicity given the German V-2 of World War II, the work of British,
American, and other groups has been overshadowed. If not as spectacu-
lar as the work on the V-2 rockets, their work nevertheless contributed to
the growth of rocket technology in the prewar era and the successful use
of a variety of Allied rocket weapons in the war. Although groups such as
the American Interplanetary Society (which later became the American
Rocket Society) succeeded in building and launching several small
rockets, much of their significance lay in their role as the source of a
growing number of technical papers on rocket technologies. But rocket
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development was complex and expensive. The costs and the difficulties
of planning and organization meant that sooner or later the major work
in rocket development would occur under the aegis of permanent
government agencies and government-funded research bodies.”

In America, significant team research began in 1936 at the Guggenheim
Aeronautical Laboratory of the California Institute of Technology. In
1939 this group received the first Federal funding for rocket research.
Research on rockets to assist aircraft takeoff was especially successful.
The project was known as JATO, for Jet-Assisted Take-Off, because the
word rocket still carried negative overtones in many bureaucratic circles.
During World War 11, U.S. armed forces made wide use of the bazooka
(an antitank rocket) as well as a variety of barrage rockets launched from
ground batteries or from ships, and high-velocity air-to-surface missiles.
The JATO work also led to the development of a significant liquid-fueled
rocket, a two-stage Army ballistic missile with a solid booster known as the

U.S. rocket pioneer Robert H.
Goddard poses beside his rocket (left)
before it achieved the first flight by
a liquid-fueled rocket on 16 March
1926. In Germany (above) a rocket
demonstration was held in August
1930 at the Chemish-Technische
Reichsansalt (equivalent to the U.S.
Bureau of Standards). Standing to
the right of the rocket is Hermann
Oberth; youthful Wernher von Braun
is second from the right.
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Wac Corporal. The first-stage booster, adapted from an air-to-ground
rocket dubbed the Tiny Tim, developed 222 000 newtons (50 000 pounds)
of thrust, and the second stage, filled with nitric acid-aniline liquid
propellants, developed 6700 newtons (1500 pounds) of thrust, a combi-
nation that fired a payload up to an altitude of 69 kilometers. But the
Corporal program did not reach full development until after 1945. ® The
most striking military rocket of the wartime era came from Germany.

THE LEGACY OF PEENEMUENDE

In the early 1930s, the VIR attracted the attention of the German
Army because the Treaty of Versailles, which restricted some types of
armaments, left the door open to rocket development, and the military
began rocket research as a variation of long-range artillery. Captain
Walter Dornberger, an Army artillery officer with advanced degrees in
engineering, spearheaded ‘lllllltdl)« rocket development. One of his chief
assistants was a 20-year-old enthusiast from the VfR, Wernher von
Braun, who joined the organization in October 1932. By December 1932,
the Army rocket group had static-fired a liquid-propellant rocket engine
at the Army’s proving ground near Kummersdorf, south of Berlin.

Wernher von Braun was born in 1912 at Wirsitz, Germany, in Posen
Province, the second of three sons of Baron and Baroness Magnus von
Braun. A present of a telescope in honor of his church confirmation
started the youthful von Braun’s interest in space, spurring him to write
an article about an imaginary trip to the moon. Fascination with the
prospects of space travel never left him, and in 1930 he joined the VfR,
where he met Oberth and other rocket enthusiasts. At the same time, he
attended the Charlottenburg Institute of Technology and did apprentice
work at a machine factory in Berlin. Before completing his bachelor’s
degree in mechanical engineering in 1932, he had participated in the
space-travel film project and had come into contact with German
ordnance officers. This contact led to the Army’s support of von Braun’s
doctoral research in rocket combustion, which he completed in a brief
period of two years, and he received his degree from Friedrich-Wilhelms-
Universitit of Berlin in 1934.7

By the next year, it became evident that the available test and
research facilities at Kummersdorf were not going to be adequate for the
scale of the hardware under development. A new location, shared jointly
by the German Army and Air Force, was developed instead. Located on
the island of Usedom in the Baltic, the new Peenemuende facility (named
for the nearby Peene river) was geographically remote enough to satisfy
military security and boasted enough land area, about 52 square kilome-
ters, to permit adequate separation of test stands, research facilities,
production areas, and residential sections. Test shots could be fired into
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the Baltic Sea, avoiding impact in inhabited regions. Starting with
about 80 researchers in 1936, the facility comprised nearly 5000 person-
nel by the time of the first launch of the V-2 in 1942. Later in the war,
with production in full swing, the work force numbered about 18 000.

The V-2 (from Vergeltungswaffen-2, or “weapon of retaliation”) had
no counterpart in the Allied inventory. The V-2 was 14 meters long, with
a diameter of 1.5 meters, and capable of speeds up to 5800 kilometers
per hour to an altitude of 100 kilometers. By the end of the war,
Germany had launched nearly 3000 of the remarkable V-2 weapons
against targets in England and elsewhere in western Europe at ranges up
to 320 kilometers. With the support of government, private, and univer-
sity sources for research and development, the von Braun team at
Peenemuende solved numerous hardware fabrication problems and
technical difficulties (such as the production, storage, and handling of
liquid oxygen in large quantity), while developing unique management
skills in rocket technology.®

Early in the V-2 development program, its creators began looking at
the rocket in terms of its promise for space research as well as for military
applications. The continuous undercurrent of fascination with space
travel was real enough to land von Braun in the clutches of the Gestapo.
Late in the war, the German SS made attempts to wrest control of
Peenemuende from Dornberger. After von Braun himself turned down
direct overtures from SS chieftain Heinrich Himmler, he was arrested at
two o'clock one morning by a trio of Gestapo agents. Following two weeks
of incarceration in prison at Stettin, von Braun was hauled into an SS
court to hear the charges against him. Among other accusations, his
prosecutors accused him of opposing the V-2 strikes on England and
charged that he was more interested in rocketry for space research than
in rocketry for warfare. Dornberger had to intercede directly with
Adolf Hitler to get von Braun released.

By early 1945, it was apparent that the war was nearing its end. Von
Braun called a secret meeting of his top staff and reviewed their options:
stay on at Peenemuende in the face of the advancing Russian units or try
to head south and surrender to the Americans. There was no dissent—go
south. In railroad cars, trucks, and automobiles emblazoned with red and
white placards reading Vorhaben zur besonderen Verwendung (Project for
Special Disposition), the Peenemuende convoy bluffed its way through
military and Gestapo checkpoints, arriving in the Harz mountain region
in Bavaria with tons of documents and hundreds of Peenemuende
personnel and their families. After regrouping, the von Braun team,
unaware that the United States was already formulating a program to
round up leading German scientific and technical personnel, began
making plans for contacting the Americans. Best known as Operation
Paperclip, the American search for the von Braun team had top priority.?
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On 2 May 1944, von Braun’s younger brother Magnus climbed on a
bicycle and set off down a country road in search of the Americans.
Magnus was delegated for this delicate mission because he spoke better
English. Contact was established, and several months of effort cleared the
bureaucratic hurdles and prepared the way for over 100 selected
German personnel to come to the United States. Finally, von Braun and
six others arrived at Fort Strong in Boston on 29 September 1945. If the
vanguard found the circumstances of their entry into the United States
somewhat confusing and disorganized, they found American rocket
development in much the same state of affairs."’

EARLY POSTWAR AMERICAN ROCKETRY

The National Security Act of 1947 established a unified military
organization under the Secretary of Defense, with separate and equal
departments for the U.S. Navy, U.S. Army, and U.S. Air Force. In the
nascent field of military rocketry, guidelines for responsibilities of
research, development, and deployment were decidedly fuzzy. As a
result, American missile development in the postwar era suffered from
interservice rivalry and lack of strong overall coordination, a situation
that persisted to the mid-1950s. The Air Force, successful in long-range
bombardment operations during the war, made a strong case for
leadership in missile development. On the other hand, the Navy worked
up studies showing the capabilities of missile operations from ships and
submarines, and the Army viewed missiles as logical adjuncts to heavy
artillery. But the Air Force had initiated long-range missile development
even before the end of the war, and this momentum gave them early
preeminence in the field of missile development.

Because American missile technology did not yet have the capability
for large rocket-propelled vehicles, the Air Force at first concentrated on
winged missiles powered by air-breathing turbojet powerplants. The Air
Force stable of cruise missiles possessed ranges from 1000 to 11 000
kilometers and were capable of carrying the heavy, awkward nuclear
warheads produced in the early postwar era. Until the Atomic Energy
Commission made lighter and less unwieldy warheads available, the Air
Force pressed on with cruise missiles at the expense of development of
rocket-powered intercontinental ballistic missiles (ICBMs) such as the
Atlas. The Navaho project represented the peak of the cruise missile.
Weighing in at 136 000 kilograms and capable of Mach 3 speeds, the
Navaho's research and development costs came to $690 million. It never
reached operational status before cancellation in 1957, when ICBM
technology overtook it. The Navaho made three successful flights, and
the fallout from certain aspects of Navaho research and development
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turned out to be very significant in other areas. The experience in
high-speed aerodynamics was applied to other aeronautical research
programs, and the missile’s all-inertial guidance system found application
in ICBMs’ and submarine navigational systems. Moreover, the booster
units for Navaho were noteworthy in ICBM designs. Even though the
Navaho used a ramjet engine for sustained flight to the target, the heavy
vehicle was boosted into the air by three liquid-propellant rocket engines
of 600 000 newtons (135 000 pounds) of thrust each. Developed by
Rocketdyne (a division of North American Aviation, Inc.), variants of
these powerplants were developed for the Air Force’s Thor and Atlas
missiles, and for the Army’s Redstone and Jupiter rockets. The rocket
engines for the la[tcr pld\«ed a highly significant role in the evolution of
the Saturn vehicles.'

In the early postwar era, while the Air Force developed cruise
missiles, the Army generated an increasing expertise in liquid propulsion
rocketry through special projects at the White Sands Proving Ground in
New Mexico. At White Sands, von Braun and the rocketry experts from
Peenemuende not only made lasting contributions to American ballistic
missile capabilities but made early ventures into space exploration.
Besides test firing a series of captured V-2 rockets for the Army’s
operational experience, the German experts helped coordinate a series
of upper atmospheric research probes. One such project, known as the
Bumper Series, employed a V-2 as the first stage with a Wac Corporal
upper stage, one of which reached an altitude of 393 kilometers. In 1950,
the last two Bumper launches took place in Florida, at the Long Range
Proving Ground, located at Cape Canaveral—a prelude to U.S. space
launches of the future. Another major activity included the Hermes
program and involved the General Electric (,ompdny s working with the
von Braun team under Army Ordnance cognizance. During Hermes
operations, the basic V-2 rocket underwent successive modifications,
increasing its performance envelope and payload capabilities, while giving
the American contractors progressive experience in rocket technology. A
number of more-or-less indigenous American vehicles were also flown.
Although none became operational, they afforded a highly useful
exposure to rocket development for government and contractor agencies
alike, and one of the concepts, Hermes C-1, contributed directly to the
dev elopmem of the first significant American ballistic missile, the Army’s
Redstone.'

As the 1940s drew to a close, the Army decided to establish a new
center of rocket activity. Although White Sands remained active as a test
range, a facility devoted to basic research and prototype hardware
development was needed. A site selection team finally settled on Redstone
Arsenal in Huntsville, Alabama. Established in 1941 for the production
of various chemical compounds and pyrotechnic devices (including small
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solid-fuel rockets), Redstone had all the necessary attributes: shops,
laboratories, assembly areas, and ample surrounding land to ensure both
security and space for static-firing tests. Moreover, it was accessible to the
Long Range Proving Ground, a rocket launch area of growing signifi-
cance at Cape Canaveral. The transfer of von Braun’s work from Fort
Bliss was approved, and the Ordnance Guided Missile Center was in
operation in Huntsville by the close of 1950.

During the Korean War, the new research center was assigned the
development of a surface-to-surface ballistic missile with a range of 160
kilometers. A propulsion system adapted from the Navaho program
enhanced rapid development, and the first launch of the new Redstone
occurred at Cape Canaveral on 20 August 1953. Before declaring it
operational in 1958, the von Braun team fired 36 more test vehicles. The
prolonged Redstone development program epitomized the thorough,
step-by-step engineering conservatism developed during the early years
of rocket development at Peenemuende. This conservatism was a contin-
uing trait of the von Braun team throughout the evolution of the Saturn
program. Another point of significance concerned the involvement of
the Chrysler Corporation as the prime contractor who built the last 20
R&D models and continued production of the operational models. The
Chrysler connection provided valuable experience in government-
contractor relationships that was the keynote of the development of the
Saturn series of launch vehicles, and Chrysler, like Rocketdyne, also
became an important contractor in the Saturn program.

In the meantime, the accumulated design experience of the Redstone
program contributed to a joint Army-Navy development program involv-
ing the Jupiter vehicle, a direct derivative of the Redstone. This short-
lived but interesting cooperation had its origins in the immediate postwar
era. Because the Navy had its own interests in rocket technology and the
Army possessed a reasonable supply of V-2 rockets, the two services
collaborated in experimental V-2 launches from the flight deck of the
aircraft carrier Midway in 1947. At an altitude of 1500 meters above the
carrier’s deck, a missile disintegrated in a ball of flame and debris. The
specter of catastrophe, if such a large liquid-fueled rocket accidentally
exploded on a ship at sea and spewed its hugh volume of volatile
propellants everywhere, led the Navy to proceed cautiously with liquid-
propellant rockets. Nevertheless, the Department of Defense encouraged
the formation of the joint Army-Navy venture in ballistic missiles in 1955,
and the Army’s designated organization in the partnership was the Army
Ballistic Missile Agency (ABMA), created in 1956 and staffed primarily
out of von Braun’s group at the Redstone Arsenal. Major General John
B. Medaris became ABMA’s commanding officer. Wise in the ways of
military bureaucracy, the enterprising Medaris also won unusually wide
latitude in determining the direction of ABMA’s research and allocation
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of funds. Medaris and the equally venturesome von Braun made ABMA
a remarkably resourceful and aggressive organization, especially when
ABMA found itself in a solo role in Jupiter’s eventual development.

This situation came late in 1956, when naval experts decided to
concentrate on solid-fuel rockets. This direction eliminated logistic and
operational difficulties inherent in the deployment of liquid-propellant
rockets in seaborne operations, particularly with missiles launched under-
water from submarines. The Navy gave official authorization to its own
strategic missile—the Polaris—early in 1957. Based on a solid-fuel motor,
the Polaris nevertheless borrowed from the Jupiter program in the form
of its guidance system, evolved from the prior collaboration of ABMA
and the Navy.

ABMA continued Jupiter development into a successful intermedi-
ate range ballistic missile (IRBM), even though the Army eventually had
to surrender its operational deployment to the Air Force when a
Department of Defense directive late in 1956 restricted the Army to
missiles with a range of 320 kilometers or less. Even so, ABMA maintained
a role in Jupiter R&D, including high-altitude launches that added to
ABMA'’s understanding of rocket vehicle operations in the near-Earth
space environment. It was knowledge that paid handsome dividends
later.

Rockets of the 1950s: left to right: a captured German V-2 is
readied for firing at White Sands, New Mexico; an Air Force
Navaho is launched from the Air Force Missile Test Center,
Florida; an Army Jupiter C is launched from the missile
center with an Explorer satellite; Vanguard I is launched on
a Vanguard booster from the Atlantic Missile Range.
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SATELLITES, THE SPACE RACE, AND THE BOOSTER GAP

During the early 1950s, the Atomic Energy Commission successfully
perfected smaller hydrogen-bomb warheads. In the Air Force, these
warheads caused cruise missile development to be replaced by new
emphasis on the Thor IRBM and the longer range missiles such as the
Atlas intercontinental ballistic missile (ICBM). Successful launches of the
single-stage Thor and the one-and-a-half-stage Atlas occurred in 1957
and 1958, and the Air Force also began work on an advanced ICBM, the
Titan, a two-stage vehicle launched for the first time in 1959. The
increasing payload capability of these various missiles opened the possi-
bility of replacing their warheads with satellites and using them as
boosters to launch heavy scientific payloads into space. The United
States had already applied the growing expertise of rocket technology to
the development of a family of sounding rockets to carry instrumentation
for upper atmospheric research, such as the Navy’s Aerobee and the
Viking, which would reach altitudes between 160 and 320 kilometers.
During the period of the International Geophysical Year 1957—1958,
many nations around the world conducted a coordinated program of
sounding rocket launches, including 210 sent up by the United States and
125 launched by the Soviet Union. However, the United States had an
even more ambitious goal than launching sounding rockets during the
International Geophysical Year. America planned to orbit its first small
satellite.

The satellite project began in 1955. In spite of the international
spirit of cooperation inherent in International Geophysical Year pro-
grams, a strong sentiment in the United States was that America should
not waste time and should attempt to orbit a satellite ahead of the
Russians. For the booster, a blue-ribbon selection panel from military and
industry analyzed a list of candidates that included the Atlas, the
Redstone, and the Viking. ABMA argued that Atlas was still untested in
1955. The Viking vehicle, its opponents noted, still required a program
to uprate its first-stage engines and develop new second and third stages
before it could become operational. On the other hand, the Army’s
Jupiter C vehicle—a direct derivative of the proven Redstone—appeared
to have all the capabilities necessary to launch a satellite successfully. For
complex reasons, the committee selected the Viking; they argued that the
Viking had been intended from the start as a vehicle for space research
and that its development would not impinge on America’s ballistic missile
program, which was considered to be lagging behind the Russians’
program. The choice of Viking, in the context of Cold War concerns over
international prestige and technological leadership, was a controversial
decision. The new program, to be known as Project Vanguard, was
authorized in September 1955 under the Department of the Navy."?
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Although the first stage was successfully launched on 23 October
1957, the first Vanguard with three “live” stages blew apart on the pad,
and its successor veered off course and disintegrated before it had
ascended six kilometers. As if these last two fiascos were not enough,
Vanguard was already overtaken by events. The Russians had orbited
Sputnik I on 4 October 1957. Within four weeks the Soviet Union
demonstrated that Sputnik was no fluke by launching a second orbital
payload; Sputmk II, carrying the dog “Laika,” went into orbit on 3
November.'* The potent Russian boosters threw a long shadow over
Vanguard. Plans to use an existing military booster gained support
once again.

The honor of launching America’s first satellite fell to the close-knit
group of pioneers who had dreamed of space exploration for so many
years, the von Braun team. When the Army’s Redstone-Jupiter candidate
for the International Geophysical Year satellite was rejected, ABMA
assumed a low profile but kep[ up work. As one ABMA insider
explained, von Braun found a “diplomatic solution” to sustain develop-
ment of the Jupiter C by testing nose cones for the reentry of warheads.
Following launch, solid-propellant motors in the second and third stages
accelerated an inert fourth stage attached to an experimental nose cone.
The nose cones tested ablative protection as they reentered Earth’s
atmosphere. After successful tests during the summer of 1957, von
Braun declared that a live fourth stage and a different trajectory would
have given the United States its orbiter. In any case, ABMA was not
unprepared to put an American payload into Earth orbit. Slightly more
than four weeks after the launch of Sputnik, the Secretary of Defense
finally acceded to persuasive pleas from ABMA to put up an artificial
satellite, using its own vehicle. Authorization from the secretary for two
satellite launches came on 8 November 1957, and the initial launch was
set for 30 January 1958. ABMA missed the target date by only one day,
when a Jupiter C orbited Explorer I on 31 January 1958. 5 The unqudll-
fied success of Explorer I and its successors derived in large part from the
existing operational capability of the Jupiter C launch vehicle, from the
flexibility of ABMA’s in-house capability, and from the technical exper-
tise of the Jet Propulsion Laboratory (JPL), which functioned administratively
as a unit of the California Institute of Technology and got a large share
of its funds through Army contracts. JPL developed the solid-fuel
propulsion units for the upper stages of the Jupiter C as well as the
payloads for the Explorer satellite. Within the next few months, the
Jupiter C vehicles, designated as Juno boosters for space launches, also
carried payloads into orbit around the moon and the sun.'®

During the public consternation and political turmoil in the wake of
the Soviet space spectaculars, the American government began a thor-
ough reappraisal of its space program. One result was the establishment
of the National Aeronautics and Space Administration (NASA) in place
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of the old National Advisory Committee for Aeronautics (NACA).
Created when President Eisenhower signed the National Aeronautics
and Space Act into law on 29 July 1958, NASA was organized to ensure
strong civil involvement in space research so that space exploration
would be undertaken for peaceful purposes as well as for defense.
Although late in success, Project Vanguard was not without its benefits.
Vanguard I finally got into orbit on 17 March 1958, and two more
Vanguards attained orbit in 1959. The program yielded important
scientific results, as well as valuable operational experience. Upper stages
of the Vanguard vehicle were used in conjunction with later booster
vehicles such as the Thor and the Atlas, and the technique of glmbdled
(movable) engines for directional control was adapted to other rockets. !

The period 1958—1959 seemed to trigger feverish activity in space
exploration. In the months and years that followed, dozens of satellites
and space vehicles were launched, including space probes that landed on
Venus and the moon. Although other nations inaugurated space pro-
grams and launched their own boosters and scientific payloads, most
public attention fastened on the manned “space race” between the
U.S.S.R. and the United States. Within the first week of NASA'’s existence
in October 1958, Project Mercury was authorized to put an American
astronaut into orbit, and the space agency began negotiations to obtain
the necessary boosters and select candidates for astronaut training.

At that time, NASA did not have the resources to develop its own
boosters for space exploration. Mission planners reached into the inven-
tory of American ballistic missiles and finalized agreements with the
Army and ABMA for use of the Redstone, as well as the Atlas ICBM to be
acquired from the Air Force. To check out requirements and systems for
manned orbital operations, NASA planned to employ the Redstone for
suborbital launches, and the more powerful Atlas would be used for the
orbital missions. Selection of the first seven Mercury astronauts was
announced in the spring of 1959, and work proceeded on the develop-
ment and testing of the Mercury space capsule, including unmanned test
launches in 1960. Early in 1961 a Mercury-Redstone launch from Cape
Canaveral carried the chimpanzee ‘Ham” over 640 kilometers down-
range in an arching trajectory that reached a peak of 253 kilometers
above Earth. The chimp’s successful flight and recovery confirmed the
soundness of the Mercury-Redstone systems and set the stage for a
suborbital flight by an American astronaut. But the Americans were
again upstaged by the Russians.

On 12 April 1961, Major Yuri Gagarin was launched aboard Vostok I
and completed one full orbit to become the first human being to travel in
orbit about the Earth. Just as the Russians appeared to have overtaken
the Americans in the area of unmanned space projects, they now seemed
to have forged ahead in manned exploration as well. Although Alan B.
Shepard made a successful suborbital flight atop ABMA’s Redstone
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booster on 5 May, even this milestone was overshadowed when Soviet
Cosmonaut Gherman Titov roared into space aboard Vostok II on 6
August and stayed aloft for 17 orbits. It was not until the following year
that Astronaut John H. Glenn became the first American to orbit the
Earth. Boosted by a modified Atlas ICBM, Friendship 7 lifted off from
Cape Canaveral on 20 February 1962 and orbited the Earth three times
before Glenn rode the capsule to splashdown and recovery in the
Atlantic.

At the Marshall Space Flight Center
(left), Dr. Wernher von Braun is flanked
by the seven onginal astronauts as he
explains details of rocket fabrication. At
right, a Mercury-Redstone rocket launches
Astronaut Alan B. Shepard on this na-
tion’s first manned space flight. Below,
the manned flight vehicles are shown in
scale.

VEHICLES FOR DEVELOPMENT OF
MANNED SPACE FLIGHT
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These and other manned flights proved that humans could safely
travel and perform various tasks in the hostile environment of space.
Over the next few years, both Russian and American manned programs
improved and refined booster and spacecraft systems, including multicrew
missions. The Russians again led the way in such missions with the flight
of Voshkod I in 1964 (a three-man crew), and a Russian cosmonaut
Aleksey Leonov performed the first “space walk™ during the Voshkod 11
mission in 1965. The same year, NASA began its own series of two-man
launches with the Gemini program. With a modified Titan II ICBM as
the booster, the first Gemini mission blasted off from Cape Kennedy on
23 March 1965, and the Gemini program, which continued into the
winter of 1966, included the first American space walks, as well as highly
important rendezvous and docking techniques. The maneuvers required
to bring two separate orbiting spacecraft to a point of rendezvous,
followed by the docking maneuver, helped pave the way for more
ambitious manned space missions. Plans for multimanned space stations
and lunar exploration vehicles depended on these rendezvous and
docking techniques, as well as the ability of astronauts to perform certain
tasks outside the protected environment of the spacecraft itself. The
successive ﬂights of the Mercury-Redstone, Mercury-Atlas, and Gemini-
Titan missions were progressive elements in a grand de51gn to launch a
circumlunar mission to the moon and return to the Earth.'®

Against the background of Mercury and Gemini developments,
work was already progressing on the Apollo-Saturn program. The
spacecraft for the Apollo adventure evolved out of the Mercury and
Gemini capsule hardware, and other research and development was
directed toward new technology required for a lunar lander and associated
systems. A parallel effort involved the development of an entirely
different family of boosters. Heretofore, NASA had relied on existing
boosters requisitioned from the armed services—the Redstone missile,
along with Thor, Atlas, and Titan. For manned lunar missions, a rocket
of unusual thrust and lifting capacity was called for—literally, a giant of a
booster. During 1960, the von Braun team was transferred from ABMA
to NASA, bringing not only its conceptual understanding of manned
space flight (based on preliminary studies in 1957 and 1959) but also its
acknowledged skills in the development of rockets. For manned missions,
the von Braun team developed a totally different big booster—the
Saturn.
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The Saturn Building
Blocks

The original impetus for Saturn envisioned a brawny booster to
launch Department of Defense payloads. The von Braun team at the
Army Ballistic Missile Agency (ABMA) received money from the Depart-
ment of Defense’s Advanced Research Projects Agency to demonstrate
the concept. Furthermore, von Braun’s group eventually became the
nucleus of NASA’s Marshall Space Flight Center (MSFC). These convolu-
tions and the vague outlines of evolving Saturn vehicle technology
constitute the themes of chapter 2.

The Saturn program eventually included three basic vehicles: Saturn
I, Saturn IB, and Saturn V. Chapter 3 describes the events that led to
these three separate rockets, whose configuration evolved out of the
choice to go the moon by means of the lunar orbit rendezvous technique.
MSFC began development of facilities to develop and test the mammoth
boosters. Chapter 3 concludes with a discussion of the design and
manufacture of lower-stage boosters for the Saturn I and Saturn IB.
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n November 1956, when the Air Force finally triumphed over the
IArmy and Navy for leadership in long-range military rockets, planners
at ABMA momentarily regrouped to plot a new direction, a strategy for
large booster development geared instead to the exploration of space.
Having lost round one to the Air Force, ABMAS stratagem was to
leapfrog onward and upward to a quantum jump.'

In April 1957, ABMA began design studies on an advanced booster
concept. With a total thrust of approximately 6 800 000 newtons (1.5
million pounds) in the first stage alone, the proposed vehicle was
referred to as the Super-Jupiter. The impetus for the development of a
Super-Jupiter class apparently evolved from Department of Defense
plans for “certain advanced missions using space devices in communica-
tion,” as well as space probes and weather satellites. However, such
payloads, especially satellite programs, required a booster much larger
than existing launch vehicles. The Department of Defense guidelines
called for a launch vehicle capable of putting 9000 to 18 000 kilograms
into Earth orbit or accelerating space probes of 2700 to 5400 kilograms to
escape velocity. At that time, ABMA estimated that satellite carriers on
order, such as Thor, Juno II, and Atlas, could be expected to put up to
1400 kilograms into orbit. This capability might be increased to 4500
kilograms with high-energy propellants in upper stages. However, these
boosters, with conventional propellants, would not be available for at
least two years. The high-energy versions would not be operational until
1961 or 1962. Given the urgency of Department of Defense require-
ments for large payloads, a new class of booster and associated equip-
ment had to be developed in a very short time, while keeping costs within
low DOD limitations.”
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ARPA’'S BIG BOOSTER

Early design and cost studies at ABMA suggested the possibility of
using a single engine of 4 450 000 newtons (1 million pounds) of thrust,
for which Rocketdyne Division of North American had made a feasibility
study for the Air Force. Although this was an “Air Force engine,” no
other large propulsion system existed. The F-1 engine seemed unlikely to
reach the point of full-scale testing for at least two years—too late to meet
the accelerated booster development program of the Department of
Defense. In any case, a booster with 6 700 000 newtons (1.5 million
pounds) of thrust was needed, so the ABMA planning staff gave up on
the simplicity of one large engine and turned to a combination of four
smaller ones.

Rocketdyne also had a project under way for a 1600 000- to
1 690 000-newton (360 000- to 380 000-pound) thrust engine known as
the E-1. Proposals for the four-engine booster involved the use of what
one ABMA official called “off-the-shelf tankage” (presumably a single
large-diameter booster propellant tank from the existing stable of
military missiles) with the four E-1 engines in a cluster underneath it.
This version of Super-Jupiter was closely analyzed by ABMA and
technical experts from North American, and a number of upper-stage
configurations were suggested. With specific choices in terms of engines
and tankage still open, ABMA was by now certain that the clustering of
engines was the most feasible route to attain quickly the Department of
Defense goal of a 6 700 000-newton (1.5-million-pound) first-stage booster.
In December 1957, ABMA delivered its proposal to the Department of
Defense: “A National Integrated Missile and Space Vehicle Development
Program.” The document affirmed the clustered engine mode as a
shortcut method to achieve large payload capability in the least amount
of time.”

Nevertheless, Super-Jupiter still remained a feasibility study, existing
only on paper and within the fertile imaginations of von Braun and his
group at Huntsville. The Department of Defense had its stated require-
ments for payloads of many tons, and ABMA had its proposals for
possible booster configurations, but there was still no priority or money
to get Super-Jupiter past the level of paperwork. The immediate catalyst
came in the form of a new Department of Defense organization whose
high-priority recommendations cut through layers of red tape and
allocated dollars for converting studies into hardware—the Advanced
Research Projects Agency (ARPA).

During the turbulent months of late 1957 and early 1958, the
Eisenhower administration wrestled with the challenges posed by Sputnik
I, the abortive launches of Vanguard, and the last ditch mission of
Explorer I. A long-term, reasoned, and integrated space program called
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for some informed and firm decisions. In February, President Eisenhower
chartered a special committee under the guidance of Dr. J. R. Killian to
study the issues and make recommendations for a national space pro-
gram. As the Killan committee convened, the Department of Defense
moved on its own to rationalize space research involving the armed
services. On 7 February 1958, ARPA was formally established by Secre-
tary of Defense Neil H. McElroy, and after part-time gulddm.e through
most of two months, Roy W. Johnson became the new agency’s director
on 1 April. Johnson, a graduate of the University of Michigan, had been
executive vice-president at General Electric. There was no doubt that
Johnson had extensive authority: he reported directly to the Secretary of
Defense. The influence of ARPA became evident when William M.

Holaday, Director of Guided Missiles in the Depanment of Defense,

received orders to transfer some of his activities to the new agency.

Johnson insisted on running ARPA as a mechanism for establishing goals
and coordinating research efforts, as opposed to active R&D work and
management of contracts. ARPA made top decisions and allocated the
money, giving full rein to whatever organization was nominated to run a
project. ARPA remained a small, tightly knit organization, numbering
about 80 people “including the girls (in the office),” as Johnson put it,
and drew the core of its technical staff from specialists in the Army, Navy,
and Air Force."

Through the spring of 1958, ARPA began to get its own organiza-
tion in line while ABMA continued its preliminary studies for the
Super-Jupiter with E-1 engines. Then in July, ARPA began to show more
specific interest in the huge 6 700 000-newton (1.5-million-pound) booster
but argued for the use of available engine hardware, as opposed to the
still untried E-1 propulsion systems. ARPA’s line of reasoning was tied to
its objective of developing the big booster in the shortest amount of time
and doing the job within a framework of limited funds. The von Braun
group in Huntsville possessed considerable experience with the engines
for its own Jupiter series of rockets, and so a new cluster, with eight
Jupiter engines instead of four E-1 types, began to evolve. Even though
no formal agreements existed as yet between ARPA and ABMA, the close
working relationship between the two organizations was evident in the
name chosen for the new eight-engine booster. Known as Juno V, the
designation followed ABMA’s prior conceptual studies for advanced
Juno III and Juno IV multistage rockets. By using off-the-shelf hard-
ware, including the engines, it was estimated that Juno V, compared with
the Super-Jupiter with E-1 engines, would save about $60 million and as
much as two years research and development time.”

With such preliminaries out of the way, ARPA issued more specific
instructions to ABMA, granting authority and authorizing funds for the
Juno V. ARPA Order Number 14—-59, dated 15 August 1958, clarified
the discussions of the previous weeks:
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Initiate a development program to provide a large space vehicle booster of
approximately 1 500 000-lb. [6 700 000-newton] thrust based on a cluster of availa-
ble rocket engines. The immediate goal of this program is to demonstrate a
full-scale captive dynamic firing by the end of CY 1959.

This was a historic document, for it committed money and engaged
the von Braun team at Huntsville in an effort they had long dreamed
about. Juno V became the progenitol of a new family of launch vehicles
that would be used in the nation’s future space pr ogram. As von Braun
himself put it, “Juno V was, in fact, an infant Saturn.”®

Indeed, during this early period the Saturn designation was fre-
quently used by von Braun and others insidle ABMA. A new name
seemed appropriate, because Saturn was seen as a distinct break from the
Juno series—a new breed of launch vehicle that would see an active
lifetime of a decade or more. “The SATURN,” observed one ABMA
report, “is considered to be the first real space vehicle as the Douglas
DC-3 was the first real airliner and durable work-horse in aeronautics.””
In the autumn of 1958, however, the full development of the Saturn was
only beginning. As two engineers from Huntsville commented, “The
state of the art at thls time classified the Saturn booster as almost
impossibly complex.”

DEVELOPMENT ]
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The decision not to use the E-1 engine and to go to off-the-shelf
hardware did not catch ABMA personnel flatfooted. Technicians and
engineeers at Huntsville were already working on propulsion systems
related to the Jupiter to increase thrust, simplify operation, and improve
overall mechanical and other systems. This work gave the engine
development an important momentum early in the game and encour-
aged ABMA’s optimism when ARPA requested a program for static
firing a multiple engine cluster within 18 months, while operating on a
shoestring budget. Still, “it was not easy,” Willy Mrazek, one of the top
ABMA planners, mused years later. One of the problems involved the
engine manufacturer. When ABMA contacted Rocketdyne and laid out
the program, company officials were intrigued by the big cluster idea but
protested that the dollar allocation simply could not stretch far enough to
finance the rebuilding and testing of engines and spares for the size of
the program suggested by ABMA. By using all their persuasive power,
and even a little “arm twisting,” as Mrazek recalled, the von Braun group
convinced Rocketdyne to take the plunge, including the authorization for
the company to glean hardware from their stockrooms that was left over
from prior manufacturing and development programs sponsored by the
government. By 11 September 1958, Rocketdyne had signed a contract
with ABMA to uprate the original Thor-Jupiter engine, known as the
S-3D propulsion system, creating a unit suitably modified to operate in
the cluster Lonﬁgumm)n The new engine was calied the H-1, and
ABMA signed away half of its available funds to get it.*

With the money they had left, ABMA went to work in Huntsville to
decide how to allocate their scarce dollars for oversized test stands and to
define the configuration of the tankage. An early decision was made to
modify an existing test stand “out in our backyard,” as Mrazek phrased it,
keeping in mind that, although it had been designed to take Army
missiles like the Jupiter 2.67-meter-diameter tank and a thrust of 734 000
newtons (165 000 pounds) the test stand had to be reworked to take a
“monster” that was 24 meters high, 6 meters in diameter, and built to put
out a thrust of almost 6 700 000 newtons (1.5 million pounds). The lean
budget also had to cover a miscellany of items such as tooling to fabricate
the oversized tanks and development of a thrust structure to take the
maximum force of eight engines firing together at full throttle. There
was also the need for oversized assembly jigs for manufacturing and
checkout of the big new booster and for the costs of getting all the
materials and the manpower to put the thing together. Like Rocketdyne,
ABMA found that short funds made a virtue of scrounging in the dark
corners of warehouses and stockrooms and put a premium on imagina-
tive shortcuts.

Because ARPA Order Number 14-59 called only for a static
demonstration in the test stand, not a flight-configured launch vehicle,
the booster that began to take shape on the Redstone Arsenal drawing
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boards and in the shops was definitely a bargain-basement and patch-
work affair. The volume of the tankage posed a special problem. The
fabrication and welding of a single 6-meter-diameter tank, with separate
compartments for fuel and oxidizer, meant new techniques and working
jigs. Consumption of time and money threatened to become exorbitant.
A different approach to the problem evolved, and existing tanks were
used instead. From its own earlier production runs, ABMA located
partial rejects and incomplete 1.78-meter tanks from the Redstone and
2 67-meter tanks from the Jupiter missiles. Since the engines were going
to be clustered, why not the tanks? “The dire need made us more
inventive,” Mrazek pointed out, “and we bundled the containers to be
loaded with propellants.” So the vaunted big booster emerged from the
drawing boards as a weird compromise of eight separate 1.78-meter
Redstone tanks surrounding a 2.67-meter Jupiter tank. It did not look
exactly like a smooth, streamlined futuristic vehicle for the exploration of
space, nor was it intended to be. Designed solely to see if a blockbuster of
a rocket could run its eight engines in concert, ABMA was satisfied with
its awkward-looking compromise.'”

While the work in Huntsville progressed, representatives from
ARPA kept a close watch on the proceedings and made frequent visits to
Redstone Arsenal. They increasingly liked what they saw. So much so, in
fact, that they decided to propose a series of test flights. On 23 September
1958, ARPA and the Army Ordnance Missile Command (AOMC) drew
up an additional memorandum of agreement enlarging the scope of the

A 1959 version of Saturn I is shown at the right. Redstone and
Jupiter tankage (left) were combined in Saturn I's first stage.
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booster program. Signed by Major General J. B. Medaris for AOMC and
Roy Johnson for ARPA, the joint memorandum stated: “In addition to
the captive dynamic firing ..., it is hereby agreed that this program
should now be extended to provide for a propulsion flight test of this
booster by approximately September 1960.” Further, the von Braun
group was called on to produce three additional boosters, the last two of
which would be “capable of placing limited payloads in orbit.” Along with
the new scheme came much needed funds. ABMA could now count on
$13.4 million in FY 1959 and $20.3 million in FY 1960 for the captive
firing test and first launch, in addition to $8.6 million in the same period
for development of appropriate facilities. For the three additional flights
by 1961, ABMA would receive as much as $25 million to $30 million.

The decision to make the Juno V into a flight vehicle added new
dimensions to planning problems. First, a launch site had to be selected.
Moreover, the size of the booster posed unique transportation problems.
As long as the launch location remained undetermined (possibly a
remote site in the Pacific), ABMA planned to dismantle the entire booster
and airlift the components separately, a concept that would be possible
because of the use of individual propellant tanks, engines, and associated
structural modules. Still, the Juno V engineering team was never quite
sure the dismantling and rebuilding scheme would work effectively.
“Thank goodness,” Mrazek admitted, “we never had to disassemble the
first flight vehicle.” In the end, it was agreed to launch from the Atlantic
Missile Range at Cape Canaveral, and ABMA worked out a more feasible
method of transporting its launch vehicles intact by relying on water
routes.'

FROM NACA TO NASA

While ARPA proceeded to hammer out a program for booster
development, a number of government committees were at work, attempting
to clarify overall priorities for a national space program. On the heels of
Sputnik, Senator Lyndon B. Johnson began probing the status of
America’s national security and the space program through hearings of
the Senate Preparedness Investigation Subcommittee of the Senate
Armed Forces Committee. As chairman of the subcommittee, Johnson
kicked off the hearings on 25 November 1957. The National Adyvisory
Committee for Aeronautics (NACA) was gearing up its own studies about
the same time, and the White House also had a high-powered study in
progress—the Killian committee, directed by President Eisenhower’s
recently appointed Special Assistant for Science and Technology, James
R. Killian. The subcommittees of Killian’s group reporting early in 1958
evidently had the most influence in shaping the Administration’s approach.
Even though the committee reports were shot through with overtones of
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national security and the notion of a space race with the Russians,
Administration officials g benerdll\ agreed that proposals for a new space
agency should result in an organization that was essentially nonmilitary.
Because of its civil heritage, existing programs, and general programs,
NACA was singled out as the most likely candidate to form the nucleus,
though a new name was recommended. Str 1(:11\ military programs would
continue under the Department of Defense.'

During April 1958, Eisenhower delivered the formal executive
message about the national space program to Congress and submitted
the Administration’s bill to create what was then called the “National
Aeronautical and Space Agency.” The hearings and committee work that
followed inevitably entailed revisions and rewording, but the idea of a
civilian space agency persisted, and the old NACA role of research alone
began to change to a new context of large-scale development, manage-
ment, and operations. Congress passed the National Aeronautics and
Space Act of 1958 on 16 July, and Eisenhower signed the bill into law on
the 29th. During August, the Senate speedily confirmed Eisenhower’s
nominations of T. Keith Glennan as Administrator and Hugh Dryden as
Deputy Administrator. At the time of his appointment, Glennan was
president of Case Institute of Technology and had been a member of the
Atomic Energy Commission. Dryden, a career civil servant, had been
Director of NACA but was passed over as the new chief of NASA. The
subsequent days and months included some jockeying and horse trading
to establish the principal directives of the new organization.

When the Space Act was signed, no mention was made as to the
management of a program for manned space flight, and the Army, Navy,
and Air Force continued to maneuver for position until late August,

President Duwight D.
Eisenhower presents com-
missions as the first Ad-
ministrator and Deputy
Admanastrator of the new
National Aeronautics and
Space Administration to
Dr. T. Keith Glennan
(right) and Dr. Hugh
Dryden.
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| when Eisenhower specifically designated NASA as the agency to conduct
manned space flight programs. In September, NASA’s new Administra-
tor, T. Keith Glennan, and Roy Johnson of ARPA agreed to cooperate in
the development of a manned satellite. NASA’s effective date of birth was
1 October 1958. The employees who left their NACA offices Tuesday
evening, 30 September, returned to the same offices Wednesday morn-
ing as personnel of the National Aeronautics and Space Administration.
With the passage of time, ARPA’s entire big-booster program would find
a niche in the new organization.'? These were bold plans, and neither the
old NACA nor the new NASA possessed an existing capability for the
job. Glennan wanted ABMA’s von Braun team for its abilities in launch
vehicles and the Jet Propulsion Laboratory (a major Army contractor) for
its general expertise in astronautical engineering and payload develop-
ment. NASA had to accept a compromise: the space agency got the Jet
Propulsion Laboratory (officially transferred on 3 December 1958), but
ABMA’s missile team stayed in the Army. ABMA and its big booster were,
however, already enmeshed in NASA planning, and it was only a matter
of time before assimilation was complete.'?

NACA, for its part, had already been speculating about its role in the
space program, and several committees had been at work in late 1957
and early 1958 studying the various factors a space program entailed:
vehicles; reentry; range, launch, and tracking; instrumentation; space
surveillance; human factors; and training. Late in March 1958, a NACA
group studying “Suggestions for a Space Program” included notations
for a launch program in January 1959 to put satellites of 135 000 to
225 000 kilograms in orbit (reflecting the earlier Department of Defense
plans), and development of a rocket of 4 450 000 newtons (1 million
pounds) thrust, as well as “development of hydrogen fluorine and other
special rockets for second and third stages.”

The ABMA large booster program first entered NASA planning
through the NACA Special Committee on Space Technology chaired by
Guyford Stever. The Working Group on Vehicular Program included
von Braun as chairman. Organized 12 January 1958, the Stever commit-
tee made its final report on 28 October, when NASA was already a month
old."> Von Braun’s working group on vehicles had already made its
preliminary report on 18 July. The language did not differ much from
that of the final draft. The report began with harsh criticism of
duplication of effort and lack of coordination among various organiza-
tions working on the nation’s space programs. “The record shows
emphatically,” the report said, that the Soviet Union was definitely ahead
of the United States in space travel and space warfare.

How was the United States to catch up? There were several existing
vehicle systems to help the United States proceed on a logical and
consistent space research program. At least two large booster types under

33




STAGES TO SATURN

development or in the planning stages would place the Americans in a
better position. The von Braun paper described five generations of
boosters. First was the Vanguard class of launch vehicles, and second
were the Juno and Thor IRBM vehicles. Third were the Titan and Atlas
boosters from the ICBM inventory. Fourth came the clustered boosters,
which would yield up to 6 700 000 newtons (1.5 million pounds) of
thrust. Fifth, and last, was the possibility of using an advanced
6 700 000-newton (1.5-million-pound) thrust single-barrel engine in a
cluster of two to four engines to give up to 25 000 000 newtons (6 million
pounds) of thrust. How were they to be employed? The working group
conjectured that the United States might put into operation a four-man
space station in 1961 with the use of the ICBM boosters. By using
clustered boosters, with first flights beginning in 1961, the committee
estimated a manned lunar landing in 1965—1966. The clustered vehicles
would also support the deployment of a 50-man space station in 1967,
and the fifth generation of boosters would support sizable moon explora-
tion expeditions in 1972, set up a permanent moon base in 1973—1974,
and launch manned interplanetary trips in 1977. “The milestones
listed . .. are considered feasible and obtainable as indicated by the
supp()rtmg information presented in the body of the report,” the
working group concluded.'®

The recommendations to achieve these goals included NASA’s rapid
development as the major director and coordinator of the vehicle
program, working in partnership with ARPA. “The immediate initiation
of a development program for a large booster, in the 1.5 million pound
[6 700 000 newton] thrust class, is considered a key to the success of the
proposed program,” the report stated, and urged the development of
such an engine. The program would cost about $17.21 billion to pay for
1823 launches, including the as-yet undeveloped ICBM and clustered
boosters. There would be considerable savings, the group. noted if a
comprehensive booster recovery scheme were incorporated.'’

With von Braun representing ABMA on the Stever committee, his
presence marked an early meshing of ABMA and NACA in the nation’s
space programs. Indeed, the Stever committee was intended to fill in the
gaps in NACA space technology. NACA officials James Doolittle, Dryden,
and Stever selected committee members with an eye to their future roles
in the space programs as well as educating NACA personnel in space
R&D. Large rocket boosters certainly constituted a big gap in NACA
competence, so that the selection of von Braun was a key move, along
with Sam Hoffman of Rocketdyne, Abe Hyatt of the Office of Naval
Research, and Colonel Norman Appold, representing Air Force General
Bernard S(,hrle\ er, who spearheaded the development of big rockets in
the Air Force.'
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SATURN PAYLOADS

The interwoven activities of a civilian space agency using a booster of
military origins left the issue of payloads somewhat uncertain. ABMA
had been operating its big booster program under the aegis of ARPA and
considered the Juno V primarily a military vehicle with an imprecise
potential for use in a civilian role. On 13 October 1958, ABMA listed its
customers in order of importance. First was ARPA, as the Department of
Defense representative of all military services, with the Juno V as a
general carrier vehicle for research and development of “offensive and
defensive space weapons.” Certain specific tasks were forecast for each of
the military services, including navigation satellites for the Navy; recon-
naissance, communications, and meteorological satellites for the Army
and Air Force; support for Air Force manned missions; and surface-to-
surface supply for the Army at distances up to 6400 kilometers. For
NASA, the ABMA planners considered the possibilities of the Juno V in
support of satellites, space probes, and space stations, as well as a test bed
for a 6 700 000-newton (1.5-million-pound) thrust engine and other
propulsion systems. There was also conjecture about using the big
clustered booster for international programs sponsored by the United
Nations and for missions under contract to companies in the private
sector.'?

Because the mission plans were beginning to place more and more
emphasis on putting payloads in orbit, there was an evident need for an
upper stage to ensure orbital velocity of the payload. During the latter
months of 1958, engineers at ABMA had already begun the search for a
feasible upper stage for the Juno V, although the amended ARPA order
in September called for lower flight stages only. Medaris urged upper-
stage studies because he liked the idea of a unified and cohesive design
effort; applying the “off-the-shelf ”dictum, he sought to identify possible
upper-stage candidates from projects already under way. One suggestion
resulting from such brainstorming was to mount an X-15 research plane
atop the Juno V, or perhaps incorporate an Air Force project known as
Dyna-Soar. The X-15 idea did not last long, but Dyna-Soar persisted for
several years. The Dyna-Soar (for dynamic soaring) dated from the
autumn of 1957 and was envisioned as a manned, rocket-propelled
glider in a delta-winged configuration, capable of reaching altitudes of
up to 120 kilometers. More likely prospects for Juno V upper stages
included Jupiter, Atlas, and Titan.”

The problems of selecting the Juno V configuration, upper stages,
and payloads also bothered the people at NASA. Sitting in his office on
the second day of the new year 1959, W. L. Hjornevik, Assistant to the
Administrator, dashed off a memo to his boss, Glennan. Hjornevik’s
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message addressed itself to a basic issue in NASA's future: “Next Steps in
the Development of a National Booster Program.” The overtones in the
memo suggested the uncertainties that still faced the young organization,
not only in crystallizing specific goals but also in developing the capabili-
ties for the tasks ahead. In spite of conversations with Dryden and others
at NASA, Hjornevik wrote, he was still not sure of the proper route to
take in developing a rational booster program. The payloads were still
unsettled, and there was the problem of timing to bring boosters on line
while the payload issue was still open. The question of a conventionally
fueled second stage remained unanswered, cven while “our position on
the million-pound cluster” was unresolved.”

During 1959, NASA began to cope with these issues. A plethora of
committees, long meetings, and voluminous reports provided the milieu
in which NASA and Department of Defense personnel came to agreement
on booster priorities, upper stages, and the issue of high-energy propel-
lants. In the process of settling these problems, NASA acquired its own
in-house capability for the production of the nation’s first large launch
vehicles, to be known as the Saturn rockets.

In a report prepared for President Eisenhower, dated 27 January
1959, NASA officially structured its own plan for a national space vehicle
program. Attributed to NASA’s propulsion staff, the document was
prepared under the aegis of Abraham Hyatt, Chief of Launch Vehicles.
The principal author was a NASA engineer, Milton Rosen. Preparation
of the report included liaison with the Department of Defense, especially
ARPA, the Air Force, and the Army to avoid duplication of effort and
keep the Department of Defense informed of NASA’s intentions regard-
ing the use of military hardware. In its preamble, Rosen’s report
emphasized the lag in American rocket technology vis-a-vis the Russians
and underscored the need for a new generation of large boosters. “The
current group of booster vehicles, namely Vanguard, Jupiter C, Juno 11,
and Thor-Able, were all hurriedly assembled under pressure of meeting
the threat of Russian Sputniks,” the document declared, “and none of
them possesses the design characteristics required by future needs of the
National Space Program.” A successful space program, in NASA’s view,
required three new classes of general-purpose launch vehicles.

The first type included two versions based on the Atlas, one as a
single-stage booster, and the other as a two-stage booster using the
liquid-hydrogen-fueled Centaur as the second stage. The Centaur pro-
posal had special significance, because liquid hydrogen (LHj) technology
was recommended for inclusion in later designs. In fact, if high-energy
liquid hydrogen fuel failed to become an operable technology, then the
Rosen report predicated disappointingly low payloads in the future.

The second group of boosters was keyed to the Juno V, the ABMA
eight-engine cluster concept. NASA envisioned the Juno V as the first
stage of a large multistage vehicle, requiring second and third stages to
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make a complete booster, and the report proposed two different config-
urations. For the version known as Juno V-A, the NASA propulsion staff
recommended adding the Titan I ICBM, itself a two-stage missile with
conventional fuel, making a three-stage vehicle. For Juno V-B, the third
(top) stage would be replaced with an LHo-fueled vehicle, probably the
Centaur, to achieve higher escape velocities. Missions for the two Juno V
variations included orbital research payloads, a five-man orbiting mod-
ule, and unmanned lunar and other planetary missions using a fourth
stage to gain escape velocity for larger payloads. The report further
estimated that the Juno V configurations would be operational in 1963,
with a useful lifetime of 5 to 10 years.

One of the most interesting items in the Rosen report pertained to a
completely new class of launch vehicle—a super rocket of extraordinary
size and payload capability known as Nova. Propulsion for the Nova class
of vehicles would rely on the 6 700 000-newton (1.5-million-pound)
thrust single-chamber engine that had been under development by the
Air Force. With four engines clustered in the first stage, Nova would
generate an unprecedented 25 000 000 newtons (6 million pounds) of
thrust at liftoff. The second stage would use one of the same engines, and
the third and fourth stages would incorporate liquid-hydrogen-fueled
engines (developed in the Juno V program), with four of them in the
third stage and one in the fourth stage. The amount of propellants
needed for such a high-powered vehicle meant unusually large propel-
lant tanks and a rocket that towered to a height of 79 meters. NASA,
however, would also have a vehicle capable of fulfilling the dream of a
manned lunar landing. “Despite its immense size,” the Rosen report
argued, “Nova is the first vehicle of the series that could attempt the
mission of transporting a man to the surface of the moon and returning
him safely to the earth.”*

During the course of the year, NASA’s attention was directed
primarily toward Juno V and Nova, although some name changes
occurred. In February, the Department of Defense announced that the
Juno V development program would henceforth be known as Project
Saturn, with work to be continued at Huntsville under the direction of
ABMA. The change in big booster nomenclature was consistent with von
Braun’s earlier inclination to refer to the clustered rocket as Saturn and
logically followed the Jupiter vehicle in terms of christening boosters
after successive planets in the solar system. The Saturn also reflected a
proclivity within ABMA to name some boosters after ancient gods,** such
as Juno and Jupiter.

Meanwhile, the von Braun team at Redstone Arsenal was becoming
thoroughly enmeshed with the problem of selecting Saturn’s upper
stages. A “Saturn System Study,” completed and submitted to ARPA on
13 March, contemplated the use of either Atlas or Titan upper stages.
But dozens of potential upper-stage configurations were possible. This
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The heart of the “von Braun team” that led the Army’s space efforts at ABMA
before transfer to NASA: left to right: Dr. Ernst Stuhlinger, Director, Research
Projects Office; Dr. Helmut Hoelzer, Director, Computation Laboratory; Karl L.
Heimburg, Director, Test Laboratory; Dr. Ernst D. Geissler, Director, Aeroballis-
tics Laboratory; Erich W. Neubert, Director, Systems Analysis and Reliability
Laboratory; Dr. Walter Haeussermann, Director, Guidance and Control Labora-
tory; Dr. Wernher von Braun, Director, Dt't'e[opm(’nf Operations Division;
William A. Mrazek, Director, Structures and Mechanics Laboratory; Hans
Hueter, Director, System Support Equipment Laboratory; Dr. Eberhard F. M.
Rees, Deputy Director, Development Operations Division; Dr. Kurt Debus,
Director, Missile Firing Laboratory; and H. H. Maus, Director Fabrication and
Assembly Engineering Laboratory.

made NASA a bit anxious because realistic planning was difficult as long
as no firm booster configuration was drawn up. T. Keith Glennan
expressed his concern in a memo to Roy Johnson at ARPA within a week
of the publication of the “Saturn System Study.” An early decision on
Saturn upper stages was nee(le([ he said, and he urged Johnson toward
an early resolution of the issue.”

ARPA’s own plans for the Saturn booster remained tied to a
combination with Centaur, to place “\'er\' heavy satellites in high orbits,
especially for communications purposes.” In testimony before Congress
in late March, Johnson described the ARPA program for such satellites in
equatorial orbits for global communications. More than that, he empha-
sized development of the Saturn cluster as a number one priority because
it would serve a number of vehicle requirements for the next two years,
not only for communications but also as an all-purpose space “truck” f01
a variety of missions, including launches of manned orbital satellites.”

THE ABMA TRANSFER
The all-purpose Saturn suddenly ran into stiff opposition within the
Department of Defense. Herbert York, Director of Department of

Defense Research and Engineering, announced that he had decided to
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terminate the Saturn program. In a memorandum to Johnson dated 9
June 1959, York rebuffed an ARPA request for additional funds. “In the
Saturn case,” York said, “I consider that there are other more urgent
cases requiring support from the limited amount. .. which remains
uncommitted.” York’s reasoning apparently stemmed from a position
taken by other Eisenhower Administration advisors that the require-
ments of the Department of Defense for launching military communica-
tions satellites would be achieved more effectively by relying on existing
ICBM boosters. Saturn had always been touted as the military’s booster
for such missions, so it did not seem to be needed any more. Saturn was a
“costly operation being conducted at ABMA,” York wrote, and advised
Johnson, “I have decided to cancel the Saturn program on the grounds
there is no military justification.”® York’s bombshell came as a real blow
to ABMA, especially since the first H-1 engines for the Saturn cluster had
begun arriving in Huntsville some weeks before, in April.?”

With NASA programs tied closely to the Saturn, as indicated in the
earlier Rosen report, the launch vehicle staff in Washington immediately
got to work to head off the York cancellation order as soon as they heard
the news. Collaborating with Saturn supporters from within the Depart-
ment of Defense, Rosen and Richard Canright from ARPA drafted a
crucial memorandum in defense of the clustered booster program. They
realized that Saturn as an Army project was in trouble apparently
because the Army had no specific use for it. At that time, neither did
NASA, although Rosen and Canright felt that the range of potential
missions cited in the prior Rosen report offered, in the long run, enough
justification to keep Saturn alive. Rosen and others in NASA were
completely captivated by Saturn’s promise. “We all had gut feelings that
we had to have a good rocket,” he said, emphasizing the appeal of
Saturn’s size. Rosen felt that he had “lived all his life with too small a
launch vehicle.”?®

Thus, in a tense three-day meeting, 16—18 September 1959, York
and Dryden co-chaired a special committee to review Saturn’s future and
discuss the roles of the Titan C boosters and the Nova. Committee
members included representatives from the Army, Air Force, and NASA
as well as Canright from ARPA. After hours of intensive presentations
and discussion, the Saturn backers finally carried the debate, but not
without some conditions. Under York’s prodding, it was agreed to start
discussions to transfer ABMA and the Saturn project to NASA. York also
insisted that such a transfer could be accomplished only with the
Administration’s guarantee for supplemental funding in support of
Saturn.??

Years later, reviewing the issue of Saturn’s cancellation, York
elaborated on his reasoning. For one thing, there seemed to be a strong
feeling within the Department of Defense that Saturn tended to siphon
off money, not only from important military projects in ABMA but from
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the Air Force as well. The Secretary of Defense twice turned down
requests for a DX (priority) rating for Saturn, once in December 1958
and again in May 1959. Moreover, York felt that Saturn was simply too
big for any military mission, and that included men in space. Big boosters
of the Saturn class should be NASA'’s responsibility, he reasoned, because
there was no urgent military application and because of York’s own
reading of the Space Act of 1958 and his understanding of Eisenhower’s
views on the matter. In the meantime,York apparently agreed to con-
tinue adequate funding of Saturn through ARPA until the issue of
ABMA’s transfer to NASA was resolved. As for the von Braun team at
Hunstville, York recalled that von Braun himself “made it very clear in a
face-to-face discussion in the Pemagon that he would go along only if I
allowed Saturn to continue.”

The near loss of the Saturn booster was a sobering experience. This
close brush with disaster underscored NASA’s problems in securing
boosters developed and produced by other agencies; many in NASA now
believed they had to have control of their own launch vehicles. In fact,
York had already favored the transfer of ABMA, with responsibility for
Saturn, to NASA. Late in 1958, when Glennan and Deputy Secretary of
Defense Donald A. Quarles had proposed such a transfer, the Army and
ARPA had strongly opposed the move.”' The ABMA transfer continued
to beguile top NASA executives, and Hjornevik emphatically urged
action on the matter. In a memo to Glennan late in January 1959,
Hjornevik argued that the role of ABMA as consultant and supplier was
operable as long as NASA was content merely to buy Redstone rockets in
the Mercury program, but the rapid changes in an ambitious NASA
launch program revealed a gap in the agency’s capabilities, and Hjornevik
left no doubt that NASA needed ABMA'’s competence. Hjornevik phrased
his recommendations in no uncertain terms. “I for one believe we should
move in on ABMA in the strongest possible way,” he declared. “It is
becoming increasingly cle.u that we will soon despem[elV need this or an
equivalent competence.” Hjornevik cited NASA’s needs in managing the
national booster program, especially the engmes and “the big cluster,”
and the sugges[ed joint funding as a means to “achieve a beachhead on
the big cluster.”?

Roy Johnson, speaking for ARPA, emphasized the need for keeping
the von Braun team together, particularly if a transfer occurred. “At
Huntsville w e have one of the most capable groups of space technicians in
the country,” Johnson said during congressional testimony in March
1959. “I think that it is a unique group...a national resource of
tremendous importance.” Then he added, “ABMA team is the kind of
group that, if somebody had planned 10 years ago to create it, could not
have been done better.” Although Johnson told the congressional com-
mittee that he could work with ABMA in or out of the Department of
Defense, he personally preferred it in the Department of Defense.
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Among other things, he commented, he was not optimistic about lunar
payloads taking Erecedence over the Saturn’s role as a booster for
military satellites.””

NASA’s lively interest in Saturn and the Huntsville group continued
to mount. In mid-April, Glennan called a meeting of Dryden, Hyatt,
Hjornevik, and others, including Abe Silverstein, Director of Space
Flight Development. The NASA executives got together one Friday to
assess the events of the past week and, among other things, to consider
the question of Saturn. In the course of the discussion, the participants
reached a consensus that the highly competent ABMA group had the
best qualifications to develop the total Saturn vehicle, and they should be
encouraged to forge ahead. At the same time, NASA should keep a sharp
eye on its own interests in regard to Saturn and build a “significant
financial and management role.” A distinct takeover move, previously
pushed by Hjornevik, did not take place for several months, simply
because, as Glennan himself observed, NASA lacked a specific mission
for Saturn that would justify wrenching the booster away from ARPA.**

But the days of Saturn’s ties to ARPA were numbered. After letting
the issue simmer on a back burner most of the year, York raised the
transfer issue again in the autumn of 1959, and this time got the support
of both the Secretary of Defense and President Eisenhower.”” Given the
inclinations of the NASA hierarchy, ABMA’s transfer from ARPA
became inevitable. NASA’s own requirements for a booster the size of the
Saturn had been made more explicit as a result of the Research Steering
Committee on Manned Space Flight, chaired by Harry J. Goett of
NASA’s Ames Research Center. The Goett committee, formed in the
spring, had considered NASA goals beyond the Mercury program, and
during the summer a circumlunar mission emerged as the principal item
in NASA’s long-range planning. A manned lunar landing required a
much larger booster—Saturn. With potential mission and booster require-
ments finally outlined, satisfying Glennan’s criteria to have a specific
mission for the launch vehicle, total NASA responsibility for Saturn was
obviously needed.*®

The transfer of ABMA, Saturn, and the von Braun team was phased
over a period of nearly six months. NASA’s technical direction of Saturn
dated from a memorandum signed by Glennan on 21 October 1959 and
by the acting Secretary of Defense, Thomas Gates, on 30 October, and
approved by Eisenhower on 2 November. The document affirmed
continuing joint efforts of NASA and the Department of Defense in the
development and utilization of ICBM and IRBM missiles as space
vehicles. Pointing out that there was “no clear military requirement for
super boosters,” the memorandum stated that “there is a definite need
for super boosters for civilian space exploration purposes, both manned
and unmanned. Accordingly, it is agreed that the responsibility for the
super booster program should be vested in NASA.”
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Specifically, the core of ABMA’s Development Operations Division
would be shifted to NASA—Saturn personnel, facilities, equipment, and
funds. Both sides agreed on the unique talent of the von Braun team and
the need to keep it intact. “The Department of Defense, the Department
of the Army, and NASA, recognizing the value of the nation’s space
program of maintaining at a high level the present competence of
ABMA, will cooperate to preserve the continuity of the technical and
administrative leadership of the group.”’

The process of coordinating the administrative, technical, and
physical transfer of the Saturn program progressed during the early
months of 1960. To help provide guidelines and avoid as much chaos as
possible, NASA called on McKinsey and Company, a private manage-
ment consulting firm with offices in several major U.S. cities, including
Washington. McKinsey and Company had helped NASA set up its own
organization in 1958 and was thereby familiar with the agency’s head-
quarters structure and personnel. By March 1960, the move was com-
plete. On the 16th of the month, NASA assumed both administrative and
technical direction of the Saturn program. The Goett committee, having
wound up its work in December 1959, had pointed NASA in the
direction of lunar-oriented missions as a goal. The transfer of the von
Braun team, completed in the spring of 1960, gave NASA the expertise
and a vehicle program to perform the task.”®

In the process of shedding ABMA’s initials, the von Braun team now
acquired a new set. By a presidential executive order on 15 March 1960,
the space complex within the boundaries of Redstone Arsenal became
the George C. Marshall Space Flight Center (MSFC). On 1 July 1960,
Major General August Schomburg, commander of the Army Ordnance
Missile Command, formally transferred missions, personnel, and facili-
ties to von Braun, as Director of MSFC. Official dedication took place on
8 September with Mrs. George C. Marshall and President Dwight D.
Eisenhower heading the list of distinguished visitors. In his public
remarks, President Eisenhower noted Marshall's military career, his
distinguished service as the Secretary of State, and the award to Marshall
of the Nobel Peace Prize, the only professional soldier to have received it.
“He was a man of war, yet a builder of peace,” proclaimed Eisenhower.
These sentiments fittingly paralleled the evolution of MSFC, with its
origins in the Army Ballistic Missile Agency. In a brief, but moving
ceremony, Mrs. Mar shall unveiled a red granite bust of her late husband.
Then von Braun escorted Eisenhower on a tour of the site, 111c1ud1ng a
close-up inspection of the Saturn booster under construction.”

UPPER STAGE STUDIES

During the months in which their relocation was being debated,
ABMA personnel in Huntsville were still absorbed in the exercise of
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trying to determine the configuration of upper stages for their multiengine
booster. Design drawings of Saturn B and Saturn C studies during the
first few months of 1959 showed clustered tank-and-engine first stages of
6.5 meters diameter and various combinations of upper stages of
6.5-meter and 3-meter diameters towering as high as 76 meters. The use
of new hardware was apparently not contemplated; given ARPA’s guide-
lines for economy in the program, a more realistic possibility was to add
upper stages that used Titan or Atlas ICBM vehicles fitted directly to the
clustered tankage and engines. By the spring of 1959, both ABMA and
ARPA agreed on the feasibility of Titan and Atlas versions. ARPA
advisors leaned more toward a decidedly hybrid concept in which a
modified Titan second stage was used in combination with a modified
Centaur third stage from the Atlas vehicle. Yet another twist in the
evolution of Saturn upper stages came in July, when DOD’s Director of
Research and Engineering issued a new directive to both the Air Force
and ARPA to consider the joint development of a second-stage vehicle
keyed to the Air Force Dyna-Soar project, since the Saturn second stage
and the Dyna-Soar booster appeared to be similar in design and concept.
So ARPA ordered work on the Titan upper-stage studies to stop,
pending further studies on this new DOD directive, although R&D work
on the first-stage cluster forged ahead through the summer.*’

The decision to halt work in mating existing military missiles to the
Saturn came as something of a relief to ABMA. Using such off-the-shelf
hardware definitely narrowed the flexibility of mission planning. As a
second-stage booster, it turned out that Jupiter just did not have the
muscle, and the Atlas and Titan, although adequate in thrust for their
ground-launch ICBM role, lacked performance capabilities as upper-
stage vehicles to be ignited at altitude. Moreover, their 3-meter diameters
limited their growth potential in relation to the possibilities of the far
bigger Saturn. “In comparison,” Willy Mrazek said, “this was like

Dedication of the George C. Marshall Space Flight Center. In the foreground with
the bust of General Marshall are NASA Administrator Glennan, President
Eisenhower, and Mrs. Marshall.
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considering the purchase of a 5-ton truck for hauling a heavy load and
finally deciding to merely load a wheelbarrow full of dirt.”*! As a result of
new evaluation studies that followed cancellation of work on the Titan as
an upper stage, ARPA decided to forego requirements to employ
existing hardware, and ABMA confidently embarked on a new series of
design concepts for Saturn upper stages, utilizing large diameters that
offered increased mission flexibility and payload capability. Undertaken
in the fall of 1959, these new “Saturn System Studies,” as they were
called, were conducted with an eye to NASA requirements in particular.*?

The last months of 1959 could be called a watershed period for
NASA in many respects. The agency had acquired the von Braun team
and sharpened the focus on upper stages for a multistage vehicle. In
December, a critical judgment on the application of high-energy propel-
lants for Saturn’s upper stages was in debate. The issue of high-energy
propellants centered on liquid hydrogen in combination with liquid
oxygen—and the use of liquid hydrogen (LHy) did not have the whole-
hearted support of von Braun or his staff at Huntsville.

At NASA Headquarters, on the other hand, Abe Silverstein and
several others were convinced that LHy was the key to future Saturn
success. Silverstein had joined NACA in 1929, and worked in wind
tunnels at the Langley Laboratory. When the Lewis Propulsion Labora-
tory was formed in Cleveland, Ohio, in 1943, Silverstein joined the new
organization and became its Associate Director in 1952. He had come to
Washington in 1958 to become Director of Space Flight Development.
For the next three years, Silverstein played an important role in policy
decisions at NASA Headquarters before returning to Cleveland as
Director of Lewis Research Center.

NASA had inherited an LHy development program as a result of
NACA work carried on at Lewis Research Center throughout the 1950s;
the work culminated in the successful test of a 89 000-newton (20 000-pound)
thrust LHy engine and propellant injector in the late 1950s. The Lewis
LH; group, led by Abe Silverstein, had been convinced of the practicality
of LH; by subsequent successful test runs. The research at Lewis—and its
successful prototype engine design—encouraged Silverstein to push hard
for LHy engines in Saturn’s upper stages.*® The first practical application
of the LH; engine was planned as a high-energy stage, named Centaur,
for Atlas or Titan. The plan stemmed from an ARPA directive to the
U.S. Air Force’s Air Research and Development Command. During
congressional testimony in March 1959, Roy Johnson noted early plans to
incorporate an LHo-fueled stage (apparently the Centaur, or a close
derivative) on the Saturn vehicle. Continuing research was solvin
problems of pumping LH; in large quantities, he explained, and he
expected a breakthrough in propulsion for use in a second or third stage.
Johnson’s enthusiasm for an LH, vehicle was unbounded. “Itis a miracle
stage as I see it,” he declared.** By the summer of 1959, the LHs rocket
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also had support at NASA Headquarters, where Hyatt was corresponding
with Silverstein about it.*’

THE SILVERSTEIN COMMITTEE

Just before the Christmas holidays, the stage was set for a high-level
conference at Headquarters to determine the basic configuration of the
multistage Saturn. On 17 November, Associate Administrator Richard
Horner told the Director of Space Flight Development to organize a
study group to make additional recommendations concerning the trans-
fer of the von Braun team to NASA, “to prepare recommendations for
guidance of the development of Saturn, and specifically, for selection of
upper-stage configurations.” A “Saturn Vehicle Team” was organized; it
comprised representatives from NASA, the Air Force, ARPA, ABMA,
and the Office of the Department of Defense Research and Engineering
(ODDR&E). Chaired by Abe Silverstein, the seven-man group was known
as the “Silverstein Committee.” In addition to Silverstein, the NASA
representatives included Hyatt and Eldon Hall, and the other members
were Colonel N. Appold (USAF), T. C. Muse (ODDR&E), G. P. Sutton
(ARPA), and Wernher von Braun (ABMA)."®

When the Silverstein committee convened in December, not every-
one was in favor of the untried LHs technology because LHy was widely
thought to be too volatile and tricky to handle. Von Braun in particular
expressed doubts about LH; even though the Saturn-Atlas combination
had the Centaur’s LHy system in the Atlas final stage, and he was
definitely opposed to a new LH; Saturn second stage. On the other hand,
several influential committee members made a forceful case for LHo.
Hyatt was already for it; Eldon Hall, not long before the committee had
been organized, had analyzed the performance of launch vehicles using
various combinations of propellants. Using his background in the work
previously done at Lewis, Silverstein argued with all the persuasive
powers at his command. It was just not logical, Silverstein emphasized, to
develop a series of vehicles over a 10-year period and rely on the limited
payload capability of conventionally fueled boosters with liquid oxygen
and kerosene-based propellants. He was convinced that the use of LHy in
the upper Saturn stages was inherently sound, and his conviction was the
major factor in swaying the whole committee, von Braun included, to
accept LHj boosters in the Saturn program. “Abe was on solid ground,”
von Braun acknowledged later, “when he succeeded in persuading his
committee to swallow its scruples about the risks of the new fuel.”*’

Next, von Braun had to convince his colleagues back at Huntsville.
Before the committee adjourned, von Braun telephoned the Redstone
Arsenal to talk to Mrazek, one of the key team members who had come
with him from Germany, and the two men brainstormed the possibilities.
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Abe Silverstein, NASA’s Durector of
Space Flight Development, is shown
touring a rocket engine facility.

As Mrazek recalled his phone conversation, von Braun made the
following points: The Saturn could not use existing hardware for the
upper stages—it needed an original design; the Saturn plan should stress
the new hydrogen technology and the Centaur’s engines; and the
hydrogen upper stage would need six engines. This final aspect could
have been controversial because some experts still harbored strong
doubts about the use of eight conventional, though proven, rocket
engines for the first-stage booster. There would be even more carping
about a half dozen new and untried engines burning exotic liquid
hydrogen. But von Braun said he was not overly concerned about the
cluster of six hydrogen engines, since at least a dozen Centaur launches
were scheduled before the first Saturn would have to go up. The ABMA
group could profit from whatever trials and tribulations the Centaur |
engines developed, with plenty of time to iron out any problems before
the first Saturn left the launch pad. In short, von Braun was confident of
success with the new hydrogen technology, and Mrazek agreed; so the
scenario was finally set.”® (See chapter 5 for further details of LHy
technology.) |
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In the spring of 1960, as the word of NASA'’s decision to rely on the
novel propellant combination for Saturn reached the public, Eldon Hall
and Francis Schwenk, from the Office of Launch Vehicle Programs at
NASA Headquarters, outlined the reasons for the choice. The higher
vehicle performance required for advanced missions simply required
higher energy propellants, they explained. The staging of several rockets
using conventional propellants rapidly reached optimum design limits,
because advanced missions and payloads required more thrust and more
engines—which meant heavier rockets with bigger tanks and engines and
proportionately less efficiency in design and capability. On the other
hand, high-energy propellants promised the best results for advanced
missions requiring high escape velocities. “The choice of high-energy
upper stages for Saturn is based almost entirely on the fact that, with
present knowledge of stage construction, at least one of the upper stages
must use high-energy propellants if certain desirable missions are to be
accomplished with this vehicle,” Hall and Schwenk emphasized. So “the
Saturn program was established for earl) incorporation of a high-energy
second stage into the vehicle system.”*?

In the course of the deliberations of the Silverstein committee, three
types of missions for the Saturn vehicle emerged. First priority was given
to lunar and deep-space missions with an escape payload of about 4500
kilograms. Next in order of priority came satellite payloads of about 2250
kilograms in a 24-hour equatorial orbit. Finally, the committee consid-
ered the possibility of manned missions involving the Dyna-Soar pro-
gram, in which a two-stage vehicle would be used to put 4500 kilograms
into low orbit. On the basis of these assumptions, the committee stressed
the evolutionary pattern of Saturn development and its potential for a
variety of future roles. “Early capability with an advanced vehicle and
possibilities for future growth were accepted as elements of greatest
importance in the Saturn vehicle development.”

Once more, the Saturn Vehicle Team reviewed the wide array of
potential configurations, reduced the number of choices to six, and
began to weed out the least promising. The A-1 version, with modified
Titan and Centaur upper stages, would provide the earliest flight
schedules and lowest costs with existing hardware. It was rejected because
it could not meet lunar and satellite payload requirements and because
the slender 3-meter-diameter upper stages were considered to have
potential structural weaknesses. The A-2 type, with a cluster of Interme-
diate Range Ballistic Missiles (IRBMs) in the second stage, also saved
money and promised early availability but did not have the capability for
some of the planned missions. A proposed B-1 vehicle met all mission
requirements but needed a totally new stage with conventional fuels. The
B-1 type was expensive, would take a lot of time to develop, and had
some shortcomings for advanced missions.
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Moreover, all first three candidates needed high-energy propellants
in the top stage. So why restrict the promise of LHy to the top stage
alone? “If these propellants are to be accepted for the difficult top-stage
applicatlons, the committee concluded, “there seem to be no valid
engineering reasons for not accepting the use of h1gh-energy propellants
for the less difficult application to intermediate stages.” The Saturn
family of rockets finally envisioned by the Silverstein committee included
C-1, C-2, and C-3, all with LH, in the upper stages. The three-stage C-1
met the mission requirements and used Centaur engines in the LH,
upper stages. The second stage had four uprated Centaur engines,
designated the S-IV stage, and the S-V top stage was the Centaur itself,
with two engines. The hop-scotch numbering occurred because of the

“building block™ concept, in which hardware was used as available, the
concept was tested, and then newer and advanced stages were incorpo-
rated in the next major configuration. During C-1 development and
flight, for example, a new S-111 stage for Saturn C-2 would be prepared
with the use of a newer, more powerful generation of LH; engines. As
the development and flight test of Saturn C-2 proceeded, the S-II stage
would be worked up with four of the newer LHj engines. The final C-3
vehicle would stack all the various stages together as a five-stage booster.
Further, the Saturn Vehicle Team suggested that the first stage of the
C-3 model might even include an F-1 engine to replace four of the cluster
of eight uprated H-1 engines.

In its final recommendations for the phased development of Saturn
C-1 through C-3, the Silverstein committee emphasized the building
block concept keyed to the Saturn first-stage cluster, along with hydrogen-
oxygen propellants in all the upper stages. Proceeding from the Centaur
technology under development at the time, the committee urged imme-
diate development of a new LHs engine and initiation of de51gn studies
for the S-II and S-III stages to use the more powerful engines.”

PRIORITIES AND GOALS

With in-house capability established, in the form of the ABMA
transfer, and with immediate vehicle guidelines established as a result of
the Silverstein committee, NASA now proceeded to refine its priorities
and goals.

The ultimate goal was a lunar landing. The Director of Lunar
Vehicles, Donald R. Ostrander, stated in a planning conference for
NASA and industry in January 1960: “The principal mission which we
have used as an objective in these planning studies has been that of a
manned landing on the moon and return to earth. "5 Looking ahead,
NASA executives told Congress during hearings late in the same month
that the agency planned a circumlunar flight by 1970 and a manned
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lunar landing soon after. The agency also estimated the cost at $13 to $15
billion over the coming decade, and Associate Administrator Horner
explained the need to look so far ahead and plan a budget:

Virtually all of our key programs presume a scheduled progress in launch
vehicle and spdcecmﬁ dewv elupq&cut These major developmental tasks frequently
require time periods of 5 to 6 years for completion and can be substantially longer
under given circumstances of techno]og:cal progress and research (u.‘uhibﬂny

Thus, although the usefulness of highly tentative plans might be questioned,
long-term objectives, on the order of 10 years in advance of today’s program, are
essential to keep our development activities properly focused.

The actions we initiate this vear and next in the vehicle development program
will have a determining influence on our capabilities for meeting national objectives
in the last half of this decade and even beyond. Accordingly, we have developed a
10-year plan, one which we expect to modify from year to year on the basis of
realized experience, development progress, and resource availability. It is formu-
lated around the requirement that its implementation must so utilize the resources
of the United States that our national role as a leader in the aeronautical and space
sciences and their technologies is preserved and steadily enhanced. We have also
assumed that a steady growth in the scale and intensity of our efforts, especially for
the next 5 years, 1:, an essential basis for consistent and fruitful efforts in meeting
this requirement.”

As NASA prepared to forge ahead on its 10-year program in 1960,
the agency enjoyed increased support from Eisenhower, and Glennan
won an important advantage for the Saturn program in terms of a high
priority endorsement. “As we have agreed,” the President wrote to
Glennan on 14 January, “it is essential to push forward vigorously to
increase our capability in high thrust space vehicles.” In the same
directive to Glennan, Eisenhower gave his authorization to prepare an
additional funding request for the balance of fiscal 1960 and 1961, “to
accelerate the super booster program,” and to use overtime as needed,

“consistent with my decision to assign a high priority to the Saturn
development.” Four days later, on 18 January, the rating for highest
national priority (DX rating) became official, authorizing the use of
overtime wages and giving Saturn precedence for materials and other
program requirements.””

The configurations of the Saturn family were still in a state of flux,
however, and the Nova was still a probability in the NASA scheme.
Straightening out the lines of development and mission application
became an issue that absorbed personnel in program studies and
committee meetings for another two and a half years. Although the
Saturn Vehicle Team did not mention Nova in their recommendations,
the towering booster figured prominently in plans for manned lunar
landings. During a meeting on advanced propulsion requirements at
NASA Headquarters in early June 1960, the Huntsville group discussed
Nova “for manned lunar landing and return,” in a configuration that
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would boost a 81 600-kilogram payload to escape velocity and return
6800 kilograms to Earth. The vehicle featured eight of the 6 700 000-newton
(1.5-million-pound) thrust engines in the first stage, four LH; engines in
the second stage, and one LHj engine each in the third and fourth stages.
Data for a C-2 launch with assisted boost from Minuteman missile
solid-fuel strap-ons were also discussed, although “Marshall people were
not enamored with the idea of any changes to the C-2.7>* Therefore, the
Saturn configurations remained keyed to liquid propulsion engines,
especially the LHs propulsion systems. NASA planners considered using
the Saturn “C” series of vehicles for manned space stations, manned
circumlunar missions, and unmanned lunar and planetary probes. Manned
lunar excursions, Homer Stewart reminded NASA Administrator Glennan,
would definitely require the application of the 6 700 000-newton
(1.5-million-pound) thrust engine (known as the F-1) used in a cluster,
probably in a Nova vehicle, and if the LH; program developed any snags,
he warned, the Saturn program would quickly find itself in dire trouble.”
Toward the end of 1960, NASA planners decided it was time to
review the space program once again and make more specific recom-
mendations for future development in the Saturn and Nova projects.
Early in November, NASA laid out its milestone for the next 10 years. “A
ten-year interval has no bpﬁtld] significance,” the report asserted, “yet it s
considered to be an appropriate interval since past experience has shown
that the time required to translate research knowledge into operationally
effective systems in similar new fields of technology is generally of this
order.” This time span permitted opportunity to establish mission goals
and plans and coordinate the development of spacecraft and appropriate
booster hardware. Apparently there was already some confusion about
terminology, since the “Proposed Long Range Plan,” as drafted by the
Headquarters Office of Program Planning & Evaluation, included some
definitions. “Launching vehicle” meant a first-stage booster and upper
stages to inject a spacecraft into proper trajectory. “Spacecraft” included
the basic payload as well as guidance and its own propulsion systems for
trajectory modifications following injection. The term “space vehicle”
encompassed the entire system— launching vehicle plus spacecraft.®
With definitions thus established, the document discussed the major
launch vehicles, or boosters, under NASA cognizance: C-1, C-2, and
Nova. The C-1 and C-2 descriptions closely followed the analysis pre-
pared by the Silverstein committee the previous year, the descriptions
tedffmmng the building block concept with the C-1 as a three-stage
vehicle and the C-2 as a four-stage booster including a newly developed
second stage with a cluster of four 890 000-newton (200 000- pound)
thrust hydrogen engines. The R&D for the Centaur and the new hydro-
gen engines appeared to be the biggest gamble in the long-range plan.
The decision to use LOX- LH; engines in C-1 and C-2 upper stages “was
based on a calculated risk,” the report stated, that such engine technology
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would come along smoothly enough to keep the building block sequence
on schedule. By FY 1964—1967, according to the “Proposed Long Range
Plan,” the C-1 should be operational in support of preliminary Apollo
orbital missions, as well as planetary probes and as a test bed for
advanced technology electron engines and nuclear engines. The C-2
should be ready somewhat later to place twice the payload into orbit, as
well as for launching deep-space probes.’”

As for the Nova, “its primary mission is to accomplish manned lunar
landings,” the plan said. Nova was admittedly still in the conceptual stage,
since its size and ultimate configuration depended on space environmen-
tal research, progress in advanced chemical engines such as the F-1, and
potential development of nuclear engines. The Nova, with an F-1 cluster
combination to total 53 million newtons (12 million pounds) of thrust in
the first stage, seemed to be the most feasible, and the Nova booster could
make a manned lunar landing mission by direct staging to the moon and
return or by a series of launches to boost hardware into low orbit for a
series of rendezvous operations, building up a space vehicle in low orbit
for the final lunar mission.”

As a prelude to the ambitious moon missions, a lot of basic research
had to be integrated into the plans for the launch vehicle development.
Guidance and control was one area singled out for special attention,
requiring advances in the state of the art in accelerometers; in cryogenic,
electromagnetic, and electrostatic support systems for gyros and attitude
control; inertia wheels; in long-life gyro spin axis bearings. The long-
range plan noted research challenges in terms of heating and other
aerodynamic problems, along with mechanical, hydraulic, electrical,
electronic, and structural difficulties. The space environment created a
wide range of potential trouble spots in metals, plastics, seals, and
lubricants. The scaled-up size of Saturn and Nova suggested difficulties
in devising adequate automatic test equipment and techniques for the
fabrication and assembly of oversized components. The long-range plan
provided the opportunity to look ahead and anticipate these problem
areas, giving NASA designers and engineers the chance to start working
on solutions to these and other problems that were sure to crop up in the
course of launch vehicle development.

The long-range plan also projected a series of key dates in the
development of launch vehicles:

1961 first suborbital astronaut flight
first launch Saturn Ist stage
1963 launch 2-stage C-1
launch 3-stage C-1
1964 qualification of 200K LH; engine
1965 qualification of 1.5-million-pound engine
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1966—1967 launch 3-stage C-2
1968—-1970 Apollo manned orbiting lab and circumlunar flights
Beyond 1970 manned lunar landing

The long-range plan also estimated the costs.”” NASA’s plans at this
time found support from the President’s Scientific Advisory Committee,
which had formed a special ad hoc group to examine the space program
to date and analyze its goals, missions, and costs. In its report, released on
14 November, the group advanced the rationale that “at present the most
impelling reason for our effort has been the international political
situation which demands that we demonstrate our technological capabili-
ties if we are to maintain our position of leadership.” The report
considered the scientific motive of much less significance than prestige
but commented that “it may be argued that much of the motivation and
drive for the scientific exploration of space is derived from the dream of
man’s getting into space himself.”°" The committee wondered if 25 test
flights for the C-1 and 16 for the C-2 were enough to qualify the vehicles
for manned launches but gave NASA good marks overall on their plans
and schedules. Further, the committee endorsed the R&D plans for
liquid hydrogen technology and encouraged development of larger
post-Saturn launch vehicles like the Nova.®!

But NASA was not entirely free from difficulties. NASA Adminis-
trator Glennan departed NASA at the end of the Eisenhower Adminis-
tration and resumed his position as president of Case Institute. Several
weeks passed before President John F. Kennedy’s new Administration
settled on a successor. Lyndon Johnson, the Vice-President, still played a
strong hand in space program planning, and favored someone with
strong administrative credentials. Other advisers contended that NASA
needed a technical man at the helm. As the Kennedy Administration
prepared to take over early in 1961, the space agency received some hard
knocks from the President-elect’s science advisor, Jerome B. Wiesner, of
the Massachusetts Institute of Technology. Kennedy announced Wiesner’s
appointment on 11 January and released the “Wiesner Report” the next
day.®® Officially titled “Report to the President-Elect of the Ad Hoc
Committee on Space,” the report gave due credit to the “dedication and
talent” that had achieved notable advances in space exploration during
the past few years but implied deficiencies in the booster program. “Our
scientific accomplishments to date are impressive,” the document observed,
“but unfortunately, against the background of Soviet accomplishments
with large boosters, they have not been impressive enough.”

Among other recommendations, the Wiesner report urged technical
competence in the positions of Administrator and Deputy Administrator,
along with technical directors for propulsion and vehicles, scientific pro-
grams, nonmilitary space applications, and aeronautical programs.®-

For several weeks, contact with the new Kennedy Administration was
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haphazard. The Wiesner report aroused real concern among NASA
personnel; there was a definite feeling that the report was neither fair
nor carefully prepared. The issue of NASA leadership was resolved in
February, when James E. Webb was nominated as Administrator. Vice-
President Johnson had found the managerial talent he wanted. A lawyer
and ex-officer in Marine Corps aviation, Webb had headed the Bureau of
the Budget and served as Undersecretary of State during the Truman
Administration. At the time of his appointment, Webb was actively
involved in the management of large corporations and was an active
member of several professional administrative and policy organizations.
Webb was sworn in by 14 February, with Dryden again as Deputy
Administrator. Members of the Wiesner committee were subsequently
given a deeper insight into the NASA program and organization that
produced a much more positive feeling on their part. The organizational
structure of the space agency was indeed firmed up, and a healthy
rapport was established with the new Administration.

During the 1960 campaign, Kennedy had made an issue of the
Eisenhower record in space, although the question was addressed more
in terms of the so-called “missile gap” than in terms of space exploration.
After the election, however, the Kennedy Administration evinced a
growing interest in NASA’s programs. In February, Webb was asked to
conduct a thorough review and make recommendations; although a
revised NASA budget request was trimmed, the space agency went to
Congress in March with a program that amounted to over $125 million
more than Eisenhower’s original $1.1 billion for fiscal 1962. On 10 April,
Kennedy submitted a specific request to amend the Space Act, in keeping
with a campaign statement, to revive the dormant National Aeronautics
and Space Council, and to appoint Vice-President Lyndon Johnson, a
partisan of space exploration, as its head. In sum, the national space
program under the new Kennedy Administration began moving with
positive, if modest, momentum. Rapid acceleration occurred as a reaction
to dramatic Russian progress.®*

The successive achievements of Russian efforts in space exploration
early in 1961 not only intensified NASA’s plans in astronautics, but also
influenced President Kennedy’'s commitment to a more active program
by the United States. The day after Webb and Dryden were sworn in, the
Soviet Union launched a probe to Venus from a space vehicle in a
parking orbit; Kennedy remarked at a public press conference that the
Russian lead in space boosters was “a matter of great concern.”*” Then,
on 12 April, while Congress was debating additional funds for NASA’s
budget in the coming year, a Russian booster put Yuri Gagarin into Earth
orbit—the first human to orbit the Earth. On the evening of the following
day, President Kennedy hosted a meeting at the White House, inviting
Webb, Dryden, Wiesner, Theodore Sorensen, and several others, includ-
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ing a reporter, Hugh Sidey, from Life magazine. The conversations
revealed Kennedy’s considerable concern about the Soviet Union’s grow-
ing preeminence in space. The President speculated about the steps the
United States could take to improve its own activities and about the costs
involved in an accelerated program. Dryden observed that it might cost
up to $40 billion to fund a program to land on the moon before the
Russians, and even then, the Russians might make it before the Ameri-
cans. But [he President clearly wanted action. “There’s nothing more
important,” he was remembered as saying.”® Not long afterward, i
remarks to the Congress, Kennedy firmly asserted that it was “time for
this nation to take a clearly leading role in space achievement, which in
many ways may hold the key to our future on Earth.”®” Shortly thereaf-
ter, Kennedy instructed Johnson and the Space Council to study space
projects that would give the United States a visible lead in space
exploration.

Congress also wanted more information from NASA about costs
and the problems of landing on the moon ahead of the Russians. In
mid-April, Webb repeated to Congress what Dryden had told the
President. The cost would be anywhere from $20 to $40 billion. Some
congressmen suggested the })0551b1111\ that the Russians might attempt a
lunar landing around 1967, in conjunction with the 50th anniversary of
the Russian Revolution. With massive infusion of funds, the representa-
tives asked, could the Americans beat a Russian landing? In his response,
Associate Administrator Robert Seamans was wary. The target date of
1967 for the Russians was only an assumption, he said. Current NASA
planning put an American lunar landing in 1969 or 1970 at the earliest.
To reduce American intentions by three years was not necessarily an
impossibility, Seamans stated, but would certainly be tremendous]\
expensive in the short term.%®

During April and May, the executive and legislative branches of
government blossomed committees and working groups like flowers in a
spring garden. Within NASA, planning groups funneled a series of
honed and polished study papers to the White House for Kennedy's
consideration, and the Department of Defense and the space agency
refined mutual goals and individual efforts to ensure cooperation where
necessary and to avoid needless redundancy. The nexus of all these
streams of activity culminated in President Kennedy’s State of the Union
message on 25 May 1961. The manned space program would be the
province of NASA, a civilian agency, not a military agency. He proposed
to increase NASA’s 1962 budget by more than $500 million. Kennedy left
no doubt as to NASA’s objective or its schedule for realization. “This
nation should commit itself to achieving the goal, before this decade is
out, ofblgandmg a man on the Moon, and returning him safely to the
Earth.”

55



STAGES TO SATURN
SUMMARY ‘

Haltingly, a national space program coalesced around a new entity, |
the National Aeronautics and Space Administration. After turning to the |
Department of Defense for its large boosters, funded through ARPA and ‘
under development by ABMA, NASA realized the need to control its
own booster program when the Saturn project was nearly canceled owing ‘
to budgetary cross-currents. The eventual transfer of the von Braun
team and the Saturn booster was a significant step forward for NASA. ‘
During 1959— 1960, important agreements on upper stages and the use |
of high-energy LH, technology were also worked out, capped by Presi- ‘
dent Kennedy’s decision to achieve a manned lunar landing within
the decade of the 1960s. The next moves required decisions on mission
profiles and production facilities.



3

Missions, Modes, and Manufacturing

At the time of Kennedy’s historic pronouncement, the booster vehicle
program was still in flux. The Saturn rocket was considered a multi-
purpose vehicle, and the Department of Defense was still planning Earth-
orbital missions using Dyna-Soar. During the summer and fall of 1960,
NASA and Air Force executives were snll engaged in mission studies
using Dyna-Soar as a payload for Saturn.' By January 1961, the Dyna-
Soar appeared to have won an even stronger place in Saturn mission
studies. In a planning session at Huntsville, the second stage of the
Saturn C-2 configuration study was firmed up as to trajectory, perfor-
mance, and structural considerations. All of these parameters derived
from a Saturn and Dyna-Soar vehicle combination with the Dyna-Soar as
the upper stage.” Yet the C-2 configuration itself was only a paper study,
and Saturn configurations changed rapidly in the early months of 1961.

At the opening of the new year, as NASA was still formulating its
mission plans and goals, Glennan injected a note of caution into discus-
sions involving a manned lunar landing because a formal announcement
from the White House had not yet been made. In general, the mood at
NASA was to proceed toward the lunar goal along a broad base of action,
leaving open a variety of options including Department of Defense
missions like Dyna-Soar. If all the options were pursued, then a broad
series of booster vehicles needed to be developed, and von Braun was
already hoisting storm signals about the allocation of manpower in NASA
programs. At current levels, he noted, NASA would most certainly find
itself overextended by tr\mg to maintain parallel development of both
the C-2 and the Nova.®

97




STAGES TO SATURN

CONFIRMING THE CONFIGURATIONS

During 1961, configurations seemed to change month by month. In
January, the C-1 vehicle changed from a three-stage to a two-stage
booster, eliminating the S-V upper stage to leave only S-1 and S-1V
stages; but S-V development continued during February. By May, the
C-1 had become a possible three-stage vehicle again, including Block 1
and Block II interim versions. In February, the C-2 was ticketed as a
three-stage vehicle for Earth-escape missions (featuring an S-II second
stage); in May, there was talk of a need for an even more powerful vehicle
for circumlunar missions; in June the C-2 was dropped in favor of a C-3,
although Nova would continue; later in the year, there were plans for a
C-4, along with a solid-booster C-1. By the end of the year, there was also
the C-5.* One result of this was the decline of Dyna-Soar, whose position
as a NASA payload essentially evaporated after the C-2 cancellation in
June.”

The rise and fall of vehicle configurations reflected the rapidly
shifting concepts of mission profiles, payloads, schedules, and money.
The fluctuating pattern of Saturn configurations and numbers created
confusion even among those in government who were close to the
program, as Hugh Dryden admitted in a letter to Hugh Odishaw, of the
National Academy of Sciences. Written in March 1961, the letter also

revealed the concern of some observers that future development of

Saturn was a “dead end road.” Such talk irritated Dryden. If critics were
referring to the Saturn S-1 first stage, with a total thrust of 1.5 million
pounds, then he admitted that maximum development was self-evident,
since the propulsion came from the most advanced engines available
from the ballistic missile program. Dryden complained that critics did not
allow for advanced Saturns of much improved performance, using what
he called “the Saturn engine.” He could have been referring to either
the F-1 or the liquid hydrogen propulsion system (known as the J-2), but
both types of engine would be crucial for advanced configurations
involving more ambitious missions. The C-3 version, for example,
boasted two F-1 engines in the first stage (double the thrust of the
existing Saturn C-1 first stage), four J-2 engines in the second stage, and
a pair of J-2s in the third stage. During a high-level NASA conference in
late July 1961, Milton Rosen emphasized that the United States was still
in contention in the race for a manned lunar landing “only because we
initiated J-2 and F-1 development at a relatively early date.” If the United
States intended to maintain a competitive position, Rosen warned, NASA
had to capitalize on the use of these propulsion systems, both of which
were still under development.’

Certainly if the F-1 and J-2 were to be the optimum engines, then
the vehicle known as the Saturn C-5 promised to be an optimum booster.
The designers at MSFC made a firm commitment to the C-5 by late 1961,
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and NASA Headquarters gave formal approval for development on 25
January 1962. The C-5 was a three-stage vehicle, with five F-1 engines in
the first stage, five J-2 liquid- hydrogen engines in the second stage, and
one J-2 in the third stage. The C-5 could handle a number of missions,
including 113 000- -kilogram payloads into low Earth orbit, or 41 000
kilograms on a lunar mission, which could be a circumlunar voyage or a
manned landing.®

During a spring meeting of various NASA managers at Langley
Research Center, Hampton, Virginia, Ernst Geissler of MSFC reviewed
the status of the booster program. Despite the welter of configuration
changes and confusing nomenclature, one of the guiding principles of
the vehicle development program continued to be the building block
concept, an idea even more significant with the passage of time and
realization of the immense costs and complexities of the program. “By
qualifying individual components, such as stages, a fewer number of
flights are necessary for high reliability of the total vehicle system,” he
emphasized. Moreover, the step-by-step approach allowed the space
agency to experiment with various maneuvers in orbit, as required for
different mission concepts.” The Saturn C-1, at that time, was planned
for vehicle development launches that would also include testing of the
planned lunar spacecraft module in orbit and reentry, culminating in a
series of manned flights. The spacecraft would thus be qualified in plenty
of time, ready for launch aboard the C-5. Qualifying some of the C-5
hardware suggested possible problems, however, unless some prelimi-
nary flight tests occurred. Geissler referred to still a different launch
vehicle, the C-1B. This interim vehicle, using the C-5’s intended third
stage as its own second stage, would take advantage of the proven C-1
first-stage booster. Thus, the C-1B would be able to qualify certain
hardware and systems for the C-5, while demonstr atmg the feasibility of
orbital operations inherent in C-5 mission concepts.'

Geissler summarized three principal modes for a lunar landing
mission with the C-5 vehicle. Lunar orbit rendevous (LOR) involved
descent to the lunar surface from lunar orbit by using a small spacecraft
that separated from a parent lunar satellite and then rejoined the
orbiting spacecraft for the return home. Earth orbit rendezvous (EOR)
involved the landing of a larger vehicle directly on the lunar surface, thus
eliminating the descent and ascent of a separate spacecraft from orbit.
But the EOR mode required rendezvous techniques in building up the
necessary vehicle in Earth orbit. Geissler explained two different approaches.
After launching two vehicles, the upper stages of each could be con-
nected to form the lunar vehicle. An alternative was to transfer oxidizer
from one vehicle to the other in Earth orbit. There was one more feasible
way of going to the moon: if a large enough vehicle could be built, a
single launch would suffice. MSFC refused to give up on Nova. The Nova
in the spring of 1962 was to have 8—10 F-1 engines in the first stage, and a
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Early design concepts of C-1 and C-5 versions of the Saturn launch vehicles.

second stage mounting a powerful new LHs engine, the M-1, under
development by Aerojet General. Although Geissler predicted a test
launch of the Nova by the autumn of 1967, the logic of development
favored the C-5 because it was predicted to be fully operational by
November 1967."!

Nova, like Dyna-Soar, seemed to evaporate as other issues were
settled that placed a premium on the development of its nearest
competitor, the C-5. On 11 July 1962, NASA officially endorsed the C-1B
as a two-stage Saturn for Earth-orbital tests of Apollo hardware. At the
same time, NASA confirmed the choice of the LOR mode for the lunar
mission, thereby focusing development on the C-5. Early in 1963, NASA
Headquarters announced a new nomenclature for its large launch
vehicles. The C-1 became Saturn I, C-1B became Saturn IB, and C-5

became Saturn V. Nova was not even mentioned.'?

To RENDEZVOUS OR NOT TO RENDEZVOUS
The disarmingly simple NASA statement of 11 July 1962, confirming

the choice of LOR as the mode, represented only the tip of a bureaucratic
iceberg. The choice of LOR came after a series of skirmishes and
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NASA LAUNCH VEHICLES

1 SCOUT 6 TITANII

2 THOR-DELTA 7 CENTAUR

3 THOR-AGENA 8 SATURN I
4 ATLAS 9 SATURN 1B
5 ATLAS-AGENA 10 SATURN V

The stable of NASA launch vehicles that were actually built and flown.

engagements among various NASA centers and within Headquarters.
The struggle in reaching the final decision also suggested some of the
problems to be faced by NASA management when one center had
responsibility for the launch vehicle and another organization had the
payload. The problems were compounded when both were trying to
fashion programs and develop hardware without always knowing what
each would require in the end.

The von Braun group, after all, had been developing both payload
and boosters as integral systems for years. Now it would be necessary to
defer to different desu{n teams and accept ouside judgments about
payloads. In the case of Saturn, the payload development stemmed from
the Spdce Task Group (STG) originally set up in October 1958 to manage
Project Mercury. Located physically at Langley Research Center, Virgin-
ia, STG reported to the Goddard Space Flight Center at Gr eenbelt,
Maryland. Beginning in 1959, STG received management responsibili-
ties for studies leading to Project Apollo.'” In the spring of 1960, STG
and MSFC began closer contact when STG organized a special liaison
group, the “Advanced Vehicle Team,” nine men headed by R.O. Piland
and reporting directly to the STG chief, Robert R. Gilruth. Among other
things, the Advanced Vehicle Team was to maintain appropriate contact
with the various NASA centers, and, specifically, to maintain “the
necessary liaison with the Marshall Space Flight Center in matters
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pertaining to the development and planned use of boosters in the
advanced manned space flight program.”"

Early on, participants in the liaison effort discovered that their style
did not always mesh with that of MSFC. One trip report from an STG
team member in October 1960 noted von Braun’s desire for additional
meetings in November and December, and added, somewhat peevishly,
“Dr. von Braun wants to participate. This probably means another
ballroom meeting.” Apparently the MSFC method was to have a large
gathering for a semiformal presentation, then break into smaller groups
for detailed discussions. “I've reached the opinion that MSFC staff have
no qualms about playing one group against the other...if we have
separate meetings,” the correspondent complained, and warned STG to
be careful.'”

Perhaps part of the problem was STG’s lesser standing vis-a-vis
Marshall as a full-fledged center. This aspect was improved in January
1960, when STG became a separate field element, reporting directly to
the NASA Director of Space Flight Programs, Abe Silverstein. As
Director of STG, Gilruth had his own staff of some 600, still physically
located at Langley. With a new organizational structure and bureaucratic
independence, STG was authorized to conduct advanced planning
studies for manned vehicle systems, as well as to establish basic design
criteria. STG also had authority to assume technical management of its
projects, including the monitoring of contractors. By November, STG
became even more independent when it was officially redesignated the
Manned Spacecraft Center (MSC),'° and plans were being made to
transfer MSC to its new location near Houston, Texas, by the middle of
1962.

It is interesting that Gilruth and von Braun’s emissary, Eberhard
Rees, soon thereafter were stressing the “equality” of the two NASA
centers. Meeting in July 1961, the two men also agreed on setting up four
joint panels to cope with the growing problems of design, hardware,
operational, and bureaucratic coordination: Program Planning Schedul-
ing; Launch Operations; Apollo-Advanced Vehicles; Apollo-Saturn C-1.
Each panel, in addition, included certain working groups for specific
areas, with provisions for ad hoc joint study groups as the need arose. For
problems involving other NASA agencies, there were special technical
liaison teams. In general, technically knowledgeable members were
assigned on a functional, rather than an organizational, basis; wherever
possible, the responsibilities of experienced personnel already assigned
to internal working groups were increased.'”

Naturally, all concerned hoped that the joint groups would promote
understanding and reduce friction. That the Apollo-Saturn program
succeeded as well as it did testifies to the value of such efforts, but this is
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not to say that differences of opinion were always easily and quickly
adjusted. The issue of EOR vesus LOR, for example, brought Marshall
and the Manned Spacecraft Center into head-on conflict.

Early in 1961, NASA’s studies for a manned lunar landing were
keyed to the EOR mode using a Saturn vehicle or to direct ascent with the
Nova.'"® In view of MSC’s later acceptance of LOR, Gilruth’s initial
support of the direct ascent concept is intriguing. “I feel that it is highly
desirable to develop a launch vehicle with sufficient performance and
reliability to carry out the lunar landing mission using the direct
approach,” he wrote to NASA Headquarters reliability expert Nicholas
Golovin in the autumn of 1961. As for the rendezvous schemes (and here
he apparently referred only to EOR), Gilruth said that they compromised
mission reliability and flight safety, and that they were a “crutch to
achieve early planned dates for launch vehicle availablity, and to avoid
the difficulty of developing a reliable Nova Class launch vehicle.” At the
same time, he understood the need for an Earth parking orbit during any
mission to allow adequate time for final checkout of spacecraft equip-
ment, and crew readiness before going far from Earth.'

The concept of lunar orbital rendezvous (LOR) had been studied at
Langley Research Center as early as 1960. The idea was passionately
advocated by John Houbolt, a Langley engineer who first encountered it
while investigating rendezvous techniques for orbiting space stations.
The Langley-Houbolt concept of LOR was soon absorbed by the STG-MSC
crew, and MSC eventually became the leading Lhdn]pl()ll of LOR.*
Houbolt played a key role in converting Headquarters planners to the
LOR concept. Convinced that the idea had not received a fair hearing,
Houbolt bypassed everyone and wrote directly to Associate Administra-
tor Robert C. Seamans, Jr., in November. Fulminating at what he viewed
as grandiose plans for using boosters that were too large and lunar
landers that were too complex, Houbolt urged consideration of LOR as a
simple, cost-effective scheme with high likelihood of success. “Give us the
go-ahead, and a C-3,” Houbolt pleaded, “and we will put man on the
moon in very short order.”!

Houbolt's letter apparently swayed several managers at Headquar-
ters, especially George Low, Director of Space Craft and Flight Missions,
in the Office of Manned Space Flight (OMSF). But D. Brainerd Holmes,
who presided over OMSF, still had a prickly managerial problem. There
remained people at Headquarters with doubts about LOR, principally
Milton Rosen, newly named Director of Launch Vehicles and Propulsion
in OMSF. Early in November, Holmes and Seamans directed Rosen to
prepare a summary report on the large launch vehicle program, which of
necessity dealt with the issue of EOR-LOR-direct ascent. The Rosen
study came on top of several other committee reports on vehicles and
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landing modes. Rosen’s group of 11 people, including 3 from MSFC
(Willy Mrazek, Hans Maus, and James Bramlet), submitted its report on
20 November.*

The issue of how to achieve a lunar landing at the earliest date
became a principal theme in the Rosen group’s deliberations. Although
rendezvous offered an early possibility of a manned lunar landing,
Rosen’s working group noted that actual rendezvous and docking
experience would not be available until 1964. LOR also seemed the
riskiest and most tricky of the rendezvous modes, and the group
expressed a decided preference for EOR. Either way, a C-5 Saturn with
five F-1 engines in the first stage was the recommended vehicle. In spite
of all the discussion of rendezvous, the Rosen committee in the end
favored direct ascent as opposed to either EOR or LOR. “The United
States should place primary emphasis on the direct flight mode for
achieving the first manned lunar landing,” the report flatly stated. “This
mode gives greater assurance of accomplishment during this decade.”
Therefore, the Nova vehicle “should be developed on a top priority
basis.”®® The trend toward LOR strengthened, however. Even though
EOR became the “working mode” for budgetary planning for 1962, the
debate went on.

Holmes hired Joseph Shea, an energetic young engineer, as Chief of
the Office of Systems Engineering in OMSF, with responsibilities to
conduct and coordinate mission mode studies. Holmes also instituted a
top-level series of meetings under the rubric of “The Management
Council,” to dlscuss issues involving Headquarters and more than just
one center alone.** At just about every meeting of the Management
Council, Rosen and Gilruth got into a debate over the mode choice.
Finally, as Rosen recalled, Gilruth came up to him after one of the
meetings had adjourned and made one more pitch for the LOR mode.
The most dangerous phase of the mission, Gilruth argued, was the actual
landing on the moon. If Rosen’s direct ascent idea was followed, then at
the moment for lunar descent, that meant landing an unwieldy vehicle
that was both quite long and quite heavy. A very touchy operation,
Gilruth emphasized. LOR, on the other hand, boasted an important
advantage: the lunar landing and lunar takeoff would be accomplished
by a very light and maneuverable vehicle specifically designed for the
task. Rosen confessed he had been preoccupied with simplicity from one
end of the mission—the launch from Earth—and he had no convincing
counterarguments when (Jllruth made him look at simplicity from the
other end, the lunar landing.*

While the consensus at Headquarters now shifted towards LOR, the
split between MSC and MSFC showed few signs of easing. On a swing
through both MSC at Langley and MSFC at Huntsville in January 1962,
Shea was discouraged by the entrenched position of the two centers:
Marshall people displayed an “instinctive reaction” of negativism on the
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issue of LOR, while MSC personnel seemed too enthusiastic, even
unrealistic, about rendezvous problems and the weight situation. Each
center, Shea observed, intent on its own in-house studies, “completely
ignores the capability of the other’s hardware.”*® During the spring,
however, MSC’s research seemed to become more convincing. MSFC also
began to regard LOR with increased interest. In mid-April, an MSC
presentation at Huntsville elicited several favorable comments from von
Braun himself.*’

The evidence suggests that von Braun increasingly felt the necessity
of settling the issue so that they could get on with definitive contracts for
launch vehicles and other hardware with long lead times.*® Resolution of
the EOR-LOR controversy finally came on 7 June 1962, when Shea and
his aides were in Huntsville for still another session on the mode of
rendezvous. In his concluding remarks, von Braun noted that the
conference had given six hours of intensive analysis to various proposals,
including Nova-direct as well as EOR and LOR. They all appeared to be
feasible, von Braun commented; the problem was narrowing the choices
to one and then acting on it. “It is absolutely mandatory that we arrive at
a definite mode decision within the next few weeks, preferably by the
first of July 1962,” he declared. “We are already losing time in our overall
program as a result of lacking a mode decision.” Then von Braun
announced that LOR was Marshall’s first choice.

There were complex technological, economic, and administrative
reasons for Marshall’s ultimate decision to go along with LOR. Although
von Braun elaborated on 11 principal reasons for choosing LOR, the
basic consideration involved confidence that it provided the best chance
for a successful manned lunar landing within the decade. The concept
promised good performance margins. Separation of the lunar lander
from the reentry vehicle seemed desirable from many considerations of
design and operation, and the overall concept suggested good growth
potential for both the lander and the booster. Von Braun also implied
that both sides could work together without the potential friction of an *1
told you so” attitude. The fact that he felt compelled to proffer such a
verbal olive branch suggests that the heat generated by the EOR-LOR
debate must have been considerable. The MSFC Director observed that
“the issue of ‘invented here’ versus ‘invented there’ does not apply,”
because both MSC and MSFC, in effect, adopted an approach originally
put forth by Langley. “I consider it fortunate indeed for the Manned
Lunar Landing Program that both Centers, after much soul searching,
have come to identical conclusions,” von Braun emphasized. “This
should give the Office of Manned Space Flight some additional assurance
that our recommendations should not be too far from the truth.”

Quickly ticking off the reasons for deciding against EOR, von Braun
pointed out that it was still feasible. A looming negative factor was the
double loss incurred if, for example, the tanker launch went just fine, but
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the manned launch was postponed too long on the pad or had to abort
during ascent, wiping out the mission to the cost of two complete launch
vehicles and associated launch expenses. In addition, von Braun noted
complex management and interface problems with dual launches. Using
the C-5 in a direct launch posed some thorny technical problems and
permitted only the thinnest margins in weight allowances for the space-
craft, so the C-5 direct route was rejected. The huge Nova booster could
have solved some of these problems, but it was rejected principally
because of its size, which would have created requirements beyond the
existing scope of fabrication and test facilities available to NASA; there
were also serious problems seen in tlme, funding, and technical demands
for a booster of Nova's dimensions.*

Even with von Braun’s imprimatur in June, the irrevocable decision
for LOR did not come until the end of 1962. The Huntsville conclave
produced agreement at the center level only; NASA Headquarters still
had to formalize the choice and implement the decision. Early in July,
Seamans, Dryden, Webb, and Holmes concurred with a recommendation
for LOR by the Manned Space Flight Management Council, but the
President’s Scientific Advisory Committee still actively questioned the
LOR mode. The committee evidently preferred the EOR approach
because it felt the technological development inherent in the EOR
concept had more promise in the long run for civil and military
operations; its argument also suggested that the LOR choice stemmed
from internal NASA expediency—as the cheapest and earliest mission
possibility—even though technical analysis of LOR was incomplete.
Nicholas Golovin and Jerome Wiesner, in particular, remained adamantly
against LOR, and the controversy actually boiled over into a publlc
exchange between Wiesner and NASA officials at Huntsville while
President Kennedy was touring Marshall Space Flight Center in Septem-
ber.

Host von Braun and the President were standing in front of a chart
showing the LOR maneuver sequence. As von Braun proceeded to
explain the details, Kennedy interrupted, “I understand Dr. Wiesner
doesn’t agree with this,” and turned around to search the entourage of
newsmen and VIPs around them. “Where is Jerry?” Kennedy demanded.
Wiesner came up to join Kennedy and von Braun, with Webb, Seamans,
and Holmes also in the group. Wiesner proceeded to outline his
objections to LOR, and some lively dialogue ensued, just out of the
earshot of straining newsmen and dozens of onlookers on the other side
of a roped-off aisle. “They obviously knew we were discussing something
other than golf scores,” Seamans recalled. In fairness to Wiesner,
Seamans later noted, the President’s scientific advisor had to play the
devil’s advocate on many issues when a robust agency was vigorously
pressing its position. Wiesner’s job was to make sure that the President
received alternative views, and he once confided to Seamans that he was
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President Kennedy’s visit to MSFC
in September 1962 provided a
forum for discussion of LOR:
from the left, the President, MSFC
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NASA Administrator James E.
Webb, Vice-President Lyndon B.
Johnson, Secretary of Defense
Robert S. McNamara, and the
President’s Science Advisor Jerome
B. Weisner.

not always comfortable in having to take negative points of view as
Kennedy's advisor. Certainly, the LOR issue was one such example. As
Seamans phrased it, “Here the President had his advisors recommending
one approach, and the line operators recommending another.” It was
also one notable instance when Kennedy took a tack opposed to the
PSAC position and supported NASA’s decision for the LOR mode.”"

After a final round of studies, James Webb reaffirmed full commit-
ment to LOR on 7 November and named a prime contractor, Grumman
Aircraft Engineering Corporation, to build the lunar module.”’ Thus, by
the end of 1962, the outlines of the Apollo-Saturn program were firmly
delineated, with agreement on a family of three evolutionary Saturn
vehicles, a functionally designed spacecraft, a technique to land men on
the lunar surface, and a technique to return them safely to Earth.

AN AEROSPACE EMPIRE

The Saturn program created a vast new aerospace enterprise, partly
private and partly public, with MSFC directing a group of facilities whose
extent far exceeded anything in the days of the old NACA. The federally
owned facilities under Marshall's immediate jurisdiction eventually included
the sprawling installation at Huntsville; the cavernous Michoud Assembly
Facility (MAF) at New Orleans; the huge Mississippi Test Facility (MTF)
at Bay St. Louis, Mississippi; and the Slidell Computer Facility at Slidell,
Louisiana. Other government-owned facilities directly related to the
Saturn program included the NASA Rocket Engine Test Site at Edwards
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Air Force Base in California and the government-owned production
facilities for the S-II second stage at Seal Beach, California.

The growth of Marshall Space Flight Center at Huntsville began
almost as soon as the transfer of the von Braun team from the Army
Ballistic Missile Agency in 1960. This shift involved some 4.8 square
kilometers of land (within the 162 square kilometers of the Redstone
Arsenal) and facilities valued at $96 000 000, along with 4670 employees
from ABMA’s Development Operations Division. (For subsequent fig-
ures on manpower, plant value, etc., see the appendixes.) Settling in its
new role, MSFC evolved as a facility of three distinct sectors, divided into
an administrative and planning area, an industrial area, and test area.
Although the transfer gave NASA the bulk of the land and facilities
previously used by ABMA’s Development Operations Division, von
Braun’s administrative staff was allowed to remain in their old ABMA
offices on a temporary basis only, and a Saturn-sized test area was
needed. Construction began on a new administrative complex and the
first MSFC personnel took occupancy during the spring of 1963. Of the
several approaches to the center, perhaps the most impressive was from
the north. Driving several miles through the green pastures and wooded,
rolling hills of the Alabama countryside, a viewer watched the adminis-
trative complex looming ever larger. Three multistory buildings were
arranged in a “V” shape, with Building 4200, the tallest of the three,
proudly riding the crest of a low hill. With the U.S. flag snapping smartly
from its pole, this impressive office complex rising out of the rural
landscape rarely failed to impress visitors. As director of the Marshall
Space Flight Center, von Braun, with his staff, occupied office suites on
the top two floors of Building 4200, irreverently known as the “von
Braun Hilton.”

Once over the crest of the hill, the visitor saw the rest of the Marshall
complex stretching for several miles to the Tennessee River. In the
foreground, the former ABMA laboratories and manufacturing areas
occupied the equivalent of many city blocks. The labs incorporated
facilities for a host of esoteric research projects, computation, astrionics,
test, and other specialized research activities. Buildings for manufactur-
ing, engineering, quality and reliability assurance, and others had cav-
ernous, high bay areas attached to accommodate the outsized Saturn
components. In the background, the skyline was punctuated by the
silhouettes of the assorted test stands and other installations of the
expanded test area. Here were the engine test stands, an F-1 engine
turbopump test position, and two especially large installations visible for
miles. One was the big, burly test stand for the S-IC first stage, 123
meters high, completed in 1964. The second was the Dynamic Test
Stand, 129 meters high, designed to accommodate the complete Saturn
“stack” of all three booster stages, the instrument unit, and the Apollo
spacecraft. Inside the Dynamic Test Stand, heavy duty equipment shook
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and pounded the vehicle to determine its bending and vibration charac-
teristics during flight. Still further to the south, specially built roads for
transporting the bulky Saturn flight stages led to docking facilities on the
Tennessee River, where barges picked up or dropped of{ stages en route
to other test sites or launch facilities at Cape Kennedy.”

Except for the lawns and plantings around the administrative
complex, Huntsville always had a factory look about it. Crisscrossed by
streets and railroad tracks, Marshall still bore the stamp of its heritage as
an Army arsenal, with lean, utilitarian structures, linked together by a
web of electric and phone lines supported by ubiquitous poles. Buildings
in the industrial area were frequently flanked by ranks of high- -pressure
gas bottles, cranes, hoists, and assorted large rocket components. A visit
to the Manned Spacecraft Center at Houston, with its sleek, ultramodern
office complexes and well-tailored inner courtyards (complete with
ponds and rocky little streams) was a study in contrasts.

When Marshall was organized in 1960, the Army launch team under
the direction of Kurt Debus became the Launch Operations Directorate,
Marshall Space Flight Center. At the Army’s Missile Firing Laboratory,
the Debus team had been launching a series of Army vehicles, including
Redstone and Jupiter, and had launched the first American Earth
satellite, Explorer I. In the months following the transfer to NASA, they
launched the manned Mercury-Redstone suborbital flights. As plans for
the Saturn series were finalized, the Launch Operation Directorate,
through Debus, participated in the search for a new launch site, large
enough and removed far enough from population centers to satisfy the
physical requirements of the big new space boosters. Cape Canaveral was
chosen, and development of the new facilities began, with Launch
Complex 34 becoming operational during the fall of 1961 to launch the
first Saturn I vehicles.

The immense task of constructing new launch pads and developing
the huge installations required for Saturn V operations called for a
separate administrative entity. In March 1962, NASA announced plans
to establish a new Launch Operations Center (LOC) at the Cape, and the
change became effective on 1 July 1962. While close liaison continued,
launch operations ceased to be a prime responsibility of MSFC, and Kurt
Debus proceeded as Dlrecmr LOC, to develop the launch facilities for
the Apollo-Saturn program.”

Large as it was, the aerospace complex at MSFC could not begin to
accommodate the escalating dimensions of the Saturn program. Consist-
ent with its heritage as an Army arsenal with an extensive in-house
capability, Marshall manufactured the first eight models of Saturn I's
first stage and did the testing in its backyard. The physical size of other
Saturn stages, the frequency of testing as production models came on line,
and the sheer magnitude of the endeavor dictated the need for addi-
tional facilities located elsewhere. Each major contractor developed the
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special industrial capabilities required for the unique sizes inherent in the
Saturn program, including fabrication, manufacturing, and testing.
There was a certain kaleidoscopic aura about all these arrangements,
since some were accomplished entirely by the contractor on privately
owned premises and others were undertaken in government-owned
facilities, with the contractor supplying most of the work force.

For example, the Saturn IB and Saturn V first stages were
manufactured at the Michoud Assembly Facility (known familiarly as
“Michoud”) 24 kilometers east of downtown New Orleans. The prime
contractors, Chrysler and Boeing, respectively, jointly occupied Michoud’s
186 000 square meters of manufacturing floor space and 68 000 square
meters of office space. The basic manufacturing building, one of the
largest in the country, boasted 43 acres under one roof. By 1964, NASA
added a separate engineering and office building, vertical assembly
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building, (for the S-IC) and test stage building (also for the S-IC). By
1966, other changes to the site included enlarged barge facilities and
other miscellaneous support buildings. Two things remained unchanged: a
pair of chimneys in front of the Administration Building, remnants of an
old sugar plantation. These ungainly artifacts served as reminders of
Michoud’s checkered past, from a plantation grant by the King of France
in 1763, to ownership by the wealthy but eccentric New Orleans recluse
and junk dealer, Antoine Michoud. Never a successful plantation, its
sometime production of lumber and other local resources from the
swampy environs helped generate the local slogan, “from muskrats to
moonships.”

The plant itself dated back to World War II, when it was built to
produce Liberty ships. A hiatus in contract agreements shifted the
emphasis to cargo planes, but only two C-46 transports rolled out before
the war ended. The government facility remained essentially inactive
until the Korean War, when the Chrysler Corporation employed over
2000 workers to build engines for Army tanks. Dormant since 1954, the
building had been costing the government $140 000 per year to keep up.
With so many jobs in the offing and the obvious level of economic activity
to be generated by the manufacture of large rocket boosters, selection of
the site occurred in a highly charged political atmosphere, with active
lobbying by a number of congressmen and chambers of commerce from
around the country. Eventual selection of the Michoud facility in 1961
followed a series of thorough NASA investigations, and Michoud easily
fulfilled several high-priority considerations: production space and avail-
ability; location near a major metropolitan area; convenient year-round
water transport facilities (to haul the oversized Saturn stages); and
reasonable proximity to MSFC, the Cape, and a contemplated test-firing
site for the finished stages.™

The extent of computer services required for the activities at the
Mississippi Test Facility and Michoud prompted MSFC managers to
consider a major computer installation to serve both operations. Happily,
a location was found that included a structure originally designed to
support sophisticated electronic operations. At Slidell, Louisiana, 32
kilometers northeast of Michoud and 24 kilometers southwest of MTF,
Marshall acquired a modern facility originally built by the Federal
Aviation Administration. For modifications and installation of new
equipment, MSFC spent over $2 000 000 after acquiring the site in the
summer of 1962. The array of digital and analog computers for test,
checkout, simulation, and engineering studies made it one of the largest
computer installations in the country.”

In contrast to Michoud, where the plant facility sat waiting, the
development of the Mississippi Test Facility became a contest with
Mississippi mud—to say nothing of the poisonous snakes and clouds of
mosquitoes that plagued construction workers. Although NASA began
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with a list of 34 potential locations, the site for test-firing Saturn V rocket
stages logically had to be close to the production facilities at Michoud and
also be accessible by water for shipment of S-II stages. Other criteria
quickly ruled out most of the other contending sites. The test area had to
be big. Size was a safety factor; test sites had to be widely separated from
critical support and supply facilities in case of accidental destruction of a
stage during a test run. More important, at the time the test facility
location was being debated, NASA designers were looking ahead to big,
deep-space booster stages of up to 111 million newtons (25 million
pounds) of thrust, and lots of noise. Therefore, a test area of expansive
proportions was required but in a location where a minimum number of
people would have to be relocated. After juggling all of these require-
ments, in October 1961 NASA settled on a sparsely populated corner of
Hancock County, Mississippi. A new, $300-million-plus space-age facility
was hacked out of soggy cypress groves, Devil's Swamp, Dead Tiger
Creek, and the Pearl River. By the intracoastal waterway and the Pearl
River, MTF was only a 72-kilometer barge trip from the production
facilities at Michoud, and was accessible by water to MSFC and the Cape.

The central test area, around the test stands, comprised 55 square
kilometers, with a buffer zone of 518 square kilometers surrounding it.
Approximately 850 families from five small hamlets were resettled
outside MTF boundaries. The central test area was exclusively reserved
for NASA use, and although the buffer zone was uninhabited, the area
continued to be lumbered and teemed with wildlife, including wild hogs
descended from abandoned farm stock. An employee picnic in 1967
frugally consigned some of these natural resources to a barbecue pit.”

At the heart of MTF were the monolithic test stands: a dual-position
structure for running the S-1C stage at full throttle, and two separate
stands for the S-1I stage. Laboratories, monitoring equipment, control
center, and storage areas, including docks, were all deployed thousands
of meters away. The MTF complex was tied together by 12 kilometers of
canals (with navigation locks and a bascule bridge); 45 kilometers of
railroads; and 56 kilometers of roads and paved highways. Under it all
snaked 966 kilometers of cables, connecting test stands, laboratories, and
data banks. Each month, MTF consumed enough electricity to keep 6000
households functioning.

An arm of MSFC at Huntsville, MTF had an administrative pattern
that was a bit unusual. A comparatively small cadre of NASA personnel
(about 100) carried out overall managerial and supervisory duties. This
select group also made the final evaluation of test results and issued the
flight-worthiness certificates to the stage contractors. Approximately
3000 contractor personnel made up the vast majority of the work force.
North American and Boeing each had several hundred people running
their respective test stands. The General Electric Company, with over
1500 people, had the contract for housekeeping services at MTF and
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provided maintenance for the facility and operational support at the test
stands and elsewhere for the other tenants, including the construction
firms. GE’s range of support ran the gamut from 19 special items of cable
equipment (for $1 183 187), to the always popular snake bite kits ($1.25
each). On occasion, GE hired cowboys to round up stray cattle in the
outreaches of MTF, and it was GE that arrangtd for the transfer of the
cemeteries during resettlement of the area’s small towns.

Development of MTF had a hectic air about it. Construction delays
mounted by early 1964, after Mississippi went through a highly unusual
cold snap and a snowstorm. Heavy rains came during January, topping
records that had been on the books for 30 years. The schedules for
construction and testing merged to the point where the first test firings in
1966 were being planned concurrently with ongoing construction. The
MTF director, Jack Balch, observed: “We're sure this is the only way to
do it, but for Lhe next year w e’ll be riding with one foot on each of two
galloping horses.” The government-industry team at MTF did the job;
the first stage-firing test a 15-second test of the S-11 stage, was performed
successfully on 23 April 1966 in the test stand designated A-2. On 3
March 1967, a 15-second test of the S-IC-T (test) stage activated the
first-stage fdulm In Seplembet 1967, the other S-1I stand, designated
A-1, was declared operational.’’

SATURN I AND IB AND THE LOWER STAGES

While these facilities were being developed, MSFC drew on experi-
ence, accumulated during the days of ABMA and the Army’s arsenal
concept, and developed the Saturn I—the vehicle originally deblgndted as
Juno V. On the threshold of starting to work on the large Juno V class of
vehicles and other space hardware in 1959, Dr. Ernst Stuhlinger, von
Braun’s chief scientific advisor at ABMA, briefed NASA officials on the
range of expected challenges and research required to develop vehicle
components for space exploration. He noted the potential hazards from
radiation, meteors, temperature extremes, and weightlessness. To cope
with these environments, Stuhlinger stressed the need for research on a
broad front, including special investigation into a list of 11 crucial
materials and their current shortcomings in the space environment—
from the decomposition of dielectrics and sealants, to unusual regimes of
friction and wear for bearings and various moving parts, to the degrada-
tion of plastic and exposed surfaces, and to the vaporization and vacuum
sticking of metals.” Specific inv estigation of these and other problems
moved on parallel tracks with the integration of components and
materials into the launch vehicle design, even while the launch vehicle
itself was taking form on drawing boards and in machine shops.
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Left, an aerial view of NASA’s Michoud
Operations. Below, the 124-meter-tall test
stand at the Mississippt Test Facility is
hoisting the first operational S-IC first stage
for the Saturn V into test position. Bottom,
the map shows the acoustic effects of an
S-IC firing.
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STAGES TO SATURN

Like most major development projects, the evolution of the Saturn I
changed between conception and execution, although the configuration
that emerged in 1958 was subjected to remarkably few major design
variations before its first launch in 1961. The basic outlines for ABMA’s
concepts of the Saturn I (when it was still called Juno V) were sketched
out in two reports to Advanced Research Projects Agency (ARPA) in
October and November 1958; insights on various aspects of early design
choices were provided by von Braun himself in ABMA’s presentation to
NASA in December 1958. For example, original concepts for yaw, pitch,
and roll control called for hinged outer engines: two hinged for pitch;
two hinged for yaw; all four for roll. But application of adequate control
forces required fairly high deflection of the engine thrust vector, and the
engine contractor (Rocketdyne) complained that this would put too much
stress on propellant flex lines. Instead, gimbaling of all four outer
engines was adopted, achieving adequate control force with less engine
deflection. The gimbal system for mounting engines permitted each
engine in the cluster to swivel about for either yaw or pitch control.

On the other hand, the original multiengine concept was maintained.
Throughout the early design phase, ABMA stressed the reliability of the
multiengine approach in case one or even two engines were lost.
Particularly in the case of manned missions, von Braun emphasized, the
engine-out capability offered much higher margins of safety in continu-
ing a mission until conditions were less hazardous for separation of the
crew capsule.

The multitank design also persisted as a design choice. In his NASA
presentation, von Braun praised the multitank design for several rea-
sons. Component tanks could be flown by Douglas C-124 Globemasters
to any part of the world and reassembled for launch; this procedure
would provide a high degree of flexibility. The separate tanks eliminated
the technical difficulties of internal horizontal bulkheads, required in a
large tank vehicle, to keep fuel and oxidizer separate. It also meant a
shorter, and more desirable, vehicle. In spite of the added weight, most
rocket propellant tanks included internal fuel slosh baffles, because
splashing and surging of the liquid fuel created problems in keeping the
vehicle stable and under control. In 1958, von Braun predicted that no
fuel slosh baffles would be required in the multitank design because of
the small diameter of the individual tanks (although the flight versions
actually incorporated slosh baffles in their design). A great deal of
attention was also given to booster recovery schemes, in which the spent
first stage would be recovered from the ocean after its descent had been
slowed by retrorockets and parachutes. The Huntsville group foresaw
immense savings in the recovery scheme, since the illustration given by
von Braun assumed “5 or 19 years from now” a launch rate of 100
vehicles per year over a 5-year period, at a cost of about $10 million per
launch.??
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More than any of the Saturn vehicles, the Saturn I S-I stage
configuration evolved during flight tests (for details, see chapter 11).
NASA developed the Saturn I as first-generation and second-generation
rockets, designated Block I and Block I1. The first four launches used the
Block I vehicle, with inert upper stages and no fins on the first stage, the
S-1. Block II versions carried a live second stage, the S-1V, sported a
corolla of aerodynamic fins at the base, and used uprated H-1 engines.
The S-I first stage for the Saturn I also became the first stage of the
Saturn IB; in this application, it was called the S-IB. Again, there were
modifications to the fins, engines, and various internal components.
Nevertheless, the basic details of fabrication and testing of the Saturn I
and Saturn IB remained similar. The first stage of the Saturn I and 1B
may have looked like a plumber’s nightmare, but it fit the criteria of
conservative design and economy established early in the program. As
Marshall engineers discovered, development of a new booster of Saturn
I's size involved a number of design problems. Fabrication of the tankage
was comparatively easy. Even though the former Redstone and Jupiter
tanks had to be lengllu.ncd from 12 to 16 meters to carry added
propellants, the basic diameters of the 178-centimeter Redstone and
267-centimeter Jupiter tanks were retained, so they could be fabricated
from the tooling and welding equipment still available at Huntsville. The
tank arrangement settled on by MSFC gave an alternate pattern of the
four fuel and four oxidizer tanks, clustered around the 267-centimeter
center oxidizer tank. The oxidizer tanks carried the load from the upper
stages of the Saturn, the fuel tanks only contributing to the lateral
stiffness of the cluster. When filled, the oxidizer tanks contracted 63.5
millimeters, which meant that the fuel tanks had to have slip joints at
their upper ends to accommodate other structural elements that fluctu-
ated with the tank shrinkage. All together, the Saturn I first stage carried
340 000 kilograms of propellants in its nine tanks. To keep the propellant
in one tank from depleting too rapidly during flight, which would
seriously unbalance the vehicle, the Saturn I'incorporated an interconnecting
pipe system, with regulating equipment to keep propellants at uniform
level in all tanks during a mission. Each of the four outboard fuel tanks
fed two engines, yet interconnected with the other tanks. The 267-centimeter
center liquid-oxygen (LOX) tank provided series flow to the four
outboard LOX tanks, which also fed two engines apiece.

Although the group of tanks eased the potential slosh tendencies of
a single large tank, each separate cylinder contained fixed baffles,
running accordionlike down the tank interiors. Pressurization for the
LOX tanks was done by a heat exchanger, dumping it into the top of the
LOX tanks as gaseous oxygen. Gaseous nitrogen from fiberglass spheres
at the top of the booster pressurized the fuel tanks. The 48 spheres fixed
to the top of the stage were curiously reminiscent of bunches of grapes.

The cluster of tanks was held together at the base by the tail section
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and at the top by an aptly named structural component known as the
“spider beam.” The tail section consisted of the thrust structure assembly
as well as the heat shield, shrouding for engine components, holddown
points, stabilizing fins (on the later Saturn I first stages), and other
components. Assembly of the spider beam required a special fixture for
precise alignment and joining of the heavy aluminum I beams, of which it
was made. Starting with a hub assembly, elght radial beams were attached
to it at 45-degree intervals. Then elght more cross beams were joined to
the outer ends of the radials with splice plates. The spider beam played a
dual role. Special hardware attached to it was used during the initial
clustering of the tanks. In other words, the spider beam served as an
assembly fixture, then remained as part of the stage’s permanent
structural assemblies, with each outboard oxidizer tank affixed to the
beam. Because a smaller diameter upper stage of 5.6 meters was planned
for the Saturn I, an upper shroud was incorporated as part of the
structural transition from the larger 6.5-meter-diameter first stage. The
upper shroud also enclosed telemetry equipment, umbilical connection
points used in ground test and launch preparation, and space for the
recovery system for the first stage. In the later versions (the Block 11
models), the shroud section was eliminated, and instruments were
housed in a separate instrument segment atop the upper stage. The
recovery section was no longer required; additional studies, completed by
early 1962, indicated that the recovery scheme would require extensive
m()dlﬁcauon to the stage, so the idea was finally dropped.*’

In the process of refining the design of the Saturn I, two major
problems emerged: stability and base heating. As with most large rockets,
the Saturn I was highly unstable, with the overall center of gravity located
on the heavy, lower-stage booster, while the center of lift, in most flight
conditions, was high on the upper stages. The nature of the problem
called for more advanced control processes than used on aircraft and
rockets the size of ICBMs. The low natural frequency of the big vehicle
was such that when the gimbaled engines moved to correct rocket
motions, special care had to be taken not to amplify the motions because
the control system frequency was close to that of the vehicle itself.

More worrisome, at least in the early design stage, was the problem
of base heating. Even with a rocket powered by only one engine, the flow
pattern at its base proved nearly impossible to predict for the various
combinations of speed and altitude. Base heating occurred when the
rocket exhaust interacted with the shock waves trailing behind the
vehicle. This clash created unpredictable regions of dead air and zones of
turbulent mixing. Heated by the rocket exhaust, the air trapped in these
areas in turn raised the heat levels at the base of the rocket to undesirable
temperatures. Worse, the fuel-rich exhaust flow from the engine turbopump
could get caught in these “hot-spot” regions, causing fire or explosion.
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The base heating phenomenon became worse with mulnengme
rockets. The eight-engine Saturn I cluster began to look like a Pandora’s
box of base heating. To get an idea of what to expect, and to work out
some fixes ahead of time, the Saturn design team ran some cold flow
tests, using scale-model hardware, and called on NASA’s Lewis Research
Center, in Cleveland, to run some unusual wind tunnel tests. These
investigations involved a booster model with eight operating engines,
each putting out 1100 newtons (250 pounds) of thrust. Following the
tests and extensive theoretical studies, designers in Huntsville came up
with several ideas to cope with the base-heating situation. Arranged in a
cross-shaped configuration, the engine pattern of the cluster was con-
ceived to minimize dead air regions and turbulent zones. The four inner
engines were bunched together in the center to reduce excessive heating
in the central area, and the remaining four were positioned to avoid
structural interference as the gimbaled engines swung on their mounts.
The lower skirt was designed to direct large streams of high-energy air
toward the four center cngmes in particular to prevent dead air regions
from developing in their vicinity. A heavy fire wall was installed across
the base of the booster near the throat of the engines, with flexible engine
skirts to permit gimbaling and, at the same time, keep the super-heated
gas from flowing back up to the turbopumps and propellant lines above.
The problem of the exhaust from the turbopumps received special
attention. For the four center engines, which were fixed, the fuel-rich
exhaust gases were piped to the edge of the booster skirt and dumped
overboard into a region of high-velocity air flow. In ]dtel vehicles, the
exhaust gases were dumped exactly into the “centerstar” created by the
four fixed engines. The gimbaled outboard engines required a different
approach. The turbopump was fixed to the gimbaled engines; therefore
an overboard duct for them would have required a flexible coupling that
could withstand the high temperatures of the turbine exhaust gases.
Instead, MSFC devised outboard engine attachments called aspirators,
which forced the turbine exhaust into hoods around the engine exhaust
area and mixed the turbopump exhaust with the engine’s main exhaust
flow.*

Successful ignition and operation of an eight-engine cluster of
Saturn’s dimensions required extensive testing beforehand. In December
1958, ARPA released funds for modifications to one side of a two-
position Juno test tower in order to test-fire the Saturn I first stage.
Preparations for these static tests, as they were called, required extensive
reworking of the Saturn’s side of the tower, including a new steel and
concrete foundation down to bedrock, a steel overhead support structure
and a 110-metric ton overhead crane, a new flame deflector and
fire-control system, and much new instrumentation. The job took a
whole year. By January 1959, ABMA crews installed a full-sized, high-
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fidelity mockup of the first stage in the tower to check all the interfaces
for service and test equipment. Satisfied, they took the mockup out, and
put in the first static-test version. The test booster, SA-T, was installed
during February, and late in March the first firing test, a timid one,
burned only two engines for an eight-second run. Many skeptics still
doubted that the eight-engine cluster would operate satisfactorily. “Peo-
ple at that time still had a lot of difficulty persuading individual rocket
motors to fire up . .. reliably,” von Braun explained, “and here we said
we would fire up all eight simultaneously.” There were a lot of jokes
about “Cluster’s Last Stand,” von Braun chuckled. Still, the firing crew at
Marshall proceeded cautiously. Not until the third run, on 29 April 1960,
did test engineers fire up all eight barrels, and then only for an
eight-second burst. By the middle of June, the first stage was roaring at
full power for more than two minutes.

Reverberations of the Saturn tests were quickly felt. The acoustical
impact was quite evident in the immediate area around the city of
Huntsville, and the long-range sound propagation occurred at distances
up to 160 kilometers. The result was a rash of accidental damage to
windows and wall plaster, followed by a rash of damage claims (some-
times filed by citizens on days when no tests had been conducted). Aware
that climatic conditions caused very pronounced differences in noise
levels and long-range sound propagation, engineers began taking
meteorological soundings and installed a huge acoustical horn atop a
tower in the vicinity of the test area. No ordinary tooter, the horn was
over 7.6 meters long and had a huge flared aperture over 4.6 meters
high. Its sonorous gawps, bounced off a network of sound recorders,
gave acoustical engineers a good idea whether it was safe to fire the big
rockets on overcast days.*?

To make the most use of the expensive test facilities, as soon as a
booster completed its test-firing series and was shipped off to Cape
Canaveral for launch, the SA-T booster was fastened back into place for
further verification and testing of Saturn systems. The complex test
instrumentation was complemented by the growing sophistication of
automatic checkout systems used in the Saturn I first stage. Early
hardware was designed for manual checkout. As more advanced elec-
tronics and computers became available, significant portions of the
procedure were designed for automatic tests and checks. The scope of
automatic test and checkout evolved into a complex network that tied
together diverse geographic test and manufacturing locations. Later
generations of Saturn vehicles and individual components were electron-
ically monitored, literally, from the time of the first buildup on the shop
floor until the mission was finished in outer space.

Because manufacturing tests of individual stages occurred separately
at diverse locations, a specialized facility was required to verify the
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physical interface design, system integration, and system operation of the
total vehicle. During a flight, natural structural frequencies occurred—the
result of vibrations of moving parts, aerodynamic forces, and so on. If the
control-force input of gimbaling engines, for example, reinforced the
structure’s natural frequency, the amplification of such structural deflec-
tions could destroy the vehicle. So a dynamic test stand, large enough to
surround a complete two-stage Saturn I, was begun at MSFC in the
summer of 1960 and finished early in 1961. The dynamic test facility was
designed to test the vehicle either in entirety or in separate flight
configurations. Vibration loads could be applied to the vehicle in pitch,
yaw, roll, or longitudinal axis to get data on resonance frequencies and
bending modes. Saturn I tests uncovered several problem areas that were
then solved before launch. Matching frequencies in the gimbal structure
and hydraulic system were uncovered and “decoupled.” Static tests
revealed weaknesses in the heat-shield curtains around the engines, so
the flexible curtains were redesigned. Structural failure of the outer
liquid-oxygen tanks required a reworking of the propellant flow system.**
Historically, the style of ABMA operations emphasized in-house
fabrication and production, as Army arsenals had traditionally done. As
the scale of the Saturn program increased, MSFC made the obvious and
logical choice to turn over fabrication and manufacture to private
industry. At the same time, the center retained an unusually strong
in-house capability, to keep abreast of the state of the art, undertake
preliminary work on new prototype hardware, and to make sure that the
contractor did the job properly (for management details, see chapter 9).
The do-it-yourself idea was most strongly reflected in the development of
the Saturn I first stage. Ten Saturn I vehicles were built and launched;
the first eight used S-I first stages manufactured by MSFC, although the
fifth flight vehicle carried a contractor-built second stage (the Douglas
S-1V). The last two Saturn Is to be launched had both stages supplied by
private industry. Douglas supplied the S-IV upper stage, and the
Chrysler Corporation’s Space Division supplied the S-1 lower stage.
Late in the summer of 1961, while the first Saturn I was en route to
Florida for launch, MSFC began plans to select the private contractor to
take over its S-1 stage. The manufacturing site at Michoud was announced
on 7 September, and a preliminary conference for prospective bidders
occurred in New Orleans on 26 September. The first Saturn I was
launched successfully one month later (27 October), and on 17 November,
Chrysler was selected from five candidates to produce the S-1 first stage.
The final contract called for the manufacture, checkout, and test of 20
first-stage boosters. Chrysler participated in the renovation of Michoud
as it tooled up for production. In the meantime, the shops at Marshall
turned out the last seven S-1 boosters, progressively relinquishing the
primary production responsibility. During December 1961, for example,
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Saturn I

Left, the drawing of the
Saturn I S-I stage shows
the multitank configura-
tion. The cutaway shows
the fuel baffles inside the
tanks. Below, in MSFC's
Fabrication and Engi-
neering Laboratory an
S-I is being assembled.
The two end spider beams
are connected to the
central 267-centimeter-
diameter liquid-oxygen
tank; the first of the eight
178-centimeter outer tanks,
used alternately for liquid
N oxygen and kerosene, is
VIEW LOOKING FORWARD being lifted into position.

MSFC manufactured its last 1.78-meter and 2.67-meter tanks, turning
over this job to Chance-Vought, of Dallas, which supplied both MSFC
and Michoud as Chrysler took over the booster production.™*

Chrysler, a major automotive manufacturer, was no novice to the
production of rockets, having worked with the von Braun team since
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1954 producing Redstone rockets and their successor, the Jupiter.
Chrysler easily shifted from the Saturn I to the larger Saturn IB. In July
1962, when NASA announced its intention to use the lunar orbit
rendezvous, the space agency also released details on the two other
Saturn vehicles. The three-stage Saturn V was planned for the lunar
mission. A corollary decision called for development of an interim vehi-
cle, the Saturn IB, to permit early testing of Apollo-Saturn hardware,
such as the manned command and service modules, and the manned
lunar excursion module in Earth orbit, as well as the S-IVB stage of the
Saturn V. This decision permitted such flight testing a year before the
Saturn V would be available. Chrysler’s initial contract, completed late in
1962, called for 13 first-stage Saturn IB boosters and 8 Saturn I
first-stage boosters.*

In most respects, the new S-IB first-stage booster retained the size
and shape of its S-I predecessor. The upper area was modified to take the
larger-diameter and heavier S-IVB upper stage, and the aerodynamic fins
were l‘edesigned for the longer and heavier vehicle. The Saturn IB
mounted its eight H-1 engines in the same cluster pattern as the Saturn I,
although successive improvements raised the total thrust of each engine
to 890 000 newtons (200 000 pounds) and then to 912 000 newtons
(205 000 pounds). The thrust increase raised the overall performance of
the Saturn IB; the performance was further enhanced by cutting some
9000 kilograms of weight from the stage cluster. A more compact fin
design accounted for part of the reduction, along with modifications to
the propellant tanks, spider beam, and other components and removal of
various tubes and brackets no longer required. Additional weight savings
accrued from changes in the instrument unit and S-IVB, and the insights
gained from the operational flights of Saturn I. Many times, engineers
came to realize designs had been too conservative—too heavy or unneces-
sarily redundant. The production techniques worked out for the Saturn
S-1 stage were directly applicable to the S-1B, so no major retooling or
change in the manufacturing sequence was required. With so few basic
changes in the booster configuration, existing checkout and test proce-
dures could also be applied. At Huntsville, appropriate modifications
were made to the dynamic test stand to account for the different payload
configurations of the Saturn IB and the same static test stand served just
as well for the S-IB first stage, although engineers reworked the stand’s
second test position to accept additional S-1B stages.*®

SUMMARY
During 1961-1962, several crucial decisions were completed to

clarify configurations of the Saturn program and to agree on the mode to
land astronauts on the moon. Once the idea of direct ascent via a Nova
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Saturn IB

Right, engineers in a Lewis Research Cen-
ter wind tunnel are aligning a model of the
Saturn IB prior to firing tests to delermine
the amount and distribution of base heating
from the blast of the eight engines. Below,
three Saturn IBs are in various stages of
assembly at Michoud.

vehicle was discarded, the major issue became Earth orbital rendezvous
or lunar orbital rendezvous. One of the last holdouts against LOR,
Marshall eventually opted for it because it averted the multiple launches
of an EOR sequence and offered the best chances for a successful mission
before the end of the 1960s.

Once the issue of the mission profile had been settled, the task of
developing the resources for manufacturing and testing of the Saturns
became paramount, and engineers finalized the design of the Saturn I's
first stage, which evolved into the first stage of the Saturn IB as well.

At this point, in the early 1960s, development of the Saturn I and 1B
loomed large in press releases and news stories, with special attention on
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the lower stages. The work in this area set the baselines for manufactur-
ing procedures, static firing tests of the multibarrel cluster, and the first
launches of the Saturn I, with a live lower stage and a dummy upper
stage. Because NASA and MSFC planners put such special emphasis on
early static-firing tests of each stage, the engines had to be ready. From
the beginning, MSFC maintained a strong effort in research, develop-
ment, and production of Saturn propulsion systems. Meanwhile, parallel
work on other hardware of the Saturn program proceeded: R&D on the
upper stages for the Saturn I and IB (to be modified for the Saturn V)

L]

R&D for the first two stages of the mammoth Saturn V; plans for unique
tooling required for production and fabrication; schemes for guidance
and control of the launch vehicle. The main effort leading to large
launch vehicles for manned lunar voyages was just beginning to build
momentum.
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Fire, Smoke, and
Thunder: The Engines

The H-1 engine traced its ancestry to postwar American development
of rocket propulsion systems, and the opening section of chapter 4
includes an assessment of this engine’s technological heritage. While the
development of other engines discussed in Part Three differed in
specifics, the overall trends in their design, test, and achievement of
operational status paralleled that of the H-1 and sprang from the same
evolving technology. Introduced on the Saturn V, the giant F-1 engine,
while more akin to the conventional cryogenics of the H-1, experienced
many development problems. The problem of scale affected many
aspects of Saturn hardware development, as the F-1 story attests.

Application of liquid hydrogen (LHs) technology constituted one of
the key aspects of Apollo-Saturn’s success. The upper stages of the
Saturn I and Saturn IB introduced LHy-fueled RL-10 and J-2 engines,
respectively, as discussed in chapter 5.
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Conventional Cryogenics: The H-1 and F-1

Development of rocket engines was usually conducted several steps
ahead of the stage’s tankage and the stage itself. This was done
because of the inherent complexities of propulsion systems and inherent
difficulties in engine research and development. Moreover, the choice of
engine propellants influenced many elements of stage design, including
the location of fuel and oxidizer tanks, propellant lines, and the various
subsystems involved in the interface between the engine and stage.

Much of the ultimate success of the Saturn launch vehicles depended
on the application of cryogenic technology—the use of liquefied gases in
propellant combinations. The first-stage engines of the Saturn I, Saturn
IB, and Saturn V (respectively, the S-I, S-IB, and S-IC stages) used a
noncryogenic fuel called RP-1, derived from kerosene. All Saturn’s
engines used liquid oxygen as the oxidizer, and the engines of the S-1V,
S-IVB, and S-1I stages relied on liquid hydrogen as fuel. Put simply, the
ability to carry large amounts of cryogenic propellants meant much more
efficient launch vehicles. If designers had tried to build a rocket large
enough to carry gaseous propellants, the size and weight of the tanks
would have made it impossible to construct and launch such a vehicle.
With the gaseous propellants converted to a liquid state, requiring less
volume, designers had the opportunity to come up with a design capable
of getting off the ground. In the 1960s, cryogenic technology experi-
enced a phenomenal rate of growth and state of development. In support
of the space effort, scientists and engineers accomplished a number of
major breakthroughs, not only in the field of cryogenics itself, but also in
the design and production of cryogenic rocket engines.
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CRYOGENIC TECHNOLOGY

The scope of cryogenics was neatly summarized in a NASA report
on cryogenics and space flight:

Cryogenics is the discipline that involves the properties and use of materials at
extremely low temperatures; it included the production, storage, and use of
cryogenic fluids. A gas is considered to be cryogen if it can be changed to a liquid by
t