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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
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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 I. 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
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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 /nside 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.
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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
Historiography of Space (Bloomington: Indiana University Press, 1991), pp. 204-205.




Chapter 1

Origins of
Marshall Space Flight Center

On his way to dedication ceremonies for the George C. Marshall Space Flight
Center on the morning of 8 September 1960, President Dwight D. Eisenhower
paused before a test stand holding an enormous Saturn I booster. He turned to
Wernher von Braun, the director of the new Center, and said that he had never
seen anything like it. “They come into my office and say it has eight engines.
I didn’t know if they put one on top of the other or what,” he told von Braun.

The President was not the only
American who was impressed
but somewhat mystified by what
had been going on in Huntsville,
Alabama. Indeed, when Eisen-
hower addressed the 20,000
people who assembled at the
ceremonies later that morning, he
acknowledged a decade of
achievements in rocketry at the
Army’s Redstone Arsenal in
Huntsville. There the Army had
developed the Redstone and Ju-
piter missiles, and with the assis-
tance of the Jet Propulsion
Laboratory (JPL) created
America’s first Earth satellite,
Explorer I.' The dedication sig-  Wernher von Braun describes the Saturn I
nified a change of command, as  to President Eisenhower.

the Development Operations

Division of the Army Ballistic Missile Agency (ABMA) transferred from
military authority to the civilian direction of the National Aeronautics and
Space Administration (NASA).
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The dedication of the Marshall Center marked the absorption of a talented group
of 100 German rocket experts and 4,570 American engineers and technicians
into the ranks of the civilian agency. The Germans had been working together
for more than two decades, and their experience and leadership gave the new
Center cohesion. They had trained the Americans to continue their legacy in
rocketry. In the years that followed, Marshall would be at the heart of the Ameri-
can space program, one of
NASA’s two largest field
Centers, proud of its many
achievements in technology
and exploration.’

The political struggles that
culminated in transfer of
ABMA’s Development Op-
erations Division to NASA
left a legacy that affected
Marshall’s role in the space
program. ABMA was at the
center of key debates over
national space policy in the

late 1950s. An Army agency, C?he.l;rical munitions work at Redstone Arsenal
it forced consideration of during World War 11.

Army-Air Force rivalry in

military missile development. A military organization, it prompted the
Eisenhower administration to seek a balance between civilian and military space
programs. A research and development enterprise of such versatility that it was
virtually a space program unto itself, it opened debate over whether experimen-
tal work on rocketry should be contracted to private business or conducted by
government specialists. A leader in propulsion and high technology, it stimu-
lated contention over the division of labor between NASA Centers. None of
these questions would have final answers by the time of the establishment of
Marshall. They would reverberate through Marshall’s early years, and carry
implications that would affect the Center for decades.

If Marshall’s future would be tied to the fortunes of the American space pro-
gram, its origins rested on an improbable coalition: a small southern town, an
obscure federal agency, expatriate rocket experts, and young American engi-
neers. Tracing those origins leads inevitably to World War II, when the
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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 II 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
I1, 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.””!
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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 be in
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 so.”!

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—Ilater renamed Project Paperclip—a top secret program authorizing
recruitment of up to 350 experts in specialties of interest to American
military.*

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.*

11
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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 Bliss in 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



ORIGINS OF MARSHALL SPACE FLIGHT CENTER

The original Peenemiinde team shortly after their arrival at Fort Bliss.

from the White Sands Proving Grounds to a record altitude of 250 miles, the
first object to be sent outside the Earth’s atmosphere.*

The years at Fort Bliss were a literal time in the desert for von Braun’s rocket
experts. Unlike the Peenemiinde years before or the Saturn years later, no clear
goal unified them. They were consultants to American military and industrial
researchers, advisers to the dreams of other men. But the period was crucial,
for at Fort Bliss the members of the von Braun group began to view themselves
as members of a team. Dornberger and von Braun had fostered cooperative
enterprise, of course; but no corresponding sense of collective identity emerged
from the military-industrial-university complex supporting Peenemiinde.*

The peculiar circumstances of life at Fort Bliss reinforced the sense of a team.
New to a foreign country in which many had at best a cursory understanding of
the language, separated from their families, sharing professional interests, viewed
with suspicion by the people of El Paso, the Germans drew together. They hiked
in the nearby Organ Mountains, played chess and read, and played ball games
on a makeshift field between the barracks.*’ Pranks reflected a boarding-school
atmosphere, as when Major Hamill reprimanded von Braun: “The wall of Mr.
Weisemann’s [sic] room has been broken through. This matter was not reported
to this office. The pieces of the wall have evidently been distributed to various
occupants of Barracks Number 1.”*' The elite nature of the group that led to
charges of arrogance created another common front; one American described
them as “a president and 124 vice presidents.”*

The president, of course, was von Braun. Not only did the other Germans ac-

cept him unequivocally as their leader, but von Braun insisted on his preroga-
tives. Relations with Hamill were often prickly. Von Braun resented it when

13
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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.

14
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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 accept its 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 warehouse that stored
chemical weapons during World War II 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 I
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.”%

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 5,000.7°

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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carrying off excessive heat. Ablation had the advantage of dissipating more
heat and allowing more accuracy, and came to be the preferred technique.
Jupiter—C launches in 1956 and 1957 tested the feasibility of ablation, and
allowed ABMA to demonstrate the capabilities of the new vehicle by exceeding
an altitude of 600 miles.”® Reentry studies also gave ABMA a means to skirt
Defense Department range restrictions. William R. Lucas remembered that in
spite of these restrictions, “we went ahead and developed a launch vehicle

79

anyway and justified it on the basis of testing nose cones.”

Explorer Project Leaders: Dr. Rees, Major General Medaris, Dr. von Braun,

Dr. Stuhlinger, and (in back) Mr. Mrazek, and Dr. Haeussermann.

From Sputnik I to Explorer I

Until the autumn of 1957, the United States had no coherent space program
except as an adjunct to military missile research. The launch of Sputnik I by the
Russians on 4 October prompted a reevaluation of the national role in space
research. Neil McElroy, the incoming secretary of defense, was visiting Redstone
Arsenal when he received news of Sputnik. At dinner that evening von Braun
and Medaris sat on either side of McElroy; von Braun insisted that ABMA
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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
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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
McElroy 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
IIT 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 ABMAs 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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support made opposition unlikely, but rumors persisted that von Braun had
been “clubbed” or “blackmailed,” that communications between Defense and
NASA had broken down. The Senate Committee on Aeronautical and Space
Sciences held hearings in February to determine if there were difficulties that
might impede transfer. General Medaris, by then retired, offered the most vola-
tile testimony, explaining that “With the army’s total inability to secure from
the Department of Defense sufficient money or responsibility to do the space
job properly, we found ourselves in the position of either agreeing with the
transfer of the team or watching it be destroyed by starvation and frustration.”
But even Medaris conceded that “this transfer is the least bad solution that can
be found, and I therefore support it.”"°

Nothing rose in hear-
ings in either the
House or Senate that
threatened to derail the
plan. The House even
passed a resolution
urging immediate
implementation. The
Senate failed to follow
suit, however, and the
plan became effective
on 14 March after the
expiration of the 60-

day statutory waiting
period. President President Eisenhower and Mrs. George C. Marshall

Eisenhower issued an  unveiling the bust of General Marshall at MSFC
executive order on 15  dedication.

March making the ac-

tion official.

The transfer would be effective on 1 July to coincide with the start of a new
fiscal year, allowing time to work out final details of the arrangement. NASA
received all unobligated Saturn funds immediately, although it did not assume
full responsibility for Saturn until July.'!
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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.
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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 do it.”

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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chambers to study
air flows on ve-
hicles and devel-
oped programs to
control them. The
Guidance and Con-
trol Laboratory,
later named Astri-
onics, developed
systems and compo-
nents for communi-
cations, guidance
and control, and
electrical power. Its
facilities and equip-
ment ranged from
standard bench

Drafting specialists from the Propulsion and Vehicle
Engineering Lab work in the Huntsville Industrial
Center building.

equipment like oscilloscopes to specialized test equipment, telemetry instru-
ments, and simulators. The Research Projects Laboratory, later called Space
Sciences, used smaller “plug-in” equipment for scientific research in physics,
astrophysics, and thermodynamics; the lab also provided scientific support for
engineering projects, helping develop several spacecraft in the Explorer series

of satellites. The
Computation
Laboratory’s com-
puters helped ad-
minister the Center
and supported re-
search activities in
the other labs.

The Structures and
Mechanics Lab,
later called Propul-
sion and Vehicle En-
gineering, had broad
capabilities in rock-
etry, with specialties

The SA-2 booster is in final assembly stages at the
NASA Marshall Space Flight Center, Huntsville, AL.
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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 [
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
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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.” '°

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 isolate defects and predict reliability.
But since NASA built only a few vehicles and required that each work flaw-
lessly, random tests and statistical measures of reliability seemed questionable
to Marshall engineers. In 1961, Eberhard Rees, Marshall’s deputy technical
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director, observed that NASA rules required reliability statistics, but that he did
not trust the numbers; his attitude was “if they [Headquarters managers] are
happy with the figures let them have it.” According to Marshall lore, Headquar-
ters asked von Braun for a reliability figure on a Saturn stage and he replied by
saying it was 0.99999 reliable. The figure, the Center director said, came from
calling his lab directors and asking them if the stage would cause trouble. Von
Braun called five directors and they replied in turn “Nein,” “Nein,” “Nein,”
“Nein,” “Nein.”"*

Marshall’s confidence in its hardware resulted from rigorous testing. All the
labs performed tests, and two labs, the Test Lab and the Quality Assurance and
Reliability Laboratory, independently checked the work of the other labs and
contractors. The two labs, remembered Walter Haeussermann, chief of the
Astrionics Lab, sought to prevent the “camouflaging of short-comings.”
Heimburg believed that experience in rocketry had convinced Center leaders
that safety and economy depended on thorough tests on the ground; with severe
tests, engineers could detect and correct problems and thus minimize costly, or
even deadly, launch mishaps and failures. In a response to questions from a
NASA propulsion committee in 1961, Heimburg explained the Marshall policy
that “each sensitive event, component, subassembly, and stage should be sub-
jected to design evaluation testing.” The tests should be realistic, using full-
scale flight equipment rather than subscale models, and should occur at
“exaggerated environmental conditions.” The practice allowed Marshall engi-
neers to discover failures and flaws. The goal, Lucas recalled, was to “test until
we wear it out” in order to understand weaknesses. Marshall insisted that its
contractors bring their hardware to Huntsville for tests, even after that hard-
ware had already been tested at contractor facilities.

Thorough tests were of course expensive. Tests accounted for one-half of the
Saturn project’s total cost as measured in man-hours and material resources.
Heimburg justified these costs in 1961, arguing that “a shortage of funds means
a minimum of ground testing, below the optimum, which means increased mis-
sion failures. The money temporarily saved, and more, will be spent later in
repetition of testing.” Lucas noted that NASA reduced testing in the 1970s and
based its decision on “so-called economics.” Reducing tests to save money, he
believed, was “one of the costliest mistakes” that NASA ever made; “maybe
we overdid it [testing] on the Saturn program, but we clearly underdid it on

everything since then.”"
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Organizational and managerial patterns also evolved from Marshall’s arsenal
practices and research culture. The key organizational custom was “automatic
responsibility.” Konrad Dannenberg, a Center veteran, explained that the labs,
regardless of whether they had formal authority, were automatically respon-
sible for problems in their specialty. They could not, he said, “sit in the corner™
and “wait until something went wrong and say ‘I told you so.”” James believed
that the practice helped expedite problem solving because the lab experts “feel
responsible [and] they bring these things to the program manager’s attention
without being asked.”'*

Automatic responsibility helped produce a matrix organization based on inter-
disciplinary groups. The practice, which von Braun called “teamwork,” evolved
from the complex tasks of aerospace and rocketry engineering. Because prob-
lems overlapped engineering specialties, no single discipline could design, de-
velop, and evaluate an entire launch vehicle or even major subsystems. Success
depended on the cooperation of specialists from many labs."” Moreover, as
Dr. Mathias P. Siebel, deputy director of Marshall’s Manufacturing Engineer-
ing Laboratory, observed, the Center was making “small quantities of high cost
articles” that had to work “the first time.” This meant, Siebel added, that each
vehicle was a research project based on continuous innovation in response to
unpredictable technical problems and program changes. Solving the problems
systematically required teams with experts in design, manufacturing, quality
control, testing, and operations.'®

Accordingly, Marshall had many task-specific, interdisciplinary teams. At the
beginning of each project, lab chiefs and project managers formed temporary
teams with members drawn from several labs. The project managers had re-
sponsibility for budgets and schedule, and the lab chiefs had authority over
technical problems. Each team and its contractor counterpart worked on a spe-
cific problem until it was resolved. For example, specialists from several labs
and contractors cooperated closely on the guidance and control systems for the
Saturn V. The Astrionics Lab designed the guidance and control processors and
built prototypes, IBM manufactured the flight models, the Quality Lab tested
the processors, the Aeroballistics Lab developed guidance equations for the
processors, and the Computation Lab simulated flights in its computers and
generated data for the guidance equations.
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Leland Belew remembered that teamwork meant that “you would see every
major decision treated by the total organization. It was a fishbowl type opera-
tion. It was 20/20 visibility from the outside in.” The systematic approach to
engineering that Marshall used in the 1960s, Belew believed, anticipated 1980s
innovations associated with management guru W. Edwards Deming or systems
like Total Quality Management.'

Another central feature of
the laboratory culture was
that Center managers were
intimately involved in
technical matters. In-
house research and devel-
opment, von Braun said,
helped top officials “keep
their knowledge up to date
and judgment sharp by
keeping their hands dirty
at the work bench.” He be-
lieved that managers with
“dirty hands” were both
planners and doers, and
consequently were more
effective leaders.”

|

Von Braun watches a Saturn launch.

Von Braun was the model of the dirty-hands manager and his persona and man-
agement style have generated much comment. One commentator described von
Braun as the “managerial lord” of Marshall’s “feudal order.” He ruled over
German “vassals,” each of whom had rights in their fiefs and responsibilities to
their lord. The Marshall leader, the novelist and pundit Norman Mailer wrote,
was “the deus ex machina of the big boosters” who corporate managers wor-
shipped as the “high priest” of innovative organizations.*'

Marshall colleagues recalled von Braun’s charisma. Dannenberg noted that von
Braun inspired each employee to feel like he was “the second most important
man’” in the world working for the most important man. Ruth von Saurma, who
as a member of the public affairs staff often helped out with international
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correspondence, recalled that “there was hardly anyone who did not like him
and look up to him, although he never looked down on anyone. He always
seemed to be on the same level as the person he would be talking to. What was
fantastic was that individuals grew tremendously under his leadership and
performed so much more for him as a group than they ever would have been
able to do individually.”” “Wernher von Braun was not a dictator—he didn’t
have to be,” Georg von Tiesenhausen insisted. “His personality was such, his
authority was such, that everyone did what he wanted anyway.” Von Braun had
confidence in his ability to pick the right person for a job, and delegated
responsibility.*® His dynamism challenged people. “Von Braun was always
overflowing with ideas,” according to Dannenberg.*

Von Braun, Stuhlinger remembered, “never said any disparaging word or de-
rogatory word about anyone.” This habit encouraged the openness and coop-
eration necessary for problem-solving. Center veterans recollected how
von Braun had responded to a young engineer who admitted an error. The man
had violated a launch rule by making a last-minute adjustment to a control
device on a Redstone, and thereby had caused the vehicle to fly out of control.
Afterwards the engineer admitted his mistake, and von Braun, happy to learn
the source of the failure and wanting to reward honesty, brought the man a
bottle of champagne.*

Marshall’s first leader was also the
Agency’s master publicist and lobby-
ist. In addition to appearances before
congressional committees, von Braun
averaged nearly 150 articles and
speeches a year, and kept two full-time
writers busy in Marshall’s Public Af-
fairs Office. Between 1963 and 1973
he contributed monthly articles to the
magazine Popular Science. His topics
were diverse and included anticommu-
nism, Christianity, and Creationism,
but the vast majority promoted space
exploration and research. Recognizing ~ Wernher von Braun suited up for

that space projects needed public sup-  conducting tests in Marshall’s
port, his motto was “Early to bed, early ~ Neutral Buoyancy Simulator.
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to rise, work like hell and advertise!” Such boostership made von Braun, in the
words of Amos Crisp, one of his writers, “Mister Space” in the 1960s.* Norman
Mailer observed that von Braun was the only NASA manager known to the
public and was “the real engineer, the spiritual leader, the inventor, the force,
the philosopher, the genius! of America’s Space Program.”’

In his space speeches and articles, Marshall’s director made NASA projects,
plans, and technology understandable to the public. More importantly he sold
the excitement, significance, and benefits of space exploration. Von Braun
pointed out technological spinoffs and scientific discoveries, but mainly argued
that the greatest benefit of the space program was in generating new challenges.
Spurred by space exploration, scientists, engineers, and technicians innovated
faster and teachers educated students better. In the long-term, he thought, meet-
ing the challenges of space boosted economic growth.?

Rees, von Braun’s deputy since Peenemiinde, complemented his chief’s lead-
ership style. Von Braun was the visionary, Rees the practical manager; von
Braun inspired people to conceive new ideas, Rees drove them to complete old
tasks. His direct supervision became more important as von Braun’s public
appearances absorbed more of the Center director’s time. Rees “paid attention
to minor details. He was the technical man, but von Braun always floated with
his feet above the ground,” von Tiesenhausen explained. “Dr. Rees would say

99929

to Wernher, ‘Now simmer down.

Von Braun expounded a philosophy of management, and some of its elements
became parts of Marshall’s culture. Teamwork in a research and development
organization, he argued, depended on a proper balance between centralized
management and decentralized specialists. Without centralization, the team could
not set common goals and harmonize differences. But managers in an ivory
tower could not command cooperation or solve technical problems “in a high-
handed fashion.” Without decentralization, specialized technicians could not
develop knowledge and work together. For von Braun, managing teamwork
required “communication” between managers and specialists; and
communication depended on “a kind of four-way stretch: up and down the
organizational chart, and laterally in both directions.”*

Two of von Braun’s methods of communication, “board meetings” and “weekly
notes,” became Marshall traditions. The Marshall director had weekly
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meetings of his “board” of top Center officials, laboratory directors, project
managers, and invited specialists. The meetings had formal presentations, but
their primary feature was the free, often heated, discussion of problems and
policies. Von Braun presided over the discussion without dominating the
exchange.

In board meetings and in other Center-level meetings he showed his skill as a
systems engineer and manager. Subordinates marveled at von Braun’s vision of
space exploration, understanding of arcane technical and scientific issues, and
ability to recall details and fit them into patterns. They wondered at his ability
to summarize complex and confused presentations in a few sentences, translate
technical jargon, and integrate conflicting opinion. One colleague recalled how
experts “would be talking almost like in unknown tongues™ and “finally von
Braun would take over and explain what was being said in terms that every-
body could understand.” Another remembered that “von Braun’s gift was, after
listening to each one, to join all the information into one package that each one
agreed to.” The consensus and clear policy that emerged at the top helped give
Marshall a very disciplined organization.’'

While meetings were common in research organizations, von Braun’s “weekly
notes” were unique to Marshall. Under his direction, the Center’s laboratory
chiefs and project managers submitted a single page weekly summary of their
activities and problems. Von Braun scribbled comments and recommendations
in the margins and circulated copies to all top officials. Marshall people eagerly
read the notes and used them as a forum for discussing technical problems,
arguing policy issues, complaining about inadequate resources and coopera-
tion, and discussing solutions. The benefits multiplied because many superiors
generated information for their “Monday Notes™ by having subordinates sub-
mit “Friday Notes.” In the process of learning about the problems and ideas of
other officials, Marshall’s managers could develop a holistic view of the Center
and determine how to synthesize their part with the whole. Later Center direc-
tors continued von Braun’s weekly notes, imitating his use of communication
networks as tools for managing teamwork.*?

The Marshall team’s arsenal practices and laboratory culture were sources of
strength during the 1960s and early 1970s. Although much of the original cul-
ture persisted, the Center’s participation in the Apollo Program would impose
political and managerial pressures that led in new directions.
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Planning and Propulsion

When members of the Development Operations Division of ABMA became
NASA employees in 1960, America’s civilian space policy was still in flux.
Over the next few years, American leaders and NASA officials made important
decisions, eventually choosing the Apollo lunar landing mission and giving
Marshall its task of producing the Saturn launch vehicles. These discussions
and decisions mixed scientific and technical issues with strategic and political
ones. Lucas recalled that “some of the most significant decisions made in the
Saturn program had little to do with engineering. They were mostly political.
To be successful in a major project like that, you have to have a national com-
mitment to it, you have to have a defined goal, you have to have a timetable,
and you have to have resources.”*

In the late 1950s American space plans developed in the political context of the
Cold War and competition with the Soviet Union. Many Americans feared the
military threat of apparent Soviet supremacy in rocketry after the success of the
Sputnik satellite in October 1957. The Eisenhower administration had photos
from U-2 spy planes to show that no “missile gap” existed, but refused to release
this information and compromise its source. Consequently fears persisted, and
politicians, public officials, journalists, and scientists debated alternative ways
to promote American progress in space.

While still in the Army, the rocket group in Huntsville participated in the na-
tional discussions about future space missions and launch vehicles. In early
1958 von Braun stood in the spotlight of Explorer I's success and appeared
before Congress to lobby for more space exploration and for a trip to the Moon.
In June 1959, General Medaris had ABMA release a “Project Horizon” plan
which proposed to establish a permanent, 12-person lunar outpost by 1966.**

ABMA also contributed to planning of new launch vehicles. In 1957 the team
proposed construction of a clustered-engine booster with 1.5 million pounds of
thrust. By August the following year the ARPA of the Department of Defense
had agreed to provide research and development funding for the new vehicle,
called the Juno V and later the Saturn I, and in December ABMA began work-
ing on the vehicle as a subcontractor to NASA. Concurrently ABMA worked
with military and NASA planners in choosing advanced vehicle designs and
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upper-stage configurations appropriate to missions in Earth orbit or lunar voy-
ages. ABMA'’s engineers examined concepts using space planes, solid-fuel rock-
ets, or various liquid fuels. By 1960, NASA’s propulsion planning committee,
chaired by Abe Silverstein, formerly of Lewis Research Center, had selected
liquid hydrogen, a relatively new but powerful fuel, for the upper stage. By late
in the year, NASA and Marshall had begun preliminary design of an even more
powerful Saturn. Later called the Saturn V, its first stage would use a cluster of
F-1 engines, originally developed by Rocketdyne for the Air Force, each with
1.5 million pounds of thrust.*

In the spring of 1961, the new administration of John F. Kennedy chose a lunar
landing as the primary task of space exploration. Although the choice rested on
technical data from NASA committees and special space policy groups, it
depended more on political considerations. The Kennedy administration wanted
to ease the anxieties of the American public and bolster national prestige by
achieving a dramatic first in space exploration. Staging such a drama would
demonstrate the superiority of the American system of enterprise, management,
technology, and science. The Kennedy people defined space as a “new fron-
tier” and believed that exploring it would promote progress. Accordingly in his
State of the Union message on 25 May 1961, President Kennedy asked for a
national commitment to “landing a man on the Moon, and returning him safely
to the Earth™ before the decade was out. Congress endorsed his request, and
NASA created the Apollo Program to put “man-on-the-Moon.”

With a clear mission and timetable, NASA and science planners within the
Kennedy administration now began studying methods for getting to the Moon.
This “mode” decision was difficult because the method had to be economical
in time and money, technically feasible, and acceptable within NASA.

The Agency made this decision based on consultations between NASA Head-
quarters and its field organizations. The groups responsible for human space
flight—Marshall and the STG—were especially influential. The Agency had
formed the STG, composed of aeronautical engineers from the Langley Research
Center and led by Robert Gilruth, to manage the manned satellite program called
Project Mercury. By late in 1961 NASA had redesignated the group as the
Manned Spacecraft Center (MSC), given it responsibility for manned space-
craft, astronauts, and mission operations, and selected Houston, Texas, as its
permanent site. Over the decades the history of the MSC and Marshall would
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be intertwined; although partners who worked well together, they were some-
times competitors who struggled for resources and control over projects.”’

From 1960 to 1962, NASA conducted studies of various lunar mission modes,
evaluating each plan according to weight margins, guidance accuracy, commu-
nications, reliability, development complexity, schedules, costs, flexibility,
growth potential, and military usefulness. Marshall personnel investigated two
modes, “direct ascent” and “Earth orbital rendezvous.” Direct ascent would
limit the number of vehicles and launches. A Nova booster, a sort of super-
Saturn, would launch one heavy spacecraft, which would travel to the Moon,
land on the surface, lift off, and return to Earth. Earth orbital rendezvous,
referred to as EOR, could be traced to von Braun’s 1952 articles in Collier’s
and had two versions, each depending on Saturn V boosters rather than a Nova.
One “connecting” version of EOR would divide the heavy spacecraft in two
parts, launch each separately, and integrate them in Earth orbit. The other
“fueling” mode would launch the heavy spacecraft with one Saturn booster and
its fuel in another, then transfer the fuel in Earth orbit.*

The direct ascent mode fell out of favor by the spring 1962. Although officials
at Headquarters, the MSC, and Marshall believed that a powerful Nova booster
would be useful for a space station, a lunar base, or interplanetary exploration,
planners concluded that Nova was too big a leap beyond existing technology
and doubted that it could be ready by the end of the decade. Preliminary
designs called for the Nova to be twice as powerful as the Saturn V and to have
10 F-1 engines for its first stage. It would be so big—50 feet in diameter in
contrast to the Saturn V’s 35 feet—that it would not fit test stands and assembly
buildings. Moreover, Marshall expected that Nova would be even more techni-
cally difficult to develop than Saturn, and they doubted that they could develop
two super-boosters at one time, especially if each siphoned money away from
the other.*

Marshall’s dire forecasts about the Nova led to criticism of the Center’s com-
mitment to liquid fuels. The criticism focused on Marshall’s plans for a liquid-
fueled version and failure to study a potentially less expensive and more powerful
solid-fuel rocket. Maxime Faget of the MSC later contended that Marshall
engineers were “liquid-fuel people” who did not “trust” solid fuels and “tried
to think of everything wrong with solids they could.” At the time, Marshall did
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not seriously consider solid rockets because Center propulsion engineers doubted
their safety for human flight. Dannenberg pointed out that solid-rocket engines
kept burning once ignited; liquid engines, in contrast, could be shut off should
dangers develop.*

Although the solid-rocket versus liquid-rocket controversy would reappear in
NASA history, the issue was moot in Apollo planning. The Nova, whatever its
fuel, depended on missions to justify it and commitments to fund it. Von Braun
argued that going ahead with Nova meant “giving up the race to put a man on
the Moon in this decade even before we started.” By late 1961, in contrast,
preliminary research for the Saturn V was well underway. Thus once NASA
decided that direct ascent could not meet its goal, the Agency stopped funding
Nova, and Marshall’s rocket designers quietly swept its plans from their draft-
ing tables.*!

By early 1962 mode options narrowed to a choice between EOR and LOR,
short for lunar orbital rendezvous. The LOR mode called for two light, special-
ized spacecraft, a command spacecraft and a lunar lander-launcher. The two
craft would travel to the Moon together. From lunar orbit, the lunar craft, more
light in weight than its EOR counterpart, would descend to the Moon, blast off
from the surface, rendezvous in lunar orbit with the command craft, and then
be jettisoned. John Houbolt, an engineer from the Langley Research Center,
was the great booster of LOR. Initially both Marshall and the MSC challenged
his ideas, because his plan called for computer-controlled rocket firings behind
the Moon and his estimates for the weight of the lunar craft were very low and
optimistic. By January 1962, however, Houbolt had convinced the MSC of the
utility of LOR.

At this point, the interpretation of the mode decision becomes controversial,
and no definitive historical account exists. Participants and historians have of-
fered conflicting accounts of the events leading up to the decision and of its
implications. One reason for the lack of consensus has been the partisanship
caused by disputes between the MSC and Marshall. The mode options would
push the Agency in directions more favorable to one Center than the other. The
MSC people favored LOR because developing two specialized spacecraft would
be easier then developing a single multipurpose one, and because they could
maintain control over human activities in space. Marshall favored EOR be-
cause its demands would help the Center grow from propulsion research into
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Earth orbital engineering, and would require two Saturn launches per mission
and thus generate more responsibility. In an interview in 1970, von Braun
downplayed the rivalry. He contended that Headquarters had directed Marshall
to study EOR and Houston to study LOR; Marshall never formally endorsed
EOR but simply reported on it.*?

Another reason for disagreements about the mode decision was the use of dif-
ferent engineering criteria. The MSC and most Headquarters officials evalu-
ated any mode based primarily on whether it would technically simplify
achievement of Kennedy’s objective to land on the Moon by the end of the
decade; by these criteria LOR was simplest.* Marshall and the PSAC evalu-
ated modes based on the Apollo deadline, but also on ability to promote science
and space exploration in the long term. EOR, they thought, would provide tech-
nology and experience in refueling, assembly and repair, and rescue in Earth
orbit and better allow for a space station or lunar base.** The different criteria
had created an impasse, but in March 1962, top NASA officials decided to
choose the mode in June.

At this point, managers of the MSC resolved to sell LOR to NASA Headquar-
ters and Marshall. They first went to Washington and convinced Dr. Joseph F.
Shea, deputy director of Systems in the Office of Manned Space Flight (OMSF),
and D. Brainerd Holmes, director, OMSF. Next representatives from Houston
staged a day-long sales pitch in Huntsville in April 1962.

From that point until June, the behavior of Marshall Director von Braun is
unclear. Stuhlinger, the chief of the Research Projects Lab, believed that von
Braun preferred EOR but had become concerned that bureaucratic in-fighting
would cause delays and could prevent meeting Kennedy’s deadline. In the in-
terest of promoting harmony in the Agency, Marshall’s director therefore turned
conciliator and favored LOR. When he announced his decision at a Center board
meeting, Stuhlinger recalled, it caused a “storm” because many of his lab di-
rectors remained committed to EOR.*

Other evidence also suggests that von Braun was as much a wheeler-dealer as a
diplomat. Headquarters officials Shea and Holmes held meetings with von Braun
in May to discuss the mode options. They believed von Braun had questioned
LOR mainly because he was concerned with its liabilities for Marshall. They
reported later that von Braun kept asking what Marshall would gain if NASA
selected LOR. Realizing that von Braun wanted his Center to branch beyond
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the propulsion business, Shea and Holmes offered Marshall a piece of the ac-
tion on the lunar surface. Holmes later denied that a formal quid pro quo ever
emerged, but Headquarters and von Braun discussed how Marshall could study
lunar vehicles and base equipment.*®

NASA made the mode decision on 7 June 1962 at a meeting attended by offi-
cials from the OMSF and the field centers. Formal presentations explained the
modes, with Marshall engineers describing EOR. Following the presentations,
von Braun said, “Gentlemen, it’s been a very interesting day and I think the
work we’ve done has been extremely good, but now I would like to tell you the
position of the Center.” Marshall, he then announced, supported the LOR mode.
This was something of a shock to some Center personnel who had not known
of his choice before the meeting.

Von Braun offered technical and political reasons for supporting LOR. Admitting
that he had initially been “a bit skeptical” about the plan, he recognized its
engineering simplicity. LOR’s light spacecraft required only one Saturn V launch
and thus eliminated the need for two successful launches. Moreover, a specialized
lunar craft would simplify lunar landing and launching by eliminating the need
for one heavy, multipurpose spacecraft. It would smooth construction by
providing for the “cleanest managerial interfaces™” between centers and
contractors and by reducing the amount of technical coordination. At the same
time that von Braun bowed to LOR’s parsimony of engineering, he
acknowledged schedule pressures. The mode controversy was delaying
important design decisions and construction work; unless a mode decision was
made “very soon,” he said, “our chances of accomplishing the first lunar
expedition in this decade will fade away rapidly.” Von Braun concluded that, all
things considered, LOR offered “the highest confidence factor of successful
accomplishment within this decade.”

At the same time, von Braun also recommended that Marshall develop a crewless,
automated, lunar logistics vehicle to overcome the liabilities of LOR. Launched
by a second Saturn V to accompany human missions, this vehicle would expand
the duration and scientific benefits of lunar missions by providing supplies,
equipment, and shelter.*’

By agreeing to LOR, Marshall got credit for being a team player. Holmes and
Shea felt that von Braun’s decision helped stimulate inter-Center cooperation
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in the Apollo Program. Shea added that the Marshall director’s endorsement of
LOR was “a major element in the consolidation of NASA.” With its top offi-
cials united, NASA formally selected the LOR mode using a Saturn V rocket
and decided to study a lunar logistics vehicle.*® Marshall immediately began
studies of the craft, and although NASA never developed a flight model, the
Center eventually oversaw construction of a moon car called the lunar roving
vehicle.”

The choice of LOR mode shaped the Apollo Program, and debates about its
merits continued long afterwards. Critics of the choice complained that NASA’s
narrow engineering mentality led the Agency to select the cheapest means in
terms of money and time and to choose excessively specialized technologies;
the mode meant brief lunar visits and restricted scientific research.”” Long after
the decision, many Marshall veterans continued to echo these sentiments. Von
Tiesenhausen contended that LOR helped make Apollo essentially a “dead-
end.” Dannenberg also believed that rejecting EOR thwarted possibilities for
constructing a space station and pursuing more open-ended missions in the
1960s. Others were less negative, believing that NASA expanded the scientific
utility of Apollo technology by using the third stage of the Saturn V as the basis
for the Skylab orbital
workshop.”!

The mode episode
came to an ironic
conclusion when von
Braun publicly de-
fended LOR before
the national media.
The issue came up on
11 September 1962
when President John
Kennedy visited Mar-
shall to look over Sat-

urn development.
The President Von Braun explains Saturn hardware to President
brought with him Kennedy and Vice-President Johnson during their
Jerome Wiesner, the visit to Marshall on 11 September 1962.
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chair of the PSAC, Vice-President Lyndon Johnson, and NASA Administrator
Webb. While standing near a Saturn 1 stage and with the press listening, the
group began discussing the merits of LOR. Wiesner argued fervently that LOR
was neither as safe nor as scientifically useful as the other modes. An angry
Webb and a calm von Braun contradicted Wiesner. Kennedy listened quietly,
later telling Wiesner that he too doubted LOR and that they were alone in sup-
porting the alternatives. The argument made national headlines but quickly
passed from attention with the onset of the Cuban missile crisis.’

The choices of the lunar mission, the end-of-decade deadline, the Saturn V, and
LOR all influenced Marshall’s work. NASA had a clear mission, a definite
schedule, and the necessary funds. Marshall would build the Saturn launch
vehicles and have plenty of resources for the task. William Sneed, a manager
on the Saturn project, recalled that Marshall had cash reserves to “accommo-
date the unknowns and unpredictables™ and to fund more than one path of tech-
nological development. James Odom said that the parallel development of critical
technologies allowed Center engineers to choose the most reliable option and
to stay on schedule. Robert Marshall, a Center propulsion engineer in the 1960s,
summarized the meaning of the decisions: “The schedule was fixed and the
performance was fixed; money was a variable. We threw money at problems.”
After the halcyon decade of Apollo, no Center project would have such favor-
able conditions; in later efforts the money was fixed and the performance and
schedule became variables.”® The challenges and resources of the Apollo Pro-
gram would also cause Marshall to grow bigger and develop new skills.

Growth and Change

To develop the Saturn stages, Marshall added more personnel and built new
facilities. More significantly, the enormous technical and managerial challenges
led Center personnel to change their organization and culture. Werner Dahm,
an aerodynamic engineer, recalled how in the 1950s ABMA had been “a single-
project outfit” that worked on one vehicle at a time with a couple of major
contractors. The Apollo Program changed Marshall, making it a “multiproject
organization” that developed many rocket stages and space technologies, man-
aged multiple contracts, integrated diverse technologies, and coordinated far-
flung organizations. The Center adapted to its new role by strengthening its
capabilities in project management and systems engineering.>*
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Of all NASA's field centers, Marshall benefited most from the free-spending
era of the early 1960s. Only the expenses incurred by the MSC rivaled those at
Marshall. NASA allocated funds in three categories: Administrative Opera-
tions, Research and Development, and Construction of Facilities.”> From 1961
through 1965, Marshall’s accumulated Administrative Operations obligations
(comprising principally salaries) were more than double those of any other
Center.”® Marshall’s accumulated Research and Development obligations
through June 1968 were larger than those of any other Center, five times
those of every Center except Goddard and MSC. Only MSC came close to
Marshall’s figure.”’
During the years in
which Marshall built
most of its Saturn
test stands and as-
sembly facilities,
only the construc-
tion of the launch
complex in Florida
surpassed the
Center’s obligations
for Construction of
Facilities in Hunts-
ville and at Michoud
and the Mississippi  Early 1960s test stand.
Test Facility.”®

Marshall was also NASA’s largest contract administrator. For six consecutive
years (fiscal years 1961 through 1966), Marshall let contracts totaling more
than any other Center, constituting more than 30 percent of NASA’s contrac-
tual obligations. In mid-1968, Marshall held (either solely or jointly with other
centers) six of NASA’s eight largest contracts.” California, Louisiana, and Ala-
bama, the major locations of Marshall business, ranked first, third, and fourth
as recipients of NASA prime contracts from fiscal years 1961 through 1968.%°

Other yardsticks measure Marshall’s extraordinary growth in the early 1960s.

The Kennedy goal of reaching the Moon by the end of the decade gave the
Marshall Center a virtual carte blanche. When NASA established Marshall in
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1960, it acquired land and facilities valued at $34,651,000. Within the next four
and a half years, NASA funded new facilities worth more than $125,000,000. ®'
Laboratories continued to operate in buildings inherited from the Army, but the
Center expanded most of them and added new facilities. Test stands for the
Saturn Project consumed much of the new facility money. In June 1963, 1,200
employees moved into a modern 10-story Headquarters building. Von Braun’s
office on the top floor overlooked a panorama of the Alabama countryside,
rimmed by hills and sloping to the Tennessee River to the south, now punctuated
by monolithic test stands. The government labeled the Headquarters Building
4200, but locals often called it the “Von Braun Hilton.” Behind it, two smaller
buildings in the same style completed a horseshoe-shaped Headquarters
complex: the Engineering and Administration Building (4201) and the Project
Engineer Office Building (4202).

Other than the scale of the
Saturn V, nothing demon-
strated more dramatically
the rapid growth of the
American space program
than Marshall’s test com-
plex at the southern end of
the Center. Visible from the
small Redstone Interim Test
Stand were mammoth test
stands used for Saturn de-
velopment: Single engine
test stands, static test
stands, and the huge dy-
namic test stands.

Marshall Center’s Test Area in 1978.

The construction of new facilities led to some conflicts between the Center and
labor unions.” Beginning in August 1960 Marshall’s arsenal system triggered
jurisdictional disputes between the Center’s Launch Operations Directorate
(LOD) at Merritt Island, Florida, and building trades unions. The unions work-
ing on Launch Complex 34 (LC-34) were accustomed to Air Force practices.
They expected to install ground support equipment with little direct supervi-
sion. LOD was accustomed to the arsenal system and thought that government
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scientists and engineers should install some equipment and closely inspect con-
tractors. When LOD began introducing arsenal practices, the unions quickly
complained that LOD personnel were doing too much construction and super-
vision. In a series of brief strikes, electricians, ironworkers, and carpenters walked
away from LC-34, and the project lost 800 man-days of work from August to
November. The disputes culminated in November when electricians went on
strike to protest LOD civil servants installing cables and consoles in the launch
control center.*

The Center justified applying its “army philosophy” to scientific projects by
defining the launch complex as a “laboratory” intimately tied to the launch
vehicle, which was itself a “flying laboratory.” Logically NASA engineers and
scientists should install some ground support equipment as part of “research
and development.”® Von Braun insisted that scientists with Ph.Ds sometimes
had to use screwdrivers and wrenches; they had to get their hands dirty to make
new machinery function and to maintain expertise. Von Braun promised that
routine work would be contracted out, and this policy practically eliminated
conflicts at the Cape after 1960.%

A labor dispute in Huntsville also occurred on a facility construction project
but did not involve contractor-Civil Service issues. On 14 August 1962 a dis-
pute between unionized and non-unionized contract workers led to a strike at
Marshall’s Saturn V Static Test Stand. Members of the International Brother-
hood of Electrical Workers formed picket lines at Marshall’s entrances and
over 1,200 members of other building trades unions refused to cross. Work at
the test stand and several other sites ceased.” With the strike continuing more
than a week, construction delays and attention from the national media upset
Marshall managers and the Huntsville elite. Von Braun argued that the dispute
was costing $1 million a day and was causing the United States space program
to fall further behind the Soviet Union. The Huntsville Times condemned the
workers for causing the United States to lose “the competition between the free
world and the forces of darkness which seek to engulf us.”*® A federal injunc-
tion ended the strike on 24 August and the National Labor Relations Board
convinced the electrical union to refrain from strikes and secondary boycotts.*”

The strikes in Huntsville and at the Cape taught Marshall a lesson, and in 1963

its managers sought to forestall strikes on other facility construction projects.
With assistance from the Missile Sites Labor Commission, the Center held
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meetings with construction unions and contractors who would build the new
test facility in Mississippi. The meetings sought to resolve potential problems
and secure a union promise of three years without a strike. Marshall called it
“the first such conference ever sponsored by the Federal Government in ad-
vance of the award of a construction contract.””"

During the Saturn years, Marshall opened three new facilities in Louisiana and
Mississippi. All three facilities helped NASA politically, helping the Agency
garner support from federal legislators from those states. The sites also had
technical advantages. The Michoud Assembly Facility in eastern New Orleans,
selected in August 1961 by Marshall and NASA for the manufacture of Saturn
lower stages, had once been a federal plant for manufacturing Liberty ships,
cargo planes, and tank engines. It had a production building with 35-foot-high
rafters and a 43-acre manufacturing floor, water access via the Gulf Intra-
coastal Waterway. closeness to skilled labor and industrial support in New
Orleans, and proximity to sparsely inhabited land that could be used as a rocket
test area. !

Two months after selecting Michoud, NASA chose a Saturn V test site on the
Pearl River in Hancock County in southwestern Mississippi. The Mississippi
Test Facility perfectly combined accessibility and remoteness. Only 45 miles
from Michoud by water, and with few people to relocate, its surrounding swamps
were large enough so that the tremendous sound waves created during rocket
firings would not cause damage.” Constructing test stands, rail lines, and a
canal took over four years and cost over $315 million.”® The third site, the
Computer Operations Office in Slidell, Louisiana, used an unoccupied build-
ing originally owned by the Federal Aviation Administration, and began activ-
ity in 1962. Located between the assembly and test facilities, Slidell’s computers
supported their work in engineering, checkout, and testing.”

Like other facets of Marshall’s development in the 1960s, the Center’s person-
nel numbers followed the curve of Saturn development: dramatic increases in
the first half of the decade, reductions later. When it opened in July 1960,
Marshall inherited 4,670 employees from the ABMA. By the end of the year,
Civil Service employees numbered 5,367.7° During its first six years, the Cen-
ter experienced steady growth and by the summer of 1966, employment reached
a peak of 7,740. Marshall was easily the largest NASA installation with
21.7 percent of the Agency workforce.”” Marshall’s combined workforce—
contractor and Civil Service—peaked at over 22,000.”
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The establishment of Marshall forced a reevaluation of NASA’s allotment of
excepted and supergrade positions above the grade of GS—15. Designed to make
government management appointments competitive with the private sector, these
positions were “among the most potent means by which the Administrator shaped
the agency.”” NASA received permission to increase its allotment from 260 to
290 to accommodate the so-called German positions inherited from the Army,
and won increases to over 700 during the Apollo buildup.” Marshall held as
many as 56 of these positions at the height of Saturn, after which its allotment
quickly dropped by a third.*

Marshall’s workforce was predominantly white, male, and well educated. Less
than one percent of Marshall employees was black. The Center did not even
begin to record statistics on the number of female employees until the 1970s,
when the earliest figures showed that 16 percent were women.*' Cutbacks in
the late 1960s assured that there would be little change in the composition of
the Marshall workforce, since reductions hit hardest in nonengineering
classifications.

The greatest changes in the character of Marshall’s workforce during the first
several years were an increase in scientists and engineers, and a decline in wage
board personnel. The number of engineers and scientists nearly doubled within
the first four years and then remained relatively constant for the next four, an
increase from 27.7 to 37.6 percent of Marshall’s total employment. Wage board
employees declined steadily during the same period from 1,925 (35.8 percent
of the workforce) to only 835 (12.0 percent).** Von Braun explained the trends
as a reflection of “the changing role of Marshall from an essentially in-house
organization to one of program management.”*

Von Braun’s explanation highlighted the major change at the Center during the
Apollo period. Although Marshall continued aspects of the Army arsenal sys-
tem until the cutbacks at the close of the Apollo Program, Agency policy
required that the Center adopt more of an Air Force system relying on private
contractors. NASA Administrator Webb and other prominent officials criticized
the arsenal approach. Federal employees, they charged, were more expensive
than contractor workers. Reliance on civil servants led to fixed labor costs while
contractors could be laid off at the end of projects. Federal experts unnecessar-
ily duplicated skills in the private sector. In addition to its economic weak-
nesses, the arsenal system had political liabilities. It localized government
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spending and limited the number of regions participating in the space program.
Besides, Webb, a corporate lawyer, former official in the Department of De-
fense, and former director of the Bureau of Budget, wanted to privatize federal
research and development. The Agency Administrator was also a zealous cham-
pion of using public spending to stimulate private innovation and profit.**

Accordingly the Center and the rest of the Agency used the Apollo Program to
expand the command economy in space hardware. Since the 19th century
governments had created a command economy in military technology, becoming
the sole buyer of weapons too expensive for private firms to develop on their
own. After the Second World War, space hardware also became command
technology.® Military methods provided much of the contracting apparatus for
NASA, but the Apollo Program was so vast and complex that the Agency had to
innovate. NASA created what its administrators called a “government-industry-
university team,” and Marshall and the rest of the agency improved methods
for running R&D organizations, “managing large systems,” and supervising
business-government partnerships; their managerial methods became an
“unexpected payoff” of the Apollo Project.*

For years as part of the military, the rocket veterans who formed the core of
Marshall had worked with contractors. They had worked with business and
university contractors at Peenemiinde, White Sands, and in Huntsville. When
ABMA employees transferred to NASA, armed services procurement person-
nel, procedures, and practices went along. Like the military, Marshall used tech-
nical specifications, drawings, performance requirements, and incentive fees to
direct contractors. Marshall and NASA also often used military quality person-
nel to monitor contractors and inspect parts. The Center differed from military
methods of monitoring contractors in the very detailed specifications its labs
produced, the rigor of its testing, and the depth of its penetration of
contractors."’

The increasing use of contractors and growing technical complexity of Apollo
led Marshall to strengthen managerial and systems engineering groups so that
all the parts and participants could be integrated. In the initial organization of
1960, the Center had no systems engineering group, and the laboratories, based
on the practice of automatic responsibility, collectively resolved integration
problems. A small Saturn Systems Office, with its three offices for the Saturn I/
IB, Saturn V, and engines, handled project management of budgets and sched-
ules. This organization differed little from those of Peenemiinde and ABMA.
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But by 1962, once complicated work began on both the Saturn I and Saturn V
and once contracts were let across the country, the Center’s traditional organi-
zation proved unwieldy. By the middle of 1963, Marshall’s workload had
increased more than four-fold in three years. The fiscal year budget had grown
from $377 million in 1961 to $1.07 billion in 1963. Procurement had increased
almost three-fold in three years, from $315.5 million to $949.7 million. The
flood of responsibility swamped the Saturn Systems Office and the labs. Center
officials worried that a lack of central controls could lead to excessive changes,
cost overruns, and schedule slips.

By 1962 von Braun moved to forestall any problems. He told a management
conference that his rocket team had changed from being a research and devel-
opment organization to also being “a managerial group.” To adapt, he oversaw
a reorganization in 1962 that gave more authority to managers of a project (a
“project” in NASA parlance was a discreet technology that was part of a larger
“program”). Justifying the change in a three-page memo, “MSFC Management
Policy Number 1,” he explained that multiple projects necessitated stronger
project offices. The labs would still be organized by technical discipline. Now,
however, project offices would coordinate plans, assignments, and budgets for
work involving more than one lab, and would oversee technical staff directly
assigned to project work.

A major reorganization of the Center on 1 September 1963 formalized the new
arrangements. One organizational branch called Research and Development
Operations contained the labs, and another equal branch called Industrial
Operations contained the project offices. In the Center hierarchy, lab directors
and project managers were on an equal organizational rung for the first time.
Within various projects, the project offices managed and the labs provided
support. In addition, each lab had a Saturn Project Engineering Office to coor-
dinate activities with the Saturn Project Office.*

Moreover, Marshall enhanced its abilities to handle integration problems. Pull-
ing together the designs and hardware of the many pieces of a multistage
vehicle was an enormously complex task. NASA had to help pioneer the rela-
tively new field of systems engineering, and Marshall was in the forefront. In
1962 the Center established a Saturn/Apollo Systems Integration Office for
working with other NASA centers. Marshall also enlisted a systems engineer-
ing contractor; Boeing, the contractor for the Saturn V first stage, became the
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Saturn V Systems Engineering and Integration contractor. NASA and Marshall
adopted similar practices for the Shuttle and later projects.®

After this reorganization, the project offices and labs acted as checks-and-
balance on one another. Checks-and-balances were “built-in,” Lucas recalled,
because the labs and project offices had different interests. Scientists and engi-
neers in the laboratories wanted to be thorough and inventive, and wanted the
job done right with little concern about cost, schedule, or administrative nicety.
In contrast, project offices were responsible for getting the job done on time
and within budget. To meet deadlines and budgets, project managers some-
times had to limit technical innovations. Nonetheless the project offices, James
remembered, did not make technical decisions based on managerial standards;
they relied on “change boards™ composed of lab experts who studied each pro-
posed innovation and determined whether it was necessary. He also said that
von Braun wanted to base hardware decisions on their technical merits rather
than schedule or cost. Von Braun told James that “when you have an argument
with the laboratories, I want you to know that I am on their side.”

As Saturn development progressed, Marshall hired more experienced project
managers and pioneered new oversight methods. In 1964 the Center acquired
on temporary assignment over a dozen Air Force officers who were veterans in
running big, expensive, and complex aerospace projects; they had skills in bud-
gets and schedules, and systems management. Also in 1964 Air Force General
Edmund O’Connor became director of Industrial Operations, serving in that
post throughout most of the Saturn years.”!

The Saturn V Program Office, headed by Peenemiinde veteran Arthur Rudolph,
oversaw the crucial Apollo activities of the Center and its contractors. The of-
fice ensured that Saturn manufacturing stayed within budgetary and schedule
guidelines and that all the contractors and components fit together in one sys-
tem. This was an enormous problem because Marshall oversaw contracts with
hundreds of companies in dozens of states. Rudolph thought his major problem
was that “in a big program like the Saturn V you have many people involved
and usually people want to go off on tangents,” and so he tried to “get them all
to sing from the same sheet of music.” Saturn’s self-styled “choir director”
oversaw regular meetings in which Marshall and contractor officials reviewed
and revised plans as the program evolved; sometimes the meetings would last
until well after midnight.*
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One novel feature of the Saturn V Program Office was a room called the Pro-
gram Control Center. Rudolph’s staff designed the room to enhance “visibil-
ity” and reveal problems. Three thousand square feet of visual aids and
scheduling charts papered its walls. Based on systems developed for military
missile programs, the charts graphed a path of progress for each part and showed
crucial schedule checkpoints. Information for the charts passed up the Center-
contractor organization, with each manager relaying data through superiors.
Each chart directed attention to parts that were lagging so that managers could
invest more resources on these critical parts.

Marshall officials were careful in how they used the charts. They sometimes
regarded them as a “gigo” system—garbage in, garbage out—knowing that
managers sometimes withheld information or exaggerated progress. James,
Rudolph’s successor as Saturn V manager, believed that Rudolph sometimes
pretended that he could not understand the charts, using this pretext to question
project managers about their progress. In remarks to Congress in 1967, Rudolph
admitted schedules were often “soft” and could be set back. Nonetheless he
thought the charts and schedule deadlines were useful managerial tools; in his
words the “visibility” enforced “discipline” and got rid of “looseness.” More
importantly, the charts helped officials integrate the work of the Saturn team.
NASA Administrator Webb loved the Program Control Center and its manage-
ment charts. Webb brought dignitaries to Marshall just to parade them through
the room which he said was “one of the most sophisticated forms of organized
human effort” that he had “ever seen anywhere.” When Webb looked at the
charts, Saturn Program Control Manager Bill Sneed said, NASA’s Administra-
tor recognized that Marshall was doing more than building a lunar rocket; the
Center was “innovating and developing management systems” that were “the
best known to man.””

Marshall also worked with the rest of NASA to coordinate work on Apollo.
Headquarters had an Apollo program office that made plans, allocated and
monitored resources, set schedules, and maintained oversight of specifications
and standards. A NASA Management Council, composed of top Headquarters
officials and field Center directors, set broad policy. On technical issues, how-
ever, the centers had considerable autonomy. Experts from the centers staffed
eight Inter-Center Coordination Panels on crew safety, instrumentation and
communications, flight mechanics, flight evaluation, electrical systems, launch
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operations, mechanical design,
and flight control operations. In
this way experts assumed daily
responsibility for coordination.
Generally, these decentralized
panels resolved disagreements,
but difficult issues passed up the
line to a Management Review
Board composed of Headquar-
ters officials Center directors,
and program and project man-
agers. The Centers and Head- ,
quarters also established a Kurt Debus, Wernher von Braun, and

mirror organization, with func- Eberhard Rees watch the SA-8 launch in

tional offices matching each May 1965.
other to facilitate communica-
tion.”*

Headquarters also hired a systems engineering contractor to help it monitor the
technical activities of the field centers. BellComm, a subsidiary of AT&T, helped
review and define systems requirements, missions, tests, and quality programs.
Both Marshall and the MSC complained about BellComm’s role, questioning
the legality of the company’s access to proprietary information from other
contractors and doubting the wisdom of duplicating expertise at the field centers.
More importantly, both Marshall and Houston objected to micromanagement
from Washington. Von Braun argued at a NASA Management Conference that
there were “too many nuts and bolts engineers in Washington and too few
managers” and that Headquarters wasted resources on “petty supervision” and
efforts to “second guess” the centers. Nevertheless, Headquarters maintained a
strong program office, and Shea, deputy director of Systems in the OMSF,
defended the BellComm contract as “good insurance” that would proceed
“regardless of Centers’ wishes.””

Disagreements aside, the arrangements helped NASA smoothly coordinate
Apollo activities. Such harmony contrasted with the planning controversies early
in the program and on later projects. Technical and organizational factors also
contributed to intercenter cooperation.
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Marshall worked well with the MSC during the Apollo Program mainly due to
technical factors. For Apollo, MSC and Marshall had a clear division of labor.
Houston built the spacecraft and Huntsville built the launch vehicle, and one
sat on top of the other. Interfaces between spacecraft and launch vehicle were
clean and simple, mainly a matter of connecting wires and bolts. Disputes mainly
resulted over weight; Marshall believed that Houston’s spacecraft was too heavy
while Houston thought Marshall’s launch vehicle was too heavy. Von Braun
credited the resolution of problems like this to mutual respect by the Centers
and the unsung work of the intercenter panels.”

Social and technical factors helped Marshall work well with the Kennedy Space
Center at Cape Canaveral. NASA’s launch facility had originally been ABMA’s
Missile Firing Laboratory. When the Army rocketeers transferred to NASA,
the lab remained under Marshall’s organization as the Launch Operations
Directorate. Kurt Debus, the launch team’s director, had been von Braun’s as-
sistant at Peenemiinde and Huntsville, and many members of the launch group
continued to work in Huntsville. Alabama and Florida personnel worked closely
together to ensure the compatibility of the assembly and launch facilities with
the launch vehicles. Huntsville personnel helped design and construct some of
the Cape’s launch facilities.

By 1962, organizational problems emerged that led NASA to make the Launch
Operations Directorate into an independent Center. Debus and von Braun wor-
ried about the managerial liabilities of having the launch team report to Marshall.
Particularly problematic was the possibility that the launch team would have to
arbitrate disputes between Marshall and another NASA Center. To solve these
problems, NASA decided to make the launch team into an independent field
center. Although Huntsville officials had lively debates about the merits of be-
ing a rocket “developer” or “operator,” von Braun supported the change. On
1 July 1962 Marshall’s launch laboratory became the Launch Operations Cen-
ter, and, after President Kennedy’s assassination, it became the Kennedy Space
Center.”

The Apollo Program then led to changes at the Marshall Center in the 1960s.
Apollo resources and challenges allowed Marshall to enhance its in-house re-
search and development capabilities by adding new personnel and facilities. At
the same time the Center modified its research organization and culture by
adding new mechanisms and expertise in contractor management and systems

70




THE CENTER IN THE SATURN YEARS: CULTURE, CHOICE, AND CHANGE

engineering. Together the adaptations helped Marshall solve the enormous tech-
nical challenges of the Saturn launch vehicles.
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Chapter 111

Crafting Rockets and Rovers:
Apollo Engineering Achievements

The most dramatic events at Marshall during the Apollo Program were the
static firings of the enormous first stage of a Saturn V rocket. The five F-1
engines of the S—IC stage produced over 7.5 million pounds of thrust, enough
to generate 119 million kilowatts, twice the power of all hydroelectric
turbines on American rivers. The stage burned 4 million pounds of fuel in
two-and-a-half min-
utes, and three trucks
could park side by
side in its fuel tank.
The engines had
valves as big as suit-
cases and pumps as
big as refrigerators.'

Test structures for the
stage and its engine
cluster were also gi-
gantic. The S—IC Test
Stand, first used by
Marshall’s Test
Laboratory in April
1965, had a super-
structure and derrick that rose 406 feet. Built massive to secure the huge rocket
stage, it was anchored in bedrock 45 feet below ground and had as much
concrete underground as above.” To dissipate heat and dampen sound, the
stand’s pumps fed 320,000 gallons of water per second from an adjacent res-
ervoir into the flame bucket. Each test generated a white cloud of vapor and a
thunderous roar that echoed (and even shook buildings) throughout Hunts-
ville. Engineers claimed that as a noisemaker the S—IC was third only to atomic

First S—IC full five engines firing on 16 April 1965.
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bomb blasts and the Great Siberian Meteor of 1883. One Marshall official re-
called that before the first test people feared broken windows at the Center;
unable to finish an important telephone call when the test began, he crawled
under his desk and shouted in the receiver.” Von Braun liked to interrupt meet-
ings so that everyone could witness the spectacle from the top floor of Marshall’s
administration building.

The sound and fury of such tests bore witness to Marshall’s contributions to the
space program in the 1960s. The Center’s laboratories helped design, develop,
and test crucial hardware for the Mercury and Apollo programs. Marshall’s
project offices oversaw dozens of contractors and forged individual efforts into
a collective whole. The Center’s step-by-step efforts on space vehicles helped
NASA achieve a series of “firsts” in space flight: the Mercury-Redstone boost-
ers lifted American astronauts on their first suborbital rocket flights, the Saturn
rockets powered humans on their first trips to the Moon, and the lunar roving
vehicle (LRV) first transported people across its surface.

Mercury-Redstone

Marshall’s initial triumphs as a NASA Center came in Project Mercury,
America’s first entry in the manned “space race” with the Soviet Union. The
Center contributed Redstone boosters for the early flights, helped the STG with
integration of the booster and crew capsule, and oversaw the launch process.
Involvement in the program began in October 1958, when NASA and the Army
Ordnance Missile Command agreed that the ABMA would provide 10 Redstone
and 3 Jupiter missiles for the space program. In the next year ABMA modified
the Redstones to prolong the time of engine burn. Working with the Chrysler
Corporation, the prime contractor, and the Rocketdyne Division of North Ameri-
can Aviation, the engine contractor, ABMA personnel elongated the propellant
tanks.

Modifying the Redstone tanks was straightforward, but “man-rating” the rocket
was not. Man-rating meant verifying the rocket’s safety for human flight. Al-
though the Redstone had many successful launches as a ballistic missile, man-
rating led to technical disputes between Huntsville personnel and the STG.
Huntsville’s experience with missiles led them to consider the “payload™ as a
passive package. But members of the STG were “old NACA hands™ who were
experienced with airplanes and pilots.
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The contrasting perspectives of Marshall and the STG led to quarrels over au-
tomatic flight abort procedures. According to Joachim P. Kuettner, ABMA’s
and later Marshall’s manager for Project Mercury, Huntsville preferred “posi-
tive redundancy” which provided for automatic aborts whenever required; au-
tomation would ensure astronaut safety by restricting his role. Kuettner thought
the STG wanted “negative redundancy” which avoided aborts unless neces-
sary; with more control, astronauts would have more opportunities to finish
missions. Panels of technical experts from Marshall and the STG worked out
the differences, balancing pilot safety and mission success, machine automa-
tion and human control. Their contrasting perspectives improved the Mercury
design and helped ensure success, but put the program behind schedule.*

Delays came from other sources. The STG often changed its designs, forcing
Marshall to adapt its work on the Redstone. The McDonnell Company, con-
tractor for the Mercury spacecraft, fell behind, slowing Marshall’s ability to
integrate the hardware of spacecraft and Redstone. But the Center’s extensive
hardware testing also took longer than expected and caused delays.’

Unfortunately more delays came from the failure of the first flight test of
Mercury-Redstone. The crewless launch of Mercury-Redstone 1 (MR—1) on
21 November 1960 began with the rocket engine burning normally. After a
flight of a few inches, however, the engine abruptly shut off. MR—1 fell back on
its pad, resting upright and inert but for an escape parachute which released
from the capsule and flopped limply in the breeze. An investigation traced the
engine failure to the booster’s tail-plug prongs, which connected the booster
via an electrical cord to ground equipment. The prongs were too short to com-
pensate for changes in the payload and thrust of the modified Redstone, and the
tail plug pulled out, prematurely turning off the engines.®

After the failure, and a malfunction which caused the MR-2 engine to operate
at higher than planned thrust level, von Braun wanted to avoid unnecessary
risks. He therefore insisted on one flawless Mercury-Redstone flight before
any manned mission and convinced NASA to insert an extra “booster develop-
ment” mission. This mission with a boilerplate Mercury spacecraft (MR—BD)
flew successfully on 24 March 1961. The extra mission, however, pushed back
the schedule for America’s first manned Mercury-Redstone flight (MR-3) and
allowed the Soviet Union to capture prestige with Yuri Gagarin’s first orbital
flight on 12 April. This Soviet triumph overshadowed the success enjoyed by
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the United States, NASA, and Marshall on 5 May 1961 with the suborbital
flight of astronaut Alan Shepard aboard MR-3. The final Mercury-Redstone
mission occurred in July.”

During these first steps in human space flight, Marshall experienced some prob-
lems that would recur in later programs and learned important lessons. Kuettner
noted several difficulties in relations with the STG. He observed that the group’s
control over funds “resulted in a tight technical control of the total vehicle by
the payload people.” The group tried to tell Marshall what to do even though
they had less experience in managing complex projects. Rather than directives
coming from one Center, Kuettner thought that “broad program control” should
come from NASA Headquarters or negotiations between Center directors.

Kuettner also expressed chagrin at how the STG and NASA had handled pub-
licity and had failed to promote Marshall’s role. “Handling of Public Informa-
tion affairs,” he lamented, “has been considered unfair by most every participant
in this program.”® Eberhard Rees, Marshall’s deputy director for research and
development, thought that STG publicity for Shepard’s flight merely mentioned
Marshall’s role without praise. Rees wrote to von Braun that “this is significant
how STG thinks. Under these conditions we can not work in the “Manned Lunar
Program.’”’Von Braun responded, “T agree.”

Although wounded pride had caused Center personnel to blame the STG, larger
circumstances explain Marshall’s lack of celebrity. The media and the public
idolized the STG’s astronauts, seeing them as heroic explorers, but largely took
for granted the more prosaic contributions of engineers and managers; unfortu-
nately for Marshall, the Center had no astronauts. NASA used this public fasci-
nation with the astronauts to bolster its image, attract political support, and
justify big budgets for human space flight. Consequently press coverage of
MR-3 mentioned the “Old Reliable” Redstone but seldom attributed it to
Marshall. Even the Huntsville Times lionized Shepard with very little mention
of local people.'”

Regardless of such slights, Marshall personnel had contributed to the success

of Project Mercury. Moreover they had learned about man-rating rockets and
working with another NASA Center, lessons they applied to the Saturn project.
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“Stages to Saturn”

Marshall’s primary effort in the 1960s was the design, development, and test-
ing of the Saturn launch vehicles.!"" The work helped lead to the extraordinary
first human explorations of the Moon.

The three basic Saturn configurations fit into the Center’s conservative “build-
ing block concept” in which less powerful and sophisticated launch vehicles
preceded and tested designs of more advanced models. The Saturn I, originally
called the Juno V and Saturn C-1, was a two-stage booster used to test multi-
engine clusters, to qualify Apollo spacecraft, and to launch the Highwater and
Pegasus experiments. The Saturn IB, also called the C—1B and Uprated Saturn,
had more advanced upper-stage engines than the Saturn I. NASA used it to
continue propulsion and spacecraft testing, and to launch the Earth orbital mis-
sions in the Apollo and Skylab programs. By far the most powerful was the
Saturn V, also known as the Saturn C-5. It was NASA's largest launch system,
and its three stages propelled the Apollo lunar missions and the Skylab work-
shop.'

Building the Saturns was a tremendous challenge for the Marshall team. Dur-
ing the less than 10-minute burn of launch, the engines had to generate tremen-
dous thrust. The rocket structure, with all its seams and connections, had to
withstand changing stresses. All the mechanical and electrical systems had to
work to near perfection. Any breakdown could result in a fiery disaster.

To avoid this fate, the Center and its contractors drew from their experience in
military rocketry. Ancestors of the Saturns included the von Braun team’s V-2
and the liquid-fueled military rockets that North American Aviation’s Rocketdyne
Division developed for the Navaho cruise missile. Lessons from the Air Force’s
Thor and Atlas and the Army’s Redstone and Jupiter contributed to the Saturn’s
engine, fuel, guidance, and launchpad checkout systems. The Saturns, like the
Navy Vanguard, used gimballed, or swiveling, engines to control flight direc-
tion. The engine that powered the Saturn V’s first stage, Rocketdyne’s mighty
F-1, began as an Air Force research project. Drawing on this military technol-
ogy, Marshall and its contractors transcended it by increasing rocket size and
thrust, reducing the weight of components, improving reliability, raising
engine pressures, and developing faster fuel pumps."
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The military influence was especially strong on the first stage of the Saturn I
(called the S—1) because the Center’s rocket experts largely designed and
developed the S—1 while still a part of ABMA. In April 1957 the Army began
studies of a super-Jupiter. Recognizing the potential political liabilities and
financial costs of a new booster, the goal was to maximize lift but build on
current technology. The plan called for using the H-1 engine, an improved
version of Rocketdyne’s Thor-Jupiter S—3D engine, in a “cluster” configura-
tion of eight engines to achieve 1.5 million pounds of thrust. Clustering engines
was an untried concept; von Braun recalled that skeptics doubted that eight
engines could fire simultaneously and called the S—1 a “plumber’s nightmare”
and “Cluster’s Last Stand.” The vehicle’s structure also used existing technol-
ogy, positioning eight Redstone tanks around one Jupiter tank. Not only would
this save money, but multiple fuel tanks offered technical advantages; easy
dismantling and reassembly would facilitate transportation, its RP—1 kerosene
fuel and its oxidizer would reside in different tanks, and the number of interior
fuel slosh baffles would diminish.

Following the August
1958 authorization to
develop the Saturn I
first stage, ABMA built
the first eight vehicles
in-house and then the
Chrysler Corporation
took over the work.
With these measures,
work on the S-1
proceeded quickly.

Marshall began static
ﬁring Of the first test Saturn Second stage acceptance test.

booster on 28 March

1960, only three years after the project’s conception and 19 months after its
authorization. An improved, more powerful version of the S—I, designated the
S-IB, provided the first stage of the Saturn IB."

Because the S-1V and its more advanced progeny, the S—-IVB, were the upper
stages for the Saturn missions, they were the next boosters completed. In 1959
ABMA’s initial designs for an upper stage called for using current military
boosters with conventional rocket fuel. But the Jupiter, Altas, and Titan lacked
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the power needed for high altitude second stages. Using them with the S—1,
observed Willie Mrazek, director of the Structures and Mechanics Lab, “was
like considering the purchase of a 5-ton truck for hauling a heavy load and
finally deciding to merely load a wheelbarrow full of dirt.” Army and NASA
planners began considering more powerful, innovative engines with liquid hy-
drogen fuel. This fuel was extremely volatile and flammable and had to be
controlled with great caution, but it could boost heavier payloads.'

The rocket engineers at ABMA and Marshall drew on the work of others with
liquid hydrogen engines. The United States Navy and Air Force, the Jet Propul-
sion Laboratory, Aerojet Corporation, and especially NACA’s Lewis Research
Center had developed the technology in the 1940s and early 1950s. In the late
1950s the military contractor General Dynamics worked on the Centaur upper
stage with liquid-hydrogen engines developed by Pratt and Whitney. Marshall
took over management of the Centaur contract in July 1960 and in August had
Pratt and Whitney begin upgrading its propulsion for the Saturn project. After
Marshall finished its designs, the S—IV had a cluster of six Pratt and Whitney
RL~10 engines in a vehicle built by Douglas Aircraft. The Center made major
contributions by conducting metallurgy studies to guide the selection of mate-
rials for the fuel tanks.

The S-IVB emerged from NASA’s quest for even more powerful upper stages.
A propulsion study committee headed by Abe Silverstein recommended a
liquid-hydrogen engine of 200,000 pounds of thrust, far above the RL—-10’s
15,000 pounds of thrust. Marshall worked on the design and awarded a re-
search contract to Rocketdyne in 1960. The final configuration awaited the
outcome of NASA mission planning, and in 1962 the agency decided on one
J-2 engine for the S-IVB. To increase tank capacity, Douglas Aircraft would
widen the S—IV frame by a meter in diameter. A major challenge was develop-
ing technology for restarting the S—IVB in orbit for the reboost to the Moon.
Since the liquid fuel would float freely in the microgravity, the Center and its
contractors devised systems to position the fuel in the tanks, using pressurized
mechanisms and small rockets to give the stage an initial boost.'

The largest of the Saturn boosters was the S—IC, the first stage of the Saturn V.
Huntsville’s propulsion experts began preliminary designs in the late 1950s,
choosing RP-1 kerosene fuel because it would require less tank volume. Initial
plans called for using four F—1 engines, but early in 1960 as the projected weight
of the Apollo spacecraft continued to grow, NASA’s engineers decided to
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add a fifth engine.
Marshall’s robust
rocket structure
with heavy cross-
beams made addi-
tion of the fifth
engine possible.
The lifting capa-
city of five engines
would prove in-
valuable when the
weight of Apollo
payloads in-
creased."”

Installing S—IC-T stage in S—IC Test Stand in March 1965.

In December 1961 Marshall selected Boeing as the prime contractor for the
S-IC, and for several reasons the two quickly formed an intimate relationship.
Closeness was easier because, unlike other Saturn contractors, Boeing worked
in Huntsville with offices at the center and in a converted textile mill called the
HIC Building (Huntsville Industrial Center). Even when work moved
to the Michoud Assembly Facility and Mississippi Test Facility,
Boeing remained
at Marshall sites.
Moreover early
design and de-
velopment oc-
curred in-house at
Marshall. There
the Center di-
rectly managed
Boeing’s work,
integrating con-
tractor personnel
into Marshall
teams and only
gradually giving
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them independence. When manufacturing began in 1963, the Center used Boeing
tooling to make the first three test models.'®

Technical challenges also brought Marshall and Boeing together. The S-IC
was so large, 33 feet in diameter and over 130 feet long, that its construction
required new manufacturing methods. For example its bulkheads needed welds
dozens of yards long to join the thin aluminum walls. To solve this problem
Marshall helped its contractor devise new welding and inspection techniques.
Center personnel invented an electromagnetic hammer to remove distortions in
the bulkheads created by welding. The hammer functioned without physical
contact, and technicians showed off its operation by inserting tissue paper be-
tween the electromagnetic coil and the metal part and removing the paper un-
scathed. Marshall also helped devise x-ray systems for inspecting the welds."

Marshall’s in-house activities for the Boeing contract sometimes led to prob-
lems. NASA Headquarters initially questioned the amount of arsenal work.
During a visit to Marshall in 1962, one headquarters official “stated repeatedly
that he believes Marshall should de-emphasize more the in-house operations in
connection with S-IC development™ and let Boeing handle the job. Marshall
managers explained that the arsenal system saved money and time by allowing
work to proceed while the contractor upgraded its skills and NASA constructed
the facilities at Michoud and in Mississippi. Two years later the intimate rela-
tionship made it difficult for the Center to hold Boeing responsible for cost
overruns. Marshall had so dominated the S—IC project that it was as respon-
sible for the overruns as Boeing; one internal Center memo admitted that Mar-
shall had “imposed our experience on their [Boeing’s] minds to the point of
their losing their identity as an independent contractor.” Looking back after 30
years, Dr. William Lucas, then chief of the engineering materials branch in the
Propulsion and Vehicle Engineering Lab, argued that the arsenal system pro-
vided Boeing with help it needed to solve the novel technical problems created
by the Apollo mission; “there was not a contractor workforce out there willing
and able to do the job.””

Marshall also had an especially close technical relationship with Rocketdyne
for the F~1 engine. Saviero “Sonny” Morea, Marshall’s manager for the F-1,
recalled that the Center “used to drive them bananas with our technical prow-
ess” and that “sometimes we penetrated more deeply than they desired us to

9., 6

penetrate” until Marshall was in Rocketdyne’s “drawers quite deeply.” Morea
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thought the Center and its contractor needed such a “team relationship” to solve
technical problems and meet the end-of-the-decade deadline.”!

Although the F-1 lacked the sophistication of the J-2, its size and thrust cre-
ated new difficulties before 1965. To generate its 1.5 million pounds of thrust,
its turbopumps and fuel lines had to deliver precise amounts of RP-1 kerosene
fuel and liquid oxygen (LOX) to the combustion chamber. For each second of
the two-and-a-half-minute burn, pumps provided 2 metric tons of LOX at
minus-300 degrees Fahrenheit and 1 metric ton of RP—1 at 60 degrees. During
operation the turbopumps warmed to 1,200 degrees and the combustion cham-
ber reached 5,000 degrees.

One of the most severe problems addressed during the development of the Sat-
urn V program was the issue of combustion instabilities in the F—1 engine.
Combustion instability resulted from destructive pressure oscillations found in
the engine’s high-pressure, high-performance combustion chambers. The prob-
lem was so severe that some development engines were lost due to heat loads
on chamber walls and damage to the injector; in several cases, instability caused
catastrophic loss of entire engines.

Marshall formed an “ad hoc” committee to solve the F-1 problems. The com-
mittee was made up of engineers and scientists from government agencies,
industry, and universities; this approach of pulling together the right people and
resources to solve such problems was a strong point of Marshall’s approach
during Saturn development. The “ad hoc™ committee analyzed the problems
and developed a test program to study alternative designs. They ignited small
bombs in the engine exhaust to induce instability, and tested prototypes until
they failed. After considerable trial-and-error engineering, they reached a ro-
bust design that could compensate for combustion instability. The solution was
a set of baffles in the combustion chamber which dampened the acoustic oscil-
lations if they began. The process took some time, and Marshall did not certify
the engine until January 1965.?

The S—II stage was the last completed, and Marshall’s relationship with North
American Aviation, the prime contractor, was its most troubled of the Saturn
era. The story of the S—II reveals what Marshall expected from its contractors
and how the Center responded to problems.
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The design for the S—II began in late 1959 when NASA’s Silverstein propulsion
committee recommended upper stages with liquid-hydrogen engines. ABMA,
and later Marshall, began preliminary studies and in 1961 selected North Ameri-
can Aviation for the contract. Unfortunately, however, NASA’s choices about
Apollo missions and escalating concerns about payload weight increases in
1962 led to changes in the S—II's technical requirements. NASA chose a cluster
of five J-2 liquid-hydrogen engines, and wanted both to increase size to ac-
commodate more fuel and to contain weight to allow for greater payloads.

To meet the S—II's complex requirements, Marshall and North American had to
overcome many challenges. To save weight, their design used a single bulk-
head between the LOX and liquid-hydrogen tanks rather than two separate tanks.
The common bulkhead, however, needed insulation to prevent the liquid-
hydrogen from boiling away. The material for the tanks had to be lightweight
and compatible with the fluids in them. Marshall chose a pre-existing alumi-
num alloy for the tanks that its developer said was impossible to weld. Even
worse, long welds were required to join the segments of a stage 10 meters wide
and 24 meters high. Marshall and its contractors therefore had to develop new
welding and inspection technologies.*

North American Aviation began manufacturing the S—II in the fall of 1963, but
quickly encountered problems. Recognizing the technical complexity of the
project, Marshall nonetheless concluded that the primary problems were mana-
gerial. Indeed for the next three years, reports of Center officials offered a litany
of North American’s management weaknesses. They complained that the com-
pany lacked a management system necessary for a complex research and devel-
opment project and so it could not integrate budgeting, engineering,
manufacturing, quality control, and testing. This led to unclear authority, piece-
meal design, communications failures, unanticipated problems, crash efforts,
rework, haphazard documentation, cost overruns, schedule slips, and unresolved
technical weaknesses. In one case, Marshall project officials were stunned to
find that North American had purchased the same vehicle checkout system from
the same subcontractor as had Douglas Aircraft, but had paid 70 percent more.
From the Center’s perspective, excessive pride and optimism made the com-
pany reluctant to accept Marshall’s directions. James Odom, Marshall’s chief
engineer for the S—II, recalled that Marshall had more experience in welding
large structures than its contractor, but the experts at North American doubted
the Center’s technical advice. In addition, Center officials believed that NASA’s
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MSC contributed to the company’s bad habits by lax management of North
American’s work on the Apollo Command Module.*

By spring 1965, the S—II had fallen so far behind that Marshall eliminated some
test models so the contractor could work on flight stages. The structural failure
of a stage during a load test in late September 1965, led General Edmund
O’Connor, head of the Center’s Industrial Operations, to warn von Braun that
the project was “out of control”” and “jeopardizing the Apollo Program.” NASA
Headquarters sent a team to investigate and advise. One Marshall engineer told
the investigators that North American’s “equipment is usually too complicated”
and their work “is nearly always overpriced.” “They accept direction readily if
they agree with it. If they do not, they will stall, misunderstand, write, dither,
and all the while continue along the same path until we are faced with a sched-
ule impact if we force our position.” Rees, the Center’s technical deputy direc-
tor, warned the company that failure to improve would result in transferal of the
project to another contractor.”

Avoiding such a drastic step, Marshall sent managers and engineers to acceler-
ate progress. North American changed project managers and reconfigured its
managerial systems, but in May 1966 another stage was destroyed. Fortunately
NASA’s large Apollo budget and Marshall’s arsenal system provided a wealth
of money and expertise to throw at the problem. Even after 18 months of exten-
sive assistance by Marshall, however, the S—II project remained in crisis. In
December 1966 von Braun said the problems were “extremely urgent” and that
Marshall would “apply whatever talent is necessary at whatever level, even at
the expense of other Center programs.” Finally, after the Apollo Command
Module fire in January 1967, for which North American Aviation was the re-
sponsible contractor, NASA conducted another investigation and directed an-
other project reorganization. The company added more talent to its NASA
projects and another team from Marshall facilitated engineering changes and
helped improve quality. During this time, Odom recalled, Marshall’s Eberhard
Rees told the team that “we will work 24 hours a day, 7 days a week, and if that
is not sufficient, we will start working nights!” Although in August 1967
Center Director von Braun informed Headquarters that North American had
“not yet demonstrated that it fully meets the standards expected of a NASA
prime contractor,” the first flight stages of the S—II were complete. By summer
1967 the stacking of the first Saturn V vehicles had begun in the assembly
building at the Kennedy Space Center.”®
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In addition to working on the Saturn stages, Marshall people also labored over
the vehicles’ checkout and flight control systems. The checkout systems, which
monitored the flight readiness of the vehicle on the launch pad, rested on mili-
tary missile technology. The Center and its contractors advanced the state-of-
the-art by automating more of the process with computers that read information
from 5,000 data sensors on the vehicle.?’

Marshall also helped design and develop the Instrument Unit (IU) that con-
trolled the Saturn during launch. The Center, believing that an instrument unit
provided redundancy, resisted efforts by the MSC for a single vehicle control
system located in the Apollo spacecraft. Marshall’s conservatism paid off when
lightning struck AS-507 (Apollo 12) during launch; the spacecraft controls
failed but the TU kept operating and NASA used its data to realign the guidance
and control system in the command module. Located between the S—-IVB and
Apollo Service Module, the unit had systems for guidance and control, engine
cutoff and stage separation, and data communication. Marshall began design
and development as an in-house project, relying on German gyroscope tech-
nology, American electronics, and American military guidance systems like
the Jupiter and Redstone. IBM became the contractor and manufactured the
units at Huntsville’s research park. The Center and its contractor improved guid-
ance and control technology by using modular components, lightweight mate-
rials, microminature circuitry, and digital programming. When in 1965 the U
for the first Saturn IB launch (AS-201) fell behind schedule, Marshall and
Boeing technicians jury-rigged a clean room on a barge, and continued work
while chugging down the Tennessee and Mississippi Rivers.”

Before any Saturn stages reached Kennedy, Marshall and its contractors tested
each one extensively in special facilities. Test stands stood in an irregular pat-
tern around the East and West Test Areas. The largest was the S-IC Stand de-
scribed earlier. The Static Test Tower had dual positions; it was constructed in
1951 to accommodate Redstones and Jupiters, modified in the 1960s for Saturn
IB tests on one side, F-1 engine tests on the other, and reconfigured again in the
1970s for shuttle tests. A water-cooled bucket deflector absorbed the heat and
sound of its exhaust. In one early test, however, enough acoustical energy
bounced off low clouds to damage a Huntsville shopping mall, necessitating
weather constraints on subsequent tests.”
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Following successful static firing, the Saturn stages moved on to dynamic test-
ing. Marshall engineers subjected each stage to a variety of stresses, such as the
vibration induced by engine thrust and the sloshing of LOX fuel experienced
during ascent. The Saturn V Dynamic Test Stand, a 360-foot tower topped by a
64-foot derrick, was the tallest structure in North Alabama. Marshall engineers
assembled an entire 364-foot Saturn V with its Apollo capsule and enclosed it
within the stand. Tests in 1966 and 1967 examined the effects of stress at 800
measuring points on the Saturn configuration.

Tests of the S—IC first stages and S—II second stages occurred not only in Hunts-
ville but also at the Mississippi Test Facility (MTF) that Marshall managed.
Built by the Army Corp of Engineers and operated mainly by contractors, the
facility had a railway, a barge canal, laboratories, and three huge test stands.*

Transporting the huge Saturn stages led Marshall to develop its own ground,
sea, and air fleet. Center engineers designed ground transporters; military trucks
with aircraft tires carried the stages, which rested on assembly jigs that doubled
as transport braces. In 1961 the Center began acquiring a fleet of barges, most
of them converted World War II Navy ships, to ferry Saturn stages between
Marshall, Michoud, Mississippi Test, and Cape Canaveral. The 3,500-
kilometer barge trip from Huntsville to the Cape via the Tennessee and Missis-
sippi Rivers and the Intracoastal Waterway took 10 days.*' Marshall also used
air transportation, contracting for a Boeing B—377 Stratocruiser with a length-
ened and enlarged fuselage that could accommodate an S—1V stage. The “Preg-
nant Guppy,” which separated in the middle for loading, carried its first Saturn
stage late in 1963. This success and plans for larger stages prompted Marshall
to contract for an even larger transport aircraft. The new “Super Guppy,” large
enough to hold the S-IVB stage, became operational in 1966. Both planes car-
ried not only stages and engines, but other Apollo and Skylab cargoes.*

Flights and Fixes

More than an engineering development organization, Marshall assisted Kennedy
Space Center with launch operations and the MSC with the first part of lunar
flights. The Center helped oversee 32 successful Saturn launches, including 9
by Saturn Is, 10 by Saturn IBs, and 13 by Saturn Vs. No Saturn launch was a
failure, a remarkable record for technology as complex as the Saturns and a
stunning testimonial to the quality of engineering and management of the
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Center, its contractors, and the whole Apollo team. Their expertise was espe-
cially evident after the second Saturn V flight when they rapidly corrected prob-
lems to clear the way for human exploration of the Moon.

Before launch Marshall and the Kennedy Space Center worked closely together,
coordinating booster design with checkout and launch equipment, stacking the
stages, and preparing for launch. During a launch, an elaborate communication
system linked Marshall to Kennedy. For human missions, another network linked
Huntsville to Mission Control at the MSC in Houston. This communication
network relayed telemetry data to the Huntsville Operations Support Center,
the Flight Evaluation and Operational Studies Division of the Aero-
Astrodynamics Laboratory, and other units which monitored the Saturn stages.™

Marshall applied its “building-block™ approach to the early Saturn flights, test-
ing launch vehicles stage-by-stage, launching the first stage with dummy upper
stages, and adding live upper stages only on later missions. The Block I flights,
the first four missions beginning in October 1961, had dummy upper stages
and primarily tested large rocket technology and clustered-engines. The mis-
sions validated Marshall’s cluster concept and showed the Saturn’s capability
of launching with one engine out; the Center also learned that more baffles
were needed to control fuel sloshing. The second and third launches also per-
formed the engineering and atmospheric experiments called “Project
Highwater.”**

In 1964 NASA turned to Block I missions which tested fins on the lower stage
and had the first flights of the S—IV upper stage. In January 1964, SA-S5 suc-
cessfully flew with live first and second stages successfully and boosted a heavier
payload, albeit ballast sand, than the Soviet space program had. NASA press
releases and media coverage described Marshall as closing “the missile gap.”
Representative headlines shouted “Out-Rocketing the Russians™ and “We're
No. 1 with Saturn I.” Stories portrayed NASA as champion of the free world
and the Saturn I as taller than the Statue of Liberty. From an engineering per-
spective, the Block IT missions proved the liquid-hydrogen engines, verified
the early versions of the IU, and carried the first Apollo spacecraft. In addition,
the missions put in orbit three Project Pegasus satellites which detected mi-
crometeoroid impacts to test spacecraft engineering concepts.*

Marshall’s next building-blocks were the Saturn IB missions. Beginning in
February 1966 the flights mainly tested the Instrument Unit and the S-IVB
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stage, which were nearly identical to Saturn V equipment. Especially success-
ful were tests of the S-IVB which examined how liquid-hydrogen acted in
orbit and proved that the engine could restart for the upcoming lunar missions.
Later missions continued testing the Apollo Command Module. Launch
vehicle SA-205 boosted the Apollo 7 capsule and the first crew into orbit in
October 1968.%

Even as the Saturn I and IB flights were proceeding, NASA and Marshall aban-
doned the conservative, building-block method of flight testing for the Saturn
V. George Mueller, who became NASA’s associate administrator for Manned
Space Flight in September 1963, argued that stage-by-stage tests were expen-
sive and unnecessary. The test flights increased costs and delayed schedule
without added assurance of safety or success. As an alternative Mueller pro-
posed the “all-up” testing he had used as a systems engineer in the Air Force
Titan 11 missile program. An all-up test launched an entire stack of live stages
on the first flight. In a teletype of 1 November 1963, Mueller directed NASA
Centers to prepare all live stage first flights for the Saturn IB and Saturn V; he
further directed that the first Saturn V mission with a crew be the third rather
than the seventh flight.”’

Mueller’s decision caused “shock and incredulity’”” among Marshall’s engineers.
All the lab chiefs and project managers initially opposed all-up testing, believ-
ing that it was an “impossible” and “dangerous idea.” They particularly wor-
ried about problems from the liquid-hydrogen upper stages. Karl L. Heimburg,
director of the Test Laboratory, expressed “immediate and strong opposition™
and William A. Mrazek, director of the Structures and Propulsion Laboratory,
thought Mueller had lost his mind. Lee James, project manager for the Saturn
IB, said that “everybody explained [to Mueller] how complicated, how big this
was, how the valves had never been used, how the engines had never been
used.”®

Nevertheless, Marshall quickly accepted the all-up approach. After some thought,
Center engineers could neither refute the concept nor offer convincing techni-
cal justifications for stage-by-stage tests. Dr. Walter Haeussermann, director of
the Guidance and Control Laboratory, and Dr. Ernst D. Geissler, director of the
Aeroballistics Laboratory, concluded that the all-up concept could neither be
proven right or wrong. Because of Marshall’s conservative engineering and
ground testing, there was “nothing to worry about.”

94




CRAFTING ROCKETS AND ROVERS

Von Braun and Rees sided with
Mueller. Both initially had
some doubts; later Rees said he
“personally fought” the idea
and von Braun said it “sounded
reckless.” After listening to
the technical arguments,
Marshall’s director informed
his people that all-up was the
way to go. Von Braun and Rees
decided that stage-by-stage
launches would inhibit meet-
ing the end-of-the-decade
deadline, mainly because
launch facilities would have to
be reconfigured for each

mission.*

First Saturn V launch, 9 November 1967.

Even so, many of Marshall’s

engineers felt uncomfortable with the policy and sometimes expressed doubts
about all-up testing. James recalled that “I don’t think anybody at Marshall
believed it would work. I don’t think anybody believed we would never have a

failure in the Saturn program.”*!

Obviously the preparations for the all-up, first launch of the Saturn V booster
AS-501 were very tense for Marshall and indeed the entire agency. The fact
that checkout, prelaunch tests, and preparations took three weeks rather than
one week only added anxiety. Consequently on 9 November 1967 everyone
waited nervously. As the F-1 engines spitted flame and the Saturn V lifted off,
von Braun could not contain his excitement and shouted, “Go, baby, go!”” And
after a flawless three-stage flight, he turned to Arthur Rudolph, the Saturn V
project manager, and said that “he never would have believed it possible.”
Rudolph was just as surprised and even more pleased. The flight came on his
60th birthday, and he said the Saturn was “the best birthday candle” ever. The
success made the whole Marshall team euphoric.*

Unfortunately, on 4 April 1968 the second Saturn V, booster SA-502, had many
troubles that required emergency responses from Marshall. Each stage had prob-
lems. The S—IC first stage had severe vibrations from 125 to 135 seconds into
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the burn. Two of the five J-2 engines on the S—II second stage shut off prema-
turely and the stage required a new trajectory and longer burn. Once in orbit,
the S-IVB third stage failed to reignite. If these problems had occurred on a
lunar mission, NASA would have scrubbed it.* Unless Marshall could develop
quick fixes, the agency could miss the end-of-decade deadline.

Marshall immediately assembled teams of experts from the Center and con-
tractors. Following the discipline of “‘automatic responsibility,” each lab checked
flight and test data to investigate whether its specialty was involved. The
Center worked primarily with Rocketdyne, the engine contractor, but the stage
contractors also participated actively. To get independent perspectives, Mar-
shall brought in consultants from the Air Force and academe and had other
contractors investigate separately.

The experts determined that the S—IC had experienced the “pogo effect.”** Pogo
was longitudinal oscillation like the motion of a pogo stick in which the vehicle
lengthened and shortened several times a second. The natural frequency of the
stage structure of four cycles per second was very close to the operational fre-
quency of the propulsion system (the fluid vibrations in the fuel lines and the
hydraulic actions of the engines) of five cycles per second. As propellants
drained, the structure’s frequency increased until at 110 seconds into the flight
it coincided with that of the propulsion system. The coupling of the frequencies
amplified the up-and-down oscillations and caused tremors through the entire
vehicle.

Pogo oscillations affected most large liquid-fuel rockets, but were not always
severe. For example the Saturn I had no serious pogo problems. Even so Marshall
had anticipated potential trouble and installed flight vibration detectors on the
Saturn V. After AS-502 the Center’s propulsion experts lacked proof that the
S—IC’s oscillations were dangerous. Nonetheless they worried that severe pogo
could destabilize the propulsion systems, damage the command and lunar mod-
ules, or threaten the astronauts.

Two weeks after the flight and after identifying the pogo problem, Marshall
formed a working group of about 125 engineers and 400 technicians from the
Center, Rocketdyne, Boeing, and several other contractors. At Marshall, the
Propulsion and Vehicle Engineering Lab performed the primary studies. Since
the oscillations could not be duplicated on the ground, they relied on the
Astrionics Lab and Computation Lab to create computer models of the
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phenomenon based on flight data and previous tests. The working group used a
formal logic tree to assist their deliberations and identified several criteria to
evaluate possible solutions; the optimal solution would prevent recurrence of
pogo, would not adversely affect other systems, would be easily retrofitted,
would not delay the Apollo schedule, and could be tested on the ground. Be-
cause of costs in development time and money, the team ruled out several pro-
posals to change the vehicle structure or stiffen the fuel lines.

By 2 May, the team had decided to reduce the frequency of the propulsion
system. Rocket engineers had already proven this approach; the Titan II had
used a similar fix for the pogo effect, and in 1965 Marshall had applied that
lesson to the S—IC fuel lines. Consequently the working group decided to test
two alternative redesigns of the LOX intake system and divided tasks among
the team. Marshall’s Test Lab ran 9 of the 14 major types of tests which evalu-
ated components, alternative LOX feed and pump subsystems, and the impact
on the F-1 engines and S-IC stage. By July, static firings with the redesigns
had produced data that the labs incorporated into computer models of flights;
the tests and flight simulations verified that either design could suppress the
oscillations.

Based on this information, the working group unanimously decided on 15 July
that helium-charged accumulators in the LOX lines best met their criteria for a
pogo fix. The solution took advantage of two preexisting parts of the S—IC.
Helium gas was already on board to pressurize the fuel tanks, and the LOX
ducts had a bulge called “a prevalve cavity’” about 90 inches above the pump to
detain oxidizer until ignition. The pogo fix would inject unpressurized helium
in the cavity, and the redesign involved little more than adding a new helium
line. The helium, which would not condense at the low LOX temperature, acted
as a shock absorber to cushion the bottom of the LOX column. Ground tests
confirmed that the helium accumulator reduced the operating frequency of the
propulsion system from five cycles per second to two cycles. Later tests led the
working group to conclude that an accumulator on the center engine could
promote oscillations, so in the fall they decided to install the change only on the
four outboard engines.*

While the pogo working group investigated the first stage, about a dozen engi-
neers and 150 technicians from Marshall and Rocketdyne studied the problems
with the J-2 engines on the second and third stages. Leading the way were
experts from the Engine and Power Branch of the Center’s Propulsion and
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Vehicle Engineering Lab who gained clues from telemetry data from the Num-
ber 2 engine on the S-II stage. Temperature sensors inside the vehicle initially
showed cold, evidence of a liquid hydrogen leak from the lines leading to the
engine’s igniter. Later the sensors read hot, signifying that the line had ruptured
and the fuel burned inside the booster until another detector shut off the engine
by closing a fuel valve. Unfortunately a mistake in electrical wiring had sent
the shut-down signal from bad engine Number 2 to good engine Number 3 and
turned off that engine as well. Exhibiting the same readings as the Number 2
engine, the J-2 engine on the S—IVB also had a rupture in the igniter line that
prevented its restart.

In ground tests at Marshall the engineers subjected the igniter lines to greater
pressure and vibrations than in flight conditions, but could not duplicate the
failure. They then turned to vacuum tests of eight lines and found that all eight
lines failed. They concluded that in ground tests the cold liquid hydrogen (mi-
nus 400 degrees Fahrenheit) had liquefied moisture in the air around a bellows
section of the line; the ice then dampened the line’s vibrations. In the rarefied
upper atmosphere, there was no moisture to freeze and absorb the stress. Con-
sequently fuel flow in the line caused vibrations of 15,000 cycles per second
and led to ruptures. The engineers fixed the problem by eliminating the bellows
section, reducing the diameter of the igniter line, and making the line more
flexible by adding five bends. To be safe, they redesigned the LOX lines, even
though these had experienced no problems. The engineers then performed
vacuum tests and by the end of May had certified the reliability of the new
configuration.*®

The AS—502 investigations were so conclusive and solutions so reliable that the
Marshall team convinced NASA that another test flight of the Saturn V was not
needed. NASA decided to proceed with plans for a crew on the third Saturn V
launch. On 21 December 1968, SA-503 (Apollo 8) sent people into orbit around
the Moon for the first time."’

Of course the ultimate mission of the Apollo program was SA-506 (Apollo 11)
which landed men on the Moon in July 1969. Norman Mailer observed lift-off
from the observation site for the press located several miles away from the
launch tower and lyrically described the sensations. He noted the eerie silence
of watching the Saturn V rise before the sound reached his position; initially
the liftoff, Mailer said, seemed “more of a miracle than a mechanical
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phenomenon, as if all
of the huge Saturn it-
self had begun silently
to levitate.” The
engine’s bright blaze
initially coursed along
the ground in “brilliant
yellow bloomings of
flame,” and after the
Saturn rose above the
launch tower, its “fire
was white as a torch
and as long as the
rocket itself.” When the
sound reached Mailer,
he heard “the thunder-
ous murmur of Niagaras of flame roaring conceivably louder than the loudest
thunders he had ever heard and the earth began to shake and would not stop.”
As the Saturn rose “like a ball of fire, like a new sun mounting the sky, a flame
elevating itself,” Mailer reflected that humans “now had something with which
to speak to God.”™*®

Celebration in downtown Huntsville of Apollo 11

landing.

Neil Armstrong’s first footstep on the Moon completed Kennedy’s challenge
and accomplished an ancient human dream. Von Braun remarked that the lunar
landing was the “culmination of many years of hard work, hopes and dreams.”
It was “as significant as when aquatic life first crawled on land” and “assured
mankind of immortality.” In a celebration in downtown Huntsville, crowds
thronged around Marshall’s engineers and managers, buoying them in a deliri-
ous outburst of happiness and hometown pride.

During the hoopla surrounding the mission, the media and public paid more
attention to the Apollo 11 crew than to the Center responsible for the Saturn V
booster. At a prelaunch news conference on 15 July, NASA officials fielded
questions from the press about the upcoming flight. Lee James, Saturn pro-
gram manager, represented Marshall, but the press did not ask him one ques-
tion. The media, James reasoned, already believed that the Saturn V was “old
stuff.”
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For the Saturn V launches, the Center continued in its crucial, behind-the-scenes
role. Marshall’s engineers managed vehicle preparations, analyzed flight data,
and corrected problems. As an example of this, the rocket engineers noticed a
very small pogo effect that occurred on the S—II stage on the Apollo 8, 9, and 13
launch vehicles. Although the problem never endangered a mission, the experts
took no chances and used computer simulations and static tests to isolate the
phenomenon in the interaction of the center engine and the crossbeam on which
the engine rested. Marshall added accumulators in center engine’s LOX line
and shut the engine down 90 seconds before the others, before vibrations in the
propulsion and structural systems synchronized.*

Rees reiterated the Center’s careful approach to space flight in a flight readi-
ness review after Apollo 11. He encouraged his team to remain vigilant, saying,
“this was the best launch vehicle we have ever had, but we should not be com-
placent over the success of this launch. We started calling these problems fail-
ures, then anomalies, now deviations. We should go into these deviations in
detail and find out the causes. Then we should take corrective action where
required.”" This careful philosophy helped create the tremendous technical
successes of the Saturn vehicles.

The Lunar Roving Vehicle

Marshall took its expertise in transportation in new directions by developing
the LRV for the later Moon landings. The vehicle was the first human space-
craft built by the Center and was a harbinger of Marshall’s diversification be-
yond its rocketry specialty. The lunar rover helped the Apollo astronauts explore
the lunar surface and gather geological samples.

Von Braun and other engineers had proposed concepts for lunar cars from the
1950s.7> Most Center planning for lunar vehicles, however, followed NASA’s
LOR decision of June 1962. In agreeing to the LOR mode, von Braun had
proposed that Marshall build an Apollo Logistics Support System, a combined
lunar taxi and shelter.”® Immediately after this decision, Marshall initiated studies
of lunar surface vehicles. For the next six years, the Center and contractors
designed and developed various full-scale and subscale prototypes, investigat-
ing wheel design, drive systems, steering mechanisms, crew cabins and human
factors problems, and navigation simulators.>
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While Marshall engineers investigated designs, NASA clarified organizational
assignments for the lunar missions. The division of labor between the Centers
needed clarification because Marshall was entering Houston’s domain in hu-
man space flight. Agreements of the Management Council of the Office of
Manned Space Flight, which included the Center directors and Headquarters
administrators, culminated in the August 1966 meeting at Lake LLogan in North
Carolina. There the Management Council assigned the MSC responsibility for
lunar science, including planning for lunar traverses, lunar geology experiments,
and biological and biomedical experiments. George Mueller said this gave MSC
authority for the “overall management and direction” of the Apollo explora-
tions and equipment. Marshall became responsible for what von Braun termed
“devices of an engineering rather than a scientific nature.” These included lu-
nar vehicles like various types of surface rovers, a one-man flyer, or a remote
controlled scientific surveyor.”> Houston consented to Marshall’s role in lunar
engineering because of demands imposed by work on the Apollo spacecraft. As
Joseph Loftus recalled, MSC had “an awful lot on our plate.”*®

Despite this division of labor, NASA as late as 1968 hesitated in its choice of a
lunar transportation system. The choice of technologies was still open in No-
vember 1968 when Marshall requested proposals from aerospace companies to
study a dual-mode rover that could carry one astronaut and undertake geologi-
cal missions under remote control from Earth. But agency officials worried that
the dual-mode vehicle would be too expensive and complicated.”’

Houston’s opposition delayed the decision on a lunar vehicle. The MSC stalled
because of technical concerns rather than organizational jealousy of Marshall.
MSC engineers, especially George Low, feared that a lunar vehicle would re-
duce lunar module (LM) fuel needed for safe landings; without surplus fuel as
insurance, the LM could not hover and move to a suitable landing site. MSC’s
complaint, LRV Project Manager Sonny Morea remembered, was a “safety
objection.”*

NASA finally made a vehicle decision in late May 1969 by rejecting the flyer,
and choosing a surface vehicle. By then the agency was confident that a land-
ing could be done safely. Moreover a piloted Moon car would cost less than a
remote-controlled unit and could do more science than a flyer. Indeed advo-
cates of the LRV, especially the Marshall Center and George Mueller, over-
came resistance by arguing for its scientific payoffs. On 27 May 1969, NASA
authorized Marshall to develop the LRV.*
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With the rover the Center faced imposing schedule constraints and technical
challenges. The vehicle had to be ready by April 1971, making for a design and
development schedule much shorter than the four-and-one-half to six years for
other Apollo spacecraft and life support equipment. Marshall moved quickly,
issuing requests for proposals on the same day as the first lunar landing in July
1969. Later in the month LRV work moved from Program Development to an
LRV Project Office managed by Morea, who had previously supervised the
F-1 engine program. The creation of a project office occurred before the nor-
mal initial steps of Program Development’s phased project planning had been
completed. In late October the Center chose Boeing as the prime contractor
even though the company’s bid of $19 million was far below Program
Development’s estimated cost of more than $30 million. Another unusual fea-
ture of the Boeing contract was how it sought to hasten the project and, in
Morea’s words, “cut out the bureaucracy.” It specified performance require-
ments rather than any predetermined design and made the company respon-
sible for systems integration; the company could authorize some hardware
changes without formal NASA approval.®

The lunar module also affected vehicle design. MSC had authority over the LM
and wanted to stabilize its design. Accordingly Houston refused to change the
LM to accommodate the rover. In effect then Marshall was a contractor work-
ing for another Center and had to adjust to MSC’s requirements; Morea la-
mented that Marshall “always seemed to get the short end of the string.” The
lunar car could not exceed a weight limit of 400 pounds but had to carry over
1,000 pounds of astronauts, equipment, and rocks. This meant that the LRV
had to be built of light alloys and would collapse under a person’s weight in
Earth gravity. In addition, the vehicle had to fit in an LM storage bay about the
size of a station wagon’s, 66 inches wide, 60 inches high, and 49 inches deep.”'

The lunar environment also shaped the rover. As Henry Kudish, Boeing’s LRV
project manager in Huntsville, observed, the vehicle was not a “lunar jeep” but
rather “a very complex spacecraft.” The vehicle had to operate in a vacuum and
in temperature extremes of plus or minus 250 degrees Fahrenheit. It had to
serve astronauts in cumbersome life support suits. The roving vehicle needed a
navigation system to cope with the Moon’s low sun angle and its effects on
depth perception, lack of a magnetic north pole, and short horizon. It needed
strength and stability to traverse rocks, crevasses, and steep slopes. Clinging
lunar dust necessitated that everything be carefully sealed.®
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Marshall and its contractors cooperatively designed and developed the LRV. As
prime contractor Boeing used its expertise in aircraft structures to construct the
folding aluminum chassis and to integrate the subsystems. GM and its Delco
Electronics Division, Boeing’s major subcontractors, drew from automotive
experience to develop the wire mesh wheels with titanium chevrons as tread,
torsion bar suspension,
single stick control and
all-wheel steering sys-
tem, and harmonic drive
assemblies. Other con-
tractors built the silver-
zinc batteries and
communications
system.®

Other Centers, especially
Houston, also helped.
Marshall, MSC, and
Kennedy established

- L -
several intercenter panels  Deployment testing of lunar roving vehicle in

to resolve problems on  pzqurch 1971.

scientist-astronaut par-

ticipation, crew systems and training, operational constraints, LM/LRV inter-
face, prelaunch checkout, and communications with mission control. Astronauts

from Houston helped with the crew station and suggested assists for getting in
and out of the vehicle and upright seatbelts for sure visibility.®

Marshall, however, stamped its trademark on the LRV. The Center contributed
to the vehicle’s conservative engineering of several redundant systems, includ-
ing two batteries which could individually power the vehicle, two independent
steering systems on front and rear, a control stick that could be used from either
seat, and separately powered wheels, each of which could be set to free-wheel
should its drive assembly fail %

Conservative engineering also showed in the number of rovers NASA purchased.
The agency bought four one-sixth gravity flight models and seven test and train-
ing units. With enough funding for seven models, Marshall could require ex-
tensive tests. The test units included a rubber-wheeled Earth gravity trainer, a
qualification unit for testing and troubleshooting during missions, a vibration
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test article, two one-sixth weight units used in deployment tests, a static mock-
up for crew station reviews, and a test article known as “the glob” which
Grumman used in early work with the lunar module. Marshall flew one test
vehicle on parabolic flights in a KC-135 “Vomit Comet™ allowing astronauts
in space suits to investigate entry and exit in low gravity. So luxurious was
rover’s funding that NASA even wasted one flight model; when the Agency
canceled an Apollo LRV mission, the LRV parts became spares.®

Most importantly the trademark of Marshall’s arsenal system showed on the
LRV. Marshall people worked on the project in functional teams organized in
the Saturn system of matrix management.”’” The most significant contributions
came from the Astrionics and Astronautics labs. The Engineering Division of
the Astronautics Lab designed and developed a manual method to deploy the
rover from the LM. Although designed as a backup to an automatic system, it
became the sole deployment procedure. By pulling on two mylar tapes the as-
tronauts unfolded the LRV from the storage bay and lowered it rear first to the
lunar surface.®®

NASA wanted a navigation system so that astronauts could travel widely to
predetermined points and return safely to the lunar module. Engineers in the
Astrionics Lab’s Guidance and Control Division conceived the system because
project managers feared that a disoriented navigation contractor had gotten lost
with a costly, complicated mechanism. Center technicians constructed it mainly
from components already available.

A team from the Sensors Branch developed a dead reckoning system. A pro-
cessor used elementary trigonometry to make calculations based on a known
starting point and measurements of vehicle attitude, direction, speed, and dis-
tance traveled. A console displayed distance traveled and distance from the
LM, and heading and bearing to the LM. Three gyroscopes determined Lunar
North, and a sun shadow compass, added by suggestion of MSC, checked the
original heading and guarded against gyro drift.

Marshall worried that lunar soil might inhibit performance of the roving ve-
hicle. Slippage on loose soil in the lunar vacuum could affect navigation and
limit range. After considerable research, the Center decided to rely on odom-
eter readings of the third fastest turning wheel to determine distance and speed.®
In 1969 the Geotechnical Research Division in the Space Sciences Laboratory
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formed a Soil Mechanics Investigation Team that studied lunar soil samples,
astronaut observations, photographs, and film. Marshall even conducted soil
penetration and load bearing experiments on KC—135 flights. The research con-
cluded that soil would not hamper a rover.”

The Center’s technicians built the navigation system and performed tests in
1970 first in fields surrounding the Center and later in the lunar-like desert near
Flagstaff, Arizona. Marshall’s navigators imitated a rover by using a jeep with
masked windows, a television camera on the hood, and the navigation system.
The jeep driver found his way using a TV monitor, a map, navigation readouts,
and a radio. A station wagon followed the jeep; the wagon’s driver could see
ahead but its passengers could not. Imitating mission control, the passengers
used TV pictures and the navigation display and communicated advice to the
LRV driver in the jeep. In this way the navigators tested both their mechanism
and remote control methods. They found their way within two-percent error
even on 19-mile trips.”" The system was imprecise but cheap and simple, and
team leader Peter Broussard said “we were being pragmatists” who just wanted
to get the astronauts in sight of the LM. He recalled the “fun™ of working a
whole subsystem and seeing it from conception to operation, and remembered
that nearly all the engineers who worked on the LRV said “that’s the best project
I ever worked on.””?

In spite of Marshall’s arsenal system, the rover contract fell behind schedule
and went over budget. At one point the project was two months behind targets
to meet the April 1971 deadline. Delays came partly because NASA was slow
to select power, speed, and range requirements and partly because during vi-
bration tests Boeing/GM found shorts in the electronic controls and broken
gears in the harmonic drives.

NASA insisted that schedules be kept. Marshall Director Rees warned Boeing
that “this project is simply too sensitive to allow further opportunity for embar-
rassment in either the technical or the cost area.” Rocco Petrone, NASA’s direc-
tor of the lunar landing program, warned in January 1971 that he could only
delay the summer launch of Apollo 15, the first rover mission, one month. If
the vehicle was not ready after that, Petrone said, Apollo 15 would leave with-
out it.”?

Boeing made changes to catch up. It moved work from Huntsville to Kent,
Washington, to get more skilled workers and to be closer to test equipment. The
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company conducted qualification testing and concurrently manufactured the
first flight vehicle. But Boeing got back on schedule mainly by using more
workers and paying them overtime. Most contract overruns went to pay over-
time for skilled labor. As John Winch, Boeing LRV project executive said, “when
we encountered problems something had to give. In this case it was cost.”” With
the extra expenses, the company delivered the first flight roving vehicle in March
1971, three weeks ahead of the delivery order. The final cost of the project was
$38.1 million, close to Marshall’s projections but more than double Boeing’s
bid.”

Not surprisingly, critics blasted NASA for rover overruns. Columnist Jack Ander-
son charged that the agency had “goofed on the design™ and compounded prob-
lems with a “head-in-the-clouds attitude toward Boeing’s expenditures.” He
claimed that the cost of the project was $10 million more than the 1972 federal
auto safety budget.”” Much of the criticism rested on the assumption that the
vehicle was merely an electric car.

But as a NASA official pointed out, the LRV followed “spacecraft rules, not
automobile rules.” H. Dale Grubb, NASA assistant administrator for Legisla-
tive Affairs, told one inquisitive senator that the vehicle was “in line with the
cost of other equipment of similar novelty and complexity which NASA has
developed and produced in the space program.” And the lunar rover followed a
17-month schedule (and only 13 months from the contract award) that was far
shorter than the 52 months for the Command Module, 62 months for the LM,
60 months for the astronaut suits, and 70 months for their portable life support
systems. Given this rushed schedule and the gross overruns of later NASA
projects, rover development seemed remarkably successful. Marshall project
manager Morea believed that “unless we went into a mode of a crisis, a na-
tional emergency, we would not know how to do a program like that today. We
could not do it today.”®

Marshall assisted Houston on the LRV missions through the Huntsville Opera-
tions Support Center (HOSC) located in the Computation Laboratory. Marshall
had used the HOSC to monitor earlier Saturn launches. On the LRV flights,
however, Marshall extended its operations role and 45 vehicle specialists pro-
vided around-the-clock engineering advice to Mission Control in Houston.
Center and contractor personnel checked vehicle performance, ensured proper
operations, and responded to problems. To simulate any problems the
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astronauts might encounter, the Center also maintained an LRV qualification
unit in a hangar.”

With the Center’s help, the Apollo 15, 16, and 17 missions of 1971 and 1972
successfully used LRVs. On Apollo 15 the astronauts had some difficulty de-
ploying the LRV, and on the first excursion an electrical short immobilized the
front steering, allowing rear steering only. The next day, however, the front
steering worked. Astronaut David Scott told Mission Control that “you know
what I bet you did. . . . You let some of those Marshall Space Flight Center guys

come up here and fix it.”””®

The success of the vehicle muted most criticism. The Apollo astronauts ex-
plored more territory and collected more geological samples with the LRV than
ever before. On the three pre-rover missions, Apollo 11, 12, and 14, astronauts
collected 215 pounds of samples and walked 10 miles in 36 hours. On Apollo
14, Alan Shepard and Edgar Mitchell tried to climb Cone Crater but had to give
up after they got tired, disoriented, and began running out of time and air. But
on a riding mission the astronauts could range farther, faster, safer. On Apollo
15 alone the astronauts traveled nearly four times farther than the three previ-
ous missions combined and collected 170 pounds. On all the LRV trips, NASA
collected 635 pounds of samples, and traversed 134 miles in 122 hours.”
Marshall’s navigation system kept on track; the average position error at the
end of a traverse was less than 200 meters on Apollo 15 and zero on Apollo 16
and 17.%

The rover won considerable praise from the astronauts. Scott said that the ve-
hicle was “about as optimum as you can build.” Gene Cernan and Jack Schmitt
of Apollo 17 noted that they had “three good spacecraft,” the CM, LM, and
LRV, and believed “that thing couldn’t perform better.” They felt it was “a su-
per performing vehicle. If you take a couple more batteries up there, that thing
would just keep going.”™'

Meanings and Memories

In narrow terms, Marshall’s work in the Apollo program offered many lessons
and legacies. The Center contributed to technological progress, such as making
advances in materials, metal bonding, and welding inspection, that proved use-
ful in many areas. Marshall’s engineering organization showed the value of
comprehensive testing and multidisciplinary work teams that integrated
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specialists in design, manufacturing, testing, and inspection. The project man-
agement system successfully combined the efforts of dozens of businesses and
government organizations. Marshall created rockets and rovers that allowed
humans to explore space and the Moon.

In later years, Marshall’s Saturn V cast a long shadow. In the 1980s, an era in
which NASA’s dreams of a space station were limited by the 25-ton capacity of
the Space Shuttle, some longed for the 124-ton capacity of a Saturn V. Some
aerospace companies and agency planners even sought blueprints of the Saturn
V and its engines to gain inspiration for the next generation of rockets.*

In a wider sense, however, the Saturn V became something more than a power-
ful rocket. As decades passed, Americans reinvented the meaning of the Apollo
Program and transformed it into a symbol of excellence. Why, they asked, could
Americans not perform the way they had done during Apollo? In this context
the Saturn V became a symbol of excellence in American society and govern-
ment. In an era in which America seemed divided, anniversaries of the first
landing on the Moon sometimes expressed nostalgia for the national commit-
ment and unity of the Apollo Program in the 1960s. Looking back after
20 years, a Boeing engineer thought that the Saturn project was “the biggest
single example I can think of getting the government-industrial complex to-
gether on a goal that had an established end and a monumental technical task
before it.”** That the Saturn V could become such a symbol in American cul-
ture was perhaps the most fitting tribute to the Marshall Center.
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Chapter IV

The Marshall Reconstruction

In launching the Apollo Program, NASA also launched a reconstruction of the
South. In the Moon program’s “Fertile Crescent” that stretched from Houston
to Huntsville to the Cape and back to New Orleans, NASA helped reconstruct
the region’s economic, demographic, social, and educational landscape.! Agency
administrators, as managers of the command economy of space, “planned” some
of the changes, especially in the economy. Other changes were unanticipated;
“spillover” effects could be seen in the space program’s effects on civil rights
and education. But the impact was pervasive, permanent, and driven by federal
dollars. This “Second Reconstruction,” one historian has suggested, “went
beyond the pork barrel into the realm of social planning.”

In part the reconstruction resulted from Kennedy and Johnson administration
promises concerning the lunar program. They promised that the Apollo Pro-
gram, like other programs of the New Frontier and Great Society, would
promote progress in terms of advances in material plenty and social equality
for the entire nation.’

The reformist impulse, however, combined with regional promotion. The South
benefited most from space spending; it controlled key committee chairman-
ships in Congress, and military and NASA installations already dotted the
landscape. As one commentator observed, NASA’s Centers in the South formed
an “arch” through which federal money passed. Marshall was the “keystone of
this arch.”™

Civil Rights

In the early 1960s, the most dramatic story in Alabama came not from the test
stands at Redstone Arsenal, but from the streets of Montgomery, Birmingham,
and Selma.” The Heart of Dixie was the center of the civil rights struggle.
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Alabama evoked images of the scorched skeleton of a bus abandoned by Free-
dom Riders in Anniston, the confrontation at the Edmund Pettus Bridge in Selma,
Bull Connor’s dogs and firehoses in Birmingham, and Governor Wallace stand-
ing in a doorway at the University of Alabama in Tuscaloosa.

Marshall Space Flight Center could not operate in a technological vacuum,
isolated from events to the south. The Center’s role in the unfolding civil rights
story revealed the interplay between the Federal Government and the states
over civil rights. The sizable federal presence in Huntsville helped civil rights
progress in Madison County and facilitated desegregation. Concurrently,
Alabama’s culture of segregation slowed Marshall’s progress in black recruit-
ment in comparison to federal installations elsewhere.

NASA was vulnerable to the race issue, since its major installations resided in
the South and Project Apollo was to showcase American virtues. More than
any other federal Agency, NASA needed to avoid the stains of American rac-
ism and be a symbol, “clean, technically perfect, the bearer of a myth.”®

Before 1963, Marshall was little touched by the civil rights maelstrom that
swirled through Alabama. The Center avoided controversy in the early 1960s
because Huntsville offered a less promising place for civil rights advocates to
make a stand than cities to the south. Civil rights leaders learned early that
nonviolent direct action was most suc-
cessful in confrontations with recalci-
trant segregationists, and Huntsville
politicians and businessmen wanted to
avoid controversy. Madison County’s
prosperity depended on the Federal
Government, and few wanted to jeop-
ardize that support. The Gospel of
Wealth had more disciples in Huntsville
than did the Gospel of White Su-
premacy.

Circumstances in North Alabama dif-
fered from those in the rest of the state. :
North Alabama developed differently ~Alabama Governor George Wallace
from the Black Belt to the south; with and Dr. von Braun at Marshall.
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smaller farms and fewer blacks, the north did not have the patterns of racial
segregation that typified the southern plantation economy. Its politics had al-
ways been more liberal. In his successful races for governor in both 1962 and
1966, George Wallace received a smaller percentage of the vote in Madison
County than in any other county in the state. Days before Wallace stood in the
door of the University of Alabama in Tuscaloosa to bar the admission of a black
student, the Huntsville Times said in an editorial, “One thing now is eminently
clear—if U.S. troops are called to Tuscaloosa and to Huntsville, one man and
one man alone bears the chief responsibility. That man is Governor George C.
Wallace.””

Marshall contributed to the state’s regional differences. “I never did feel that
North Alabama should have been accused of some of the things that they were
accused of,” explained Art Sanderson, who worked in the Marshall Personnel
Department in the 1960s. “We brought people into this area from all over the
country. All cultures. They were not just Mississippians, Alabamians, Tennes-
seans. They were from all over, Boston, from the major big schools, from Cali-
fornia, Florida. We brought people with all different cultures to make up the
ABMA and later Marshall Space Flight Center. You have got all these cultures
coming in here, and they weren’t coming into Birmingham or Selma, they were
coming here. I always felt that the people who came in here were quite a bit
above the accusations about civil rights. It may have been true somewhere south
of here. It was not true here. . . . I felt that everybody was here to do a job. We
really didn’t have time for that kind of business.”®

If Huntsville was no Selma, neither was it a civil rights paradise. The Congress
of Racial Equality (CORE) led sit-ins at Huntsville restaurants and lunch counters
early in 1962. The protests led to several arrests and culminated in a visit by
Martin Luther King in March.” Although not as violent as confrontations else-
where in Alabama, these events showed that Huntsville shared in the state’s
culture of segregation.

“The fact of the matter,” one of NASA Administrator James Webb’s assistants
observed, “is that Huntsville is in Alabama.”'® Public facilities and public schools
were segregated, and African Americans struggled to find housing. Black per
capita income in Huntsville was less than half that of whites.!"" Employment
opportunities were limited; African Americans comprised 18 percent of
Huntsville’s population, but less than 1 percent of Marshall’s workforce.'> Clyde
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Foster, one of the few blacks who worked at Marshall in the early 1960s,
recalled that he was not able to participate in training sessions in Huntsville,
where public accommodations were segregated. Accommodations on the Arse-
nal and at Marshall were no longer segregated, but blacks still encountered
barriers. “Most definitely there was discrimination,” Foster said. “There was
this subtle kind of discrimination. Upward mobility just wasn’t there.”"* In May
1962, two black Marshall employees filed complaints with the President’s Com-
mittee on Equal Employment Opportunity. Joe D. Haynes charged discrimina-
tion barring promotion, and Joseph Ben Curry complained of assignments
inappropriate to his job classification.'

Marshall nonetheless felt little pressure, mainly because the Kennedy adminis-
tration did not promote civil rights in federal installations before the spring of
1963. The administration treated civil rights as a political issue, avoiding con-
frontations with southern politicians. Kennedy, who received overwhelming
black support in his narrow victory in 1960, made gestures designed to appease
civil rights advocates. He issued an executive order in April 1961 that estab-
lished the President’s Committee on Equal Employment Opportunity and man-
dated that executive agencies prohibit discrimination. Marshall replied that its
activities conformed fully, and this was enough to satisfy the administration."
For the next two years Marshall focused on Saturn, and civil rights remained
peripheral.

Events in the spring of 1963, many of them in Alabama, jolted the administra-
tion into action on civil rights. Marshall could not avoid repercussions of events
transpiring a hundred miles to the south. Martin Luther King’s crusade in Bir-
mingham in May became a pivotal confrontation when Sheriff Bull Connor
sent dogs to attack marchers and turned firehoses on children. A bomb in a
church killed three black girls attending Sunday school classes.

The Birmingham campaign prompted new presidential activism on civil rights.
For the first time President Kennedy proclaimed the issue a moral one and
moved to initiate legislation. Attorney General Robert Kennedy, long a critic of
Vice President Lyndon B. Johnson’s leadership of the President’s Committee
on Equal Employment Opportunity, met with the committee on 18 June. Webb,
a protégé of Johnson, represented NASA. Kennedy grilled Johnson, puncturing
his vague claims of progress. After “making the Vice President look like a fraud,”
in the words of one observer, the Attorney General turned on Webb. “Mr. Webb,
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I just raised a question of whether you can do this job and run a Center and
administer its $3.9 billion worth of contracts and make sure that Negroes and
nonwhites have jobs . . . I am trying to ask some questions. I don’t think I am
able to get the answers, to tell you the truth.”'®

As Webb reacted, Marshall moved from the shadows to the spotlight. Webb
informed von Braun that “The Vice President has expressed considerable concern
over the lack of equal employment opportunity for Negroes in Huntsville,
Alabama.” Johnson directed NASA, the Department of Defense, and the Civil
Service Commission to formulate a plan to address the problem. The agencies
met on 18 June, and decided to conduct surveys of housing and federal
employment practices in Huntsville; to provide assistance to Alabama A&M
College and Tuskegee Institute, historically black colleges in Alabama; to meet
with Huntsville contractors to find out their plans to ensure equal employment
opportunity; and to ensure that blacks be granted a fair proportion of summer
jobs at Marshall. Webb directed von Braun to give personal attention to
developing equal employment opportunity programs at Marshall."”

Marshall established an Affirmative Action Program in June, following
recommendations offered by a Civil Service team from Atlanta. Dr. Frank R.
Albert became the first Equal Employment Opportunity Coordinator. Albert
hired Charlie Smoot as a professional staffing recruiter; Marshall claimed Smoot
was “possibly the first Negro recruiter in government service.”'®

Federal pressure had an immediate impact in Huntsville. With nearly 90 percent
of the city economy based on federal funds, Washington had more leverage in
Huntsville than elsewhere in Alabama. Federal contractors, most of whom
worked for the Army at Redstone Arsenal or NASA at Marshall, recognized
that they could lose funding. They met on 5 July at Brown Engineering in
Huntsville, formed the Association of Huntsville Area Contractors, or AHAC,
and named as their spokesman Milton K. Cummings of Brown Engineering."
The committee agreed that contractors should take “immediate positive steps”
to increase minority employment, to make “significant financial contributions”
to aid black schools, to initiate immediate training programs for blacks, and to
use their influence “to make our citizens more conscious of our responsibility
in the area of housing, education, and the availability of private and public
facilities.”” AHAC agreed to keep NASA informed of its progress.”’ The group
had an immediate impact. L.C. McMillan, a black man who had been a college
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administrator in Texas, arrived three months later to serve as executive director.
“I was expecting the usual six months of preparatory meetings when I came
here to start the program,” he recalled, “but I was amazed to find that these
people wanted to slice away the fat and get right down to the meat of a
problem.”*

The disappointing record of black recruitment at Marshall and its contractors
stemmed from barriers that limited black access to scientific and technological
education. Huntsville was a microcosm of a larger regional problem. The two
colleges in the city divided along racial lines. Alabama A&M was a historically
black college that conferred its first B.A. degrees in 1900. The University of
Alabama established a Huntsville Center in 1950; like the main campus in
Tuscaloosa, it was segregated. The curriculum at Alabama A&M centered on
traditional programs at predominantly black colleges: teaching, social science,
premedicine, and law.” The school had strong programs in the natural sciences
and mathematics, but not in the modern engineering disciplines required by
Marshall. A&M’s regulations complicated its relations with the Center. As Clyde
Foster explained, “Because of the system, we couldn’t use available whites that
were qualified to go out and teach at the Alabama A&M University.” And it
was difficult to recruit blacks from elsewhere to come to Alabama. Foster, one
of the recruiters, remembered, “The image at that particular time was the George
Wallace image and made it very difficult for people like myself to go out and to
recruit other blacks who could qualify to move into Alabama.”

Steps toward alleviating inequities in higher education began in the summer of
1963. On 13 June, two days after Governor Wallace blocked for five hours the
admission of the first blacks to the University of Alabama, Marshall mathema-
tician David M. McGlathery became the first black to enroll at the university’s
Huntsville Center. Unlike the dramatic confrontation in Tuscaloosa,
McGlathery’s enrollment proceeded without incident.”

Marshall also began to improve its ties with Alabama A&M. Delegates from
Marshall met with state officials to press for increased funding for A&M and
for building a library at the school. Marshall representatives also met with A&M
officials and officials from Huntsville’s Oakwood College (a black sectarian
college) to discuss grants-in-aid and internships. The Center reached beyond
Madison County, sending representatives and surplus equipment to other black
colleges, expanding recruitment, and inviting representatives from 12 black
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colleges to Marshall to discuss cooperative training programs. By the end of
the summer, NASA Associate Administrator George Mueller called Marshall’s
equal opportunity program “imaginative and well rounded.”*

Marshall came under fire again in August, when the hearing officer for the
Haynes and Curry discrimination cases submitted his report. He found that
both men had been victims of discrimination, and recommended that Haynes
be promoted and Curry be reassigned to more appropriate duties.”” The report
noted that of 7,335 employees at Marshall, only 52 were black, and that blacks
comprised only one-half of 1 percent of employees in GS—-5 through GS-11
positions. It concluded that “a pattern of discrimination has and continues to
exist at Marshall.”?®

Von Braun accepted the charge of discrimination, but objected to some of the
charges in the report as “gratuitous and unwarranted under the circumstances.”
He contended that the report might damage efforts then underway at Marshall
to ensure equal employment opportunities. “While the figures cited in the
opinion may be accurate,” he argued, “they fail to reflect Marshall’s attempts
to encourage Negroes and other minority groups to seek employment; that there
are few qualified personnel in such minority groups who are located in the area,
and that those employed elsewhere are reluctant to move here.””

After the Kennedy assassination and the accession of Lyndon Johnson to the
presidency, Webb’s advocacy of civil rights became more forceful. The Civil
Rights Act of 1964 set new standards for federal agencies. Webb informed von
Braun that the principal topic of discussion at a cabinet meeting he attended on
2 July had been the need for effective leadership to implement the Act, and
suggested that Marshall’s location in Huntsville made von Braun’s support

essential.*

Webb recognized that the difficulty in implementing equal employment oppor-
tunity at Marshall was larger than Huntsville.*' On a speaking tour in Alabama
in late October, he told civic leaders and businessmen in Montgomery that so-
cial conditions in the state made it difficult to recruit scientists, engineers, and
managers, and suggested that leaders in Alabama should “address themselves
in their own interests to the causes of these difficulties.” Congressman Hale
Boggs of Louisiana, after a conversation with NASA officials in Washington,
announced that “hundreds” of Marshall’s top personnel, including perhaps von
Braun himself, might be transferred to Michoud.*
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Alabamians reacted with consternation. “This is a big thing; this is a tragic
thing; this is a terrible thing,” railed former Congressman Frank Boykin, who
termed the proposal a “dastardly deal.” Boykin suggested that New Orleans,
“down there in the marshes, . . . is a fine place to eat and drink, but there can be
no better place on earth, if somebody wants to work and do some good for all
mankind than Huntsville, Alabama.”™ Some feared that the state was being
punished for political transgressions, since Democratic electors had been left
off the state ballot for the upcoming presidential election, virtually conceding
the state to Republican Barry Goldwater. One constituent urged Alabama Senator
John Sparkman to retaliate for this “political blackmail” by doing something
about “the Webb creature,” and complained about “the Negroes having all the
rights and the whites having none.” Businessmen worried about the effect of
the announcement on impending transactions.* Sparkman met with Webb and
contacted the President, and received assurances that nothing would be done to
move operations from Huntsville.*

Webb completed his Alabama tour with a stop in Huntsville. In a speech to
Marshall employees and local businessmen, he assured them that NASA wanted
to continue Apollo booster work at Marshall, and suggested that if people in
Huntsville did their part, the number of employees at Marshall could increase
over the next year or two. But he added a caveat: “If we cannot get the seasoned
executives here that we need for the management function, then we will do
more of this work at other locations.” When questioned about the “apparent”
image of Alabama, he replied, “There is an unfavorable image, and we feel it in
our recruiting; and the problems we face right now are not as hard as the problems
we’re going to face a year from now.”*

Reaction to Webb’s visit was mixed. Civic leaders believed he had given
insufficient consideration to the differences between Huntsville and the rest of
the state, but at the same time they initiated reforms that made those contrasts
more striking. Huntsville Mayor Glenn Hearn established a biracial Human
Relations Committee to seek improvement in racial relations, particularly in
housing and employment. He set up a civil rights complaint department.
Marshall, too, continued to work with community leaders through AHAC, the
Marshall Advisory Committee, and the Chamber of Commerce Committee for
Marshall Space Flight Center.

Von Braun addressed the Huntsville Chamber of Commerce on 8 December.
He reiterated Webb’s argument, saying, “I think we should all admit this fact:
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Alabama’s image is marred by civil rights incidents and statements.” He urged
the businessmen to improve Huntsville’s facilities for education, transportation,
and recreation, but also challenged them to do more “for those less fortunate
families who are bypassed by the big space and missile boom.”*’

In the months that followed, von Braun continued to urge attention to Alabama’s
racial problems. He lamented that Alabama ranked “near the bottom” in educa-
tion, that barriers to voting formed “a Berlin Wall around the ballot box.” He
cautioned that resistance to federal desegregation orders could reduce NASA
expenditures in the state. “Obstructionism and defiance . . . can hurt and are
hurting Alabama,” he warned. The national press referred to him as “one of the
most outspoken and persistent spokesmen for moderation and racial reconcili-
ation in the South.”*

Other signs seemed to augur for constructive change. Alabama businessmen
published a full-page ad in the Wall Street Journal and state newspapers calling
for compliance with the Civil Rights Act. County school superintendents, in
defiance of Governor Wallace, agreed to comply with provisions of federal law
in order to continue to receive federal funds. Webb, taking note of these
developments while preparing for a visit to Huntsville, conceded that “certain
constructive forces in the state are endeavoring to move ahead to meet modern
conditions and to get the past behind them.”*

While von Braun and Webb pressed for resolution of Alabama’s racial problems,
Governor Wallace continued to proclaim “segregation forever.” Neither Webb
nor von Braun mentioned Wallace by name, but both criticized his policies.
Wallace had already had other confrontations with federal officials, of course;
another, with NASA, seemed likely. NASA debated protocol over Vice President
Hubert Humphrey’s planned visit to Marshall: “Governor Wallace has sent
feelers about a visit to Marshall. Should he be invited for the V/P meeting? Can
V/P and NASA ignore him in his state?”’*

A confrontation came on 8 June, when Wallace, members of the state legislature,
and 48 out-of-state newsmen visited Marshall for a Saturn test firing and
addresses by von Braun and Webb. Von Braun urged his audience to “shed the
shackles of the past,” and suggested that Alabama might not achieve its promise
of industrial growth under Wallace’s policies. Webb added that “the size and
importance of our operations in Alabama require us to add our support to the
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efforts of forward-looking and fair-minded leaders of the state.”*' When Webb
and von Braun asked Wallace in a more informal setting if he would like to be
the first person on the Moon, the governor replied, “Well, you fellows might
not bring me back.”*

By mid-1965, Huntsville’s leadership—von Braun, businessmen in AHAC, civic
leaders, and educators—had shown initiative in seeking to overcome the effects
of racial discrimination. Webb’s staff acknowledged that “the city of Huntsville
is carrying out a very commendable effort on the local scene to improve matters,”
but cautioned that “the solution to the problem is not an impressive list of things
that are being done in the Huntsville area. It is a statewide problem that will call
for state-wide solutions.”™**

Despite a promising start, Marshall’s equal opportunity program failed to alter
the employment pattern at the Center. Marshall lagged behind other NASA
Centers, consistently failing to meet minority hiring and promotion targets. By
late 1969, Marshall had only eight blacks in grades above GS—11; the Manned
Spacecraft Center in Houston had 21, and even Kennedy, with a much smaller
workforce, had five.* A decade after Marshall initiated its affirmative action
program, an internal NASA report singled out Marshall for its harshest criticism:
“Most of the other Centers met their modest goals for the first year, with the
exception of the Center which had the most extreme lack of proper staff and
management support. This Center, located in Huntsville, Alabama, and in need
of the most skilled compliance staff, had appointed only one totally inexperienced
employee rather than the three highly qualified specialists required. The
continuing failure of this Center to meet any of its goals has been repeatedly
presented to NASA management which refused to take corrective action.”*

Marshall’s shortcomings represented a portion of a larger NASA failure. NASA
lagged behind other federal agencies in implementing equal opportunity
programs. NASA’s minority employment rose only from 4.1 percent to 5.19
percent between 1966 and 1973, when overall federal minority employment
reached 20 percent. Furthermore, most of its minority employees were clustered
in lower grades. The Agency’s own EEO staff concluded that “NASA has failed
to progress because it has never made equal opportunity a priority.”*® Deputy
Administrator George Low conceded that “Equal Opportunity is a sham in
NASA,” and derided the Agency’s “total insensitivity to human rights and human
beings.”"’
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Marshall’s achievements in fostering equal opportunity from 1963 to 1965
resulted from pressure from Washington. Webb, agencies charged to enforce
the Civil Rights Act of 1964, and occasionally the White House pressured
Marshall to change. This pressure declined in the late 1960s, even as the civil
rights movement disintegrated into factions and lost popular support as riots
charred the ghettos of northern cities. Establishment of a bureaucracy to further
civil rights, the result of political pressure inside and outside government,
undercut the political activism that had made civil rights progress possible.

Webb’s message lost its sting. When asked again about Alabama’s image on a
visit to Huntsville in 1967, he responded that when he thought of Alabama he
thought about the great job Marshall was doing, not about Wallace’s opposition
to desegregation. He reiterated that difficulties in hiring top managers persisted.
Even these remarks, mild in comparison to early threats to move NASA business
from Alabama, caused another furor; Huntsville businessmen contacted Senator
Sparkman to see if he could do something about Webb.*

Institutional limitations also affected Marshall’s ability to meet civil rights goals.
The Equal Employment Opportunity Program started when Marshall
employment was near its peak. In the late 1960s, the Marshall workforce declined
in number. NASA continued to shift work to contractors, and imposed
reductions- in-force on Marshall as work on Saturn for Project Apollo began to
wind down. It was difficult to increase minority employment when overall
manpower was declining. Federal regulations for reductions-in-force dictated
that the last people hired should be dismissed first, leaving recently hired
minorities vulnerable. For the relatively few black scientists and engineers
seeking jobs, the uncertainties of NASA’s future and the lure of higher salaries
elsewhere made employment in the private sector more attractive. NASA argued
that given the constraints under which it operated, it was not doing badly; 3.4
percent of NASA’s scientists and engineers were black, not far below the national
figure of 3.5 percent.*’ Finally, Alabama’s image was slow to change; it continued
to be difficult to attract blacks to the state who had the requisite technical training
to take jobs at Marshall. Thus Marshall’s greatest achievement in civil rights in
the 1960s was not in its own record of minority hiring, but in its impact on the
community.
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Huntsville’s Growth

NASA’s reconstruction of Huntsville and Madison County extended beyond
civil rights. The Space Center also helped change the area’s economic struc-
ture, social patterns, and educational institutions. NASA decisions and the Sat-
urn program led directly to demographic and material growth in the area.

The Saturn Project helped bring in thousands of “in-migrants” to Huntsville.
Aerospace workers moved to the city and thousands of other people followed
them, lured by opportunities in a boomtown. At the peak of its growth, local
officials estimated that 36 new residents moved into the city each day.”
Huntsville’s population grew from 16,437 in 1950 to 72,365 in 1960 and to
143,700 in 1966.°" The vast majority of the newcomers were white, young,
urban, professional, and middle class. Huntsville’s black population was rela-
tively stable, meaning that the number of African Americans declined as a pro-
portion of the total.>?

As more and more people came in, the city faced incredible pressures. Mayor
Hearn figured that with the addition of every 1,000 people, the city needed “92
acres of residential land, 23 acres of streets, 13 acres of public land, four acres
of retail stores, 263 houses, 550 cars, three miles of paved streets, 150,000
gallons of water a day, two extra policemen, and two extra firemen.”* But like
any boomtown the city often could not keep up with its new problems. In the
early sixties Huntsville suffered from an inadequate airport, nonexistent public
transportation, overreliance on automobiles, traffic congestion, strip develop-
ment and suburban sprawl, a stagnating downtown, and deficient educational
and health institutions.*

The area addressed some of these problems relatively quickly. New facilities
included a jet airport, three new hospitals, a four-lane “Parkway” to improve
traffic flow, and a downtown redevelopment campaign that led to the construc-
tion of new civic buildings by the early seventies. Huntsville’s public school
system improved. School enrollments increased from 3,000 in 1950 to 15,500
in 1960 to 32,000 in 1967, and the city built an average of one new classroom
per week between 1956 and 1968. Moreover educational standards and achieve-
ment improved. Such improvements came partly because Marshall-Redstone
personnel had high expectations for their children and partly because their
spouses often became teachers. By the end of the decade 80 to 95 percent of the
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city’s high school graduates continued on to college as opposed to the Alabama
average of only 20 percent.>

Marshall and its contractors also contributed to economic changes. NASA spend-
ing, combined with the aerospace spending on the Army’s Redstone Arsenal,
made Huntsville “virtually a one-economy city.”® Economists estimated that
90 percent of the city economy in the 1960s was based on federal aerospace
programs; Marshall accounted for 40 to 50 percent of the total. At the peak of
Saturn work, Marshall and its contractors employed 29.4 percent of the total
Huntsville workforce.”” When city residents heard the sound of a Saturn test,
then Mayor Robert B. Searcy said, “they heard the jingle of a cash register.”®

The creation of a federal space industry made Huntsville-Madison County less
like neighboring rural counties and more like other Southern metropolitan ar-
eas. Aerospace dethroned agriculture in the local economy and “King Space”
took the seat of “King Cotton.”® The overthrow took material form when
Chrysler, IBM, and Boeing refurbished a textile factory in the old Lincoln mill
district and used it for Saturn work.®® But unlike agriculture or the textile in-
dustry, the space industry offered “good jobs.” Research and development jobs
were interesting and innovating, employed skilled professionals, managers, and
technicians, and paid middle-class salaries. In the space economy most people
worked for the Federal Government and big, prominent “core” firms like Boeing
and Chrysler. These employers offered workers considerable financial benefits
and career opportunities.®'

Not surprisingly residents of Madison County during the early sixties were on
average prosperous. The county had the highest per capita income of any county
in the state.”> The annual rate of growth of personal income in the city grew at
more than twice the national rate between 1959 and 1966.° Huntsville, one
visitor noted, was “an island of affluence afloat in agricultural Alabama.”*

Despite overall gains, the Saturn program could not correct existing income
inequalities in the area. Per capita income in Huntsville was 50 percent of the
national average in 1960 and only 80 percent in 1967. Income was less equita-
bly distributed than the national average; in comparison with the rest of the
nation, more income in Huntsville went to the richest 20 percent of the popula-
tion.” A wage gap existed between employees in the space sector and those in
the county’s service, agricultural, and industrial sectors.®® In addition, since
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space jobs went primarily to qualified whites, space spending helped perpetu-
ate racial inequities. So although professional and technical jobs constituted
60.5 percent of total employment by NASA’s Huntsville contractors, only 30
percent of their black employees worked in professional and technical jobs.®’
Black average income continued to run far behind that of whites.®

The Saturn project changed the Huntsville economy. Local companies often
blossomed with NASA contracts. For example, Brown Engineering, formerly
Alabama Machine and Tool and currently Teledyne-Brown Engineering, grew
from a small, local contractor to a prominent, national aerospace engineering
firm. In other cases, Marshall helped firms use space hardware for commercial
purposes. Technological “spinoffs” from Marshall’s research and development
in the 1960s included polyurethane insulation for construction and flat electrical
cables and connectors.®”” Marshall also helped develop and disseminate to
industry innovations in alloys, metal forming and bonding technology, welding
techniques, metal grinding, and finishing machines. These improvements in
metallurgy and machining were the Center’s most important industrial
innovations.”” In other cases, the import of technical expertise encouraged the
formation of new high technology companies that did not depend on government
contracts. For instance, a computer specialist, who had originally come to
Huntsville to work on Saturn’s IU, formed Intergraph, a computer and software
firm that by the 1980s would grow into a Fortune 500 company with worksites
across the globe.

Despite these successes, in the late 1960s and early 1970s, Huntsville was as
dependent on federal funding as a city could be. If NASA pulled the plug on
space spending, half the city would go down the drain. In 1966 a Marshall
study warned that Apollo budget cuts would result in mass exodus, “large
numbers of home mortgage defaults, business failures, and a serious regression
in the overall economy.” Besides depression in the city, cutbacks would devastate
the Center, “one of the world’s finest technological institutions.””" A NASA
Headquarters report agreed, finding that the costs of allowing Huntsville’s
infrastructure to decline were “greater that the costs of sustaining it until it
achieves a critical mass and diversification.””> When NASA's spending on Apollo
began to constrict in the late 1960s, both the city and the Center would face
years of uncertainty and austerity.
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Marshall officials foresaw some of the troubles and recognized that the Center
and the city of Huntsville were interdependent. Von Braun worked with civic
and commercial leaders to create a social and educational environment that
could facilitate economic growth and diversity. He cooperated with Army, busi-
ness, and civic leaders to establish Cummings Research Park. Research Park
eventually became a center for businesses specializing in advanced technology
research, manufacturing, and management.”

Von Braun also promoted education, especially university education. He rec-
ognized that Huntsville needed high quality academic and research institutions
to attract and retain skilled people and to maintain NASA’s investment. There-
fore von Braun said his goal was to help Alabama get the nation’s “Number |
educational center for rocket and space technology™ just as it had the “Number
1 football and rocket teams. He lobbied the state to upgrade the Huntsville
Extension Center of the University of Alabama in Tuscaloosa. In 1961 von
Braun successfully appealed to the Alabama legislature for a $3 million bond
issue to create a research institute on the extension Center’s campus. With
Marshall’s support, the Center extended its graduate offerings and in 1966 be-
came the University of Alabama in Huntsville (UAH), an independent campus
in the Alabama system. UAH specialized in science and engineering and soon
had millions of dollars in NASA contracts.

By improving Huntsville’s educational and research institutions and bringing
in skilled people, von Braun and NASA helped create Apollo’s most important
spinoff. The schools and skilled workers created an “environment for growth”
and planted the seeds that would, in the long term, produce economic diversifi-
cation in Madison County.”

In addition, Marshall’s Saturn rockets became the centerpiece in one of
Huntsville’s most visible concerns. The Space and Rocket Center opened in
1970 and housed an aerospace museum, theme park, and camp for children.
The facility had a Saturn I and Saturn V on display and became the state’s most
popular tourist attraction. In becoming marketable as museum exhibits, the
Saturns were a permanent spectacle that directed attention to the political and
symbolic goals of the Apollo program.”

In sum, many of Marshall’s important achievements in the 1960s were side
effects of its main mission of space exploration and technological innovation.
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Because of the Center, Huntsville and Madison County experienced a federal
reconstruction of many social relationships and economic patterns. In race re-

lations, the Center worked to open employment opportunities. In the economy,
Marshall contributed to growth and diversity. In education, it helped improve
public schools and form a new university and research center. The Marshall

Cen
Roc

ter transformed Huntsville from the Watercress Capital of the South into
ket City, U.S.A.
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Chapter V

Between a Rocket and a Hard
Place: Transformation in a Time
of Austerity

“I'd like to see a little less ‘crash’ and a little more ‘program.’”
—Wernher von Braun

Once the rockets are up, Who cares where they come down, “That’s not my
department!” Said Wernher von Braun.
—Tom Lehrer, 1965

On 9 November 1967 at seven o’clock in the morning, the first Saturn V launch
lifted off from Cape Kennedy carrying the Apollo 4 mission into space. Wernher
von Braun, who watched from the firing room, exclaimed at a news conference
that “No single event since the formation of the Marshall Center in 1960 equals
today’s launch in significance.”’ Later in the day, von Braun learned that a
reduction-in-force (RIF) would cut 700 people from the Center, some who had
helped build the Saturn that had flown that morning. The juxtaposition of the
two events on a single day dramatically showed the shift in Marshall’s fortunes,
for even at a peak of achievement, the Center faced an uncertain future.

The irony symbolized by the concurrent success of the Apollo 4 mission and a
budgetary crunch would recur through the next decade of Marshall’s history.
As television viewers throughout the world watched the powerful Saturn rock-
ets roar into space and marveled at the spectacle of men on the Moon, Marshall
engineers could take pride in their accomplishment of a national mission. Not
only were they responsible for the rocketry that powered all of the lunar
missions, they developed the roving vehicle used on the Moon’s surface in the
missions of the early 1970s. And the 1973-74 Skylab mission, the first Ameri-
can “Space Station,” was a Marshall achievement. But people within the
Center had little opportunity to revel in the triumphs of the space program, for
in the midst of its success, Marshall confronted a protracted institutional crisis.



Power 10 ExPLORE: HisTORY OF MSFC

The causes of the crisis were many. Tom Lehrer’s satiric song of the mid-sixties
foreshadowed a shift in public opinion about space. As the Vietnam War and
domestic divisions diverted attention from NASA, many Americans became
bored with—in some cases antagonistic to—the Agency’s programs. The na-
tional economy staggered under “guns and butter” budgets until hard realities
mandated cuts that forced Marshall to move from the affluence of the early
sixties to the austerity of the seventies. The politics of budgets increasingly
defined the Center. Planning and decision-making shifted to Washington, where
political priorities of the executive offices and Congress were more important
than technological goals.

As the Center coped with external strains, it would be internally transformed.
New leadership replaced many of the Germans and reshaped von Braun’s orga-
nization. The arsenal system gradually gave way to the Air Force contracting
system as in-house capabilities steadily declined. New, diversified scientific
and technological responsibilities supplemented the Center’s propulsion spe-
cialty. Management struggled with serious threats to the Center’s well being,
and even its survival, for NASA Headquarters considered closing Marshall.
Funding cutbacks, RIFs, transfer of projects to other Centers, and changes in
leadership were manifestations of a more fundamental question: What, if any-
thing, was to be Marshall’s role in the post-Apollo space program?

In the late 1960s, then, Marshall Space Flight Center slowly became the victim
of its success, and the characteristics that made Marshall unique defined its
crisis. Of all Apollo hardware, Marshall’s Saturn launch vehicles had the long-
est lead time, the fastest buildup, and the largest workforce. The Saturn pro-
gram peaked in the mid-sixties, however, and while other Centers were still
building, Marshall began to retrench. Many of its facilities had been built for
Saturn, rather than for long-term institutional needs, and had limited utility in
NASA’s post-Apollo plans.? In short, when the heady days of unlimited fund-
ing and ample manpower were over, Marshall faced the “crash™ that inevitably
follows any crash program.

The Perils of Post-Apollo Planning
NASA and Marshall were both slow to initiate planning for the post-Apollo

space program, and planning was often encumbered by overly optimistic pro-
jections. In 1963 Marshall was still hiring, and expected to add 2,000 Civil
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Service employees in two years before leveling off at 9,500.* The two years
passed with only modest increases, but with 90 percent of his workforce de-
voted to Saturn work, von Braun expected Marshall manpower to remain con-
stant through the remainder of Apollo. After all, contractors had already
scheduled manpower reductions, and von Braun warned, “as the highly skilled
engineering teams and contractor plants are disbanded, our in-house people
must shoulder the burden to meet the unforeseen.” He compared Marshall’s
role to firefighters in a mid-size city—essential, but underutilized when there
was no fire.® Initiation of the Apollo Applications Program late in 1965 raised
rosy expectations of 1,500 to 2,000 new jobs at Marshall.” The Center’s master
plan was equally optimistic; it anticipated new construction and continued con-
version of old Army facilities without consideration of financial constraints.
Von Braun envisioned human planetary missions perhaps as early as the late
1970s, and he had established a Future Projects Office at the Center in the early
1960s.® But he had given less attention to short-range planning. When asked
about the future of Marshall, his thoughts ran to NASA’s vague plans for exten-
sions of the Apollo Program and to possible work on post-Saturn launch
vehicles.’

Nonetheless, critics who have chided NASA for its failure to plan for the after-
math of Apollo have been unduly harsh. Nobody anticipated a steep decline in
the halcyon days of Saturn development, and NASA began to consider alterna-
tives before the launch of the first Apollo mission. The budgetary cycle and the
long lead-time on big science projects forced NASA to consider post-Apollo
plans in the mid-1960s. NASA’s worries that the Johnson administration’s re-
luctance to commit to supporting space programs might precipitate the breakup
of its team hastened Agency planning.'® Contractors agreed in 1966 that “the
erosion of the Apollo space team has already started.”"!

Marshall developed methods for long-range planning, but institutional con-
straints hampered the Center’s efforts. Dr. Heinz Koelle directed an active Fu-
ture Projects Office that had been formed in the fall of 1964 to draft plans for
technical projects. Its tasks included launch systems, Saturn rockets, Nova,
nuclear-thermal rockets, lunar stations, and Space Stations. It devised schemes
for use of a spent-rocket stage as a manned orbiting laboratory that helped form
foundations for Skylab. The Research Projects Laboratory conducted studies
for science-oriented projects including High Energy Astronomy Observatories
(HEAO), the Large Space Telescope, the Apollo Telescope Mount (ATM), early
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lunar rover studies, lunar science activities, and scientific projects for satel-
lites."”” But frequent changes in funding guidelines from Headquarters, uncer-
tainties about the goals of the post-Apollo Program, and an increasingly
bureaucratized procedure for task approval limited its ability to generate new
projects.”® Marshall executives knew that difficult years were ahead; as early as
mid-1966, they discussed the impact that Vietnam and Lyndon Johnson’s do-
mestic programs would have on NASA budgets.'

As Saturn development crested, and long before the scale of the decline be-
came evident, von Braun realized that funding limitations would force Marshall
to broaden its mission beyond its traditional specialization in launch vehicles,
the Center’s “bread and butter.” Marshall had a vast physical plant, proven en-
gineering expertise, and demonstrated managerial ability. But how could those
resources be applied? The Center was “a tremendous solution looking for a
problem.”"

Headquarters offered little guidance. George E. Mueller, NASA Associate Ad-
ministrator for Manned Space Flight, told von Braun that Marshall should main-
tain its launch capability, but that NASA Administrator James Webb would
ask, “Do they need 14,000 people to do that job?” Von Braun wanted Marshall
to make the best pitch for all projects it could get, believing space science and
operations looked promising.'® “For us the essential thing is this,” he told Head-
quarters. “We must be able to plant a new flag in Marshall in some new field.”"”

Unfortunately, internal NASA politics limited Marshall’s flexibility to move
into new areas. Each NASA Center had its own specialization and jealously
guarded its prerogatives. Von Braun’s diversification would encroach on
Goddard’s turf in space science and Houston’s in operations. Huntsville had
fewer options for expansion than other Centers. Any new field might compete
with others, and even work on propulsion might meet challenges. As one vet-
eran of intercenter competition observed, “There was nothing that Marshall
had that was uniquely Marshall’s.”"® No one rivaled Marshall’s experience in
large launch systems, but its expertise in launch vehicles was not unique: Lewis
had rocket engine experience dating back to NACA, had built the Centaur, and
had “staked out a role in advanced propulsion technology that Marshall could
not expect to emulate.”"” Headquarters and Wallops Island managed LTV’s de-
velopment of the Scout, and Goddard managed McDonnell-Douglas’s devel-
opment of the Delta launch vehicle.*
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Rivalry between Marshall and Houston’s Manned Spacecraft Center (MSC)
had been present since the days of ABMA and the Space Telescope Group in
the late 1950s, and intensified as Apollo wound down. Apollo’s neat division
between Marshall’s Saturn V and Houston’s capsule separated authority into
stages; plans for post-Apollo Programs made responsibilities in human space
flight less distinct.

Marshall and Houston, described by one historian as “semiautonomous, almost
baronies,”' guarded their realms fiercely. Houston challenged any proposal
from Marshall that related to operations, astronauts, or manned systems. Com-
petition with Houston was most pronounced in the Apollo Applications Pro-
gram (of which Skylab was the centerpiece; see Chapter VI), but it touched all
relations between the two Centers. “We had the perception that they weren’t
worrying about NASA or the space program, but they were worried about feath-
ering their nest,” recalled Houston’s Chris Kraft.> The rivalry bothered von
Braun, who told his staff that he was disturbed that a Marshall collision with
MSC could jeopardize the lunar landing program.?

To clarify the post-Apollo division of labor Mueller summoned all three Manned
Space Flight Centers to a three-day executive hideaway meeting at Lake Lo-
gan, North Carolina in August 1966. Marshall and Houston divided Skylab
responsibilities, and worked out means to resolve future disputes. However, as
one study observed, Lake Logan provided “a convenient formula, but did not
eliminate the competition between Centers for post-Apollo work.”**

Von Braun’s designs for a Marshall role in astronomy met less resistance. In
May 1966, he discussed future NASA missions with Mueller and Robert Gilruth,
Center director in Houston. All three agreed that Marshall should get involved
in astronomy, and Mueller suggested work on the Apollo Telescope Mount
(ATM) might lead to Marshall becoming the lead Center in space astronomical
observatories. When Homer Newell, head of space science at NASA, concurred,
von Braun had secured one new niche for his Center. On some astronomy
projects, Goddard would be considered a consultant to Marshall.>

The limits of space science as a new role for Marshall became clear with the
Center’s first venture into Big Science. The Center developed plans to support
Voyager, an anticipated series of probes to Mars. Voyager work would place
Marshall under the Office of Space Science and Applications (OSSA), and might
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open other opportunities outside of the Center’s usual responsibilities under the
Office of Manned Space Flight. Just as Marshall neared agreement on how to
proceed on space science without jeopardizing Apollo, Congress postponed
Voyager in August 1967. The projected cost had risen from $43 million to $71.5
million, and Congress suspected that the mission might lead to more costly
human missions.*

Ernst Stuhlinger, Marshall’s head of space science, worried that the Voyager
postponement might divert the Center from expansion into space sciences. He
considered development of projects under OSSA not merely good business, but
essential to the Center’s future. Supporters of manned programs and unmanned
science programs had battled since NASA’s formation, and scientists resented
the dominance of Mueller’s OMSE. Stuhlinger advised that Marshall’s future
would be most secure if the Center had a foot in both camps. Unless Marshall
moved into space science, he cautioned, “our Center with its present one-project,
one-HQ-boss orientation will give the image of an aging organization, unwill-
ing to accept the challenge of broader responsibilities as the space program
evolves.”?

Marshall’s Manpower Crisis

Even as Marshall struggled to diversify for the post-Apollo era, a manpower
crisis transformed the Center. By the end of the decade, reassignments, RIFs,
reductions-in-grade, and other personnel actions were stultifying its activities.
Morale declined, and union action led to suits that challenged the Federal
Government’s reliance on support service contracts, which were used to supple-
ment work done by civil servants. Young engineers left for more promising
jobs elsewhere, and the average age at Marshall increased. Recruitment, al-
ready considered a Huntsville problem at Headquarters, became more difficult.
“Marshall’s mood became more and more defensive,” remembered Bruce
Murray of the Jet Propulsion Laboratory (JPL). “Relentless efforts to maintain
employment levels replaced von Braun’s dream of the stars.”*

Marshall’s dilemma first drew attention when it became clear that the Center
had a larger workforce than was needed to complete its remaining Apollo tasks.
Marshall transferred 200 people to Houston in 1965, and a year later much
larger reductions seemed imminent.” Headquarters and other NASA Centers
saw Huntsville as a source of manpower, and this “Marshall problem™ became
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the major manpower management issue in NASA by the time the Agency’s
in-house workforce peaked in 1966.%

The issue prompted NASA Deputy Administrator Robert C. Seamans to re-
quest a review of Agency manpower policy. He directed a task force chaired by
MSC Director for Administration Wesley Hjornevik to examine how “Center
complements could be adjusted by management to meet the needs of changing
roles and missions.”" Hjornevik met with von Braun and his staff late in
August 1966. Von Braun urged Headquarters to use its vacant floating man-
power allocations (positions that Headquarters could assign at its discretion
which usually totaled three percent of the NASA workforce) to obtain the flex-
ibility needed for personnel adjustments, and to let Center directors work out
manpower problems among themselves. Unfortunately, the problem was
already larger than von Braun realized. NASA was already planning for
10-percent cuts, and needed an Agencywide policy. Marshall would feel the
pinch first, but one of those listening to the discussion remarked that “It is
apparent that the MSFC manpower problem of today is the NASA manpower
problem of tomorrow.”*?

The Hjornevik group recommended that NASA adopt means to track personnel
requirements, and suggested ways to match manpower to programs. Although
the committee assumed that NAS A manpower requirements would remain con-
stant, its conclusions comprised “a warning that NASA would have to prepare
for major changes within the near future.”* The committee suggested RIFs,
actually laying off people, might be necessary as a last resort: the final option
of eight alternatives for restricting manpower.

NASA personnel policies were under attack from another quarter, and Marshall
was at the center of the controversy. The General Accounting Office (GAO)
reviewed support service contracts at Marshall and Goddard Space Flight Cen-
ter, and concluded that both Centers could have saved money by relying on
Civil Servants rather than support service contracts. Support service contracts
are common throughout the Federal Government, so the investigations had
potentially broad implications. The June 1967 report alleged that Marshall could
have saved 19 percent on the three contracts examined. The GAO did not rule
on the legality of the contracts, but submitted the Goddard cases to the Civil
Service Commission (CSC) for further consideration.
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Leo Pellerzi, CSC general counsel, ruled in October that the contracts were
indeed illegal, since they involved on-site contractor work using government
equipment in tasks expected to last longer than one year, established an
employer-employee relationship, and had the effect of creating new govern-
ment positions by using contract personnel to perform regular NASA work.
Lacking any other guidance, NASA used these “Pellerzi Standards™ to evaluate
its support service contracts, and the courts used them to evaluate NASA’s
compliance with Civil Service regulations.*

Dire warnings became reality the next year. Congress slashed NASA’s budget
request for Fiscal Year 1968 Administrative Operations—the schedule from
which salaries were drawn—by $23.1 million in August 1967, then cut another
$20 million in October.”® Headquarters warned that the budget cuts might
require a personnel cutback (RIF) at Marshall. On 9 November Headquarters
confirmed the need to cut 700 positions.*

On 29 November, von Braun delivered the bad news. He explained the circum-
stances leading to the RIF to Marshall employees sitting in Morris Auditorium
and watching on television around the Center. He described Marshall’s evolu-
tion from “a do-it-yourself, self-contained organization to a partner of indus-
try,” and explained the mandate to reduce Marshall’s workforce to 6,386 by
January 1968. Half the reduction was to come from wage board employees and
technicians, half from among engineers. Attrition might reduce layoffs to 640.
The personnel office expected further dislocations, with the RIF requiring 1,300
intracenter reassignments to adjust for those who would be separated. Support
contractors would have to match Civil Service reductions on a one-to-one
basis.”

Four weeks later, the Marshall local of the American Federation of Govern-
ment Employees (AFGE) and six individual Marshall employees filed a com-
plaint in the U.S. District Court for the District of Columbia requesting an
injunction to stop the RIF. The complaint accused the Center director of unfair
labor practices, and alleged that the RIF was illegal as long as contract support
service personnel were engaged in the same work as Civil Service employees
who were to be separated. The court issued a preliminary injunction halting the
reduction on 11 January, just two days before the RIF was scheduled to go into
effect.’®
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The court’s order required NASA and the CSC to examine Marshall’s person-
nel requirements and support service contracts in light of Civil Service law.
The two sides reached agreement on 19 February 1968 and canceled all but 147
of the original 1,120 notices for termination, reduction, and reassignment. The
court lifted its injunction on 12 March, and dismissed the complaint on 18
April. The plaintiffs appealed.* The case dragged on for years, and became a
factor in negotiations between the union and Marshall in subsequent RIFs. The
case was not settled until 1978, when Judge Joseph Waddy upheld NASA’s use

of support service contracts.*

By the time Marshall was able to proceed on 30 March 1968, attrition and other
personnel actions reduced the number of employees who would be subject to
RIF action to 147, of which only 57 were terminated—the others were reas-
signed or reduced in grade. This greatly understates the impact of the RIF,
however. Marshall lost 787 employees by May, many of them through retire-
ment or transfers, leading to “grave and serious imbalances in the MSFC
workforce.” No engineers or scientists left involuntarily, but more than twice
the usual number during a comparable period departed during the four-month
RIF period. The average age of scientists and engineers increased, since most
of those who left—113 out of 145—were under age 40.

This trend raised questions about the future vitality of the Center, since college
recruiting was made more difficult by rumors of another RIF and federal regu-
lations that required that newly hired personnel be the first dismissed during
reductions. Nor was Marshall given authority to do much recruiting; in FY
1968, the Center replaced only 1 of 14 people separated, by far the lowest
replacement ratio of any NASA Center. Morale of both Civil Service and con-
tractor personnel plunged, and post-RIF voluntary separations remained as high
as they had been during RIF action.*!

The RIF also had unanticipated ramifications. Many of those who received
notices under the Center’s original RIF plan were able to keep their jobs by the
time Marshall implemented the RIF late in March, and voluntary departures
and court action decreased management’s ability to control the RIF. Marshall
later estimated that it missed the planned post-RIF mix of skills by 47 percent.
Management worried that its ability to deal with personnel issues might be
impaired by the union’s new image as a strong defender of employee rights.
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The reductions also had an impact on the Huntsville economy. Approximately
480 people outside the Center lost their jobs as a result of the Marshall action.
Local payrolls declined by $3.4 million a year, and retail sales declined by
$1.6 million.*> Prime contractor manpower in Huntsville dropped even more
precipitously than Marshall’s Civil Service employment, falling to less than a
third of what it had been four years earlier.*

Reorganizing for the Post-Apollo Era

The dramatic personnel changes introduced a new dimension to the “Marshall
problem” by the summer of 1968. Marshall’s manpower continued to erode
through attrition after the RIF, and NASA expected it to fall below 6,000 by the
end of the year. Reductions at the lower levels had not been matched by corre-
sponding adjustments in upper management. The Center was becoming top
heavy, with an administration still geared to maximum workload. Headquarters
worried that “the current Marshall structure does not recognize the program
and operating situation under which Marshall activities will be conducted over
at least the next several years.” Headquarters directed Marshall to cooperate
with a NASA team in a review of the Center’s organizational structure.*

The request raised fundamental questions about NASA planning, Marshall’s
future, and the relationship between Centers and NASA Headquarters. The idea
originated in NASA’s Organization and Management section rather than in the
OMSF, Marshall’s administrative superior. NASA seemed to be losing its sense
of direction, with manpower and budget considerations driving program deci-
sions. Von Braun questioned “the need for an analysis of the current organiza-
tional structure without even mentioning the requirement for an assessment of
this Center’s future tasks which must obviously be addressed first.”*

The environment of the Apollo phasedown altered Center relations with Head-
quarters. Center autonomy had been the rule during Apollo, continuing a tradi-
tion that extended back to NACA. “The NACA figured that all Headquarters
needed was somebody to go over to the Treasury to get the money,” one veteran
of the early space program recalled. “Wisdom is in the field, not in Washing-
ton.”” Georg von Tiesenhausen described Marshall’s attitude in the early years
as “just give us the money, we were the boss.”** Apollo, with its clear-cut divi-
sion of authority, precise sense of mission, and end-of-the-decade timetable,
perpetuated Center autonomy. Headquarters had “to interface with the

144



BETWEEN A ROCKET AND A HARD PLACE

Congress, interface with the OMB, [and] set policy,” Kraft conceded, but the
Centers neither needed nor wanted direction from Headquarters.*” One study
of NASA management during the 1960s concluded that “Most planning, and
almost all that mattered, was carried out by the Centers and program offices,
not by Headquarters staff offices reporting to the Administrator.”” Only occa-
sionally—as in the case of Mueller’s all-up testing decision—did Washington
intrude. “Quite a few of us originally thought that all the directions from Wash-
ington should come through Dr. von Braun so that he is informed about what is
going on,” von Braun deputy Eberhard Rees explained. Marshall had “always
thought that nobody from the outside should actually rule into our place here
but through Dr. von Braun.™!

As budgets, personnel limitations, and the uncertainties over future programs
began to drive NASA decisions, authority shifted from the Centers to Washing-
ton. NASA began to set policy based on available resources rather than on
program goals. With Great Society programs and Vietnam competing for funds,
Congress began to challenge the Agency’s budget. Moreover, post-Apollo Pro-
grams were vulnerable and unlike the lunar landing program were not blessed
by any aura of national prestige. External pressures forced Headquarters to
assume a new controlling role and make decisions that had been unnecessary in
the boom years. NASA, despite Webb’s reservations about the value of such an
Agencywide enterprise, established a Planning Steering Group to review long-
range plans, and OMSF established a Cost Reduction Task Force.> The burden
fell on the Centers, and Marshall was the first to move into a less certain post-
Apollo world.

Marshall’s size, its manpower predicament, and the doubts about its future placed
the Center at focus of a NAS A end-of-the-decade self-examination. The Center’s
future had been under review for four years, and with uncertainty now an
Agencywide phenomenon, Marshall’s destiny was doubly in doubt. Von Braun’s
usual optimism could not withstand fear that he was presiding over the disman-
tling of his dream, and he occasionally lashed out. He described his mission as
scrapping a vital industrial structure, and claimed that the goal seemed to be to
ensure that there would be no capability left by 1972.5* He decried the “rapidly
deteriorating environment in our industrial complex,” and feared that compla-
cency about space research, scattering of subcontractors, and pressures to re-
duce costs were creating a “hazardous situation.”*
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The Headquarters requirement for a new Center organization typified the new
NASA of scarcity and bureaucracy. Marshall had reorganized before, but the
initiative had always come from within the Center. Now, von Braun reacted to
circumstances beyond his control. He feared “irreparable damage to a working
team that has been built up over a number of years,” and asked Headquarters to
grant him time to reconcile the Center’s loss of manpower and change of mis-
sion before initiating precipitous changes.”® He conceded that Marshall would
have to realign its workforce in order to get future space projects.*®

Within two months, Marshall developed a reorganization plan that responded
to the Headquarters mandate and prepared the Center for changing times. Von
Braun and some of his closest advisers worked out the basic plan on a hide-
away at Jekyll Island in Georgia in the late fall of 1968. Particularly influential
was William R. Lucas, Marshall’s director of propulsion and engineering, who
proposed a Program Development Organization to centralize planning at
Marshall. Von Braun explained that the new organization would “help chart the
course for this Center in the post-Apollo period,” and he appointed Lucas as
director.”’

Program Development’s planning process was unique in NASA. No other Cen-
ter had Marshall’s problems; no other Center needed something like Program
Development. Marshall’s managers reasoned that planning during the Apollo
Program had suffered because laboratories and line personnel were too busy
working on Saturn to attend to new projects. Maintaining line and lab attention
was worsened by the long lead time between preliminary design and final de-
velopment of a big science project. Therefore Marshall’s managers separated
planning from doing and new business from old. Program Development was,
as Lucas recalled, “a new business organization,” a central office to design and
sell new projects and ensure that the organization would never run out of work.

The staff of Program Development consciously acted as business people and
quickly became Marshall’s entrepreneurs. Indeed von Braun referred to Lucas
as his “vice president for sales.” Like a business, Program Development stud-
ied the technical capabilities of the Center in order to find its marketable skills.
They found that building rockets was so complex that Marshall had skills not
only in propulsion but in general engineering, management of large systems,
big structures, strong and lightweight materials, guidance and control, comput-
ing, power, and astrophysics. Next the office sold Marshall by seeking new
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customers in the scientific community. The selling was often difficult because
many scientists doubted the Center’s skills. Bob Marshall recalled that scien-
tists often felt that “here is this group coming from the South, from Alabama
with this funny talking language, trying to get into science.”®

Even when customers were sold on Marshall, Program Development was not
done. The office still had to assess feasibility, compare alternative proposals,
develop preliminary designs, define support requirements, perform cost analy-
ses, forecast NASA funding, and finally recommend the best projects to Center
management. Marshall said that Program Development had to sell projects to
outside groups (“We can do it”) and to Center managers and engineers (“You
can do it”). If management consented, the Center then solicited Headquarters
for the final sale.”’

At times the transition between Program Development and project offices en-
countered difficulties. Project offices found Program Development’s oversight
intrusive. “Some of our worst problems grew out of sending PD people who
were not skilled managers over to a project office to lead a major project,”
recalled George McDonough, who saw several such instances during his work
in project offices.*” Program Development people sensed resistance in the project
offices, and believed that project officers and laboratory personnel could lack
understanding of and commitment to the new project; they could experience
the “not-invented-here syndrome.” To overcome this hand-off problem, Lucas
and Program Development created pre-project teams. Headed by a pre-project
manager, each team drew line personnel from the laboratories and worked on
the first two parts of NASA’s phased project planning, Phase A (preliminary
analysis) and Phase B (definition). In the process, the pre-project team medi-
ated between experts outside NASA and engineers in the Center. When the
project got a “new start” and moved into Phase C (design) and Phase D (devel-
opment/operations), the preliminary design team formed the nucleus of a for-
mal project office.®*

Program Development became an important source of projects at Marshall in
the seventies and eighties. The office oversaw the Center’s diversification from
Saturn into Shuttles and satellites, solar energy and coal mining, telescopes and
materials processing. When projects came out of individual efforts in the labs,
Program Development often institutionalized them.* The resulting diversity
created a new identity for the Center and would give it unique problems.
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The other major change introduced during the 1968 reorganization was cre-
ation of the new post of associate director for science, acknowledging the im-
portance space science would play in Marshall’s future. Stuhlinger became the
first to hold the position. Von Braun described him as the “scientific conscience
of the Center,” and directed him to work closely with the scientific commu-
nity.®> The new directorates fell directly below von Braun’s two chief deputies,
Rees and Harry Gorman.

Reorganization alone could not address all the Center’s problems. The Center’s
appropriations were less than half of what they had been four years earlier.*
Manpower continued to drop, pushed lower by hiring freezes, attrition, and low
replacement ratios; by the end of 1968, Marshall’s permanent Civil Service
strength had fallen by more than a thousand positions since its peak four years
earlier.’

Reductions eroded Marshall’s historic strengths. Von Braun scrambled to find
ways to maintain rudiments of the arsenal system. The Center reassigned wage
board employees and technicians to replace support service contractor person-
nel for testing and quality surveillance, and retrained engineers who had been
serving in management. Von Braun informed Mueller, “Our goal is to achieve a
systems engineering capability in-house which will permit us to review in depth
the design concepts of our stage contractors; and the technologies associated
with the manufacture, test, quality maintenance, and reliability assurance em-
ployed by our current and future prime contractors.” These skills had been
the foundation of Marshall’s success in the 1960s; once lost, such skills would
be difficult to regain in a time of retrenchment.

Charting a New Course

NASA’s directive requesting Marshall to reorganize was but part of a larger
Agency effort to chart a future course. NASA’s prospects at the end of the
1960s were unclear. The Apollo 11 Moon landing in July 1969 culminated a
national quest, and public interest in space waned. Ever-tightening budgets con-
stricted vision, and changes at Headquarters brought in leaders with new goals.

Three changes at the top of NASA management had a substantial effect on

Marshall. Administrator Webb resigned in the fall of 1968, and his deputy Tho-
mas O. Paine took over as acting administrator. Webb’s resignation would
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affect the Agency in countless ways over the years, but of more immediate
impact on Marshall were two changes in the next echelon of NASA manage-
ment. In November 1969, NASA announced that Mueller would retire as asso-
ciate administrator for MSF, and that George Low, Apollo manager at MSC,
would become deputy administrator.

Mueller, who left NASA to go into private industry, was best remembered at
Marshall for his Saturn all-up testing decision, but as head of OMSF he had
helped shape the Center in the late sixties. Presiding over NASA’s two largest
Centers—Huntsville and Houston—Mueller exploited their rivalry. “I think he
played Johnson Spaceflight Center (JSC) and Marshall against each other,”
claimed Kraft. “He did that purposefully. I think he was Machiavellian in that
respect.” At a time when Marshall was declining, however, Mueller tried to
prevent reductions from unduly crippling the Center, and emerged as some-
thing of an advocate. Houston sensed favoritism, and Kraft suspected that
Mueller showed partiality because “he could tell Marshall what to do and they
would do it.”® Lucas agreed that Houston’s intransigence influenced Mueller,
and that as a result “Mueller did lean a little bit more to Marshall than to Hous-
ton, although I don’t think that it was distorted.””

George Low’s arrival in Washington signaled a change in environment, for if
Mueller was in any sense Marshall’s advocate, Low was Houston’s. Low had
served at Headquarters during NASA’s first six years, and said later that during
that period “I considered myself Bob Gilruth’s representative in Washington.”
Like most of his colleagues in Houston, Low resented Mueller for his alleged
Marshall bias. Just months before he became deputy administrator, Low claimed
that MSC had always taken the lead on key Apollo decisions, and “as a Center
it has generally prevailed, more often than not against Dr. Mueller’s desires.”
He also shared the self-confidence that hallmarked Houston at the height of
Apollo, and claimed “We have better people than will be found at the other
Centers.””" Marshall had a high regard for Low, but as the Center’s problems
deepened after 1969, Huntsville often saw him at the source.”” Discussing the
Marshall dilemma of the late sixties and early seventies, von Tiesenhausen re-
called that “One Headquarters name pops up all the time in this context. George
Low. He was von Braun’s adversary.””

Paine inherited control of a NASA in transition. More committed to long-range
planning than his predecessor, he announced an ambitious agenda for the Agency
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despite fiscal constraints. After the inauguration of Richard Nixon, Paine got
little support from an administration Jess committed to space. A Democrat who
always felt like an outsider in the administration, Paine nonetheless convinced
the President to review national space policy.” Nixon appointed Vice President
Spiro T. Agnew to chair a Presidential STG and develop a plan for America’s
next decade in space. The composition of the STG posed problems for the
Agency. Its members included not only Paine and former NASA deputy ad-
ministrator Robert Seamans, but the President’s Science Advisor, Lee DuBridge;
and placing planning for space in the hands of an external group decreased
Agency leverage.

Formation of the STG enabled Paine to promote planning within NASA, for
the Agency’s suggestions would weigh heavily. Paine requested recommenda-
tions from field units, and at Marshall the new Program Development office
headed by Lucas formulated the Center’s response. The resulting Integrated
Space Program showed how the Agency struggled to retain broad vision while
recognizing budget limits: its “transcendent objective” was to “maximize space
flight while minimizing funding requirements.” Marshall’s Program Develop-
ment report acknowledged that “The dominating criteria in the development of
new systems is to reduce the cost of space flight.””

Although the Centers contributed to the Integrated Space Program, Headquar-
ters centralized the planning, and decision making again shifted away from the
Centers. Mueller had been working on Agency plans long before Webb’s resig-
nation; a 1967 BellComm study under his direction had first targeted Mars as a
post-Apollo goal for the manned space flight program.” “This integrated plan
was pretty much Dr. Mueller’s own activity,” von Braun recalled. “It did not
grow in the grass roots of the Centers, but it was something that he created with
his Headquarters staff.””” Both Marshall and Houston considered some of
Mueller’s cost projections unrealistically low.”

The Agnew STG September 1969 report was a “partial victory” for NASA
administration. The report recommended both manned and unmanned missions,
and a manned Mars mission before the end of the century. But the report did
not commit the administration to anything, not even a specific target date for a
Mars landing. Its suggested funding levels were merely alternatives, and within
months the President endorsed the cheapest alternative and dropped mention of
the Mars mission. In the end, NASA had discrete programs—scientific

150




BETWEEN A ROCKET AND A HARD PLACE

satellites and probes, Skylab, and a reusable Shuttle. But unlike the Apollo years,
the Agency had no over-arching goal, “no post-Apollo space program.™”

If the STG report did not commit the administration to an extravagant space
program, neither did it forestall NASA’s ambitious expectations. But all of
NASA'’s plans were now constricted by the politics of budgets, and even the
most visionary projections could not avoid the question of money. In the same
month that the STG submitted its report, Mueller told von Braun of his hopes
for manned space flight, including regular human visits to the Moon by the end
of the 1970s at costs substantially below those of Saturn. He envisioned a Space
Station and a reusable transportation system, programs that might lead to pi-
loted trips to Mars and Venus in the 1980s. Mueller tempered his optimism
with a caveat that was more predictive of the Agency’s future: “Costs are of
paramount importance. Unless we can substantially change our current way in
doing business we will not be given the opportunity to demonstrate the unique
capabilities that space provides.”

Cutbacks and the Huntsville Economy

NASA budget cutting burst Huntsville’s space bubble. The city’s Apollo boom
became a post-Apollo bust. Signs of decline were already apparent by 1968.
Restaurants were still busy at lunchtime, but dinner business was sparse. Sales
were down. Unemployment rose. The real estate market suffered. Four motels
had closed. Apartments had vacancies in a city that had waiting lists for motel
rooms a few years earlier. People worried about whether the city could re-
bound. A laid-off engineer offered that “If they ever want to build it back up
again it is going to take a lot of time and cost a lot of money.”®!

Amidst the gloom, some found grounds for optimism. Huntsville’s economy
was more diversified than it had been 10 years before. The Huntsville Indus-
trial Expansion Committee, founded after World War I1, had seen the city through
previous cycles of boom and bust, and had promoted growth that was not solely
dependent on the Federal Government.*” In 1969, the committee could boast
that it had just lured four major plants with no connection to the space industry
to Huntsville.¥® A real estate salesman offered that “It may be that we profited
from experiences of many years ago that have nothing to do with the space
program.” Paul Styles, in charge of manpower at Marshall, explained that *“Von
Braun helped to get Huntsville prepared years ago. He told the community
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leaders at every opportunity that they should broaden their economic base here,
that they should get in more industry, that they should not be a one-industry
town.”™

Diversified or not, Huntsville’s economy still rested on the town’s two federal
installations, Redstone Arsenal and Marshall. Marshall was not alone in feeling
the uncertainties of federal funding in the late 1960s, for the 1,200 Redstone
employees working on the Anti-Ballistic Missile defense system saw their jobs
at stake in Congressional debates over limited ABM deployment. Civic leaders
put their faith less in diversification than in a gushing federal spigot. One col-
umnist observed that Huntsville had “an almost mystical faith” that Congress
would not allow its considerable investment in steel and concrete go to waste,
and that von Braun would not let the city down, but would “pound on desks in
Washington until fresh money for more big programs is allotted.”

End of the Von Braun Era

Von Braun would indeed be in Washington, but not as a lobbyist for Marshall.
Paine stunned Huntsville by announcing on 27 January 1970 that the man who
had directed Marshall since its inception would move to NASA Headquarters
on | March and become associate administrator for planning, the fourth-
ranking position in the Agency. Paine wanted von Braun to help promote a
Mars mission as NASA’s next major goal, although von Braun had reservations
about the Agency’s ability to sell another large program to Congress.*

Speculation about why von Braun chose to accept Paine’s offer abounded. The
frustration of the post-Apollo phasedown, the hope that he might have a larger
role in determining NASA’s future in Washington, and his rapport with Paine
were factors. At Headquarters he would be less pressured by daily crises. “T"ve
spent ten years doing what was ‘urgent,”” he explained, “and regrettably not
doing what was ‘essential.””” Close associates believed that his wife may have
influenced his decision.®® That von Braun was on a seven-week vacation to the
Caribbean when Paine announced the move increased consternation in
Huntsville.

Von Braun appeared before Marshall executives on 2 February wearing a beard
grown on his vacation, and told them, “T am leaving Marshall with nostalgia. I
have my heart in Marshall. I love this place.” He assured them that “the future
of Marshall is the brightest of all NASA Centers.”*’
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Huntsville declared “Wernher von Braun Day” on 24 February. Five thousand
people turned out in cold, drizzly weather to bid farewell to him. A banner
across the grandstand read “Dr. Wernher von Braun—Huntsville’s First Citi-
zen—On Loan to Washington.” The city announced that its new $15 million
civic center would be named for him, and unveiled a granite marker citing some
of his achievements. Supporters established scholarship funds in his name at
Alabama A&M University and the University of Alabama in Huntsville. The
Huntsville Times lauded his contributions to the city’s culture, education, and
economy, and concluded, “Dr. von Braun leaves this community bigger and
better than he found it.”*"

Von Braun’s decade as Center director left an imprint on Marshall that is diffi-
cult to gauge, in part because he was a figure of legendary proportions. In the
public imagination, his own role in the early years of America’s space program
overshadowed the Center. But Marshall took on a distinctive character under
von Braun.

Von Braun’s approach to management comprised an important part of his legacy
to the Center. A blend of techniques applied at Peenemiinde and the methods
used by the American Army during the ABMA days, von Braun’s organization
was hierarchical, disciplined, conservative. Apollo veteran Bob Marshall
described “a very conservative overview in management technique which went
through the whole organization and even prevails today.”' Not surprisingly,
those who were part of von Braun’s inner circle remembered it as a creative
system. Many of the Germans who immigrated with him remembered team-
work as one of his most lasting legacies. “This team spirit that Wernher von
Braun promulgated in his days still permeates the working laboratories at the
Marshall Center,” according to von Tiesenhausen.” Some of those who were
lower in the hierarchy saw things differently. Von Braun’s weekly notes brought
forward “problems and bad things—very few good things got surfaced,” ac-
cording to Bob Marshall. “Nobody at the bottom really felt free to do anything
unless he got it approved from the next level up, the next level up, the next level
up.”” One assessment criticized the notes as creating “an almost iron-like dis-
cipline of organizational communication.”

Whatever Marshall’s acknowledged discipline and engineering skills, the
Center’s reputation for managerial excellence was not as high. Headquarters
considered NASA’s managerial expertise to rest at Houston. Bob Marshall
recalled that Headquarters considered Marshall a “very good technical
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organization, but a poor management organization.”” Von Braun’s managerial

technique contributed to this image. A 1968 study described von Braun as a
model for the “reluctant supervisor” typical at Marshall—one who wanted to
keep his hands dirty, and avoid red tape and committees.”

During the von Braun years, Marshall acquired a reputation for secrecy. “We
were rather closed in regard to talking with reporters, journalists,” von
Tiesenhausen admitted. ““That was a general policy then. It helped Von Braun
to maintain his options.”™’ Some of the younger engineers found this stifling,
and one recalled that “People would not go outside the Center and say what
they thought if they thought it was different than what management would want
you to say. You were very careful. It was as if you did something wrong, you
would be banished.””

Such caution was but a manifestation of the Center’s defensiveness under von
Braun. Marshall’s defensive posture during the post-Apollo retrenchment was
to be expected, but it had become a characteristic of the Center long before
cutbacks began. Von Braun had always been an outspoken advocate for
Marshall’s position, but only to a point. He would back down rather than risk
division, and did so several times in confrontations with Headquarters or other
Centers. Marshall was a “good soldier,” sometimes to its detriment. Key deci-
sions, such as to make Huntsville’s LOR in Florida an independent Center, to
shift from the arsenal system to the Air Force contracting system, and to favor
LOR over EOR cost Marshall. Mueller’s “all-up testing” concept ran against
the grain of Marshall’s traditional engineering conservatism, but von Braun
accepted it after voicing initial objections. Kraft noticed von Braun’s unwill-
ingness to go beyond a certain point in intercenter disagreements.” And Lucas
noted the difference in relations between Washington and NASA’s two largest
Centers: “Headquarters would try to tell Houston what to do and they would
ignore it. They just wouldn’t do it. Marshall would argue until they were blue in
the face, but then they would go ahead and do it.”"*

Von Braun’s conciliatory attitude owed in part to the wartime origins of
Marshall’s German hierarchy. Seldom stated openly, it was from the start an
unspoken presence in discussions with Headquarters. When the ABMA’s Ger-
mans joined NASA, headquarters made clear that they could not bring their
operating principles with them; Deputy Administrator T. Keith Glennan averred
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that those principles would not work in a democracy.'” Charges regarding the
Nazi past of Huntsville’s Germans cropped up—with decreasing frequency—
but enough to keep the issue alive, and enough to compel von Braun and his
associates to maintain a “proper” humility. A film biography of von Braun in
the early sixties entitled “He Aims for the Stars™ inspired critics to add the
subtitle “But Sometimes Hits London.”” In the mid-sixties an East German
publication accused von Braun of militaristic and bloodthirsty activities both in
Germany and in the United States, and received some attention in the U.S.'®
Von Braun’s relationship with Webb had always been proper but distant, and
was tinged with the Nazi question. Paine claimed that Webb wanted to keep
von Braun out of Washington: “I think Jim had the feeling that, well, the Jewish
lobby would shoot him down or something. The feeling that basically you were
dealing with the Nazi party here. And you could get away with it if he were a
technician down in Huntsville building a rocket, but if you brought him up
here. . . . "'* Charles Sheldon, White House senior staff member of the Na-
tional Aeronautics and Space Council in the early 1960s, remembered the re-
sentment toward von Braun in Washington. People discounted rumors that von
Braun might eventually head NASA, since “von Braun would never be given
any political position. No one who had worked with Hitler and the Nazi gov-
ernment could be trusted.”!®

Webb could be patronizing, reminding von Braun that he was subordinate.
During the civil rights crisis in the sixties, Webb lectured von Braun about the
need to place a priority on progress in civil rights although it might divert atten-
tion from the Center’s major task, even though von Braun had already taken
action in advance of Headquarters interest. NASA executives resented von
Braun’s high profile. “When Von Braun appeared at certain occasions—sym-
posiums, meetings at Headquarters—he, rather than the upper administrator,
was the center of attention,” von Tiesenhausen observed.'”® Webb once warned
von Braun that his speeches contained overly optimistic projections of NASA
capabilities, creating unrealistic expectations of what the Agency could
achieve.'” Later, Webb restricted the number of paid public appearances von
Braun could make each year to four, and required that he submit a list of speak-
ing engagements to Headquarters for approval. In each case, von Braun apolo-
getically accepted direction. These were small matters, but they established
subordination beyond what Marshall’s principal rival in Houston would accept,
and a perception in Houston and Washington of Marshall reticence.
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Examination of the von Braun legacy invited comparison with Houston, the
other major manned space flight center. Even in appearance, the two Centers
revealed their contrasting origins. One Marshall veteran contrasted the differ-
ence between Marshall’s “gun-metal gray, plain jane buildings” and Houston’s
“college campus atmosphere.”'® The looser, freer environment at Houston
showed in differing approaches to NASA business. Bob Marshall remembered
giving presentations in Washington with letter-perfect charts that had been dry-
run at least three times, often before von Braun. “My counterparts from Hous-
ton or Kennedy would come in with charts that they made up on the way on the
airplane,” he recalled.'”

Under New Management: The Rees Directorship

Von Braun’s departure left his
deputy for technical and scientific
matters, 62-year-old Rees, as
Marshall’s director. Rees was
older than von Braun, and the two
had anticipated that Rees would
retire before von Braun would
leave Marshall.""” Von Braun’s
departure took everyone by sur-
prise, however, and thrust Rees
into command.

Rees had been at von Braun’s side
since Peenemiinde, and provided
continuity needed in a time of
stress. He had the respect of von
Braun’s staff. “He knew us and

Dr. Eberhard Rees, Marshall Space Flight
Center Director, 1970-1973.

we knew him,” Stuhlinger re-
called. “So that was a very easy
transition for both parties.”""
Rees’s talents were very different from von Braun’s. Von Braun was a vision-
ary, a politician, a motivator. Rees had none of von Braun’s charisma, but he
was precise, practical, and a better disciplinarian than von Braun. Their col-
laboration had worked well. “The two complemented each other perfectly,”
according to von Tiesenhausen, who worked with them for more than two
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decades."” Von Braun would originate ideas, Rees would carry them out.
“Eberhard was the much more careful person,” according to Konrad Dannenberg.
Although he was seldom “looking as far ahead as Von Braun, . . . he was a
really good man to do the detail planning, to find out what facilities do we

need, what people do we need.”'"?

Rees believed in centralized management. He reflected that one of the lessons
of Apollo was the need to assign “all responsibility to single organizational
management structures pyramiding into a single strong personality.” Apollo
had succeeded, he believed, because of “government-industry teams,” but there
remained a need for “contractor penetration” since industry’s desire to work
with only minor intervention by the government had led to “too many cases of
severe program impact.”''*

The characteristics that made an ideal deputy did not necessarily correspond to
those needed for a successful Center director, and Rees had the misfortune of
assuming control of Marshall at the most difficult time in the Center’s history.
Succeeding a man of von Braun’s stature added to the challenge, as Rees ac-
knowledged when Paine introduced him as the new director to Marshall execu-
tives at Morris Auditorium. “Becoming the successor of Dr. von Braun is tough,”
Rees said, *“ and I'm convinced that anyone who would have got this position
would have problems to live up to the standards of Dr. von Braun.”''s

Under Rees’s leadership, Marshall followed the path charted by von Braun.
The Center continued work on Skylab, and increased its involvement in space
science. Astronomy became a Marshall specialty, as the Center began develop-
ment of the Apollo Telescope Mount for Skylab, the Large Space Telescope,
and the HEAO. Marshall developed life science and Earth resource experi-
ments for Skylab. Rees was a top-flight engineer, and had the engineering prob-
lems associated with Apollo Applications and space science been his only
challenge as director, his talents would have been suited to his responsibilities.

But Rees’s administration would be consumed by the continuing phasedown
that had confounded Marshall in the late 1960s. Rees soon confronted difficul-
ties that even von Braun had been unable to master, for Marshall’s retrench-
ment was not over. The Nixon budget for Fiscal Year 1971, announced just
days after Paine presented Rees as the new Center director, seemed to offer
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Marshall a respite. Marshall would only lose 60 positions, which could be ab-
sorbed by attrition. And overall Marshall funding would actually increase. But
as Congress began to debate the budget, rumors of deeper cuts circulated. Rees
tried to allay fears in an open letter to employees, but both House and Senate
proposals threatened NASA with personnel reductions that could have affected
as many as 1,300 employees.''®

RIF Redux

On 15 July 1970, NASA Headquarters informed Marshall that it would have to
institute another RIF to reduce its manpower to 5,804 Civil Service employees
by 1 October. The Center issued RIF letters to 190 employees. Of the 190
employees separated, 99 left voluntarily. Eighty-five other employees were
affected, either reduced in grade or reassigned. Headquarters concluded that
the Marshall RIF had gone “fairly well,” and that morale at the Center was
“fair.”""” Unlike the 1968 reduction that singled out Marshall, that of 1970 was
distributed among NASA Centers. Houston lost three more employees than
Marshall, and four Centers and Headquarters had a higher percentage of
employees affected.'®

Nearly half of Marshall’s Civil Service force belonged to the AFGE, and the
union followed Center actions closely. However, unlike the 1967 RIF, the union
did not initiate action against Marshall. RIF action enabled the union to grow
and to organize more effectively."” But government unions cannot bargain for
wages or strike, and except for their success in delaying the 1968 RIF, they
could do little other than to monitor management, trying to ensure equitable
treatment for employees who received notices.'” As a result, the Center was
able to execute the reduction under a “controlled environment.”'*!

Marshall’s handling of the RIF nonetheless raised legal issues. Without con-
sulting Headquarters or the union, the Center had changed competitive desig-
nations of some employees in order to avoid the appearance of releasing
personnel who were doing jobs performed by support service contractors. By
increasing the number of job descriptions, Marshall could make it appear that
employees who were doing similar work were performing different functions,
and could then hand-pick those who were to be dismissed without fear of
veteran or seniority protection.'” Headquarters anticipated possible unfair
labor practice charges from the AFGE, and in fact the issue would rise again as
the 1967 RIF action found its way through the courts.'”
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The impact on employees who were released was greater than it had been dur-
ing the 1968 RIE. The Huntsville economy was weaker, and fewer of those
forced to leave were able to find new jobs in the local area. In four years, Hunts-
ville had lost 11,000 space and defense related jobs, and unemployment was at
its highest level in 10 years. Thirty-three of those affected filed appeals with the
Civil Service Commission, and 10 percent wrote letters to congressmen.'**

Among those affected by the RIF were a dozen German members of the von
Braun team who had come to the United States immediately after the war. Seven
of them lost their jobs, leaving only 38 still working at Marshall. Six of the
seven were especially vulnerable, since they had chosen to remain in “excepted”
status rather than become Civil Service employees at the time they became
citizens, and none had the protection afforded by American armed service vet-
eran status. All non-veterans were especially vulnerable at Marshall, since the
Center had a higher percentage of veterans than its sister Centers. Given their
ages and the depressed condition of the aerospace industry, prospects for jobs
were slim, and they were bitter. “How would you feel?” asked Werner G. Tiller,
one of the dismissed engineers.'” Robert Paetz, one of the members of von
Braun’s team, had to accept reduction in rank from GS-15 to GS—12, and then
lost his job in the next RIE. He filed an age discrimination suit against the
Center that was not settled until 1988, when the court upheld the Center’s RIF
procedure. '

Marshall’s ordeal continued. On 27 January 1971 the Center learned that it
would have to undergo still another RIF. President Nixon’s budget for Fiscal
Year 1972 called for a reduction of another 1,500 NASA employees, of which
Marshall’s share was anticipated to be 297."%7 In July the Center proposed a
plan to OMSEF for the separation of 241 people, hoping to meet the remaining
quota through attrition. Headquarters reduced Marshall’s quota in an effort to
minimize the impact on ongoing programs, and on 16 August, the Center is-
sued notices to 183 employees. Before executing the RIF, the Center was able
to salvage 42 positions of experienced technical personnel, promising to cover
those reductions through anticipated attrition. The Center dismissed 141 per-
manent employees through RIF action on 2 October.'*

The following year, Marshall had to endure another RIF, the fourth in five years.
In June 1972, the Center lost 131 employees to RIF proceedings, and another
90 to other causes. Its Civil Service manpower fell to 5,377. The average age of
its employees had risen by three years since the first RIF.'*
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Losses devastated the Center. Contractor strength declined even faster than Civil
Service manpower. Marshall had lost 65 percent of its peak total manpower
resources by early 1972. Rumors circulated, including one that 1,000 Marshall
employees would be transferred to Houston, and morale plunged.'*® The
Center expected further reductions, and the ability to use attrition to effect
reductions declined each year; RIFs would have to be larger in the future.
Prospects were so grim that the Center began to consider deeper RIFs as a
means to restore vitality through hiring."*'

Rees feared that continued losses would destroy whatever remained of the arsenal
system. “I strongly believe that we have now reached the minimum acceptable
level in Civil Service employment at MSFC,” he told Headquarters in December
1972. “We absolutely need a period of no further strength reduction in order
that we can better assess our situation and rebalance our skills from attrition.”
He argued that the Nixon administration’s philosophy of reductions would lead
to a situation in which industry, rather than NASA, would chart the nation’s
future in space. Without preserving the technical skills of its engineers and
scientists, the Agency would no longer be able to evaluate and monitor
contractors.'*

Marshall had not been the only installation affected by reductions, and tension
between the Centers and Headquarters increased. NASA conducted an internal
survey of attitudes of the Centers and Headquarters toward one another at a
meeting of Center directors in the fall of 1972, focusing on the impact of
“institutional aging.” Center personnel complained about growing Washington
bureaucracy, strangling red tape, declining Center autonomy, and failing
communications. Headquarters criticized the Centers for shortcomings that
reflected the impact of reductions. By far the most frequent criticism of the
Centers was the lack of new talent coming in, a problem that Marshall had been
battling since the 1968 RIF. A complaint about obsolete organization (“structured

2.

for yesterday’s program, not today’s”) also targeted Marshall’s dilemma.'*

The appointment of a new NASA administrator offered little hope that Marshall’s
problems might be alleviated. James C. Fletcher took command in 1971
following the resignation of Paine and a brief interlude in which George Low
served as acting administrator. A Republican businessman, Fletcher lacked
influence in the administration, and could not sell space to the White House.'**
Marshall could expect little relief from an administrator who considered Civil
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Servants less efficient than contractors.'” Although Fletcher fought hard to
preserve funding for the Shuttle Program, he accepted reductions in other
programs to preserve the Shuttle. Cost cutting became paramount, and overall
operations at the Center suffered.

Budget battles with Washington proved wearing to Marshall Director Rees. On
17 November 1972, he spoke to Center employees in Morris Auditorium in an
address that amounted to his valedictory, for he would announce his retirement
the following month. “We have gone through some trying times together,” he
told them, “but we have survived these stern and sometimes anguishing ordeals
without any great impairment of our performance.” He announced another
reorganization, one more suited to a scaled-down Center and diversified scientific
missions. He tried to put Marshall’s ordeal in the best possible light, claiming
that “nothing in the basic intracenter relationships has changed,” and that “our
in-house capability remains.” But he acknowledged budget pressures, and
concluded that the NASA had to “either find low cost routes to our objectives
or these objectives will dry up or be reduced in scope to the point where our
proud space program will wither and America’s significant space achievements

will be just a memory.”'*

An Outsider Takes the Reins: Rocco Petrone as Center Director

Rees announced in December that he
would retire in January 1973, three
months before his 65th birthday.
Headquarters selected Dr. Rocco
Petrone, head of the Apollo lunar
program, to succeed him. Although
Petrone had served with ABMA, he
was the choice of neither Rees nor von
Braun. Von Braun had worked with him
when Petrone had been launch
operations director at the Cape during
Apollo, and considered him too
parochial, more concerned with
Kennedy’s independence than with the

program. Von Braun and Rees both Dr Rocco A. Petrone, Marshall Space
preferred Lucas, then Marshall’s Flight Center Director, 1973—1974.
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technical director. Von Braun had told Lucas in 1968 that he wanted Lucas to
become Center director. Both Rees and von Braun had expected Rees’s tenure
as director to last only two or three years, and that Lucas would then move
up' 137

Petrone, the husky son of Italian immigrants, had played football at West Point.
He had served with the Army Corps of Engineers after leaving ABMA, and
supervised construction of launch facilities at the Cape. He became launch
operations director at Kennedy Space Center after resigning from the Army in
1967, and had been the director of the last six Apollo flights. One of his
colleagues at Kennedy described him as hard working and hard to get along
with, explaining that “Nobody crosses him. I mean nobody.”*

Why had Headquarters sent an outsider to Marshall? The Center’s trials were
not yet over, and Washington believed an outsider could preside over further
retrenchment dispassionately. Deputy Administrator Low, the Agency’s highest-
ranking official with long NASA experience, saw the need for further tightening.
Kraft believed that Low wanted “somebody strong and very virile. Somebody
that could raise hell and cut throats and that sort of thing. He wanted somebody
like that and saw it in Petrone.”'*

Marshall’s remaining members of von Braun’s German team bore much of the
burden of reductions, and it is not surprising that some believed they had been
singled out. They considered Petrone a “hatchetman,” sent by Headquarters to
clean house. “He literally threw out the whole von Braun team out the door,”
claimed von Tiesenhausen, whose own situation was one of many wrenching
stories. “I was not eligible for retirement at that time, so I was demoted, which
was one of the blackest days of my life. My whole pride was attacked, because
I had always thought I had done a good job,” he recalled. Others went through
similar experiences, and he remembered some being reduced four or five
grades.'*

NASA’s austerity program became even more stringent during Petrone’s brief
stint as Center director. Nixon’s budgets continued to reduce funding for space.
Even as Petrone prepared to assume control of Marshall, one observer described
the Agencywide impact of new budget proposals, predicting “There’s going to
be some blood letting.”"*!
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RIFs became an annual exercise. Marshall lost another 199 employees in 1973,
97 of them terminated under RIF proceedings. While other manned space flight
centers also experienced reductions, none bore as much of the burden as
Marshall, which had absorbed 81 percent of the personnel reductions in manned
space flight since the mid-sixties. Marshall’s personnel ceiling dropped to 4,564
in Fiscal Year 1974 as the Center experienced its sixth RIF in seven years.'*

In fact, NASA had been examining the impact of aging on the Agency for
several years.'® Marshall, with a higher average age than other Centers, was
again the focus of attention. “Because we had some people who had been in
rocketry longer than some others and we had a lot of people coming up for
retirement,” recalled Lucas, “the average-age situation made us stand out.”'*
An independent study cited NASA’s attempts to counter “‘age creep” and to hire
younger personnel, but found that some of the methods employed had not
worked. “Over-RIFing”—cutting personnel to open slots for recruits—failed
when successive RIFs forced Centers to relinquish the new positions. The study
worried that RIFs slowed promotions, forced young people of promise out, and
shunted others to less challenging jobs.'* Huntsville’s Germans were victims
of the desperate attempts of a besieged Agency to renew itself.

That the Germans thought they had been singled out, even purged, was under-
standable. Many fixed the start of the decline of the German team at the time of
von Braun’s departure for Washington, for it seemed that without his dominat-
ing presence in Huntsville, Headquarters could move against the Germans with
impunity. Von Braun’s own fate had been part of the tragedy, for his job at
Headquarters was disappointing, and with NASA’s reduced funding under Nixon,
it became virtually meaningless. He retired from NASA in 1972 to accept a
position at Fairchild Industries.

“The system forced us out,” concluded Walter Jacobi, who had to accept
reduction from a position as a mid-level branch chief to a designer in the
structures division. RIF rules, with their protection for American armed service
veterans, seemed stacked against the Germans. They dominated Marshall
management; if the Center was to develop new leadership in a contracting market,
it had to provide opportunities for advancement. Jacobi’s fellow Germans
attributed the break-up of the team to petty jealousies in Washington, reduced
national interest in space, changes in Marshall’s mission and philosophy.
Marshall’s characteristic reticence may have contributed. Karl Heimburg
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claimed that in the last years, “too much time was spent waiting for Washington
to tell us what to do. I think we were too obedient. If you always wait for an
order, that is stifling.”4

But Petrone’s assignment was not just a slash-and-burn operation. Retrench-
ment also involved reorganizing the Center for new responsibilities. “Rocco
came to Marshall to reorganize Marshall,” according to James Kingsbury, who
helped implement Petrone’s plan. Headquarters sent an outsider because reor-
ganization “was going to have serious impact on the senior management at the
Center, and unless an outsider did it, the senior managers of the Center would
not make significant impact on themselves.”'"’

Thus despite the furor over lost jobs and damaged careers, Petrone’s most lasting
impact on Marshall was not his administration of RIFs, but a May 1974 Center
reorganization. The plan centralized the Science and Engineering Directorate
and restructured its laboratories, eliminating duplication of functions
characteristic of Marshall’s labs since their inception. Kingsbury, part of a five-
man team that had worked on the plan for a year, explained that before
reorganization “every laboratory was by and large self-sufficient. It had a little
of every other lab in it.” The Center liked to describe itself as the “Marshall
team,” but because of autonomy in the laboratories, it had really been more of a
“Marshall league.”'** The changes, McDonough remembered, “stripped all the
administrative functions out of the laboratories.”'* By reforming the
laboratories, the Petrone reorganization undercut part of the old German and
ABMA engineering system.

Laboratory reorganization also reinvigorated Marshall’s matrix management
system. The use of ad hoc, problem-solving teams drawing specialists from
various labs had been used in the 1960s. But the imperial laboratories of the
Saturn years had provided an alternative to such functional teams. Experts from
one lab could work full-time on one project. With lab reform, personnel cuts,
and diversification, however, multilab teams were necessary. “Matrix manage-
ment had been talked about in the Apollo Era,” Bob Marshall said, “[but now]
matrix management had to happen.” The changes also reinforced the rise of
project offices relative to the laboratories. The labs acted as contractors to the
project offices, providing technical services and support. Lab directors, rather
than being the leaders as they had been in ABMA days, shared authority with
project officers."’
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The Petrone reorganization also signified the formal end of another Marshall
practice, the arsenal system. Petrone announced that “The in-house capability
to manufacture, inspect and checkout major hardware projects has been
eliminated.”"!' Kingsbury believed that the arsenal system had been a luxury of
the Saturn boom and that the post-Apollo bust forced NASA to end it. The
change, especially the loss of support contractors, he thought, forced Marshall’s
engineers to become less complacent and more self-reliant.'*> But most “old
hands” lamented the loss and worried that the Center was less able to monitor
contractors and achieve technical excellence. McDonough said that “we couldn’t
do anything anymore. Our shops went, our technicians went.”'**

Petrone implemented reorganization “parallel with the necessary reduction-in-
force.”'* The Center mailed a thousand letters to notify employees of changes
in position."” Simultaneous implementation of reduction and reorganization
eased the turmoil of the most dramatic internal change in Center history. “The
lab directors, by and large, were all new,” Kingsbury explained. Since the older
former lab directors had retired, “we didn’t have a lot of trouble putting it into
place.”!>¢

The Threat to Close Marshall

As reductions continued at Marshall, people inevitably began to wonder if the
Center would survive. The question had arisen informally in earlier Headquar-
ters discussions about the post-Apollo phasedown, and in the mid-1970s NASA
reopened the issue for serious consideration. “There was a good, strong possi-
bility that the Center could have been closed before the end of the seventies,”
recalled Lucas. “We came very near to it, nearer than most people know.”'’
NASA twice conducted studies that considered closing Marshall: in 1975, under
Fletcher; and again in 1977 when the Carter administration cut space funding
during Robert A. Frosch’s tenure as NASA administrator.

The challenge to Marshall’s survival resulted from further threats to NASA
manpower. By 1975, the Agency recognized that even if its budget remained
constant, it would have to reduce Civil Service strength by 5,000 by 1979. In
April 1975, Fletcher met with his staff to discuss realignment of the Centers in
the face of new reductions. They concluded that “the reduction in Civil Service
positions could be reached by closing a Center.” Fletcher assigned E. S. Groo,
associate administrator for Center operations, to develop a plan for reducing
people, saving money, and realigning the Centers."**
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For the next several months, Headquarters studied options for Center
realignment. Groo and his staff, along with representatives of the Centers,
debated the reassignment of tasks, reduction of personnel, and the feasibility of
closing a Center. Ames, Lewis, Wallops, and JPL received scrutiny, but most
attention focused on Marshall. The group developed a scenario for closing
Marshall that anticipated phasing out space science, applications, and nuclear
technology by 1978, and closing the Center in 1982. Marshall’s Shuttle and
Spacelab development would have transferred to Johnson and Kennedy, its space
science research to Ames and Goddard, its smaller projects distributed throughout
the Agency."”’

Position papers formulated for the discussion of closing Marshall considered
the Center’s strengths and weaknesses, and showed insight into Marshall’s
problems. The committee wondered whether Marshall’s “skill mismatches,”
old facilities, and its competition with Johnson for new programs met NASA’s
long-term needs. Reductions in resources for piloted vehicle development
seemed likely, and without a major new program, the Center would likely have
to be reduced even if it remained open. Constant reductions had inhibited the
Center’s future planning, but its “typically innovative” approaches were likely
to benefit Shuttle development.

Closing Marshall would have serious implications for NASA's future. It would
have been a “clear signal” that the Agency was not about to undertake ambitious
missions such as space industrialization, sending men to Mars, or colonizing
the Moon. NASA would have lost Marshall’s capacity to develop large space
systems.'®

Groo decided that closing Marshall was neither practical nor feasible. Closure
would have disrupted the Shuttle program. A required two-year phasedown
was unworkable, particularly since Marshall facilities were needed for ongoing
NASA programs. Too many programs required Marshall’s capabilities; not only
large lift vehicles, but the Space Station, space industrialization, and future
piloted planetary exploration drew on the Center’s talents. Marshall gave the
Agency flexibility; with Goddard’s workload near saturation, Marshall could
absorb the overflow. Marshall would remain open.'®!

Marshall’s respite was short-lived. When the Carter administration instituted
more cuts to NASA’s budget, the issue rose again, for as one Headquarters
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assessment noted: “Agency internal reactions are always aimed at closing MSFC
whenever an institutional crisis occurs. They have few advocates.”'®* Lucas,
Center director at the time, recalled that “we set up what we called a ‘mole-hole
operation.” We had a few key people doing strategic planning in the basement
determining how we could posture ourselves to move on. As a matter of fact,
we had made the decision early in the 70s to diversify. . . . Had we not we would
have been closed.”"® Again, the Center survived.

The Impact of Retrenchment

The decade from the mid-sixties to
the mid-seventies had been extraor-
dinarily difficult. Marshall de-
scended from a major role in one
of mankind’s great scientific
achievements to a fight for survival.
In 1975, Marshall had 4,100 Civil
Service employees. By 1978, the
figure dropped to 3,760, less than
half what it had been at peak a
dozen years earlier. Other Centers
were still growing when Marshall
began to retrench, then experienced
smaller cutbacks. In 1965,
Houston’s workforce was 57 per-
cent as large as Marshall’s; in 1975,
89 percent. Kennedy was 32 per- Dr. William R. Lucas, Marshall Space
cent as large as Marshall in 1965, Flight Center Director, 1974—1986.

55 percent in 1975.'%

Retrenchment destroyed Marshall’s attempts to increase minority employment.
Compounding the recruiting impediments imposed by Alabama’s negative im-
age in civil rights was the fact that new employees were more vulnerable to
RIFs. In 1975, only 2.6 percent of Marshall’s personnel were minorities, the
lowest of all NASA installations, at a time when NASA had increased minority
employment to 6.8 percent. Marshall’s minority employees were clustered at
low-level positions. Fifty-five percent of the Center’s minority employees did

not have a college degree, compared to 41 percent of all employees.'®
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Morale at Marshall was low not only because of the constant threat of RIFs.
Marshall ranked lowest of all NASA installations in 1975 in promotions and
quality-within-grade increases. In 1974 and 1975, the Center still had the largest
Civil Service workforce in NASA, yet its employees received fewer promotions
than any other installation. In 1974, only eight-tenths of one percent of Marshall
employees received promotions, compared to the NASA average of 11.2 percent.
Marshall’s workforce was equal to the oldest in NASA, but ranked below the
NASA average in grade, and below the other two manned space flight centers
in percentage of salary increases.'*

NASA underwent a
painful transition af-
ter Apollo, and
Marshall felt the im-
pact disproportion-
ately. The politics of
budgets drove
NASA’s agenda. The
contrast with the
1960s was telling. As
Lucas explained, dur-
ing Apollo, the per-
formance (landing on
the Moon) and the
timetable (by the end
of the decade) “were

Dr. Lucas (center) in conference.

both fixed items. The variable was funds. The schedule and performance were
fixed. They were not variables. In the seventies, the funds were the only things
that were fixed. The schedule and the performance were the variables. That is
the best way to waste money that I know of, to stretch out the schedules.”'®’

The nature of the Center had changed by the mid-seventies. The arsenal sys-
tem, the heart of the von Braun approach to development, fell victim to small
budgets and demands from the private sector aeronautics industry. “The in-
house capability of building things was given up with great reluctance. In retro-
spect, that weakened the Center,” Lucas remembered. The arsenal system “is
no longer practiced and industry doesn’t want it to be practiced because they
want to do all the work. There is merit in that argument. [ don’t knock it. But it
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does say that an agency of the government is more nearly a captive of industry
than they might have otherwise been.”!®

Marshall’s employees became monitors of contractors, rather than “dirty hands™
engineers. “There was paperwork to do rather than technical work,” according
to Walter Jacobi. Bernard Tessmann, former deputy director of the Astronautics
Laboratory, retired in 1972 because he did not “want to be a paperboy and push
paper.”'® The transition affected the entire Agency. NASA became more
centralized, more bureaucratic. One historian observed that “Increasing
centralization, contracting out and the natural forces of aging have tipped the
balance within NASA in favor of the forces of organization as opposed to the
forces supporting the original NASA culture.”'”"

The Center nonetheless had reasons for optimism that transcended its mere
survival as an institution. Marshall’s diversification had done more than allow
the Center to survive; the Huntsville Center was in the forefront of new NASA
work in space science, and continued to be one of the two largest installations
for development of piloted space projects. Even during the most arduous period
of retrenchment, individuals at Marshall made major contributions to the nation’s
space program. In 1975, only Houston exceeded the Center in the percentage
of employees receiving sustained superior performance awards.'”’ Marshall
emerged from its transition a very different organization than it had been a
decade earlier, but it was still at the center of the American space effort.

Nonetheless, Marshall’s transition had affected the Center in ways that would
not become apparent for years. One engineer reflected that cuts went deeper
than the fat and were “so austere that I think we went into the red meat.”'”* At
the time, attention focused on space spectaculars to which Marshall contributed:
lunar landings, Skylab, Apollo-Soyuz—triumphs that eclipsed institutional
developments. Decreasing budgets, pressure from aerospace firms to increase
contracts, and the centralization of NASA decision-making precipitated
traumatic changes that transformed the Center. When NASA encountered
problems in major programs in the eighties, people looked for technological
explanations and individuals to blame. The agony and the austerity of Marshall’s
transition had faded from public memory. But these institutional changes were
the foundation of Marshall’s future.
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Chapter VI

Skylab: Competition and
Cooperation in Human Systems

Like many Marshall people, Wernher von Braun had dreamed of building
spacecraft for human flight to the planets since his youth. The dream was so
strong that as director of Marshall he sought adventures analogous to space
conditions. Funded by a National Science Foundation grant in 1966, von Braun
and Ernst Stuhlinger, chief of Marshall’s Space Science lab, took Robert Gilruth
and Maxime Faget of the Manned Spacecraft Center (MSC) on an expedition
to Antarctica. The four space officials experienced the hostile environment,
toured scientific installations, and examined equipment, learning lessons that
could help NASA. Mixing research and pleasure, NASA’s top officials walked
around the South Pole, orbiting the earth every five seconds.'

The expedition symbolized new directions for Marshall in the late sixties and
early seventies, revealing its diversification from rocketry into human spacecraft
and its new intimacy with Houston’s Manned Space Center. The diversification
emerged because Marshall had started work on the Saturn rockets long before
NASA had settled Apollo plans and so had a headstart on its part of the lunar
landing mission. By the late sixties Marshall needed new challenges. As von
Braun told Congress, the Saturns had closed the “missile gap” but now NASA
suffered from a “mission gap.™

NASA recognized that Marshall needed new work and that Houston was still
busy with Apollo. The Apollo fire had delayed Houston’s work on the Apollo
spacecraft; lunar mission planning and operations continued to be major tasks.
Accordingly NASA Headquarters officials, especially George Mueller, head
of the Office of Manned Spacecraft Flight, encouraged Marshall to develop
America’s first Space Station.

Marshall’s diversification into human spacecraft engineering, however, led to
competition with the MSC. Houston officials worried that in an era of
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diminishing resources Marshall’s gains in new projects would mean Houston’s
losses. Consequently, Skylab planning and preliminary design activities led to
considerable controversy and in-fighting. NASA sought an effective division
of labor and eventually found beneficial forms of competition and cooperation
that helped make Skylab a scientific and engineering success. Dramatic accom-
plishments came when Center personnel helped solve problems with Skylab’s
defective micrometeoroid shield and effectively managed the workshop’s
orbital decay.

Diversifying into Human Spacecraft

Skylab emerged from the Marshall Center’s quest for post-Apollo work. The
Center was, as the official Skylab history has suggested, “a tremendous solu-
tion looking for a problem.”™ Marshall’s search for new business would lead
not only to Skylab but also to new, sometimes competitive, relationships
between the NASA Centers.

Building a Space Station had been an old dream for many at NASA, and
Marshall people had envisioned various concepts. Von Braun presented
designs for Space Stations in the 1940s and in his Collier’s articles in 1952.
Hermann H. Koelle in 1951 also sketched plans, and in 1959 with Frank
Williams helped draft ABMA’s Project Horizon report which suggested using a
“spent stage” as an orbiting workshop.

The idea of outfitting a spent rocket stage as a Space Station had charmed the
Germans since Peenemiinde because on an orbital mission, the final rocket
stage went into orbit with the payload. From the beginning of the Saturn project,
Ernst Stuhlinger recalled, von Braun had talked of the spent stage concept as a
preliminary step to a sophisticated Space Station. And of course von Braun and
the Center’s laboratory chiefs had initially favored the earth orbital rendezvous
mode for Apollo in order to develop an “orbital facility” and ensure the race to
the Moon led to advanced missions.*

The Douglas Aircraft Company, a contractor building the Saturn S—IV stage
under Marshall’s supervision, shared enthusiasm for a spent-stage station. The
company wanted to get into the manned spacecraft business and had built a
mock-up spent stage station for the London Daily Mail Home Show in 1960. In
November 1962 Douglas presented Marshall with an unsolicited plan for such
a craft. The Center’s Future Projects Office, managed by Koelle and Williams,
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researched the idea, and a study contract with North American Aviation contin-
ued the work. By March 1965 Marshall had begun detailed studies of an empty
S-IVB stage workshop.’

NASA Headquarters in the early 1960s developed the Apollo Extensions Support
Study to investigate how Apollo technology could be used for other purposes.
The study incorporated various Space Station concepts proposed by the military
and other NASA Centers, including the Langley Research Center’s work on the
Manned Orbiting Research Laboratory.®

But for several reasons NASA’s post-Apollo planning was, as one historian has
said, “pedestrian, even timid.” External problems constrained the Agency. Unlike
the Apollo program, no presidential directive defined a follow-up mission. By
the mid-sixties, presidents and congressional leaders were preoccupied with
war and welfare rather than space. NASA administrators worried that beginning
an expensive new project while Apollo was still underway could lead to under-
funding of both efforts.” Constricted support restrained Agency ambitions for a
new project like a Space Station.

Agency politics also inhibited planning. Without an external directive, the
Agency had to choose post-Apollo goals. In NASA’s decentralized structure,
the field Centers had different specialties and interests, but had to agree for
plans to proceed. Marshall’s plans, however, would realign Center roles. If
Marshall converted a spent rocket stage into a manned station, it would encroach
on the MSC’s turf in manned spacecraft.®* Marshall managers explicitly
recognized that their plans required their entering competition with Houston in
this territory.” Not surprisingly Houston resented Marshall’s intrusion. As Chris
Kraft recalled, Houston believed that being “in charge of manned space flight”
was their “birthright” and so “whenever Marshall Space Flight Center tried to
penetrate that part of manned space flight, I think it was felt as a competitive
move.” Faget thought they were “always trying to get into our business from
the very start.”!”

To overcome Houston’s qualms, Marshall needed an influential sponsor in NASA
Headquarters and found one in Mueller. As chief of Manned Space Flight,
Mueller had several reasons for becoming Marshall’s ally. He wanted to use
Apollo technology and teams to promote space science, maintain public atten-
tion on space flight, and provide a transition between the lunar landings and
later missions. He also hoped to help Marshall avoid crippling losses in

personnel and keep the Agency’s team together through the end of Apollo."
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In August 1965 Mueller established the Apollo Applications Program (AAP)
Office in the Office of Manned Space Flight (OMSF). The centerpiece of Apollo
Applications was Marshall’s spent stage. In a classic case of what political
scientist Howard McCurdy called “incremental politics,” Mueller hoped to use
old technology for a new mission and thus avoid controversy and possible
rejection in Congress. Leland Belew, manager of the Center’s AAP Office after
March 1966, said that Mueller wanted a station but knew “it had to be cheap, it
had to be salable and such that it didn’t impose on the Apollo Program itself.”
Planners sold the program as an “orbital workshop™ or a “spent stage labora-
tory” because, Belew explained, “you didn’t dare call anything a Space Station.
It had to be framed right, because there was no way to get a new start.”” Asking
Congress for approval would have been “no-go.”'* As an example of the AAP
sales pitch, Stanley Reinartz, Belew’s deputy, reassured Congress in 1966 that
the spent stage was “not really a program” because it would exploit surplus
Saturn IBs. The spent stage thus became the camel’s nose under the flap of the
Apollo tent. Based on incremental politics, the workshop became, Reinartz
later recalled, “an awful lot George Mueller’s program. . . . George was a very
patient, continuing, ongoing, very bright but patient individual, who would just
keep pushing and working and finding a way to keep things moving forward.”"

After August 1965, planning accelerated on the spent stage workshop. All OMSF
Centers, including Houston, participated. Marshall, however, did most of the
planning. In December, Mueller made Marshall responsible for development
plans and in February gave the Center responsibility for workshop design and
integration. The Center’s Apollo Applications Office quickly became an auxil-
iary planning staff for Mueller. Reinartz remembered that one week he and
Ludie Richards worked in Mueller’s office at Headquarters and phoned changes
suggested by Mueller back to Huntsville.'*

In Apollo Applications planning throughout 1966, NASA concurrently decided
technical and managerial issues. Technically, AAP orbital workshops would
have several major parts with Marshall overseeing the S—-IVB spent stage and
Houston an airlock module. Because of the entangled responsibilities, the two
Centers were feuding by spring 1966. Kraft complained to Headquarters that
Houston was losing its responsibility over manned systems. '

To resolve Center disputes and put the AAP Humpty-Dumpty together, the
Manned Spacecraft Flight Management Council met in August 1966 at Lake
Logan in North Carolina. The agreement reached at Lake Logan, historians
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have argued, was “perhaps the most fundamental statement of intra-NASA
jurisdictional responsibilities since the Marshall Center first became a part of
the agency and MSC emerged as a separate field Center.”'® The council
confirmed Marshall’s role in developing manned spacecraft and proposed
handling the new division of labor among Centers with two guiding ideas, the
“module concept” and the “lead Center/support Center concept.”

The module concept assumed that any spacecraft had several parts or modules.
Clean hardware interfaces between modules would allow the Centers to divide
labor yet easily integrate the pieces. The Lake Logan agreement established a
clear division of labor in some areas, especially by continuing the Apollo pattern
with Marshall in charge of propulsion and Houston the “command post™”
including communication and control systems.

But the dividing lines between some modules were very fuzzy because Marshall
took over some of MSC'’s traditional responsibilities for manned systems and
space science. Marshall and MSC divided responsibility for the “mission
module” and “experiment modules.” Marshall was in charge of large structures,
quarters, laboratories, some power and environmental systems, and the
astronomy experiments; the Center was also responsible for workshop and
experiment integration. Houston had life support and some power systems on
the airlock module, medical research, earth experiments, astronaut activities,
and flight operations. But living quarters mingled with medical research,
astronomy equipment with crew management, and so on. As Belew recalled,
“Skylab had no clean interfaces.” The fuzzy division of labor produced technical
disputes that the Centers could resolve only with careful negotiations.'”

The Lake Logan agreement proposed the lead/support Center concept as a
managerial formula for resolving problems. A lead Center would have overall
managerial responsibility and set hardware requirements for the support Center
which directly oversaw module development. For Apollo Applications, Marshall
would be lead Center for workshop development and MSC lead Center for
mission operations. Having two lead Centers was supposed to correspond to
the two stages of development and operations, but the two stages were seldom
distinct. A mixing of development and operations was natural because the
developer would customize hardware to the demands of the operator. In effect
this meant that Marshall became a contractor to MSC. As Marshall’s Belew
said “we structured to meet the requirements of the customer. They were our

customer.”'®
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After the Lake Logan meeting, Marshall’s preliminary planning on what would
become Skylab would be affected by the interplay of several factors. A design
emerged from NASA’s quest for a follow-up to Apollo that could get political
acceptance, and from technical debates within the agency, especially discus-
sions between Houston and Marshall.

Negotiating a Design

Interchanges among NASA Headquarters and the field Centers shaped the orbital
workshop’s mission, configuration, and launch system. Marshall contributed to
changes in Skylab’s design even as the Center and its contractors began
development of hardware.

Initial planning for Apollo Applications outlined two missions, the spent stage
workshop and the solar science of the Apollo Telescope Mount (ATM). The
first Apollo Applications schedule of March 1966 called for three workshops
and three ATM missions. The first orbital workshop missions would be very
simple, with basic mobility and biomedical experiments, amounting to little
more than zero-gravity calisthenics in a pressurized S-IVB tank. The ATM
missions were more sophisticated, fulfilling NASA plans dating to the early
1960s to put manually operated solar telescopes in a storage bay of the Apollo
service module. In March 1966 the Goddard Space Flight Center, the agency’s
astronomy specialist, became lead Center for the ATM. By the end of the year,
however, the two Earth-orbit missions converged, and NASA decided to reassign
the ATM to Marshall and make it part of the workshop."

Politics shaped the decisions. Mueller worked at “selling” the Office of Space
Science and Applications on the idea of moving the ATM to Huntsville.
Marshall’s leaders, especially von Braun and his chief scientist Stuhlinger, also
petitioned the agency, pointing out that Marshall had developed scientific
payloads for the Explorer and Pegasus satellites. At the same time, NASA
Associate Director for Space Sciences John L. Naugle, NASA chief astronomer
Nancy Roman, and Mueller began questioning the utility of ATM-service module
missions. By the summer of 1966 they realized that mating the ATM to a modified
lunar module (LM) would allow for larger instruments and use more Apollo
hardware, justifying transfer of the ATM-LM to Marshall because the Center
had more experience with complex systems and manned missions than
Goddard.” A desire to hold the Marshall team together also motivated Mueller.
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When a Houston official challenged him for assigning the solar observatory to
Marshall partly for political reasons, Mueller replied that his motives “were not
partly political but completely political.”*!

Technical factors also influenced

the telescope mount decisions. % /7"?/”79‘“% Rt Il
NASA officials realized that 2, e ses bt T oot Ll It
ATM-LM missions restricted
instrument size, limited observa-
tion time, and wasted Saturn lift-
ing capacity. And of course an
ATM-LM mission would still be
brief. So by the fall of 1966
NASA realized that mating the
solar observatory in some way
to the orbital workshop would
allow for longer missions and
larger instruments.” Such a con-
figuration also justified giving
the telescope mount to Marshall,
the lead Center for workshop de-  George Mueller’s initial sketch of orbital
velopment, and legitimized the  workshop.

workshop by giving it an impor-

tant scientific mission.

These decisions culminated in the fall of 1966 with the “cluster concept.” On a
visit to Huntsville in August, Mueller sketched a configuration that had an ATM—
LM tethered to the workshop by a power cable. The design looked so bad,
Reinartz remembered, that “nobody could figure out what it was, so it got the
name of “the kluge.” Mueller did not like that name so “in more polite terms it
was called “the cluster.”” Within a few weeks the tether gave way to a new
cluster concept in which the ATM would be launched separately. A Marshall-
built chamber called the multiple docking adapter (MDA) would anchor the
telescope mount and the command module to the workshop.*

The observatory decisions proved controversial. Some questioned whether

Marshall should build the telescope mount rather than have a contractor do
s0.” Abe Silverstein believed that mating the mount to a lunar module created
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“a monstrosity” and felt that jury-rigging Apollo hardware for new purposes
wasted money. Some on the President’s Scientific Advisory Committee won-
dered whether astronauts could contribute much to space astronomy. Since the
ATM would be remotely controlled and not built for repair, astronauts on board
the spacecraft could contribute no more than operators on the ground. More-
over, human contamination and motion could impair observations.

Center managers, worrying about the criticism, reminded their personnel that
Marshall needed to succeed with scientific payloads. Von Braun declared in
October 1966 that the telescope mount was “of particular significance to our
Center, as our successful performance in this endeavor will determine MSFC’s
participation in similar projects.”™ Moreover Center officials defended the ATM
choices. They admitted that repairable instruments would be more expensive
and were really unnecessary since unmanned satellites had proven reliable, but
pointed out that fitting the mount to the workshop allowed for larger, more
complex instruments than an unmanned satellite and for photographic film which
offered better resolution than electronic telemetry. Astronauts could change
film canisters and return them to Earth.”’

Such discussions were mild compared to quarrels over the spent stage or “wet
workshop” idea. The Mueller-Marshall plan called for the first workshops to be
launched by a Saturn I-B with a live S—-IVB rocket stage. The plan initially
assumed that all Saturn Vs would be used for the lunar program, and so a live
upper stage was needed to achieve orbit with a [-B. Before reaching orbit, the
workshop interior—the inside of the S—-IVB fuel tank—would be “wet” with
liquid oxygen and hydrogen. Once in orbit, suited astronauts would go on
extravehicular activity (EVA), purge leftover fuel, move in the shop, outfit it,
pressurize the cabin, and make it habitable.”

Marshall’s engineers acknowledged problems with the wet workshop. As
Eberhard Rees said, problems with habitability and EVA would make it “primi-
tive,” but the exercise would be enormously educational in learning about space.
Moreover, the use of surplus Apollo hardware would minimize costs and give
the wet workshop political advantages. NASA could not move openly for a
Space Station because the Apollo Program was expensive and unfinished so
expediency dictated “no new starts.”” “The wet workshop was for us and for
von Braun,” Stuhlinger recalled, “always only an intermediary step.”
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Like the Center’s preferred step-by-step method of testing rockets, Apollo Ap-
plication plans called for several increasingly sophisticated wet workshop flights.
The long-term goal, however, was a real Space Station, some sort of “dry work-
shop” that would be fully equipped on the ground. Dating from the first Apollo
Applications schedule in March 1966, plans called for a mission with an
S—IVB dry workshop launched with a Saturn V. Nevertheless the program from
1966 to 1969 only had enough money for Marshall to develop a wet workshop.
The Center’s policy until 1969, Stuhlinger said, was that the wet workshop
“would be limited, but it could be done” and was worth doing.*

As early as 1966 Marshall had begun bending metal for a spent stage station.
When engineers discovered structural weaknesses in the dome of the S~IVB,
von Braun found money to install a quick-opening hatch large enough to sup-
port the dome and accommodate a suited astronaut. Later the laboratories tested
interior materials for stress, corrosion, toxicity, and odor. They particularly
checked the S-IVB’s insulation on the inside of the fuel tank for flammability
and outgassing of dangerous fumes. When high-velocity penetration tests showed
that a puncture by a micro-meteoroid could cause the insulation to ignite, the
Center sealed the insulation with aluminum foil. The labs studied ways of
fastening equipment to the thin walls of the rocket. They installed two grid
floors to allow for liquid hydrogen flow. The Center also began designing the
telescope mount and EVA equipment for activating the workshop.*

The laboratories performed most of the EVA research in the Neutral Buoyancy
Simulator where the wet workshop really was wet. One of Marshall’s unique
facilities, the simulator had a 1.5 million gallon water tank that was 75 feet in
diameter and 40 feet deep to provide an environment that approximated zero
gravity for testing hardware. After being denied Cost of Facilities money,
Marshall called the simulator a “tool” and built it using $1 million appropriated
for Research and Development. This creative financing led to a GAO audit and
reprimand, but became a legendary example of Center resourcefulness.*

For workshop efforts, divers submerged mock-ups of the workshop in the simu-
lator. To simulate the weightlessness of space, astronauts had suits and tools
weighted to attain “neutral buoyancy,” neither rising nor sinking. A team of
engineers, psychologists, and human factors specialists monitored the astro-
nauts through windows, television, and physiological displays. By early 1969,
the team began to test hardware and devise methods for performing tasks,
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using tools, installing lights, sealing meteoroid penetrations, and changing ATM
film canisters.”

The simulator aroused some friction with Houston. The Lake Logan agreement
had confirmed MSC'’s responsibility for the astronauts and their equipment on
spacewalks. But Marshall’s responsibility for “large structures™ and for studies
of “EVA equipment and procedures which may be used to carry
out . . . operations on large space structures’” created ambiguities. Houston’s
managers resented this crossing into their territorial waters. MSC Director
Gilruth believed that Marshall’s tank needlessly duplicated Houston’s capabili-
ties in order to become “a manned space center.” Despite this early jealousy,
Marshall’s Neutral Buoyancy Simulator immediately became a marvelous
agency resource.*

Houston officials also objected to the wet workshop concept. No dispute since
the lunar mode decision was so controversial. Robert F. Thompson, manager of
Houston’s Apollo Application’s office, said that for the first time two Centers
were competing for future work; until the wet workshop idea was abandoned in
1969, Apollo Applications was “not a program” but “a dogfight.” Marshall’s
George McDonough recalled that one intercenter discussion of the wet work-
shop got so tense that Thompson wanted to take him out and fistfight.*

Houston’s engineers doubted the technical merit of making a Space Station
from a spent stage. They questioned whether suited astronauts in zero gravity
could outfit an effective workshop. Because the Mueller-Marshall cluster con-
glomerated disparate hardware for a new purpose for which it had not been
designed, MSC called it a “kluge,” or more commonly, a “goddamn kluge.”
They believed that the wet workshop would waste money, risk failure, and, by
perpetuating Apollo technology, prevent progress.*

As an alternative, Houston proposed an experiment carrier that would substi-
tute for the lunar module on a Saturn [-B. Kraft recalled that Houston thought
this would be “a Space Station, not a kluge.” Less than half the size of the
S—1VB, the experiment carrier would be “dry,” constructed on the ground, and
outfitted each time for progressively complex orbital missions. Houston thought
it would be superior to a spent-stage station for about the same cost. Marshall
Center engineers saw no technical advantages in Houston’s carrier, which they
derisively called “Max’s can” (after Max Faget). They thought Houston was
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“extremely unrealistic”” in expecting Congress to approve new hardware.*” Most
importantly Marshall worried that the experiment carrier could threaten its sur-
vival as a major Center. In a July 1966 message, Belew reminded von Braun
that unless NASA built an S-IVB station “our allotted funds will be extremely
small since our only other orbital station involvement is in the area of experi-
ments.” Approval of Houston’s cans would mean that “the dollar split . . . [be-
tween MSC and Marshall] would tend toward 75%-25% rather than today’s
50%-50% split.” An S-IVB station, Belew wrote, was necessary “in order to
fully utilize the skills that Marshall wants to retain and would insure a substan-
tially more stable resource level for both Marshall internal and contractor

operations.”*

Luckily for Marshall, the rest of NASA also questioned Houston’s experiment
carrier. Most agency officials felt the S-IVB workshop was feasible, worried
about wasting the money and effort already spent on the workshop, and feared
delay in turning to new hardware. So in November 1968 NASA rejected the
carrier idea.”* So Houston in the spring of 1969 changed tactics by proposing
to launch the S-IVB with a Saturn V rocket as a fully equipped dry workshop.

Although only a recapitulation of the original Marshall plan for an AAP mission,
Houston has always claimed full credit for the dry workshop idea. Robert
Thompson said, “unquestionably the thrust for the dry workshop came out of
this center [Houston].”” Kraft argued that by sponsoring a new means to achieve
the goals of the Apollo Applications Program, Houston “‘saved the damn thing.”

Marshall engineers resented the implication that the spent stage idea had been
bad from the beginning. They responded to MSC’s criticism by laboring hard
to improve the spent stage and prove that it would succeed. But, Belew said, the
Center had all along believed that the wet concept “was never the best notion of
doing something if you had an option different.” And NASA’s original options
were limited; since all the Saturn Vs were committed to the lunar mission, a
live second I-B stage was needed to achieve orbit.*

Moreover, Belew thought Houston’s claim to be the inventor of the dry work-
shop was “only half true.” Marshall had formulated the plans to use an S—-IVB
as a Space Station and helped draft the original AAP plans which had, in the
long run, called for Saturn V dry workshops. Stan Reinartz believed Houston
could not take full credit for the dry workshop because their preferred
alternative was the can; by proposing the experiment carrier, “they tried to kill”
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the S-IVB station. Houston only warmed to an S-IVB workshop as a last
resort.*?

Marshall’s engineers credited Houston, however, with forcing NASA to con-
sider alternatives. Houston’s position, Belew recalled, “drove you to a real hard
decision of what we really ought to do.” In addition, circumstances changed
dramatically by the fall of 1968. Declining budgets forced a reconsideration of
Apollo Applications, and the agency realized that it lacked resources for sev-
eral wet and dry workshop missions. Marshall’s work on the wet workshop was
already behind schedule, with officials complaining they were getting only two-
thirds of the money needed to meet deadlines. Moreover, after the success of
Apollo 8 in December 1968, NASA concluded that a Saturn V could be used
for an Apollo Applications mission. So from the fall of 1968 to the spring of
1969, the agency conducted an exhaustive study of its options.*

Marshall had studied the dry workshop before but now Mueller directed a small
group at the Center to reassess the concept. Because they were regarded as
“pariahs” in Huntsville, McDonough recalled, the dry group operated discreetly
and even held a secret poolside meeting with Mueller in a motel at the Cape.
After hearing the group’s report in early 1969 and recognizing the changed
circumstances, von Braun concluded that the wet workshop was no longer the
best option.*

In May 1969 the Management Council met in Houston and Mueller gave them
several options, all of which drastically reduced the number of AAP workshops.
Basically the council had a choice of missions involving one wet or one dry
workshop. A dry option emerged as their favorite. Von Braun then convinced
some of his reluctant lab directors that a ground-outfitted configuration improved
the design. In a letter to Mueller on 23 May, he acknowledged that although the
wet workshop could meet AAP’s scientific objectives on time and on budget,
this would “take substantial hard-nosed scrubbing down of some of the current
methods.” Von Braun thought a dry workshop offered “real and solid advantages
over the present program.” With the greater lift of the Saturn V, reliability could
be improved by using sturdy and redundant hardware and by installing and
checking equipment on the ground, and habitability could be improved by
eliminating liquid hydrogen.®

Gilruth of Houston seconded von Braun, and on 18 July 1969 NASA Acting
Administrator Thomas Paine used the success of Apollo 11 as an opportunity
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to announce plans for the dry workshop. The Apollo Telescope Mount would
be launched with the workshop rather than on a separate flight, eliminating the
makeshift ATM-LM and a complicated rendezvous with the workshop. The
telescope system could be simplified by attaching the instruments to a heavier,
specially designed rack and by creating a deployment system: upon reaching
orbit, the mount would swing out perpendicular to the workshop. The solar
observatory could also duplicate the power, communication, and control systems
of the workshop. In addition, by the fall NASA decided to avoid putting all its
eggs in one basket by building an identical qualification workshop and equipment
that would be used in tests and refurbished to back up the flight model. The
competition between the Centers had helped improve the design.*

In February 1970 the workshop got a new name. In mid-1968 NASA had held
a contest to name the project and an Air Force officer assigned to the agency
proposed “Skylab,” short for laboratory in the sky. NASA people were initially
nonplused by “Skylab,” Reinartz remembered, but still avoided calling the project
a Space Station. Wanting to build a more elaborate station later and fearing that
identifying an expensive new project would offend Congress, the agency waited
two years to sanction the name officially. Skylab became the only NASA project
never to get formal congressional approval of a “new start” through the phased
planning process.*” The incremental strategy of Mueller and Marshall was
successful and the Center could develop something more than a spent stage
station.

Building the Workshop

As Lead Center for Skylab, Marshall oversaw diverse, complex development
problems. Marshall used ideas from Space Station studies conducted by NASA
contractors and Centers, especially the Langley Research Center. During the
development phase, Marshall would again work closely with the Manned Space-
craft Center, and their complementary expertise helped solve the technical chal-
lenges of the project.

The technical challenges were formidable. No American manned spacecraft
had used solar energy to generate all of its electrical power. No manned space-
craft had needed precise pointing control for a solar observatory. No previous
manned mission had required equipment and life support systems for nine
months. Crew systems had to be not only functional but habitable in order to
maintain productivity and morale for long-duration missions.
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Other design problems were less novel but still challenging. Onboard and Earth-
bound communication and control systems were necessary. The space labora-
tory and its scientific equipment had to survive a harsh and dynamic environment.
The workshop had to withstand changes in inertial loads during launch accel-
eration, bending forces caused by engine thrust and gimballing, temperature,
vibration, and atmospheric and acoustic pressure. In orbit it had to endure
vacuum, micrometeoroids, radiation, and docking impacts equivalent to earth-
quake shocks.*

Skylab’s designers overcame these complex challenges with a series of systems
and structures. The new dry configuration meant that engines and flight hardware
could be removed and experiments, life support equipment, and storage units
added. For launch the workshop was pressurized with dry nitrogen to maintain
rigidity and was vented during ascent to equalize atmospheric loads. Because
the orbital configuration could not withstand the pressures of launch, diverse
mechanisms deployed the payload shroud, antenna booms, solar observatory,
workshop micrometeoroid shield, and solar arrays on the ATM and workshop.
Thermal control came from passive systems using insulation and exterior surface
coatings and active systems using heaters, coolant pumps, heat exchangers,
and radiators. The oxygen and nitrogen laboratory atmosphere required methods
for purification, humidity regulation, circulation, and odor removal. Pressure
tests guarded against leaks.

Skylab also had systems for power, communications, and attitude control. Elec-
trical power came from solar cells that provided power during sunlit phases of
the orbit and from batteries that discharged during shaded phases. Communi-
cations systems could transmit data, hardware commands, video, and voices.
The workshop had over 2,000 data sensors and could receive more than 1,000
digital commands. Attitude and pointing control for the 100-ton Skylab came
from three control moment gyroscopes. The gyros were the first used on a
manned spacecraft and were chosen because a gas reaction system would have
required too much propellant for the long mission; cold gas thrusters served
only as an auxiliary. The control system employed a computer, Sun sensors, a
star tracker, and rate gyroscopes to determine position and angular rate.*

Marshall divided work on these systems between itself and contractors. As Lead

Center for development, the Center was responsible for systems engineering,
contractor management, and cluster integration. Boeing helped with systems
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engineering. McDonnell Douglas modified the S—IVB into a space station in
Huntington Beach, California, and built the airlock module that contained power
and life support systems in St. Louis. Houston initially monitored the airlock
contract, but Marshall soon took it over to simplify project management. TRW
built the solar arrays for the workshop and the ATM. Martin Marietta of Denver
was responsible for payload and experiment integration; Marshall also assigned
the corporation the MDA >

For Skylab development, the Center drew on technology and organizational
methods from the Saturn era. Its approach to monitoring contractors was essen-
tially the Saturn method. Belew’s Skylab Program Office established a project
office for each major hardware component and for experiments, set up resident
manager offices to penetrate contractors, and designated “tiger teams” of spe-
cialists to solve crises. The biggest contractor problem came when McDonnell
Douglas fell behind schedule in mid-1971 during the enormously complicated
final integration of the workshop. The Center’s William K. Simmons, project
manager of the orbital workshop, organized a 10- to 15-member tiger team that
stayed in California until mid-1972. McDonnell Douglas’s problem, Simmons
believed, was that its management system for manufacturing airplanes was
“geared to quantity” and “a lot of their practices weren’t compatible with build-
ing one-of-a-kind.” Particularly, the company managers were isolated from
development problems and had not established an integrated schedule for in-
coming components. The Marshall team imposed order by drawing a master
schedule, working alongside McDonnell Douglas’s managers, and getting the
company president to act as program manager.”!

Skylab also drew from the remnants of the arsenal system at Marshall. The
Center maintained a mock-up Skylab in Huntsville to test alternatives and moni-
tor contractor performance. Marshall built two shells of the multiple docking
adapter and turned them over to Martin Marietta for final development. Mar-
shall also tested hundreds of components and helped build hardware for many
Skylab experiments.”

The greatest scientific instrument produced by Marshall’s arsenal system was
the Apollo Telescope Mount. None of the Center’s previous scientific payloads
had been as sophisticated as the solar observatory. Marshall’s experience with
vehicle engineering, however, prepared it for payloads. ATM Project Manager
Rein Ise said, “once you have applied structures to large vehicles, there is
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essentially no conversion involved in taking knowledge and designing the struc-
ture for a solar telescope.”

Teams from the Astrionics, Space Sciences, and Manufacturing Engineering
laboratories took on the challenge of the telescope mount. They used compo-
nents from contractors; Bendix provided the control moment gyroscopes, Perkin-
Elmer the pointing system, IBM the computer, and experimenters the
instruments. But the Center designed and developed the solar observatory sys-
tem. To mount the eight solar telescopes, engineers built an octagonal spar
11 feet in diameter and 12 feet long. Their design had subsystems for orbital
deployment, communication, electrical power from four solar cell arrays, and
attitude and pointing control.

The requirements for the pointing control system were very complex. The tele-
scope needed accuracy within two arc-seconds, which meant an error of no
more than the width of a dime at a distance of two kilometers. Yet the accuracy
and stability of the telescope system could be affected by the movements of the
Skylab spacecraft and the astronauts. Moreover large bundles of stiff electrical
wires connecting the telescope tub and spacecraft could limit the telescope’s
pointing motion and accuracy. To solve the wiring problem, an engineering
team led by Wilhelm Angele from Marshall’s Astrionics Lab developed flat
electrical cables that were so flexible that they allowed the telescope mount to
move with very little mechanical resistance.

For the pointing system, Marshall chose a design using three control moment
gyroscopes, actuators, a computer, photoelectric sun sensors, and a star tracker.
The Center tested the system on specially built engineering simulators that used
analog devices and computer models. The engineers struggled to simulate the
performance of the control moment gyroscopes in microgravity; they compen-
sated for gravity distortion by floating an ATM simulator in a mercury bath.
But still ground tests could only prove the accuracy of the pointing system
within six arc-seconds. Marshall engineers waited until Skylab was in orbit to
learn that the system worked well and that astronomers could not measure point-
ing errors.

Marshall helped solve other technical problems for the solar observatory. When

scientists became concerned that the South Atlantic Anomaly, a high radiation
area that Skylab crossed in orbit, could expose film used in the observatory,
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Marshall engineers worked with
Eastman Kodak to develop special
films that could survive in the ra-
diation environment. They devised
computer programs that duplicated
the anomaly and so could predict
the fogging on film. Center person-
nel also developed crew trainers
and operating procedures for the
solar observatory. Marshall con-
structed an ATM checkout facility
for final integration and equipped
it with automatic monitors and air
control equipment that made the
whole building a clean room.”

Skylab’s Apollo Telescope Mount is

The Center engineers and scientists
prepared for Thermal Vacuum Test—1970.

who worked on the ATM believed
that in-house manufacturing ac-
counted for the success of the telescope mount. Dr. Walter Haeussermann, di-
rector of the Astrionics Lab and later head of Central Systems Engineering,
claimed that the arsenal system allowed for “tremendous flexibility” in invent-
ing new technology. Technicians could build models, allowing designers to
execute modifications without making elaborate drawings and wasting time
and money. Dr. Tony Del.oach, an experiment scientist for one of the ATM
instruments, believed the system centralized management and engineering. When
work was done in-house rather than by contractors spread across the country,
teams of experts could quickly confer to solve complex problems.™

Since the lives of astronauts depended on Skylab, Marshall’s design incorpo-
rated conservative engineering ideas and redundant systems. Marshall set high
quality standards and sought to achieve them with heavy structures, existing
technology, and extensive testing. Launching Skylab with a Saturn V reduced
weight problems, allowing for heavy hardware and backup systems. Moreover,
using tested ideas and mature technology reduced development time and saved
money. The Center, according to Robert G. Eudy, deputy chief of the Struc-
tures Division, “relied heavily upon existing technology, available hardware,
and hardware concepts” for Skylab. Marshall engineering teams used hundreds
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of components from the Gemini program; recognizing that using proven com-
ponents could save money and time, the teams tested Gemini technology for its
suitability for the longer Skylab mission, for example, adopting Gemini hatch
latches for the airlock module hatch. Other systems adapted for Skylab included
a separation system for the payload shroud from the Titan ITIC and a scientific
airlock originally designed for the Apollo Command Module hatch. The work-
shop itself was a modified S—IVB rocket stage with its liquid oxygen tank used
for waste disposal, its liquid hydrogen tank used for habitation, and interior
structures attached to cylinder rib intersections.*

In addition, the workshop had redundant batteries, chargers, electrical circuits,
and solar arrays. The ATM controls, Ise said, used “a belt-and-suspenders
approach in that we designed redundancy throughout the system™ and had three
rather than two control moment gyroscopes to change attitude. The gyros were
new technology for a manned spacecraft, but Marshall stayed conservative by
choosing big, heavy wheels that spun relatively slowly. Moreover, the Center
carefully tested equipment; the ATM, for instance, went through functional,
vacuum, and vibration tests. And because NASA built prototypes for qualifica-
tion tests and then refurbished them as spares, the agency had a backup Skylab.*®

Perhaps the greatest Saturn legacy to Skylab was relatively liberal funding. To
be sure, Marshall experienced budget cuts throughout the late sixties and early
seventies and laid off hundreds of Civil Servants. And as the only surviving
AAP mission, Skylab became the first major NASA program in which budget-
ary shortfalls caused schedule delays. (Skylab was launched in 1973, six years
after AAP’s target for the first wet workshop.) Nonetheless, compared to later
programs, Skylab’s budgets allowed for backup hardware and extensive test-
ing. Looking back after almost 20 years, ATM manager Ise saw few funding
pressures on Skylab. I am sure that the Skylab manager didn’t get everything
he wanted, but he got almost everything he wanted,” he said, “Skylab had the
money when it needed it.”’

Marshall’s internal management during Skylab also continued the same pattern
as the Saturn program. During Skylab the Center distributed management au-
thority between the project offices, which oversaw budgets, schedules, and con-
tracts, and the laboratories in Science and Engineering, which handled design,
development, and testing. Also like the Saturn era, Center managers struggled
to find the best division of labor between centralized offices and specialized
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labs. Their balancing act became more difficult as Marshall diversified from a
propulsion specialty and took on more projects. The balance can be seen in
relations between the “lead laboratory” system, the project offices, and the
Central Systems Engineering Office.

The lead lab system originated in the Center’s practice of automatic responsi-
bility. The goal was to empower the technical experts, fuse planning and doing,
and keep engineers’ hands dirty. Research and Development Operations, the
laboratory side of Marshall, assigned technical responsibility for a component
or subsystem to one laboratory. For example, the Astrionics Laboratory had
responsibility for the telescope mount and the Propulsion and Vehicle Engi-
neering Laboratory had the Multiple Docking Adapter. Each lead lab devel-
oped hardware specifications and managed interfaces. Initially project offices
for hardware components were decentralized in the laboratories, rather than
being centralized under Belew’s Skylab Program Office.>®

One of the lead lab’s major tasks was soliciting support from other labs. This
often meant time-consuming negotiations with other specialists to resolve dif-
ferences in engineering methods or technical requirements. Indeed von Braun
expected the lead lab system to encourage cooperation, Haeussermann recalled,
and the lead lab never commanded others. When the system worked well, the
lead lab organized a team of experts drawn from other labs that collectively
overcame problems in design and development.*’

Sometimes, however, the system could be frustrating. Decentralized labs often
struggled to solve complex problems with multiple specialists and components.
Especially troublesome was establishing requirements for a whole system, get-
ting the labs to cooperate, and forming multi-lab teams. For example the
Astrionics Lab moved so quickly that ATM design became fixed and not easily
changed to meet the needs of labs working on other parts. Ise remembered that
the German laboratory directors “had a little bit of this fiefdom philosophy
where each one ran their own little kingdom. One laboratory was not very ef-
fective in being able to manage other laboratories that also had to participate in
a very key way on the whole project.” McDonough thought that the boundaries
between labs sometimes became “war zones” and to get the support of other
labs specialists had to go “up, over, and down” the chain of command. William
Lucas, then chief of the Propulsion and Vehicle Engineering Lab, remembered
how he struggled to get other labs to commit resources to his tasks. He believed
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the limitations of the lead lab approach proved the “old Chinese proverb that
says, ‘If two guys are going to ride on a horse, one has to ride in front.””*

To put somebody in front, Marshall managers sought ways to centralize mana-
gerial and engineering authority. Some early centralization for Skylab was make-
shift and accommodated the labs. James Kingsbury, deputy director of the
Astronautics Lab, often worked as ad hoc chief engineer for Skylab and helped
resolve problems.®!

Formal mechanisms also existed. A Technical Systems Office in Research and
Development Operations, renamed the Systems Engineering Office in July 1967,
controlled design requirements, and helped specialists in the labs integrate the
many pieces of a scientific space station. Systems engineers became another
layer in the Center’s hardware hierarchy of lab specialists, chief laboratory en-
gineers, and project managers. Von Braun, recognizing that the Center now had
too many projects for him to oversee, strengthened the office in late 1968 and
early 1969.%

The systems engineering office had its limitations too. Laboratory personnel
worried that centralized design and integration, whether in a staff office or a
systems engineering contractor, would be ineffective without engineers keep-
ing their hands dirty and maintaining skills. Moreover excessive centralization
would weaken the labs. Lucas, answering von Braun’s questions about systems
engineering and lead labs in November 1968, argued that giving labs responsi-
bility for systems engineering would foster “an entrepreneurial climate™ and
“let the workers be the master of their own fate.” Robert Schwinghamer, head
of the lab’s Biomedical Experiment Task Team, agreed, worrying that central-
ized systems engineering would convert technical decisions into financial ones
and thereby weaken “the in-depth technical capability of Marshall laborato-
ries.” Technical deterioration, he thought, would call into question the need for
the Marshall Center because “a purely management function not supported by
a strong technical institution could as well be performed in Washington.”*

Finding the right balance between the labs and project off