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Introduction

Since its inception in 1960, the Marshall Space Flight Center in Huntsville,
Alabama has been at the center of the American space program. The Center
built the rockets that powered Americans to the Moon, developed the propulsion
system for Space Shuttle, and managed the development of Skylab, the Hubble
Space Telescope, and Spacelab. It is one of NASA’s most diversified field
Centers, with expertise in propulsion, spacecraft engineering, and human systems
and multitudinous space sciences.

Yet the Center’s role in American space exploration has often been obscure.
Americans following the major space flights of the Mercury, Gemini, and Apollo
Programs in the 1960s, Skylab in the 1970s, and the Shuttle in the 1980s focused
most of their attention on the launch site in Florida or mission control in Houston.
Popular histories of the space program accentuate astronauts. When accounts
of the early space program do examine Marshall’s role, they tend to highlight
the dominating presence of Wernher von Braun, the Center’s first director, rather
than the institution itself. The Center’s achievements have often been behind-
the-scenes, and if they have not always captured public attention, they have
frequently been at the center of NASA’s triumphs.

The present work explores Marshall’s evolution at the center of NASA, from
its origins as an Army missile development organization through its participation
in major American space programs. We have employed a generally chronological
approach, exploring in topical chapters Marshall’s contributions to NASA’s major
programs. In each chapter, we have traced the Center’s contributions to the
program and the ways in which the Center’s participation shaped the institution
itself.

Our own inclinations and the scope and requirements of the NASA contract
under which we wrote this book have led us to examine Marshall’s history

Vil



Power 1o ExpLORE: HisTORY OF MSFC

differently from previous treatments. Most previous studies of Marshall’s con-
tributions to the space program have been products of what British aerospace
scholar Rip Bulkeley called the “Huntsville school” of American space histori-
ans,! a group that included von Braun himself and several of his associates,
most prominently Frederick 1. Ordway. Works of this school have chronicled
the technical achievements of early space projects in Huntsville, focusing on
the role of von Braun and his German team. The Huntsville school took a nar-
row approach and minimized the social and political context of technological
history. The most significant work on Marshall’s contributions that is not a
product of the Huntsville school is Roger Bilstein’s Stages to Saturn 1980, a
detailed technological history of the Saturn family of launch vehicles.

Technological achievements are the heart of the Marshall story. The Center’s
accomplishments in engineering and technology have not only contributed to
most of NASA’s major efforts in human space flight, but have included an array
of automated spacecraft that have made breakthroughs in space science, and
provided platforms for researchers from other Centers, universities, and private
industry.

Nonetheless, the story of the Center cannot be understood apart from its social
and political context. Often the Center and its technical efforts developed as
much because of political pressures—both from within NASA and from the
outside—as because of the technological imperatives of space exploration. The
NASA contract under which we worked in fact mandated that we explore
Marshall’s contributions toward, and responses to, changes in its social, politi-
cal, and technological environment. While research was underway, several
Marshall veterans reviewing our manuscript questioned the social and political
approach even to the point that the Center canceled the contract under which
we were working. Ultimately, however, NASA and the Center confirmed an
approach to MSFC’s history that extended beyond technology and reinstated
the original contract and its research design.

A broad approach to the Center’s history is necessary because Marshall has
always been complex, even enigmatic. In six years of research we have talked
to people at Marshall and elsewhere in NASA, and have heard interpretations
of the Center that are often strikingly contradictory. Some outsiders criticize
Marshall as having a closed culture, impervious to penetration from the out-
side; most Marshall veterans see their Center as open, seeking interaction with
other groups at every opportunity. Outsiders sometimes describe Marshall’s

viii



INTRODUCTION

management as authoritarian; insiders typically see top officials as responsive
to ideas from lower-ranking experts. Some see Marshall’s history as a prosaic
tale of bureaucratic growth and inertia, common to NASA; others see a story of
unique organizational culture. Howard McCurdy’s recent book Inside NASA
examines NASA’s evolution and shows how early dynamism fell victim to in-
creasingly complex limitations and tightening budgets. Not surprisingly many
of his interviewees were Marshall veterans. Yet Marshall’s team of German
rocket experts and American engineers was unique in the annals of space pio-
neering, and the Center’s first 30 years led to space science and engineering
achievements of unparalleled breadth.

Marshall has been at the forefront of the frontier of space, but it has also been a
center of controversy. In its first three decades, NASA had three major crises:
the Apollo fire in 1967, the Challenger disaster in 1986, and a crisis of confi-
dence in the late 1980s in which initial shortcomings of the Hubble Space Tele-
scope and questions about Space Station planning and funding focused national
attention on NASA’s uncertain future. Marshall was at the margins of the Apollo
fire investigation, but at the center of the crises of the 1980s.

One of our major goals then has been to show the complexity of Marshall’s
history and culture. Moreover, the story of the Center sheds light on the con-
temporary history of the government-industrial complex, the management of
technological endeavors, and the evolving networks of engineers and research-
ers in “big science.” In addition, anyone who hopes to understand NASA’s fu-
ture must come to terms with Marshall’s past, for the Center has been a
microcosm of the Agency. The major themes of NASA’s development over its
first 30 years extend through Marshall’s history.

The Federal Government assumed responsibility to fund technological research
and development tasks in the years after World War II, and by the late 1950s it
became apparent that a new federal agency, the National Aeronautics and Space
Administration, would be one of the major recipients of federal money. Presi-
dent Kennedy made that commitment a national quest when he directed the
new agency to land a man on the Moon by the end of the decade. With that
mission NASA emerged as one of the most visible federal agencies. Marshall
was one of the three major NASA installations involved in Apollo, and the
Center was the largest recipient of NASA funds and had the largest workforce
in the early 1960s. Marshall’s expertise in rocketry made fulfillment of
Kennedy’s challenge possible.

ix
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The aftermath of Apollo ushered in a new era for Marshall and for NASA.
Marshall was the first NASA installation to experience the impact of tightening
budgets, cutbacks, and readjusted schedules as Apollo wound down. As one of
NASA’s two largest field Centers and the one with the most entrenched tradition
of in-house production, Marshall was at the center of NASA’s shift from the
arsenal organization, capable of internal development of hardware to contractor
production. Marshall and its surrounding community learned that federal money
does not come unencumbered, and the government used the Center to pressure
Alabama to reform its pattern of racial segregation. When the government
determined that NASA’s mission would broaden to include international
participation in its programs, Marshall was again in the forefront, managing
development of Spacelab with the European Space Agency and incorporating
multinational participation in Space Station and other programs. Post-Apollo
cutbacks forced the Center to compete with other NASA Centers for business.
NASA fostered competition, convinced it promoted creativity, and certain that
the benefits of resourcefulness outweighed the costs of Center rivalry. Marshall
proved an able competitor, and in the late 1960s began extensive diversification
that restructured the Center. Marshall now began to supplement its work on
NASA’s major human space flight programs with work in space science, which
involved both piloted and robotic space technology. The Center worked on
technology supporting all types of missions, and in the process developed a
scientific and technological diversity unmatched at other Centers.

Marshall in 1990 was a very different institution than it had been in the 1960s.
The changes reflected the vision, will, and talent of the people who have worked
there through its first three decades, and the external environment in which
they worked. No longer merely a propulsion Center, it developed a vast capac-
ity to develop new generations of space vehicles and to lead research investiga-
tions in emerging fields of space science. For 30 years the Marshall Space Flight
Center indeed remained at the center of NASA’s quest to explore space.

1 Rip Bulkeley, The Sputniks Crisis and Early United States Space Policy: A Critique of the
Ristoriography of Space (Bloomington: Indiana Usivarsity Press, 1991), pp. 204-205.
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circumstances developed that would bring the coalition together. Huntsville,
Alabama, was an agricultural community in the 1940s, an unlikely site for space
research, but the wartime activation of an ordnance plant at the outskirts estab-
lished the future site of the Army’s Redstone Arsenal and the Marshall Center.
During the war the National Advisory Committee for Aeronautics (NACA), a
small federal agency and the forerunner of NASA, broadened its research base
beyond the interest in aerodynamics on which its reputation rested.> Another
part of the coalition was comprised of German rocket scientists and engineers
who, during the war, worked under the direction of von Braun on a remote
island in the Baltic Sea developing missiles for Adolph Hitler’s army.

Huntsville Before the Space Age

Huntsville, a small town a dozen miles north of the southern-most bend in the
Tennessee River, welcomed the arrival of defense plants in 1941 as a solution
to economic woes. A compact site of four square miles, Huntsville had seen
prosperous days, as blocks of ante-bellum houses east of the Courthouse Square
attested. By the late 1920s, Huntsville had become the textile center of Ala-
bama, and Madison County the state’s leading cotton producer. But even be-
fore the Great Depression its single-crop economy fluctuated with the vagaries
of cotton prices. Huntsville’s leading citizens yearned for economic growth.
Two new twelve-story “skyscrapers” revealed ambitions to be more than a small
cotton town. One businessman emblazoned his building with the slogan “Great
is the Power of Cash,” and the Chamber of Commerce declared Huntsville the
“Watercress Capital of the World,” the “Biggest Town on Earth for its Size.”

To the west and south spread a broad plain of cotton fields dotted with mill
villages. Mill wages remained low even when cotton prices rose. Many African
Americans left Madison County to seek jobs in northern cities; the black popu-
lation was lower in 1940 than it had been at the turn of the century, even though
the total population increased by fifty percent. The Depression made condi-
tions worse. Mill strikes in 1934 hastened decline, ending Huntsville’s domina-
tion of the state’s textile industry.

The infusion of federal money into the economy during World War 11 lifted
Huntsville out of the Depression, and permanently altered the community. During
the Fourth of July weekend in 1941, the Chemical Weapons Service announced
plans to establish a chemical weapons plant in Huntsville, and 500 people ap-
plied for jobs by the following Monday. The Huntsville Arsenal manufactured
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toxic agents and incendiary material, and packed them in shells, grenades, and
bombs supplied by the Ordnance Department. Three months later, Redstone
Ordnance Plant began operations on adjacent land southwest of the city. Redstone
manufactured and assembled ammunition for Ordnance. Construction costs for
the two arsenals totaled $81.5 million; peak employment exceeded 11,000
civilians. For the duration of the war, Madison County prospered.

The end of the war brought fears of renewed depression, and within months the
Huntsville economy seemed on the verge of collapse. Jobs disappeared, and
despite efforts to encourage diversification, another “bust” period in Madison
County’s cyclical economic fortunes seemed imminent. The Department of the
Army declared the 35,000 acres of Huntsville Arsenal surplus property, and
offered it for sale.*

The war nonetheless proved more than a temporary economic surge for Hunts-
ville. The presence of the federal government in Madison County established a
foundation for continued prosperity. North Alabama, beneficiary first of the
Tennessee Valley Authority, then of Huntsville’s defense plants, would see an
increasing infusion of federal funds. The twin arsenals, whose futures were
uncertain in 1945, would become the launching pads of future growth when the
Army chose the site for its missile development team.

NACA: Forerunner of NASA

The war also influenced NACA, which would become the second component
of the Marshall coalition, and enhanced its reputation as a research institution.
Founded in 1915, NACA supported the aircraft industry with basic research
and investigations suited to specific aeronautical problems. With the coming of
war in Europe, NACA expanded to new facilities at Moffett Field in California
in 1939 and in Cleveland in 1940.

Wartime demands limited NACA to a support role for military requirements.
After the war, NACA shed its conservative image, adding new facilities at Wal-
lops Island, Virginia, and at Edwards Air Force Base in California and branch-
ing into new fields of research. Hugh L.. Dryden, who became director in 1947,
initiated research into rocket propulsion, upper atmosphere exploration, hyper-
sonic flight, and other fields previously ignored by NACA. Still minimally
funded, but no longer bound by an emphasis on aeronautics, NACA had
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already begun the transition by the late 1940s that would lead to the formation
of a national space agency a decade later.’

Peenemiinde and Marshall’s German Roots

The third component of the Marshall coalition was a talented team of German
specialists who developed the V-2 rocket used against Britain and Allied posi-
tions on the European continent in the last years of the war. During World War
IT, German rocketry advanced beyond that of any other nation. The story of the
American acquisition of German rocket expertise, intertwined in the origins of
the Cold War, has been controversial ever since.

German rocketry originated with the pioneering efforts of the Rumanian
Hermann Oberth and the experimentation of amateur rocket societies in the
1920s and 1930s. Among the members of one such society in Berlin in 1929
was von Braun, a recent high school graduate from the town of Wirsitz in Posen,
territory along the Oder River that became part of Poland after World War I1.7

Rocketry changed from a hobby to a profession in the late 1920s when the
German army became interested in using it as a means to take advantage of a
loophole in the Versailles Treaty. The treaty forbade Germany to build long-
range guns, but included no prohibition against rocketry.? The Army wanted to
develop a liquid-fueled rocket that could be produced inexpensively and sur-
pass existing guns in range.

Von Braun became a civilian army employee in 1932. Beginning with only one
mechanic to assist him, von Braun began to build a team of researchers, draw-
ing from amateur rocket societies, universities, and industry. They began work
at Kummersdorf near Berlin and by 1936 began moving to Peenemiinde. The
army provided von Braun with whatever equipment he needed. The Center
concentrated all phases of research and development at one location, a concept
that von Braun’s military supervisor Captain Walter Dornberger described as
“everything under one roof.” Von Braun first resisted the notion, arguing that he
had no experience in production, but later embraced it.° Researchers were avail-
able if problems arose during production. Test launch sites were only two miles
from manufacturing facilities. Dornberger compared the organization at
Peenemiinde to “a large private research institute combined with a production
plant.”10
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The need for secrecy limited cooperation with industry. Rocket technology was
too arcane in the early years for industry to desire participation, and conven-
tional arms contracts offered more money. Ernst Stuhlinger recalled that the
arsenal concept took hold in Peenemiinde simply because “nobody could build
rockets at that time in Germany. Nobody knew how to build rocket motors. We
had to develop it, and von Braun had gotten the team together. We did it in our
Peenemiinde laboratories and became the experts before anybody else was an
expert.”!!

Formal cooperation with industry and academia increased as the Peenemiinde
operation matured, but by then the in-house approach was established. Von
Braun sought cooperation with universities, especially for research and recruit-
ment. “The main professors, the lead investigators, became our laboratory di-
rectors,” Georg von Tiesenhausen recounted. Von Braun preferred direct private
contacts to the more rigid structures of the German bureaucracy. “We worked
closely with universities all over the country. We gave them the list of problems
and they had to solve them,” von Tiesenhausen explained.'

Von Braun established a flexible management system that could respond to
external constraints. He envisioned major projects on a vertical axis, technical
support laboratories superimposed on a horizontal axis. Every project manager
had direct access to all laboratory facilities. Technical departments were not
dependent on the fortunes of any given project, yet had the flexibility to adapt
to changing demands."

The research team assembled at Peenemiinde included men of exceptional tal-
ent. Many of them had advanced degrees and practical experience in industry
before joining von Braun. Few had worked in rocketry, but expertise in fields
like physics, chemistry, mechanical engineering, and electrical engineering suited
them to work on various aspects of rocket development.

Not that everything went smoothly at Peenemiinde. Early rocketry was an inex-
act science, with progress registered through trial and error. Von Braun recalled
that “Our main objective for a long time was to make it more dangerous to bein
the target area than to be with the launch crew.”** Hundreds of test firings from
1938 to 1942 brought improvements in stability, propulsion, gas stream rud-
ders used for steering, the wireless guidance communication system, and
instruments to plot flight paths."
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British intelligence discerned that rocket research was underway at Peenemiinde
as early as May 1943. On the night of 17 August, British bombers staged a
large raid that killed 815 people, destroyed test stands, and disrupted transpor-
tation. The raid did little to disrupt V-2 production plans, but nonetheless pre-
cipitated changes in plans—most significantly the decision that no production
would take place at Peenemiinde.'¢

Labor for V-2 production became a pressing problem in 1943. In April Arthur
Rudolph, chief engineer of the Peenemiinde factory, learned of the availability
of concentration camp prisoners, enthusiastically endorsed their use, and helped
win approval for their transfer. The first prisoners began working in June. Hitler’s
concern for V-2 development after July 1943 peaked the interest of Heinrich
Himmler, the commander of the SS, who conspired to take control of the rocke.
program and research activities at Peenemiinde as a means to expand his power
base. When Dornberger and von Braun resisted his advances, the SS arrested
von Braun, charging that he had tried to sabotage the V-2 program. Himmler
cited as evidence remarks that von Braun had made at a party suggesting devel-
oping the V-2 for space travel after the war. Dornberger’s intercession won von
Braun’s release, but Himmler had made his point. Von Braun’s defenders cite
his arrest as proof of his differences with the Nazi Party and his distance from
the use of slave labor. Von Braun’s relationship to the Nazi Party is complex;
although he was not an ardent Nazi, he did hold rank as an SS officer. His
relationship to slave labor is likewise complicated, for his distance from direct
responsibility for the use of slave labor must be balanced by the fact that he was
aware of its use and the conditions under which prisoners labored.!”

Atrocities perpetrated at V-2 production facilities at Nordhausen and the nearby
concentration camp at Dora—where some 20,000 died as a result of execution,
starvation, and disease—stimulated controversy that plagued the rocket pio-
neers who left Germany after the war. The most important V-2 production sites
were the central plants, called Mittelwerk, in the southern Harz Mountains near
Nordhausen, where an abandoned gypsum mine provided an underground cav-
ern large enough to house extensive facilities in secrecy. Slave labor from Dora
carved out an underground factory in the abandoned mine, which extended a
mile into the hillside. Foreign workers under the supervision of skilled German
technicians assumed an increasing burden; at Mittelwerk, ninety percent of the
10,000 laborers were non-Germans.'®
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The oft-delayed V-2 production program staggered into low gear in the fall of
1943. Production built steadily through the early months of 1944, peaking in
late 1944 and early 1945 at rates of between 650 and 850 V-2s per month.*
But the V-2 was a military disappointment. As many as two-thirds of the rock-
ets exploded in mid-air before reaching targets. The campaign against England
perhaps did more to rally the British people than to inflict damage. So disap-
pointing was the campaign that Nazi officials regretted the decision to concen-
trate on the V-2 at the expense of the anti-aircraft rockets.

Project Paperclip: American Acquisition of German Rocket Experts

By the beginning of 1945, the advance of the Russian army into Pomerania
threatened Peenemiinde, and an Allied victory appeared inevitable. With an
Allied victory imminent, von Braun and his associates agreed that their future
would be brightest with the Americans, who had suffered the least from the war
and might be able to afford to support rocket research. Evacuation of Peenemiinde
began late in January. Workers destroyed records that could not be evacuated
and detonated remaining facilities to keep them out of Russian hands. Von Braun
moved his organization to the Harz Mountains near Mittelwerk, where he worked
on improving V-2 accuracy and eliminating mid-air explosions.”

Work ceased only when the advance of Allied troops forced another move. By
early April, 400 key members of the von Braun group scattered in villages near
Oberammergau. Anticipating the advance of Allied troops, von Braun directed
his men to hide research documents from Peenemiinde. They hid 14 tons of
numbered crates in an abandoned mine, then sealed the opening to the mine
with a dynamite explosion.?

Research at a standstill, the Germans waited for the arrival of the Allies. On
2 May, two days after Hitler’s suicide in his Berlin bunker, American forces
moved into the vicinity of Oberammergau. Von Braun and his group surren-
dered to the Americans.” ‘

The destiny of von Braun’s rocket experts, now severed from the fate of Hitler’s
Reich, passed into the crosscurrents of a new international struggle between
the United States and the Soviet Union. The meeting of President Franklin D.
Roosevelt, British Prime Minister Winston Churchill, and Soviet leader Joseph
Stalin at Yalta in February exposed tension between the wartime Allies.
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Consideration of what to do with captured scientists and engineers succumbed
to emerging Cold War attitudes, as Washington measured hostility toward an
old adversary against fear of a new one.

Colonel Gervais William Trichel, the chief of the Rocket Branch of U.S. Army
Ordnance, was one of the few Americans who had pondered the disposition of
German rocket experts prior to their surrender. He sent Major Robert Staver to
London to work with British intelligence developing a list of German rocket
technicians, ranking them in order of significance. Wernher von Braun’s name
headed the list. Trichel negotiated a contract with General Electric late in 1944
for Project Hermes, an agreement for the development of long-range guided
missiles. He anticipated using V-2 rockets in his research, and in March 1945
he directed Colonel Holger Toftoy, chief of Ordnance Technical Intelligence,
to locate 100 operational V-2s and ship them to an Army range in White Sands,
New Mexico.*

As soon as Toftoy learned about the Allied discovery of the V-2 plant at
Mittelwerk, he sent Staver to Nordhausen to investigate. After verifying the
astounding discovery of rows of partially assembled V—2s in the underground
facilities, Staver met with members of von Braun’s staff and learned of the
hidden cache of Peenemiinde documents. The peace agreement stipulated that
the Soviet Union would occupy Nordhausen, and Britain would control Dornten
before the end of May, so Toftoy and Staver had to improvise quickly. Toftoy
sent Major James P. Hamill to Nordhausen, where in nine days he supervised
shipment of 341 rail cars containing 100 V-2s to Antwerp in preparation for
shipment to the United States. Staver convinced the Germans to help him find
the hidden documents. He shipped 14 tons of the Peenemiinde cache out of
Dornten even as the British were erecting roadblocks prior to assuming
control.”

The question of what to do with German technicians in American custody was
laden with political, military, and moral overtones. Some feared that allowing
them to continue their research might allow for a rebirth of German militarism,
Secretary of the Treasury Henry Morgenthau sought a punitive policy toward
Germany, with no room for coddling weapons developers. The most compel-
ling moral argument hinged on the involvement of the Germans with either the
Nazi Party or slave labor at Mittelwerk.
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Many German academics, scientists, and technicians had been members of the
Nazi Party, often because party membership brought benefits such as research
grants and promotions. The Party often bestowed honorary rank as a reward.
Heinrich Himmler personally awarded an honorary SS rank to von Braun in
May 1940, which von Braun accepted only after he and his colleagues agreed
that to turn it down might risk Himmler’s wrath. Party membership alone seemed
an inadequate criteria, and advocates of using German scientists suggested dis-
tinguishing “ardent” Nazis from those who joined the Party out of expediency.”

Similar ambiguities clouded the issue of responsibility for the slave labor at
Nordhausen. Manufacture facilities were far from Peenemiinde, under the
supervision of Himmler’s SS. Himmler and SS-General Kammler dictated
production schedules and allocated V-2s for deployment and for testing. Neither
Dornberger nor von Braun had direct authority over Mittelwerk, but both men
visited the plant several times and observed conditions. Dornberger—and von
Braun—could influence V-2 production only indirectly, by lobbying for greater
resources.”®

In the years after the war, when von Braun and other Peenemiinde veterans had
risen to responsible positions in the American space program, accusations
regarding their role in the Mittelwerk slave labor production rose occasionally.
Responding to charges leveled by former inmates of the Dora-Ellrich
concentration camps in the mid-1960s, von Braun gave his most detailed
response. He admitted that he had indeed visited Mittelwerk on several occasions,
summoned there in response to attempts by Mittelwerk management to hasten
the V-2 into production. He insisted that his visits lasted only hours, or at most
one or two days, and that he never saw a prisoner beaten, hanged, or otherwise
killed. He conceded that in 1944 he learned that many prisoners had been killed,
and that others had died from mistreatment, malnutrition, and other causes, that
the environment at the production facility was “repulsive.”?

In later years some members of the von Braun group countered criticism by
explaining that the Germans at Peenemiinde were more interested in the scien-
tific potential of rocketry than weapons, and that they often spent evenings
discussing space travel. Some stories, repeated many times, became part of the
legend of the von Braun group after its successful work on the Saturn rocket.
Several stories revolved around the first successful V-2 test of 3 October 1942,
when Dornberger proclaimed the birth of the space age.’® Von Braun’s
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discussion of the potential of the V-2 as a step toward space travel had given
Himmler the pretense for his arrest in 1944. Eberhard Rees, von Braun’s clos-
est lieutenant, put the issue in perspective years later, saying, “Let us be very
honest. In Peenemiinde we did not work in the field of space flight whatsoever.
We worked directly on rockets and guided missiles, and only privately we talked
in the evening about space flight. . . . A lot of people have talked about how
strongly we worked in space flight and that just simply is not s0.”3!

After V-E Day, concern with the background of the Germans gave way to the
Cold War preoccupation with the Soviet Union. American strategists argued
that the Germans might help bring the war in the Pacific to an end, and pressured
the Truman administration to support a program of exploitation of German
scientific expertise. Russian and British interest in German scientists raised
concern that the United States might miss a historic opportunity. Truman had
no reservations about using German expertise as long as the program could be
kept secret. On 6 July, the Joint Chiefs of Staff responded by initiating Project
Overcast—later renamed Project Paperclip—a top secret program authorizing
recruitment of up to 350 experts in specialties of interest to American
military.3

Interrogation of von Braun’s inner circle, now ensconced in Witzenhausen in
the American zone, gave way to negotiations over terms for consultation services.
Colonel Toftoy requested authority to bring 300 rocket experts to the United
States, and received permission to transfer 100. Von Braun had insisted that the
smallest group that could be transferred was 520, but he helped pare the list to
127, ensuring that they represented a cross-section of his organization.

Negotiations did not always proceed smoothly. Questions rose over whether
transfers would be permanent, if they could be renewed, whether wives could
accompany their husbands, what salary they would be paid-—none of which
had clear-cut answers, given the ad hoc nature of the program. Persistent French,
British, and Russian interest in exploitation gave the Germans some leverage.
In the end, the von Braun group remained together and stayed with the Ameri-
cans as the least undesirable alternative. “We despised the French, we were
mortally afraid of the Soviets, we did not believe the British could afford us, so
that left the Americans,” one member of the group explained.™
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Time in the Desert

In September 1945, seven Germans including von Braun traveled to the United
States.* All except von Braun went to Aberdeen Proving Ground in Maryland,
where they helped organize and translate the cache of Peenemiinde documents.
Von Braun traveled cross-country by train with Major Hamill to Fort Blissin El
Paso, Texas, where Colonel Toftoy planned to reassemble “the world’s only
experienced supersonic ballistic missile team.” Nearby White Sands Proving
Ground, 25 miles north of Las Cruces, New Mexico, offered a vast desert
expanse for testing.

By the spring of 1946, most of the Germans selected by Toftoy had arrived at
Fort Bliss. The Germans knew little of the desert terrain of the American south-
west other than what they had read in the westerns of Karl May, a popular
German novelist who set some of his stories in El Paso. An isolated enclave at
Fort Bliss, the Germans were never more than a marginal part of the El Paso
community. They were still wards of the Army in 1946, subject to many restric-
tions, living behind a fence in converted barracks, required to have an Ameri-
can escort if they left the base. Those involved in testing at White Sands had
fewer restrictions because of its remote location, but their isolation was greater.
At first, none of the Germans had much contact with Americans other than
those they met in their official duties.*

General Toftoy’s principal purpose in bringing the Germans to Fort Bliss was
Project Hermes, the test firing of the Mittelwerk V—2s, a project intended to
give Americans experience in rocket research, testing, and development. The
V-2 parts were in disarray, having been packed by soldiers, shipped to New
Orleans, reloaded on freight cars, repacked once again on trucks, and finally
left in the open on the desert at White Sands. Working with General Electric as
the prime contractor, the Germans reassembled rockets, tested engines, and
fired the first American V-2 on 16 April 1946.”

For the remainder of the decade, the Germans served as consultants to the Army,
Navy, and private contractors. Forty-five of the sixty-eight V-2s fired performed
successfully, yielding aerodynamic data, information on the composition of the
upper atmosphere, and launching American rocketry research. Major achieve-
ments included launching a V-2 from the deck of the USS Midway, and firing
a Bumper-Wac (a modified V-2 first stage with a Wac Corporal second stage)

12






Power 10 ExpLORE: HisToRY OF MSFC

Hamill questioned his subordinates, issued orders, or transferred personnel
without working through him, and threatened to resign several times. Hamill
ignored the threats, but acceded to von Braun’s control of the team.*

Relations between von Braun and Colonel Toftoy remained on a higher plane.
Toftoy exerted a calming influence on the group, and worked to meet their
needs. Within a year, he had won the right for the Germans to begin bringing
their families. In the spring of 1948, Toftoy and Hamill devised a scheme to
overcome a legal technicality that troubled the group. Since they had entered
the United States without passports or visas, their immigration status was in
doubt. They crossed into Mexican territory and returned the same day with
papers listing Ciudad Juarez as their port of debarkation, El Paso their port of
arrival.*

The Transfer to Huntsville

In 1949, General Toftoy began to search for a new location at which to conduct
Army rocket research, thus initiating the chain of events that would lead to the
establishment of the Marshall Center. The commander of Fort Bliss rejected
Toftoy’s plans for expansion, and insufficient funds forced cancellation of
research projects.** Toftoy believed rocket research had become too
decentralized. In August, he visited Redstone Arsenal and neighboring Huntsville
Arsenal, then listed for sale by the Army Chemical Corps. Toftoy liked the site.
Senator John Sparkman, a Huntsville resident and chair of the city’s Industrial
Expansion Committee, lent support after the city lost a bid for an Air Force
aeronautical research laboratory to Tullahoma, Tennessee. After a personal
appeal to General Matthew B. Ridgway, Toftoy won approval in October 1949
to incorporate Huntsville Arsenal into Redstone Arsenal and transfer the von
Braun group to Alabama.*

Toftoy’s shift to Redstone Arsenal began the economic, cultural, and political
transformation of Madison County, Alabama. The first small contingent of
Germans arrived in March 1950, and others soon followed. The move to Hunts-
ville involved not only the German rocket experts, but 800 others, including
General Electric and Civil Service employees, and 500 military personnel. By
June 1951, more than 5,000 people worked at the Arsenal.*’” Huntsville’s popu-
lation would triple by the end of the decade, and much of the growth was due to
the infusion of federal money for the Arsenal.
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When the Germans began the move to Huntsville in April 1950, they did so
with some trepidation. Unlike the isolation at Fort Bliss, they would live in the
community, and some worried that resentment from the war, which had risen
occasionally in Texas, might be a problem. “We had fears,” Hertha Heller re-
membered, recalling especially warnings that Alabama ranked near the bottom
in state expenditures for education.*

The contrast to the restrictions and bleak terrain of Fort Bliss, however, left the
Germans enthusiastic about their new home. “Our freedom began for us,”
Stuhlinger recalled. “We could live where we wanted to, we could buy or rent
houses, buy property. We could send the children to any school we wanted to.
We could go to church.” Hertha Heller recalled that “we liked Huntsville be-
cause it was green and reminded us of Germany.”*

Huntsville, although a small cotton town, was better prepared to acceptits highly
educated new residents than might have been expected. “Huntsville was not
just a ‘hick’ town,” recalled Ruth von Saurma, who arrived with her husband
shortly after the Fort Bliss contingent. “As you can see from the Twickenham
District and the ante-bellum homes, there were a good number of educated and
prominent families who lived in Huntsville.” At first a natural reticence charac-
terized relations between the Germans and native Huntsvillians, and each side
perceived clannishness on the part of the other. The Germans lived in clusters,
some on Monte Sano, others in downtown Huntsville. Some Huntsvillians were
not sure they wanted the Army back, and were not sure what to make of the
Germans. But as von Saurma remembered, “Most of the people in Huntsville
knew that this was not a group that had just come from nowhere, but that the
majority of them were people with a very good professional background.” Over
time, individuals established friendships, and interaction brought the groups
closer. After the Heller’s house burned, people contributed clothing, furniture,
and money to help the family recover. “The generosity was unbelievable,” Heller
recalled. “Americans are extremely generous and start immediately. They are
‘action-pushed’ in America. ‘Let’s do something!’”%

The Germans participated in Huntsville’s civic life; one observer claimed “they
plunged into community affairs with a proprietary interest.”” When they ar-
rived, the single bookstore in Huntsville only sold textbooks for public schools;
soon a new bookstore opened in response to the new demand. The Germans
supported a campaign to build a new public library. They helped found a
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symphony orchestra, and several performed with the group. Von Braun and a
few others helped form a local astronomical society. Walt Wiesman, the only
non-technical person in the group, became president of the Junior Chamber of
Commerce in his second year in Huntsville. On 15 April 1955, von Braun and
40 members of his team and their families assembled in Huntsville High School
to take the oath as American citizens.*

The American Engineers

The Germans provided leadership for an Army rocket development team that
included military, civil service, and contractor personnel. Many of those who
came to work for the Ordnance Guided Missile Center and its successor organi-
zations at Redstone Arsenal later became second-generation leaders at Marshall.
The Army drafted people with professional experience during the Korean War,
and they provided a rich pool of talent for Redstone Arsenal.

Charles Lundquist, an assistant professor of engineering research at Penn State
University, recalled being drafted into a basic training unit that included law-
yers, CPAs, and other professors before he received his orders to Huntsville.
“There were lots of people brought in to augment the von Braun team by that
process,” he explained. They were “‘sort of a second echelon under the German
folks.” Robert Lindstrom, who managed Marshall’s Space Shuttle Projects
Office in the 1970s, came to Redstone via the draft.® So did James Kingsbury,
who stayed for 36 years and eventually headed the Science and Engineering
Directorate. A college graduate with an electrical engineering degree, Kingsbury
remembered being pulled out of the ranks and sent to Huntsville in 1951 when
his unit shipped out to Korea. “My first job was to take a warchouse that stored
chemical weapons during World War Il and convert it into a laboratory,” he
recalled.”® Henry Pohl, who spent most of his career at Houston, came first to
Huntsville as a draftee with a new engineering degree. His first job was at the
test layout, where a supervisor told him he would have to watch a Redstone
missile launch. “This huge massive building that we were in—you could feel a
quiver from the power of that thing,” he recalled. “I was hooked. I would have
given my $75 a month to work there!”%

Not all who came to Redstone with the Army were draftees. Joe Lombardo, a

graduate of MIT, enlisted in order to complete his military obligation, and later
asked for a transfer to Redstone Arsenal after “reading an article about this
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team of German scientists that was working on rockets in a place called Hunts-
ville, Alabama.”*® Stan Reinartz, called to active duty after participating in ROTC
at the University of Cincinnati, received orders to Redstone Arsenal and soon
found himself working in the Project Control Office.”” Lee James, a West Point
graduate and a World War II veteran who later served as a program manager on
Saturn stages, had a unique perspective. “Guided missiles were something [
had been introduced to,” James recalled. “I had occasion to be in London when
the V-2s were landing.” When he was in Germany, “the V-1s would go over so
low you could read the chalk marking written on them by the soldiers.”*

Other young engineers came to work at the Arsenal as employees of contrac-
tors. Richard A. Marmann, who later managed payload development for
Spacelab, first worked for Chrysler Corporation doing weight engineering on
many of the early missiles before moving over to work for the government.”
Jack Waite worked for a contractor as a research design engineer at Redstone
Arsenal after graduating from the University of Alabama with a degree in me-
chanical engineering.®’ John Robertson came to Redstone Arsenal after being
laid off from his work on bomber contracts for the Air Force.®* A few people
transferred to Redstone Arsenal from other government agencies. Leland Belew
began working with the Tennessee Valley Authority in 1951, but found that the
work was not challenging. “Most of the work there was replication of work that
had already been done,” he explained. He soon took a job with the von Braun
group, and later helped manage work on Saturn and Skylab.®

Some new employees came to Huntsville directly from college or graduate
school. William R. Lucas, who would have the longest tenure of any Center
director in Marshall’s first three decades, was a graduate student at Vanderbilt
University when he learned about the missile work at Redstone Arsenal from a
professor who was working as a consultant in Huntsville.®* William Snoddy,
who came to Huntsville in 1958 with a degree in physics from the University of
Alabama, was another of the dozens of graduates from southern universities
who took jobs in Huntsville.*

Graduates of southern universities predominated among new employees in
Huntsville, but people came from around the nation. Art Sanderson, who made
recruiting trips as part of his responsibilities in the personnel office, recalled
that “They wanted top-notch engineers and we had a charter to go all over this
country to get them.”® Snoddy, a die-hard Crimson Tide fan, said that the
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diverse origins of his fellow workers became most noticeable during football
season. “It was really strange to be in Alabama and yet work around people that
didn’t care,” he laughed. “They had these weird teams they were cheering for.
Some of them were even Yankee teams [from] places I'd never heard of like
North Dakota.”

The young American en-
gineers were a brash, ir-
reverent, talented group,
who after serving in ap-
prenticeship to the Ger-
mans during the 1960s,
would emerge as Mar-
shall’s leaders in the
Center’s second and third
decades. Snoddy remem-
bered that in his first
summer, he, Robert
Naumann, and three oth-
ers rented a lodge on the
back side of Monte Sano.
“We’d sit out on the back,
Bob and myself and oth-
ers, and drink beer and
throw the cans off the
back of the mountain,”
Snoddy recalled. Von
Braun had organized a brainstorming group called the Redstone Technical So-
ciety. “We formed a counterpart we called the Rednose Technical Society,”
Snoddy remembered. “We had some really senior level folks that came, [in-
cluding] the manager of Thiokol in Huntsville at the time, and the head of
Research. We’d get quite a group up there, and we had some darned good dis-
cussions. One night in the heat of the discussion, there was this tremendous
display of the Northern Lights. It was really wondrous; there’s never been any
thing like it in this part of the country in recent times. . . . So that was a great
summer—and the ranger found the beer cans and made us go pick them all
up.”’

Redstone Test Stand—the “poor man’s test stand.”
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Army Missile Development in Huntsville

The German-American team set to work developing missiles for the Army.
Within months after arrival in Huntsville, General Toftoy’s Ordnance Guided
Missile Center won approval to develop the Redstone, a new surface-to-surface
missile intended to augment the Army’s Corporal and Hermes. Army require-
ments to use existing components where possible led some of the Germans to
consider the Redstone simply another redesign of the V-2. But the develop-
ment plan contained considerable flexibility. Not only did the Redstone be-
come a reliable vehicle, but its development provided answers to pressing
problems in rocketry and served as a foundation for the Jupiter.*’

The Redstone gave the Germans a project of their own, and Toftoy’s confi-
dence in von Braun gave the group latitude they had not known at Fort Bliss. In
1952, the Army established the Ordnance Missile Laboratories at Redstone
Arsenal, with von Braun as chief of its Guided Missile Development Division.
He began to employ the principles that would be the hallmark of rocket
development in Huntsville for the next two decades. “When the Redstone came
upon us, we were prepared,” Stuhlinger remembered. “We could go right to
work.”s8

The “arsenal system” was the heart of von Braun’s approach. The system was
not uniquely German. It was well understood in the United States, employed
first at the arsenal and armory at Harper’s Ferry, West Virginia, in the 19th
century, and endorsed by the Army ever since. The circumstances under which
the von Braun team had matured intensified its commitment to the system,
however, and by the time an interservice debate developed in the 1950s over
the relative merits of in-house versus contractor development, the group had
come to epitomize the arsenal approach. Its principles had been applied at
Peenemiinde. American engineers concentrated on design and contracted oth-
ers to execute; German training emphasized hands-on experience, enabling the
German engineers to execute a project from design and development to con-
struction. Karl Heimburg, director of von Braun’s test laboratory, noted that in
Germany “you are not admitted to any technical college or university if you do
not have some practical time.”® Thus training reinforced the German commit-
ment to in-house work, and von Braun’s approach meshed well with the Army’s
own reliance on the arsenal system. Ultimately, the arsenal system would be
caught in the whipsaw of a debate over military procurement, with the Air Force
and aerospace industrial firms pushing to increase reliance on contractors.
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The Army’s continued reliance on the arsenal system in its Huntsville rocket
program was also a response to budgetary constraints imposed by the begin-
ning of the Korean War. The Army terminated its Hermes program and reduced
funding to Redstone. Work could often be accomplished internally at a much
lower cost than could be done by a contractor. After he received a bid of $75
thousand to build a static test stand to test rocket motors, Heimburg had his
own people build a “poor man’s” test stand for only $1 thousand in materials.”

Reliability testing became an adjunct to the arsenal system, a response both to
conservative engineering practices among the German group and the Army’s
insistence on better than 90 percent reliability on Redstone. Dr. Kurt Debus
proposed a system for monitoring reliability in February 1952. Soon adopted in
all laboratories, it became the basis for later management systems. “The proposal
derived from analyzing guided missile systems and concluded that any part
could be classified as ‘parallel’ or ‘series’ in operation,” Debus explained.
“Failure of a ‘parallel’ part would probably not result in failure of the system
since its function could be taken over by another part. Failure of a ‘series’ item,
on the other hand, would ultimately result in total failure.””!

In addition to work on hardware, top officials in the missile team also advanced
a vision of future space exploration. In a series of articles in Collier’s magazine
in 1952, von Braun propounded his ideas about prospects for space travel,
suggesting that a Moon landing could take place within the next quarter
century.”? The articles established him as one of the foremost American
spokesmen on space. His ability to communicate complex ideas in simple terms
and his appeal as a speaker made him an attractive public figure.

Von Braun formulated proposals for the initial steps that might make his
speculations a reality. In 1953 he proposed using existing hardware to orbit an
Earth satellite.”” The next year the Army suggested an interservice satellite
project, which became the basis for a joint Army-Navy proposal known as Project
Orbiter. The Air Force and Naval Research Laboratories also proposed
independent satellite programs. The Defense Department formed a panel to
evaluate these proposals, and in August 1955 ruled in favor of the Naval Research
Laboratory’s Project Vanguard, apparently ending Redstone Arsenal’s space
aspirations.” Some suspected that sentiment in the Defense Department that
the first American satellite should not be launched by a German team influenced
the decision.”
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The Army Ballistic Missile Agency

Organizational changes and new assignments nonetheless demonstrated that
Huntsville would remain at the center of military rocketry. The Army reorga-
nized its missile development program, establishing the ABMA at Redstone
Arsenal. The new organization incorporated the Guided Missile Center and the
Redstone missile project. Redstone’s Ordnance Missile Laboratory also received
authorization to begin development of an Intermediate Range Ballistic Missile
(IRBM), a single-stage liquid-fuel vehicle expected to have a range of 1,500
miles. Designated the Jupiter, the new missile was to exploit Redstone
technology.

General John B. Medaris, who assumed command of ABMA in February 1956,
was a no-nonsense commander. “He had an iron fist,” Helmut Hoelzer recalled,
but he was “an excellent, outstanding man.” Medaris’s direct, demanding ap-
proach suited the high expectations the Army had for ABMA. Medaris was
“very blunt” according to Erich Neubert, but “it was a time to be blunt.” Using
the high priority granted him by the Army, Medaris expanded operations.
He brought in top military and civilian personnel, tripling the number of
employees to 5,000.76

The optimistic, “can-do” mood that visitors noticed at ABMA in 1956 was
tempered by restrictions preventing Jupiter from competing with Project Van-
guard as the American satellite program. Medaris submitted proposals to the
Defense Department requesting authority to develop Jupiter as an alternate means
of launching a satellite, only to be rebuffed. “We at Huntsville knew that our
rocket technology was fully capable of satellite application and could quickly
be implemented,” von Braun later reflected. When ABMA launched its first
Jupiter—C on 20 September 1956, the Defense Department sent observers to
ensure that the Army did not activate a dummy fourth stage and orbit a booster
before Vanguard.”

Jupiter research proceeded in competition not with Vanguard, but with the Air
Force’s Thor. The greater altitude to be achieved by the new generation of
missiles nonetheless allowed ABMA to study problems related to space flight.
One of the most puzzling questions was how to deal with the heat generated by
re-entry of missiles into the Earth’s atmosphere. The Air Force favored a heat-
sink concept in which nosecone materials would absorb heat; ABMA preferred
ablation, in which materials shielding the nosecone would melt and peel away,
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could launch a satellite into orbit within 60 days, Medaris cautioned that 90
might be more realistic. Three days later, Secretary of the Army Wilbur M.
Brucker urged the secretary of defense to allow ABMA to use a Jupiter—C to
launch a satellite, promising a launch within four months of approval. Only
after the Soviet Union launched a 1,120 pound Sputnik II with the dog Laika
aboard on 3 November did the Department of Defense agree. At the request of
the Army, Defense set a launch date of 29 January. After Vanguard exploded on
its launch pad on 6 December, ABMA became the focus of American hopes to
recoup some of the prestige lost to the Soviet Union.®

Frantic activity at Huntsville and the Atlantic Missile Range at Cape Canaveral,
Florida, characterized the 84 days between authorization and launch of ABMA’s
satellite. President Eisenhower, trying to avoid being pushed into a race with
the Russians, refused to approve a mission without a scientific satellite that
could contribute to the International Geophysical Year (IGY).®! Dr. William H.
Pickering of the JPL at the California Institute of Technology developed Explorer
I, a 34-inch-long satellite, 6 inches in diameter, weighing just over 18 pounds.
Dr. James A. Van Allen of the University of Iowa contributed instruments to
measure cosmic radiation. ABMA fashioned a launch vehicle, designated
Juno 1, by attaching a cluster of solid propellant rockets atop a Jupiter—C.
Explorer I was ready for launch on schedule, but weather forced postponement
for two days. On 31 January 1958, Explorer I lifted into an orbit with an apogee
of 1,594 miles.??

The Establishment of NASA and the Fate of ABMA

In the harried atmosphere of panic following Sputnik, the Defense Department,
Congress, and the Eisenhower administration all generated proposals from which
a national space policy would emerge. In the balance were crucial decisions:
Would the space program be civilian or military? How would the military
services divide responsibility for missile development? Should space research
be dominated by manned programs or unmanned satellites?

Since the American space program before Sputnik had been exclusively military,
the Defense Department became the principal target of post-Sputnik criticism.
Some was facile, such as the allegation that the Russians had gotten the better
Germans after the war. More substantive critiques charged duplication in the
Army’s Jupiter and the Air Force’s Thor, bureaucratic delays, and interservice

23



Power To ExpLORE: HisTORY OF MSFC

rivalry. Even before Sputnik, Defense apportioned the military program by
limiting the Army to land-based IRBMs with ranges up to 200 miles (the range
of Redstone), and giving the Air Force longer range Intercontinental Ballistic
Missiles (ICBMs). A week after the launch of Explorer I, Secretary of Defense
MCcElroy sought greater coordination of military space programs by establishing
an Advanced Research Project Agency (ARPA), and appointing General Electric
vice president Roy W. Johnson as its director. The Agency had authority to
initiate space projects approved by the President for one year, and Johnson
soon received proposals to put a man in space from ABMA (Project Adam) and
the Air Force (Man-in-Space-Soonest).®

Congress, awakened to public pressure, entered the debate. Senator Lyndon B.
Johnson chaired hearings that treated Sputnik as “a technological Pearl Harbor,”
and Congressmen began filing proposals for a national space policy.*

The Eisenhower administration refused to be stampeded into a space race.
Eisenhower transferred the Office of Defense Mobilization Science Advisory
Committee to the White House staff, and named James R. Killian, Jr. as its
chairman and as special assistant to the President for Science and Technology.
Killian agreed with the President that space research should not be approached
as a measure of national prestige, but rather as one of many avenues for scientific
inquiry, each of which should be evaluated solely on the basis of its potential
contribution to scientific progress. Eisenhower directed them to prepare two
reports, a policy statement on space research and a recommendation for national
space policy. Late in February, the Presidential Science Advisory Committee
(PSAC) submitted a proposal to use the NACA as a foundation for a new agency
to direct national research on astronautics. In a message to Congress on 2 April,
Eisenhower proposed establishment of a National Aeronautics and Space Agency
that would absorb the NACA. American space exploration, the President insisted,
should be conducted “under the direction of a civilian agency except for those
projects primarily associated with military requirements.”®

While Congress debated the President’s proposal, von Braun kept alive ABMA
hopes for a role in space by supporting projects managed by ARPA. Another
Jupiter—C (Juno 1) failed to put Explorer II in orbit when the fourth stage failed
to ignite on 5 March, but the same configuration succeeded in orbiting Explorer
III later that month. By the end of the Juno 1 series in October, ABMA had
launched three satellites and failed in three other attempts.®
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In August, ARPA approved an ABMA proposal to develop a multi-stage rocket
with a clustered-engine first stage. Although originally called Juno 5, the new
project envisioned a rocket much larger than those used in the Juno/Explorer
program, powerful enough to generate 1.5 million pounds thrust—enough to
lift payloads weighing tons into orbit. Later called the Saturn I, it soon became
ABMA’s most important project.?’

ABMA also proposed using a Redstone as a booster for a manned suborbital
flight. Project Adam advocated sealing a man in a cylindrical capsule for a
flight of 150 miles in altitude and 150 miles range. Ridiculed as the equivalent
of firing a person from a circus cannon, the proposal died aborning, the victim
of Air Force opposition and uncertainty over plans for a civilian space agency.
Despite such criticism, the early suborbital Mercury flights were much like
Project Adam.?®

The civilian space agency became a reality when President Eisenhower signed
the National Aeronautics and Space Act on 29 July 1958. Dr. T. Keith Glennan
became the first Administrator of NASA. NASA went into operation on
1 October, absorbing NACA’s 8,000 personnel and five laboratories.® The Space
Act also assigned the Navy’s Vanguard project and several Air Force projects to
NASA, as well as three of ABMA's satellite projects and two of its lunar probes.*

Although the Space Act gave some ABMA projects to NASA, it did not specify
whether the von Braun team should remain with the Army or transfer to NASA.
By the middle of October, Glennan requested transfer of more that half of the
Ordnance Missile Command (von Braun’s group) to NASA. Medaris was
enraged at the prospect of losing the heart of ABMA and by the lack of support
from Assistant Secretary of Defense Donald A. Quarles, who seemed to accept
the prospect of transfer with undue equanimity. Von Braun opposed transfer,
fearing that it might lead to dispersal of his team. He owed Medaris loyalty and
feared that NASA might not be as supportive of in-house development.®* He
and some of his lieutenants told of lucrative offers from private industry and
threatened to resign from government service if the team was divided.*

Eisenhower held a meeting of the National Aeronautics and Space Council on
29 October, and made it clear that he expected NASA and the Department of
Defense to resolve the dispute. Five weeks later, Defense and NASA announced
an agreement that transferred JPL to NASA. Von Braun’s team would remain
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intact under Army control, but would be “continually responsive to NASA
requirements.” Neither side was satisfied. NASA considered the compromise a
victory for the Army, since von Braun’s Ordnance Missile Command was the
more important facility. The Army resented loss of JPL. Although NASA
Director Glennan insisted “this agreement is a final agreement,” some in the
Army suspected that NASA considered the arrangement only a deferred decision,
not a resolution.*?

NASA was disappointed with the failure to acquire the von Braun team, but its
appraisal of ABMA was ambivalent. NASA administrators respected the achieve-
ments of the Germans at Redstone Arsenal, but harbored misgivings about their
way of doing business. Glennan’s staff warned him that the Aircraft Industries
Association considered the arsenal system to be “hopelessly outmoded,” and
suggested that if NASA were to absorb ABMA, “it should be made plain
beyond any possibility of mistake that what is being taken over are the ABMA
personnel and facilities, not the ABMA way of doing business.”* After read-
ing an article by Walter Dornberger on the lessons of Peenemiinde, Deputy
Administrator Hugh L. Dryden concluded “T have been generally familiar with
the V-2 operation, and I have talked with many of the scientists and engineers
involved. The general principles of the required management are well known;
it seems difficult to get them adopted in a democracy.”®

But ABMA was too important to ignore. NASA had to depend on the Army for
boosters, and Saturn was a key to civilian space exploration. Glennan respected
his agreement not to try to absorb ABMA, but his subordinates had other ideas.
“We should move in on ABMA in the strongest possible way,” his assistant
Wesley L. Hjornevik argued, urging Glennan to seek “a beachhead on the big
cluster.” Hjornevik, however, worried that ABMA might not “play ball right
down the line,” and suggested “making clear to ABMA that we don’t propose
to delegate control or responsibility.”*

The Army and NASA nonetheless began to work under their ambiguous rela-
tionship. Medaris and Glennan maintained proper but cool relations. Glennan
rejected Medaris’s suggestion to add ABMA representatives to NASA research
advisory committees, and dispatched a NASA representative to Huntsville.”’
NASA contracted with ABMA to provide eight Redstones for early Project
Mercury suborbital flights; reconfigured Mercury-Redstones would be the
workhorses of the early manned space program. ABMA continued work on the
clustered Saturn booster, which figured prominently in NASA’s long-range plans.
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Development of the first stage H-1 engine, which would be clustered to power
the first stage, proceeded as ABMA considered proposed configurations for
other stages.”

Project Saturn elicited controversy from the start, and was the catalyst that led
to the transfer of ABMA to NASA. ABMA's position became increasingly un-
tenable, its mission at odds with its capabilities. Project Saturn’s large boosters
offered power far beyond anything needed by the Army under Department of
Defense directives for military missile programs. So while the Air Force and
NASA needed large boosters, their capabilities in this field were less than those
of the Army, which was forbidden to use them. The Air Force used this logic in
proposing the transfer of the von Braun team to its cognizance.”

Herbert F. York, the Defense Department’s director of Research and Engineer-
ing, posed a more serious challenge. York believed that big boosters should be
developed under NASA, and that Saturn was becoming both a distraction and a
financial drain on DOD’s resources. “Von Braun, Medaris, and ABMA were
and had been seriously interfering with the ability of the Army to accomplish
its primary mission,” York recalled. “Whenever the Army was given another
dollar, Secretary Brucker put it into space rather than into supporting the Army’s
capability for ground warfare.”'® In April, York issued an order to cancel Sat-
urn, arguing that there was “no military justification” for the large booster.'°!

York’s decision cast doubts on the future not only of Saturn, but of ABMA
itself. In bitter memoirs, Medaris described what he considered a well-
orchestrated plan by “project snatchers” to sever von Braun’s group from the
Army. He described the dilemma: “By this time it was crystal clear to both von
Braun and myself that we were faced with a Solomon’s choice—either we could
hold firm in an attempt to keep the von Braun group in the Army, being sure
that in doing so we were guaranteeing that their space capabilities would die on
the vine, or we could support the effort to take the von Braun organization out
of the Army and hope that a fond and wealthy foster parent could be found.”!%

The only potential foster parents were the Air Force and NASA. The Air Force,
which would have fallen under York’s strictures in any case, was an anathema
to Medaris and von Braun. Von Braun feared that Air Force reliance on contrac-
tors, and aircraft industry hostility to major in-house activities operated by the
government, would have led to decay of his team under the Air Force. NASA
had drawbacks, too. Eisenhower and his science advisors favored a civilian
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space program, but one in which space would have to compete with other sci-
entific research programs for federal dollars, so funding could be limited.'®® In
contrast, pressures of the Cold War, which by now included allegations of a
missile gap between the United States and the Soviet Union, seemed to prom-
ise a continued military program. Nonetheless, to Medaris and von Braun, NASA
seemed the lesser evil.

Discussions between Defense and NASA continued through the summer and
into the autumn of 1959. York, who later claimed that he was “largely respon-
sible” for the transfer of the von Braun group, approached Glennan and pro-
posed another attempt. Glennan agreed, although York admitted “there was
more push on my part than there was pull on his part.” York conferred with
McElroy and the President, and won their concurrence.!* By 6 October, nego-
tiators hammered out an agreement to transfer von Braun’s Development Op-
erations Division of ABMA to NASA, and to assign NASA “responsibility for
the development of space booster vehicle systems of any generations beyond
those based upon IRBM and ICBM missiles as first stages.”!%

Medaris and von Braun attacked the agreement. Medaris announced that he
would retire, and von Braun threatened to do the same.!® Brucker privately
assured von Braun that his team could stay together and continue to work on
Saturn under NASA, and later claimed that von Braun “expressed to me at the
time not only a willingness, but finally a desire” for the transfer.!”’

From ABMA to the George C. Marshall Space Flight Center

President Eisenhower met with Glennan, McElroy, Dryden, York, and his top
science advisers on 21 October and approved the transfer.'® Glennan suggested
that the new NASA facility be named for General George C. Marshall because
of his “image of a military man greatly dedicated to the cause of peace.”
Marshall’s Nobel Peace Prize, initiation of the Marshall Plan, and service as
secretary of state obviated concerns about the propriety of naming a civilian
space center after a military man. Eisenhower agreed, saying “I can think of no
one whom I would more wish to honor.”'®

The President forwarded a formal transfer plan to Congress on 14 January 1960.

Under the terms of the 1958 Space Act, the transfer would become effective in
60 days unless Congress adopted a resolution opposing it. Joint Army-NASA
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Von Braun remained at the head of his organization and became the director of
the George C. Marshall Space Flight Center. The transfer shifted 4,670 people
to NASA. NASA took control of 1,200 acres at Redstone Arsenal under a 99-
year, non-revocable, renewable use permit, and received facilities of the Devel-
opment Operations Division of ABMA valued at $100 million, of which $14
million was at Cape Canaveral. ABMA’s Missile Firing Laboratory at the Cape
became the Launch Operations Directorate under NASA, with Debus of the
von Braun team retained as its director. The operational laboratories under
ABMA’s Development Operations Division became the new divisions of the
new space center.!!?

George C. Marshall Space Flight Center became a reality in a quiet ceremony
on 1 July. Major General August Schomburg, commander of the Army Ord-
nance Missile Command, said he felt like the father of the bride, commenting
that the Army had provided a sizable dowry. “And I don’t mean to imply that
this is a shotgun wedding,” he joked.'”® On 8 September, President Eisenhower
dedicated the Center in a ceremony attended by Marshall’s widow, and high-
lighted by the unveiling of a granite bust of the general which now stands in the
lobby of the Marshall Center headquarters.

Marshall was now a full-fledged unit of NASA. For most employees, the change
made little difference. Kingsbury remembered that on 1 July, “about 4,000 of
us were told, “You now work for somebody else. Your check will have a green
stripe down the middle.” That was the only difference.”"

But the year of controversy preceding transfer of the Development Operations
Division had ramifications. Von Braun’s decision to stay with the Army kept
his team together, but also kept it out of NASA during the Agency’s formative
first year, limiting its role in the early development of the American civilian
space program. During that year a small group of engineers from Langley,
designated the Space Task Group (STG), assumed a role at the center of NASA
planning for manned space flight. Comprised of only 35 members at NASA’s
founding, STG’s numbers swelled to 350 by July 1959."% Suspicion of ABMA’s
approach—arsenal system, reliability testing, engineering conservatism—took
hold among NASA administrators. One account of the Apollo program claimed
that von Braun’s people “had missed their chance to run the whole mission
when they had stayed with the Army for the first year after NASA was
founded.”!
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Other uncertainties clouded Marshall’s future. The new Center had responsibility
for “research and development of large launch vehicle systems” under NASA;
Saturn would remain its major project. But would NASA allow Marshall to
broaden its mission beyond propulsion? NASA recognized its new acquisition
as “a team of outstanding experts who are capable not only of ‘in-house’ research
and development of large launch vehicles, but also of providing, as needed, the
responsible technical monitoring and direction of the various industrial
contractors who assist in the engineering and production of such launch
vehicles.”""” Would Marshall maintain this in-house capability under NASA?
In 1960, even the extent of the national commitment to space was not clear, nor
had the military relinquished interest in space. Eisenhower’s visit to Huntsville
to dedicate Marshall took place just two months before the 1960 presidential
election. The questions surrounding the new Center’s future would be decided
under a new administration.

1 Huntsville Times, 8 September 1960.
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Chapter 11

The Center in the Saturn Years:
Culture, Choice, and Change

When Huntsville’s rocketeers transferred from the Army, they brought a unique
organizational culture to NASA. Marshall’s laboratories had a technical ethos
which sought control over all phases of a space project, from design, develop-
ment, manufacture, and testing, all the way to launch. The labs could, and did,
manufacture anything from subscale engineering prototypes to Redstone
missiles. The Center’s contract managers already had experience in directing
missile development. Heading the team was von Braun, one of the most charis-
matic leaders of any American organization.

In its first decade in NASA, the Marshall Center helped make American space
plans, and those plans in turn reshaped the Center. The Center influenced deci-
sions to undertake a manned lunar landing, select the Saturn launch vehicles,
and choose a mode for going to the Moon, and in the process formed patterns
of interaction with NASA Headquarters and other field centers. The plans and
the subsequent work on the Saturn boosters changed Marshall in various ways,
leading it to add personnel and facilities, enhance its capabilities in project
management and systems engineering, and help NASA create a launch center.
Indeed, it would be no exaggeration to say that the Apollo Program shaped
Marshall’s first decade.

Dirty Hands

In 1960 NASA’s newest field center was fundamentally a rocketry research
organization with a professional engineering code that sought hands-on control
over all phases of booster development and operation. The foundation of
Marshall’s organization and culture in 1960 was the “Army arsenal system” in
which Civil Servants performed all types of technical work. Rather than being
primarily supervisors of contractors, Center personnel were hands-on designers,
testers, manufacturers, and operators.
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The arsenal approach was a legacy from the German and American military but
was similar to the laboratory culture of NASA’s other field centers. Govern-
ment research organizations, whether military or civilian, evolved because busi-
ness initially had limited interest and expertise in rocketry or aerospace research.
Moreover, in the 1950s, rocketry was still relatively unexplored technology,
and pioneers in the field faced many unanticipated problems that made con-
tracting problematic. As Dr. Ernst Stuhlinger, the chief of the Center’s Research
Projects laboratory, recalled, “it is very difficult to tell them [industry] just
exactly what to build, because we don’t know ourselves before we have begun
with some experiments.”! Dr. William Lucas, a materials specialist in the Struc-
tures and Mechanics Lab and later Marshall’s Center director, remembered that
“in the early days, we could go from the idea to the proving ground,” because
there were “not [industry] people who wanted to do this or were able to doit.”

The ABMA experience with the Redstone missile illustrated the problem. When
ABMA asked industry to make bids for the project, no business responded, and
the Department of Defense had to convince Chrysler Corporation to take on the
job. Even so ABMA was the innovator; its labs designed and built the first 17
Redstones, trained Chrysler personnel, and only then turned the work over to
the company. Lucas explained “it wasn’t a matter of going to the contractor and
saying ‘do this for us,”” and then assigning the firm a task it had done before.
Marshall had to find contractors and say “here’s what we want you to do” and
then show them how to do it.>

The arsenal system showed in various ways. Despite Marshall’s location among
wooded hills and lush valleys, the physical appearance of the Center was indus-
trial and was in stark contrast to some other NASA field centers that looked like
college campuses. The center’s layout displayed a functional character, with
areas for management, engineering, manufacturing, and testing. The architec-
ture also looked industrial, with utilitarian office buildings, cavernous factory
structures, and huge test facilities, all linked by a web of electrical wires and
above-ground pipes.

Marshall’s original organization was also industrial and much like a large aero-
space company. Each of the Center’s eight laboratories had a functional
specialty and its own technical facilities; together they could design, test, and
build rockets or almost any other kind of aerospace hardware. The Aeroballis-
tics Laboratory, later called Aero-Astrodynamics, used wind tunnels and vacuum
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in structural and mechanical design, materials analysis, and systems engineer-
ing. It could conduct heat transfer research, chemical and radiation analyses,
cryogenic tests, and fluid and hydraulic studies. With its capability to make
prototypes and test components, the Structures and Mechanics lab in itself had
capabilities comparable to a rocketry corporation. The Manufacturing Engi-
neering Laboratory could manufacture large prototypes and had high bay struc-
tures with cranes, large access doors, and machine shops. The Test Laboratory
operated the huge test stands that handled the smoke-and-fire rocket tests. The
Quality Laboratory also tested vehicle systems and subsystems, and had facili-
ties ranging from high bay buildings to small bench equipment for electronic
calibration tests on flight components. The Launch Operations lab had facili-
ties in Huntsville and at Merritt Island, Florida. All in all, Marshall’s laborato-
ries had nearly comprehensive capabilities in propulsion and aerospace
engineering; the Center was almost a space agency in miniature.?

Center officials believed in the arsenal system. Convinced that it should be
more than a transitionary step in the maturation of aerospace industry, they
argued that the system improved quality, accelerated progress, and contained
costs. Von Braun argued that in-house design and manufacturing capability
attracted engineers and specialists who wanted to build things rather than shuffle
paper. It also trained young engineers fresh out of college, who had more theo-
retical than practical knowledge, and gave them industrial experience.’

Marshall engineers also believed that the arsenal system improved quality and
reduced red tape. They appreciated working with in-house machinists and crafts-
men. Typical of their views were the comments of Peter Broussard, an engineer
in the Sensor Branch of the Guidance and Control Lab whose team developed
the navigation system for the lunar roving vehicle. In an arsenal system,
Broussard said, “you can work hand in glove with the man that is doing it. He
could call you and say, ‘I don’t understand this; come over and talk to me.””
Later contracting methods, he believed, were “far more expensive and far less
efficient” and even after a slow process “you may not get what you contracted
for.”

In addition, the arsenal system and the technical depth of the labs helped the

Center direct its contractors. Marshall officials often contrasted the arsenal sys-
tem to the Air Force system which gave business contractors much wider scope.
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Lee B. James, Saturn 1
and Saturn V project
manager, said that “the
difference in managing
a program at Marshall
has always been the
laboratories, which
give our Center un-
usual depth.” Mar-
shall’s engineers had
detailed knowledge
which allowed for
meticulous design
requirements in their
contracts. In some
cases, like the Redstone and the first stages for the Saturn I and V, Center per-
sonnel invented manufacturing methods and built full-scale prototypes to ac-
celerate progress. Moreover, knowledge of engineering and manufacturing detail
allowed Marshall to evaluate contractors. Building prototypes was especially
effective because Marshall learned about costs, creating a “yardstick” to mea-
sure contractor prices. Karl Heimburg, chief of the Test Lab, recalled that “what
industry didn’t like was, since we made it ourselves here, we knew what it
would cost. They would come out with a flat sum that was three times as high
as it should cost. We said ‘if you do it this way, we will manufacture it our-
selves.” So you see they didn’t like it at all that we dictated it.”®

Saturn I booster checkout in 1961.

The intimacy with hardware produced by arsenal practice and laboratory cul-
ture affected nearly everything at the Center. Marshall developed customs of
conservative engineering, meticulous quality control, testing-to-failure, dirty-
hands management, matrix organization, automatic responsibility, and open
communications.

Conservative engineering was a natural lesson from rocketry experience. Rockets
put extreme stresses on technology, and propulsion pioneers often faced fiery
failures. Lucas recalled watching his first Redstone launch. “It got about thirty
feet off the ground and fell back and exploded.” During any launch or test, he
noted, “there were thousands of things that could go wrong,” and “we knew at
any time that one lousy little twenty-five cent part somewhere could cost you
the whole ball game.””
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Center engineers developed a habit of conservatism in engineering, preferring
things simple and sturdy, tried and true. James Odom, chief engineer for the
Saturn S-II stage, recalled that Marshall designed its hardware to be “stout,”
often to the point of being “over-stout.” Conservative design led to technology
with high margins of safety and reliability.® Conservatism showed in an
“incremental” approach to innovation; rather than designing from scratch,
Marshall preferred to build on proven concepts. For instance, the Saturn rocket
engines and stages, while innovative in size, materials, and manufacturing
processes, drew on the engineering knowledge and research programs of military
rocketry. Even more telling, the Center used successful technology in new ways,
most famously helping conceive the conversion of a Saturn S-IVB rocket stage
into the Skylab space station. Flight tests of rockets were also conservative;
under the Center’s original stage-by-stage approach, first stages flew first without
upper stages, and only after successful flights were live upper stages added.

Marshall used rigorous quality control and test practices. Again rocketry
experience had taught Center personnel that quality had to be built into hardware
from the beginning. As von Braun observed, it was “better to build a rocket in
the factory than on the launch pad.” The Center, especially its Quality and
Reliability Assurance Lab, taught contractors how to ensure quality products
and monitored their manufacturing and test procedures. Part of this was what
Dieter Grau, the lab’s chief, called a “rigid inspection program” in which all
Center personnel, rather than only designated quality inspectors, were
responsible for quality.’

When Center people applied this approach to contractors, they called the prac-
tice “penetration.” Marshall believed in giving contractors specific design re-
quirements and then observing their operations closely to ensure that the
requirements were met. The Center’s resident manager offices were key tools
of penetration. Located at major contractors’ plants, each had a staff of ad-
ministrators and engineers who monitored work and acted as liaison between
the contractor and Marshall’s labs. Center specialists carefully watched the manu-
facturing process, discussed problems with contractor personnel, and as a re-
sult often knew more about the corporation and its products than the corporation’s
own management. During the resource-rich Saturn years, Marshall assigned as
much as one-tenth of its workforce to resident offices. One Center manager
admitted that penetration was often “traumatic” for the company at first,
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especially for those accustomed to working under Air Force supervision. Com-
pared to Marshall, one contractor pointed out, the Air Force was “not in your
pants all the time.” 1

One Marshall project official noted that during the Saturn program the Center
would “penetrate down to excruciating detail on a continuous basis. Engineer
to engineer. Designer to designer.” Headquarters sometimes questioned such
practices and wanted Marshall to trust its contractors more. During a visit by
NASA Administrator James Webb, Center engineers showed him a rag they
had found in a rocket engine and explained that such problems revealed why
they mistrusted contractors.!!

Center personnel contrasted their method of monitoring contracts with the
methods used by the Air Force. When Marshall replaced the Air Force as moni-
tor of the Centaur rocket contract, the difference became clear. The Air Force
had assigned 8 officials to the project, while Marshall assigned 140. One Cen-
ter engineer noted that aerospace contractors wanted Marshall to manage like
the Air Force: “they [the government] give you [the contractor] the money; you
go away; you deliver a product; they buy it.” Marshall, he noted, did not work
like this because the Center did not want to get “taken to the cleaners.”'?

Marshall people also contrasted their quality practices with those of private
industry. For most of its hardware, aerospace industry and the military relied
on mass production. In mass production, cheapness compensated for defects,
and when a customer complained about product quality, he would receive a
replacement. But NASA’s launch vehicles were not mass produced, and a failure
in the propulsion system could be catastrophic rather than merely inconvenient.
As Grau explained, “you cannot put a man on a [launch vehicle] and say ‘if it
fails, and if you get killed, take the next one.”” Consequently Marshall had to
change the mentality of its contractors from “mass production with acceptable
errors” to “craftsmanship—do it right the first time—with no error.”"?

Marshall also questioned the statistical risk assessment methods used by aero-
space contractors and the military. With mass production, engineers could use
random tests and statistical measures to isolat