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Preface

Assured Access: A History of the United States Air Force Space
Launch Enterprise, 1945-2020 is a study of more than six decades of
Air Force launch support for the nation’s military, intelligence, and
civilian space communities. From their inception as refurbished bal-
listic missiles, Air Force boosters have launched national security
space payloads for the Defense Department (DOD) and the National
Reconnaissance Office (NRO), as well as for the National Aeronautics
and Space Administration (NASA) and commercial and other civilian
elements. Throughout this period, Air Force launch strategy has been
to provide assured access to space by means of affordable, reliable,
and responsive launch.

Basic technology that produced the expendable launch space
boosters of the early Cold War era changed little in fundamental en-
gineering and manufacturing processes from that period until the
advent of the evolved expendable launch vehicle (EELV) program at
the turn of the new century. Expendable launch vehicles (ELV) had
been the backbone of Air Force space flight until the arrival of the
space shuttle, with its promise of routine access to space. By the early
1980s, that promise had become increasingly problematical as space
shuttle development and launch rate promises failed to meet pro-
jected targets. To protect their launch requirements, Air Force leaders,
led by Secretary of the Air Force Edward C. “Pete” Aldridge, champi-
oned the concept of a “mixed fleet” of ELVs to back up the space
shuttle. After 1986, in the wake of the Challenger disaster, the Air
Force shifted its focus back to ELVs and saw in the EELV families of
Delta IV and Atlas V boosters the prospect of responsive, reliable,
and affordable space launch. Although the EELV program had largely
achieved those objectives, new competition from SpaceX and other
providers created an altered landscape of more efficient launch sys-
tems and reusable and partially reusable boosters. The EELV program
gave way to the National Security Space Launch program. The em-
phasis on more responsive space launch to confront a growing threat
to US space assets also embraced the small rocket efforts of the Rocket
Systems Launch Program directed from Kirtland AFB, New Mexico.
Together, the National Security Space Launch program and Rocket
Systems Launch Program promised assured access to space well into
the future.
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PREFACE

Assured Access meets the need of a single-volume overview of the
Air Force space launch story, serving as a guide and introduction to
interested readers. Throughout, the focus is on the operational aspect
of space launch, and the narrative draws on the operational experi-
ences of space launch veterans. Although primary documents are
used when relevant, this study is largely based on secondary sources.

Chapter 1 describes the efforts of the Air Force and its fellow ser-
vice competitors to develop ballistic missiles in the aftermath of
World War II. Ballistic missiles provided the foundation for Air Force
space launch. In a sense, the Air Force entered the space age on the
coattails of intercontinental ballistic missile (ICBM) development
and President Dwight D. Eisenhower’s determination to protect the
nation from surprise attack. Air Force leaders quickly realized that
ballistic missiles could also serve as satellite boosters and reconnais-
sance satellites could provide vital strategic intelligence on Soviet
capabilities. Along with the other services, the Air Force pursued
missile—and satellite—development by establishing the Western De-
velopment Division and giving its commander, Brig Gen Bernard A.
Schriever, wide-ranging responsibilities to produce an operational
ICBM by the end of the decade. Eventually, these efforts would lead
to the Lockheed Agena booster-satellite, the infrared missile warning
satellite, the reconnaissance satellites of the NRO, and the Atlas, Titan,
and Thor boosters that would launch them.

Chapter 2 focuses on the period from the late 1950s to the early
1970s when Air Force space launch came of age with the triumvirate
of Atlas, Thor, and Titan launch vehicles and their upper stages. The
national space program the Kennedy administration designed to
confront the Soviet challenge accorded the Air Force primary re-
sponsibility for space boosters. In response, the service reorganized
internally and established the Air Force Systems Command under
General Schriever to manage all research, development, and acquisi-
tion of space and missile systems. Over the course of the decade and
beyond, all three space launch systems benefited from evolutionary
improvements in such areas as airframe production, engine thrust
and efficiency, guidance and control, and stage and payload adaptors.
As satellites increased in size, weight, and complexity, DOD and the
Air Force met this challenge in large part by developing more capable
Atlas, Thor, and Titan boosters and upper stages and by establishing
standardization programs for these vehicles. All three booster-upper
stage configurations also supported NASAs lunar and planetary
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PREFACE

programs and launched the highly classified reconnaissance satel-
lites of the NRO.

Chapter 3 examines the development of Vandenberg Air Force
Base, from Camp Cooke Army training site to Air Force missile and
space launch base. With the exception of Thor-Agena launches of Co-
rona reconnaissance satellites, the Air Force—administered northern
portion of the base supported missile launches. The Navy acquired
the southern portion, the Point Arguello peninsula, to serve as the
central launch element of its Pacific Missile Range. Air Force-Navy
friction intensified when Point Arguello, eventually referred to as
Vandenberg South, became the primary launch site for Atlas launches
of Missile Launch Detection Alarm System (MIDAS) early warning
satellites and Samos reconnaissance satellites. In 1965, the Air Force
acquired Point Arguello from the Navy, and soon thereafter the Titan
III booster joined the Atlas and Thor in launching the NRO’s recon-
naissance satellites into polar orbit. Air Force veterans who served as
launch controllers and helped establish the Vandenberg launch sites
fondly remember their important role at the dawn of the space age.
Over the course of 1956-1972, Vandenberg also experienced major
growth in space launch activity and infrastructure developments. In-
deed, whereas Cape Canaveral had dominated space launch in the
early 1960s, by the latter half of the decade Vandenberg had achieved
pride of place for launch tempo.

Chapter 4 discusses the development of Cape Canaveral Air Force
Station, Patrick Air Force Base, and the Eastern Test Range from
WWII to the advent of the space shuttle in the early 1970s. The Florida
coast location proved ideal for testing cruise missiles and, later,
launching ballistic missiles and spacecraft. Launches in a southeast-
erly direction avoided important shipping lanes and major popula-
tion centers by passing over islands that served as tracking stations
along a 10,000-mile course that would extend from the Bahamas to
Ascension Island in the South Atlantic, to the coast of South Africa,
and eventually into the Indian Ocean. As the launch head of the
Eastern Test Range, the Cape in the 1960s became the center for Air
Force-supported NRO, instrumented nuclear detection, communi-
cations, and early warning satellite launches, plus NASAs Mercury,
Gemini, and Apollo manned flights and all American spacecraft
launched eastward into low-inclination equatorial orbits. By the early
1970s space launch activity at the Eastern Test Range had declined
considerably compared to operations at Vandenberg. Moreover, despite
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PREFACE

the addition of Titan IIT launches, Air Force operational tempo de-
creased compared to NASA flights and especially the Navy’s subma-
rine-launched ballistic missile test launches. In the years ahead, how-
ever, the Space Transportation System, or space shuttle, would
transform not only space operations at NASA’s Kennedy Space Cen-
ter but also at Patrick Air Force Base and the Eastern Range.
Chapter 5 describes the promise and the challenge the space
shuttle presented for the Air Force. Lauded as the reusable launch
vehicle that would provide routine access to space for all DOD and
NASA requirements, the shuttle represented the end of Air Force de-
pendence on its fleet of costly, expendable launch vehicles. In their
commitment to the shuttle, Air Force leaders agreed to phase out
ELVs, to refurbish the old Manned Orbiting Laboratory space launch
complex, SLC-6, at Vandenberg, and to develop an upper stage vehicle
to “shuttle” spacecraft from the shuttle orbiter to higher orbits. For
the Air Force, however, the feasibility of exclusive reliance on the
shuttle depended on the veracity of NASA’s predictions for the shuttle’s
capability, cost, and launch rate. By the end of the 1970s, the Air Force
came to have serious reservations about the space agency’s shuttle
mission model that led to considerable tension between NASA and
the Air Force and DOD. Led by Secretary of the Air Force Aldrich,
the Air Force acted to preserve assured access to space by pursuing a
“mixed fleet” strategy—a balance between the space shuttle and ex-
pendable launch vehicles—a balance that had not been entirely re-
solved by the time of the Challenger tragedy in January 1986.
Chapter 6 focuses on the Air Force response to the crisis in the
military space program caused by the Challenger disaster and the loss
of two Titan 34Ds with NRO payloads. After those launch vehicle
failures, space leaders effectively grounded the space program by pro-
hibiting further flights of the shuttle and ELVs until the problems
could be solved. During the 31-month moratorium on shuttle flights,
the Air Force moved to reestablish space launch capabilities while
reassessing not only its investment in the shuttle but also its entire
commitment to space. The post-Challenger launch recovery program
took two paths. One involved having the heavy-lift Titan IV and three
medium launch vehicles operational as soon as possible while relying
on the current force to fly out their remaining vehicles. By 1989, both
the Titan II and Titan IV, along with the Delta II, had launched their
initial payloads, and the Atlas II was to follow three years later. A
second recovery path involved a variety of space studies that attempted
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PREFACE

to understand the present and chart the future of space launch.
They provided decision makers a realistic assessment of the current
state of space launch, recommendations to improve the current fleet,
and potential launch systems for the new century. In a sense, the var-
ious studies and proposals charted a course that culminated in the
Space Launch Modernization Plan of May 1994. With that plan’s
EELV option selected by Air Force leaders, the service now had a
clear path to ensure assured access to space with what promised to be
a responsive, reliable, and affordable family of EELVs in the twenty-
first century.

Chapter 7 examines the Air Force effort to achieve and preserve
assured access to space in the new century by means of the EELV
program. The Air Force expected to realize more efficient, affordable,
and responsive space launch from the two families of EELVs through
innovation measures, standardization practices, and by purchasing
commercial launch services rather than the vehicles themselves. Al-
though the Delta IV and Atlas V EELVs would compile a 100 percent
successful launch record, their launches became increasingly expen-
sive when the worldwide commercial market collapsed. In response,
the Air Force opened DOD launches to competitors, led by SpaceX,
who argued they could provide more cost-effective operations
through greater efficiencies and the use of reusable and partially reus-
able launch vehicles. In March of 2019, the Air Force responded to
congressional direction to rename the EELV program the National
Security Space Launch (NSSL) program to better reflect the changed
landscape created by new launch entrants and more capable boosters
under development.

Chapter 8 explores the variety of efforts to improve responsive
space launch from the initial Operationally Responsive Space initia-
tive to the myriad small launch vehicle and small satellite programs
currently underway. Responsive space also embraced the EELV-class
systems, and both were addressed by the Space Enterprise Vision that
Air Force Space Command created to provide a resilient space force
architecture by 2030 capable of supporting the war fighter and deter-
ring aggression in the space arena. Meanwhile, the newly created
Space Force could look to the future with confidence that new NSSL-
class providers and small rocket systems could achieve affordability,
reliability, and responsiveness objectives and continue to ensure as-
sured access to space for the nation’s space enterprise.
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PREFACE

The reader is reminded that this survey of recent Air Force space
history is based largely on open source materials that include biogra-
phies of key figures in the space launch arena and testimony from
veterans of the space launch enterprise. For more comprehensive
treatments of the topics examined here, the interested reader is en-
couraged to consult studies listed in the bibliography and, if possible,
the classified document record that has become increasingly available
through declassification procedures.

In preparing this study, I received help from many people. Above
all, I must acknowledge the generous assistance provided by my
friends and colleagues in Air Force Space Command’s (now Space
Force’s) History Office: Command historians Mr. George W. “Skip”
Bradley and Dr. Gregory W. Ball, Deputy Command Historian Dr.
Rick W. Sturdevant, and historians Mr. Wade A. Scrogham and John
M. Lacomia. All four read parts or all of the manuscript critically and
offered important suggestions. Mr. Bradley initiated the project superbly,
provided full use of the command’s excellent historical archives, and
facilitated my access to archival collections at other institutions. Al-
though Mr. Bradley retired before completion of the project, Dr. Ball,
his very able successor, kept the process running smoothly, providing
both administrative and academic assistance. I especially benefited
greatly from my many discussions of policy and technical issues with
Dr. Sturdevant, the leading historian on military space, whose com-
prehensive knowledge and encouragement invariably kept me on the
right track. I am also indebted to Dr. Sturdevant for providing useful
documents and for his outstanding editorial contributions.

A number of government historians and museum personnel de-
serve my thanks for their help. Dr. Harry N. Waldron, chief of the
Space and Missile Systems Center History Office, and his successor,
Center historian Mr. Robert Mulcahy, generously allowed me full use
of the Center’s extensive archival holdings. Mr. Raymond Heard, 45th
Space Wing historian, also provided me access to his archive and sup-
plied me with an important collection of space launch images. Two
museum curators and their assistants also merit strong praise. Mr.
Donald “Jay” Pritchard, director of the Vandenberg AFB Heritage
Center, gave me an extensive orientation of his holdings and projects
and arranged for SSgt Stefan McKinley, 4th Space Launch Squadron,
to provide a superb tour of the launch sites and port facilities on Van-
denberg South. At Cape Canaveral AFS, Ms. Emily A. Perry, director
of the Air Force Space and Missile Museum, facilitated my visit,
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provided an informative tour of her museum, and put me in touch
with Lt Col John Hilliard, USAF retired, her outstanding tour guide.
John took my wife and me to every launch site and important facility
on Cape Canaveral AFS and the Kennedy Space Center and then pro-
vided me with many launch images from his comprehensive collec-
tion. I also received assistance from Ms. Shawn Riem, 30th Space
Wing historian.

Additionally, I am grateful to a number of personnel in Air Force
Space Command’s launch branch. Aerospace Corporations liaison to
the command, Mr. Leslie J. Doggrell, and SMSgt William P. Mayo,
with vast experience in the launch arena, generously offered insight-
ful comments and clarified many issues for me. I also appreciated the
help of their space launch colleagues, Mr. Philip N. Hays, Mr. Jeftrey
D. Hill, and Mr. Paul J. Kolodziejski.

I am grateful to Col Linda S. Aldrich, USAE retired, for introduc-
ing me to important contacts in the launch arena. I owe a special debt
of gratitude to the retired space launch veterans who helped make me
more knowledgeable and this study more accurate and realistic. They
generously gave of their time and patiently replied to my every ques-
tion. It has been an honor to have benefited from their friendship,
expertise, “reality checks,” and dedication to space launch.

Deserving special mention are first-generation space pioneers, Col
Robert W. “Rob” Roy, USAE retired; Maj Gen Robert A. “Rosie”
Rosenberg, USAF, retired; Brig Gen Joseph D. “Don” Mirth, USAF,
retired; Lt Col William J. “Bill” Thurneck, USAF, retired; and their
immediate successors, Col Thomas E. Maultsby, USAF, retired; Brig
Gen Sebastian E. “Seb” Coglitore, USAF, retired; Maj Gen Thomas D.
“Tav” Taverney, USAF, retired; Lt Col Frank E. Watkins, USAEF, re-
tired; and Col Victor W. Whitehead, USAE retired. I also received
important contributions from Col Richard W. McKinney, USAE re-
tired; Lt Col Stosh Kowalski, USAF, retired; Col John Stizza, USAF,
retired; Brig Gen Glenn C. “Clint” Waltman, USAF, retired; Mr. John
Silverstein, General Dynamics; and Colonel Aldrich.

I am especially grateful to General Coglitore, Colonel McKinney,
and Col Robert P. Bongiovi, director of the Launch Enterprise Sys-
tems Directorate, SMC, for reading the manuscript and offering valuable
criticism. I am also grateful to the following people for graciously
permitting me to interview them about their space launch experi-
ence: the late Gen Thomas S. Moorman Jr., USAF; Colonel McKinney;
Colonel Bongiovi; and three individuals at Kirtland AFB’s Small
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Launch and Targets Division: division chief, Lt Col Ryan A. Rose;
chief engineer, Mr. Randall L. Riddle; and Mr. Robert L. Kelsey. Also
deserving praise are Ms. Bonita “Bonnie” Smith, Aerospace Corpora-
tion archivist, and the helpful members of the University of Colorados
Interlibrary Loan department for fulfilling my many requests.

Lastly, I would be remiss if I did not recognize the outstanding
contributions from Air University Press project editor Mrs. Donna S.
Budjenska and her superb team, consisting of Tim Thomas, Nedra
Looney, Kim Leifer, and Tameka Kibble. Their work significantly
contributed to the success of this project, and Mrs. Budjenska should
be singled out as the professional editor every author could wish for.

Finally, my special appreciation to FL and, above all, my wonderful
TASita, for her love and support.
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Chapter 1

Foundations

The Ballistic Missile Force Underpins the Air Force
Space Launch Enterprise, 1945-1965

In the aftermath of World War II, Air Force leaders laid the foun-
dation for future operations in the missile and space arena by estab-
lishing a clear research and development (R&D) focus for the new
service. Commanding General of the Army Air Forces Henry H.
“Hap” Arnold and his eminent scientific advisor Theodore von Karman
set the course through their policy statements, organizational deci-
sions, and comprehensive analysis of Air Force scientific require-
ments for a technological future. Their legacy appeared endangered
in the late 1940s when tight budgets and higher priorities confined
long-range missile development primarily to low-level studies. Air
Force leaders seemed intent on establishing Air Force responsibility
for long-range ballistic missiles but remained unwilling to promote
their development.

With armed forces undergoing demobilization and the reassertion
of domestic priorities, Arnold and other Air Force innovators quickly
realized it was one thing to advocate an imaginative, liberally funded
R&D program for the Army Air Forces (AAF) and quite another to
have it put into practice by a conservative military establishment. In
the years after World War II, missiles drew only modest attention
from President Harry S. Truman’s administration and the defense
establishment. Initial postwar interest in long-range guided missiles
soon succumbed to an Air Force policy that relied on strategic bombers,
tointerservice conflicts over roles and missions, and to administration-
imposed budget ceilings that compelled Air Force planners to focus
on present rather than future service needs."

By the early 1950s, however, change was in the air. New concerns
about Soviet political and military activity and technological progress
compelled leaders to reexamine the country’s defense posture. In doing
so, intercontinental ballistic missiles (ICBM) and intermediate range
ballistic missiles (IRBM) received new attention. Larger defense budget
outlays and successful testing of thermonuclear devices and the prospect
that they could be reduced in size and weight offered the promise of
a feasible long-range ballistic missile. A number of government officials
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and Air Force officers who shared Arnold’s legacy acted as catalysts for
change by creating new organizational structures for missile develop-
ment and promoting greater awareness of the ICBM. Although they
faced strong opposition every step of the way, their strenuous, persis-
tent efforts helped set the Air Force and the nation on the path to an
operational ICBM and IRBM by the end of the decade. More ger-
mane for this study, the ballistic missiles developed in the early Cold
War era proved adaptable for space launch. Indeed, the Air Force’s
first-generation ballistic missile force also evolved into the initial
space booster fleet for launching satellites and other space payloads.
Given the close technical and operational relationship between bal-
listic missiles and space boosters, it is important to focus initially on
the development of ballistic missiles in the 1950s.

Air Force Ambivalence Toward Ballistic Missiles

General Arnold was not the only military leader impressed by the
German V-2 achievements during the war. In the flush of victory, all
the services sought to build on wartime experience by conducting
rocket and guided-missile experiments based either on aerodynamic,
jet-propelled “cruise” missile principles or on the German V-2 short-
range, liquid propellant ballistic rocket technology. Operation Paper-
clip brought nearly 130 leading German rocket scientists, a vast array
of data, and approximately 100 dismantled V-2s to White Sands
Proving Ground, New Mexico. There, under Project Hermes, the
Army Ordnance Department conducted upper atmospheric research
into airborne telemetry, flight control, and two-stage rocket capabil-
ity with representatives from the Air Force, the Air Force Cambridge
Research Center, the General Electric Company, the Naval Research
Laboratory, and other scientific institutions, universities, and govern-
ment agencies. From 1946 to 1951, participants received valuable
data from 66 V-2 launches that first carried various scientific instru-
ments, then primates.

Back in early 1949, the Army, which viewed rockets as extensions
of artillery, had successfully used a V-2 as the launch vehicle for the
Jet Propulsion Laboratory’s WAC Corporal second-stage rocket to an
altitude of 250 miles. As Frank Malina, the missile’s project director,
noted, “The WAC Corporal thus became the first man-made object to
enter extra-terrestrial space” These early V-2-based, WAC Corporal
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experiments, referred to as Bumper WAC flights, set the stage for the
Army’s future missile and space program involving Redstone, Jupiter,
and Juno boosters developed by Wernher von Braun’s team, under
Army supervision, after it moved in 1950 from Fort Bliss, Texas,
to Redstone Arsenal at Huntsville, Alabama. Postwar naval rocket
research, led by the Applied Physics Laboratory of Johns Hopkins
University and the Naval Research Laboratory in Washington, DC, pro-
duced two reliable and effective sounding rockets: the fin-stabilized
Aerobee, a larger version of the WAC Corporal modified for produc-
tion as a sounding rocket, which achieved a height of 80 miles; and
the more sophisticated Viking, which reached an altitude of 158 miles
in May 1954.°

Despite General Arnold’s interest in developing long-range missiles
of the V-2 type, the Air Force followed the path charted by Theodore
von Kdarman, which stayed within the atmosphere, then the Air
Force’s only operating environment. Short-range, jet-propulsion
weapons seemed to offer faster development and better payload capa-
bilities. They also directly complemented the strategic bomber fleet,
the nation’s intercontinental strike force of the day. In October 1945,
the AAF Air Technical Services Command solicited proposals from 17
aircraft companies for a 10-year R&D program for pilotless aircraft,
and the fiscal year 1946 budget included an impressive 26 different
projects. Only two, however, involved missiles in the 5,000-mile
range, and one of those consisted of a Northrop Aircraft supersonic
turbojet vehicle. The other, Project MX-774, a supersonic ballistic
rocket design from Consolidated Vultee Aircraft Corporation (Con-
vair), would serve as the precursor of the Atlas ICBM.*

If the AAF seemed devoted to shorter-range, air-breathing mis-
siles, it would not concede long-range missile development to the
Army or Navy. All three services jealously guarded their prerogatives
and jockeyed fiercely over roles and missions in the postwar world.
As it looked to a future as an independent service, the AAF proved
particularly sensitive to new, unproven weapon fields, such as rockets
and missiles. While Maj Gen Curtis E. LeMay, the recently appointed
Air Staff deputy chief for R&D, staked out the AAF’s claim to any
prospective satellite mission in early 1946, he also became embroiled
with Army and Navy representatives over which service should be
responsible for what types of missiles. Above all, the AAF took spe-
cial interest in missiles it considered strategic.’
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Throughout the conflict over roles and missions, the Air Force
demonstrated more interest in gaining and preserving its preroga-
tives than in moving ahead with a strong R&D program for missiles.
Paradoxically, as the Air Force’s commitment to develop an ICBM
diminished, its determination to be designated the sole authority
responsible for long-range missiles increased. Even with long-range
cruise missiles, for which Air Force leaders sought exclusive control
based on the service’s strategic mission, the newly independent ser-
vice normally chose not to implement programs leading to opera-
tional missiles. Efforts to garner exclusive control of missiles would
continue. In September 1948, for example, the National Military
Establishment awarded the Air Force operational control of strategic,
surface-to-surface cruise missiles, such as the Snark and Navaho.
Eighteen months later, in a very important March 1950 decision, the
Air Force received official responsibility for developing long-range
strategic missiles and short-range tactical missiles that related to the
service’s air interdiction and close air support missions. Later, near
the end of the Truman administration, the Air Force successfully de-
feated the Army’s bid to develop the Redstone rocket’s range beyond
200 miles. The strategic mission would remain with the Air Force.®

Already, in the late 1940s, Air Force leaders had signaled their
R&D attitude when forced to respond to the Truman administration’s
drastic economy drive that began in late 1946. In the growing Cold
War, the administration increasingly looked to strategic bombers and
the atomic bomb as the country’s main line of retaliatory defense.
Moreover, manned aircraft remained the heart of the Air Force, and
an Air Force culture wedded to pilots in the cockpit would long seem
threatened by pilotless ballistic and cruise missiles. Compelled to
choose between supporting the forces of the present and those of the
future, the Air Staft ignored the admonitions of General Arnold and
Dr. von Kérman by focusing on manned aircraft to the detriment of
guided missiles. Consequently, Air Force R&D programs for missiles
suffered severely in the late 1940s. One of the casualties was the MX-774,
the service’s only long-range ballistic missile project, which it termi-
nated on 1 July 1947. The budget slashers argued that putting scarce
funds into a research program that might not be realized for a decade,
or possibly never, could not be justified in light of current priorities.
They believed the Air Force had to continue with a cautious step-by-
step approach to any long-range missile program. Missile advocates
found themselves victims of a circular argument: missiles seemed too



FOUNDATIONS | 5

challenging technologically, but no funds could be spent on solving
the technological dilemmas; the problems would go unresolved, and
the missile would remain “impossible.” To questions about the logic
of budgeting for missile programs, the answer always seemed to be the
dogmatic response: “the time is not right” for an expanded program.’

Fortunately, Convair decided to use its own funds to continue its
MX-774 long-range missile project, under imaginative structural en-
gineer Karel J. “Charlie” Bossart.® Back in April 1946, the AAF had
awarded Convair a $1.4 million contract (increased to $1.893 million
two months later) to evaluate two missile proposals, one for a sub-
sonic, aerodynamic missile and the other for a rocket-powered ballistic
missile. Both were to be capable of delivering a 5,000-pound warhead
anywhere from 1,500 to 5,000 miles to within 5,000 feet of designated
targets. Following end-of-the-year budget cuts that included Con-
vair’s subsonic missile design, the company would concentrate on
the ICBM.’

The V-2 represented the point of comparison and departure for
Bossart and his team. From the start, they focused on reducing the
weight of the missile with innovative concepts and experiments in-
volving internal fuel storage and tank design, swiveling engines, and
various methods of separating the nose cone warhead as a solution to
the formidable reentry problem. A separating nose cone meant that
it, rather than the entire missile, would endure the excessive heat of
atmospheric reentry. This would result in a major weight reduction,
an increase in the missile’s range, and elimination of the need to de-
sign engines and fuel tanks able to withstand reentry. Bossart’s key
innovation, representing another weight savings measure, was to re-
place the double-walled V-2 fuel tank structure with single-walled,
pressure-stabilized propellant tanks made of aluminum no thicker
than a dime. Serving as part of the missile structure itself, the dime-
thin aluminum “balloon” required pressure either from bottled nitro-
gen when in storage or from propellants loaded for operational use to
avoid collapse. Additionally, the introduction of swiveling engines
represented a significant improvement over the V-2’s use of movable
graphite vanes in the exhaust system, which had reduced its thrust by
as much as 17 percent. Responding to commands from a gyro-
stabilized, autopilot guidance system, the swiveling engines of the
MX-774 provided directional thrust and much improved control of
the missile. Built by Reaction Motors Incorporated, each of the four
clustered engines produced a thrust of 2,000 pounds and burned a
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mixture of alcohol and liquid oxygen supplied by a hydrogen-
peroxide, pressure-fed turbo pump. Measuring 31 feet in length and
2.5 feet in diameter, the missile weighed 1,200 pounds without pro-
pellants.'

Despite cancellation of the MX-774 contract, the AAF authorized
the company to continue its research on guidance system and nose
cone reentry and to launch three completed test vehicles at the White
Sands Proving Ground. Although the flight tests achieved only modest
success, they validated Bossart’s designs and provided Convair a
wealth of information that would prove beneficial when the Air Force
decided to pursue the Atlas program seriously in 1951. Meanwhile,
Convair continued to use company funds to keep the MX-774 project
afloat as a low priority item."!

The Air Force Renews Interest in Ballistic Missiles

The first signs of a significant change in attitude toward R&D in
general—and guided missiles in particular—appeared in 1949. Faced
with growing criticism that the Air Force was paying insufficient
attention to R&D, Gen Hoyt S. Vandenberg, the AAF’s deputy com-
manding general, authorized two committees, one “civilian” and the
other military, to examine the state of the service’s R&D capabilities.
On 23 January 1950, General Vandenberg acted on the committees’
recommendation by creating the Office of the Deputy Chief of Staff,
Development, and the Research and Development Command (redes-
ignated the Air Research and Development Command, or ARDC, in
April), with headquarters at the Sun Building in Baltimore, Mary-
land. Significantly, the Air Staft assigned the guided missiles program
to the new command."

While the Air Force made organizational changes in the early
1950s, events on the international scene contributed to major reas-
sessments of the country’s defensive posture. News that the Soviet
Union had successfully detonated an atomic device in August 1949,
communism’s triumph in China, and alarming reports of Soviet
progress in missile development led to calls for increased military
preparedness both in and outside the administration. In January
1950, President Truman authorized immediate development of the
hydrogen or thermonuclear bomb and directed a comprehensive re-
view of national security policy. In April, the result of that review,
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National Security Council Paper 68 (NSC 68, officially titled United
States Objectives and Programs for National Security), called for sharp
increases in US military spending; Truman, who was concerned
about such a program’s cost, did not immediately approve. The out-
break of the Korean War, in June 1950, heightened the growing sense
of national weakness. Congress authorized a 70-group Air Force and
nearly doubled the administration’s defense budget request from
$14.4 to $25 billion. After the Chinese entered the war in November,
the president approved the force objectives established by NSC 68
and advanced the original target date for completing them from 1954
to mid-1952."

The deteriorating security environment and the Truman adminis-
tration’s decision to rearm elevated the importance of guided-missile
programs. At the same time, the Air Force had received reports on
the progress of ICBM research from RAND, its think tank established
in 1946, initially to determine the feasibility of artificial Earth satel-
lites. In 1949, RAND’s comparison of air-breathing and ballistic mis-
siles clearly favored the latter, and its report of December 1950 argued
that technical progress with engines, guidance systems, and reentry
vehicles had made the long-range ballistic missile viable. Armed with
a larger budget and clear evidence of ballistic missile technical prog-
ress, the Air Force reconsidered Convair’s long-range rocket proposal.
The company’s presentations helped lead to an Air Force contract, on
23 January 1951, for Project MX-1593. It directed Convair to examine—
once again—both the ballistic technique and the “glide” method, by
which vehicles would use rocket power to reach the outer atmosphere
then use their wings to glide through the atmosphere to their targets.
The boost-glide approach signaled enduring Air Force interest in the
postwar “X”-series of high-altitude, rocket-powered aircraft."

The Air Force’s criteria called for both types of missiles to be capable
of launching 8,000-pound warheads 5,000 nautical miles and of
achieving a circular error probability (CEP) of 1,500 feet, later modi-
fied to one mile when smaller and lighter warheads became available."
On 1 September 1951, Convair engineers and the ARDC decided to
drop the winged missile in favor of the ballistic-type rocket, primarily
because the latter represented a weapon considered unstoppable for
the foreseeable future, and they believed the formidable technical
problems could be mastered by the early 1960s. Convair had named
the ballistic version Atlas. Its specifications clearly envisioned a mighty
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vehicle, with five or seven large, clustered engines to power a missile
160 feet long and 12 feet in diameter."®

Over the next two years, Charlie Bossart continued to wrestle with
the engine ignition reliability problems that had affected his test vehi-
cles. Impressed by North American’s Navaho booster engine, Convair
contracted for a modified version for the Atlas, using a combination
of kerosene and liquid oxygen. A major challenge, however, remained
the achievement of smooth combustion and consistent ignition of a
second-stage engine at altitude. Because the few “staging” tests that
were conducted yielded uneven results, Bossart elected to forego a
genuine two-stage missile in favor of a more reliable “stage-and-a-
half” design. The latter meant that the four booster engines and sin-
gle sustainer engine would be started together on the ground using
propellants from the same pressure-stabilized tanks. Shortly after lift-
oft, the booster engines would be jettisoned, and the missile would
rely on the sustainer engine for the remainder of its powered flight, to
the point of nose cone separation. Although the Atlas would be power-
ing empty propellant tanks during the sustainer phase, thus increas-
ing the vehicle’s weight and mass, Bossart reasoned that the extra
weight penalty could be offset by the lightweight balloon structure.
His team also addressed the problem of sustainer engine cutoff, in-
cluding two small vernier engines that would provide final course
correction until nose cone separation."”

Despite the Air Force decision to proceed with the ballistic missile,
the road ahead proved anything but smooth. ARDC, which had re-
sponsibility for the guided missiles program, agreed that the missile
deserved greater support. Convincing Air Force headquarters to
award it sufficient funding and project priority, however, proved next
to impossible. Despite growing evidence to the contrary, skeptics on
the Air Staff and in the Office of the Secretary of Defense (OSD) con-
tinued to view the ICBM as a weapon system too complex to ever
reach the operational stage. Much of the criticism focused on the old
issue of warhead weight. In November 1952, however, test results at
Eniwetok (renamed Enewetak in 1974) Atoll, involving a 65-ton de-
vice with 500 times the explosive power of the Nagasaki atomic bomb,
demonstrated the feasibility of thermonuclear technology and con-
firmed ARDC'’s optimism. Convinced that a smaller, lighter thermo-
nuclear weapon could be developed soon, ARDC petitioned the Air
Staft to reassess the overly restrictive weight and accuracy parameters
for the Atlas. While agreeing that anticipated warhead yields called
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for reducing missile accuracy and guidance requirements, the Air
Staff reaffirmed its step-by-step approach of sequential component
development that forecasted completion of research in 1956, devel-
opment in 1961, and prototype testing in 1963."

ARDC designated the Atlas as Weapon System (WS)-107A. Mea-
suring 110 feet in length (50 feet less than Convair’s 1951 version), 12
feet in diameter, and with a total weight of 440,000 pounds when fueled
with gasoline-liquid oxygen propellants, this “1953 Atlas” was a huge
vehicle. The stage-and-a-half missile was to generate 656,100 pounds
of thrust from its four booster and sustainer engines, delivering its
3,000-pound warhead a distance of 5,500 nautical miles. Still relying
on a fission warhead, its low yield of from 20 to 30 kilotons meant
that it needed to impact within 1,500 feet of the target. A ground sta-
tion and an inertial autopilot transponder-receiver aboard the missile
would provide guidance."

After liftoff, the flight plan called for the rocket to ascend to an alti-
tude of 15,000 feet before making a turn toward the target on a ballistic
trajectory. Two minutes into the flight the booster engines would cut
off and be jettisoned, and the sustainer engine would then continue to
power the rocket for an additional 2 minutes and 26 seconds. When the
sustainer engine shut down, two small vernier engines, each pro-
viding 1,000 pounds of thrust, would make final flight corrections
during the last 30 seconds of powered flight. At that point, nearly five
minutes after launch, the verniers would shut down, and the nose
cone with armed warhead would make an elliptical free-fall descent
toward the target.”

Looking back over the course of missile development in the late
1940s and early 1950s, the ICBM clearly fell victim to skepticism
about its practical military use, to technological challenges, and to
fiscal retrenchment that grew unabated through the late 1940s. Stra-
tegic bombers represented the key element in the nations offensive
arsenal, while the ICBM project moved painfully forward as a cau-
tious, low-funded, phased study and test program that reflected the
Air Staff’s traditional skepticism. By the advent of the Eisenhower
administration, however, heightened security concerns and further
technological progress offered the prospect of breaking with the past
and accelerating both missile and emerging satellite programs. Al-
though still a formidable challenge, the 1953 Atlas clearly represented
a major improvement over the earlier configurations and convinced
missile advocates that the ICBM was feasible.
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Eisenhower Endorses a “Crash” Ballistic
Missile Development Program

President Dwight D. Eisenhower took office in January 1953 deter-
mined to implement a “New Look” defense policy that stressed stra-
tegic nuclear striking power at the expense of conventional forces.”
In order to do this and roll back the Truman administration’s Korean
War budget from nearly $45 billion to $35 billion, he charged his De-
fense Department to end waste and duplication throughout the ser-
vices. Missile programs could be expected to absorb their share of
Defense Department cutbacks. Indeed, in early 1953 the administra-
tion expressed no particular interest in accelerating the ICBM pro-
gram. In the space of only four years, however, President Eisenhower
would come to preside over a costly expansion of a variety of ballistic
missile programs as well as the birth of the American space program.
These events have left their mark on the nation ever since.

Early in Eisenhower’s administration, three developments galva-
nized the nation’s ICBM effort. One involved the president’s determi-
nation to take all possible measures to forestall another “Pear] Harbor”
surprise attack. Like General Arnold, General Eisenhower could
never forget that infamous event. His scientific advisor, James R.
Killian Jr., remarked that Eisenhower remained “haunted .. . through-
out his presidency” by the threat of surprise nuclear attack on the
United States.” To avoid this horror, intelligence data on Soviet mili-
tary capabilities became essential. Yet, neither news of Soviet advances
in long-range bombers like the Tu-4 nor reports on Soviet long-range
missile progress could be verified. At the same time, the development
of a thermonuclear device and its testing in both the United States
and the Soviet Union raised alarms about a potentially devastating
surprise attack. Several RAND studies in 1952 and 1953 heightened
awareness by describing the vulnerability of strategic air bases to attack.
The RAND assessments complemented the Central Intelligence
Agency’s (CIA) national intelligence estimates that forecasted immi-
nent increases in Soviet atomic weapons production and improved
delivery capabilities.”

But reports remained confusing or contradictory, and the admin-
istration quickly realized that current intelligence methods could
not provide meaningful data. Pre-hostilities intelligence informa-
tion became increasingly essential, and all parties realized that aerial
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reconnaissance offered the most effective means to solve the dilemma.
The near-term answer became the U-2 high-altitude reconnaissance
plane, while the long-term solution would prove to be the military
reconnaissance satellite. Meanwhile, the major defense effort would
be devoted to developing medium- and long-range ballistic missiles
rapidly for the New Look doctrine of “massive retaliation,” consid-
ered the best means of deterring surprise nuclear attack.

A technological “thermonuclear breakthrough” that solved much
of the ICBM payload weight dilemma also accelerated the ICBM
effort. Operation Castle tests in the spring of 1953 suggested the advent
of thermonuclear warheads, weighing only 1,500 pounds, with a yield
of one megaton. This amounted to 50 times the yield of the much
heavier Atlas warhead proposed by Convair, which meant the size,
weight, and accuracy requirements of the Atlas could be reduced,
making its development more feasible within the state of the art. On
1 March 1954, additional Castle results involving the first “droppable”
thermonuclear bomb confirmed the viability of a lightweight, higher-
yield weapon with extensive radioactive fallout coverage.*

Finally, several determined, reform-minded government officials
streamlined and energized the decision-making process. Throughout
this period, the leader of this reform group was Trevor Gardner, the
“technologically evangelical” special assistant to the secretary of the
Air Force for R&D.> While President Eisenhower and his advisors
worried about intelligence data, Trevor Gardner made it his public
mission to convince the government that the nation must pursue a
crash program to develop an operational Air Force ICBM or face
nuclear disaster. Ironically, he assumed his office with the mandate to
implement the expected economy agenda in the Defense Department
by ending waste and duplication in the Air Force missile program.*

Gardner Stimulates the Missile Program

In April 1953, Gardner called for review of all Air Force missile
programs. He instinctively rebelled against what he regarded as ARDC’s
overly cautious approach and Strategic Air Command’s (SAC) and
the Air Staff’s persistent delaying tactics. Gardner, who had heard
reports of the “thermonuclear breakthrough,” knew that accuracy
and guidance performance requirements now could be relaxed and
the missile was no longer “impossible”” Fortunately, to accelerate
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missile development he found willing allies among middle-echelon
ARDC and Air Staff officers, the Convair group promoting Atlas, and
from long-time proponent Gen Donald L. Putt, who became com-
mander of ARDC in June 1953. At this point Gardner decided to
bypass the Air Force bureaucracy and appoint a full-time group of
experts on whom he would rely for advice. Late in the fall of 1953, he
convened the Strategic Missiles Evaluation Committee under the
chairmanship of renowned Princeton Institute for Advanced Study
mathematician and activist John von Neumann.?® The von Neumann
committee, popularly known as the “Teapot” committee, comprised
an impressive assemblage of scientists and engineers, all of whom had
been handpicked by Gardner for their “progressive” views on ICBM
requirements as well as their technical brilliance. Gardner also en-
gaged the newly formed Ramo-Wooldridge Corporation to provide
technical support on questions involving missile propulsion, guid-
ance, and warhead reentry. Specifically, Gardner charged von Neumann’s
committee to determine the measures necessary to accelerate devel-
opment of the Atlas missile.”

Von Neumann’s subsequent report confirmed a concurrent RAND
analysis that determined an Atlas initial operational capability (IOC)
could be achieved by the early 1960s, if the project received increased
funding, became a national priority, and had its demanding perfor-
mance requirements relaxed. Both studies favored a drastic revision
of the Atlas ICBM program in light of Soviet missile progress and
newly available thermonuclear warhead technology. The Teapot
Committee’s report would also help convince President Eisenhower
later that year to convene the Surprise Attack Panel or, as it was soon
renamed, the Technological Capabilities Panel (TCP) chaired by
Killian, then president of the Massachusetts Institute of Technology.*

Armed with the findings of the RAND and von Neumann com-
mittee studies, Gardner set out to win support throughout the Air
Force hierarchy to expedite an expanded ballistic missile develop-
ment effort through creation of a separate development-management
agency that would bypass established administrative channels. By
May 1954, his tireless advocacy had convinced Air Force leaders to
form a West Coast project office at Inglewood, California. Organized
as the Western Development Division (WDD), the latter represented
the central von Neumann committee recommendation, and Gardner
ensured that the new organization’s chief would be his ally, Brig Gen
Bernard A. Schriever.* Shortly after the WDD began functioning in
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August, Schriever arranged for the Air Force to contract with the
Ramo-Wooldridge Corporation as full-time technical consultant to
his command.*

Schriever proved to be a brilliant choice to head a crash ICBM
program. A young disciple of Hap Arnold, whom he considered “one
of the most farsighted persons” he had ever known, Schriever had
joined Trevor Gardner’s reform group in early 1953 while serving on
the Air Staff as assistant for development planning in the Office of the
Deputy Chief of Staff for Development. He used his intelligence,
patience, and superb negotiating skills with military and other govern-
ment and private industry leaders to become an outstanding advocate
for missile and space systems. He handpicked his initial group of
officers, and, given the priority of the missile program, he was able to
recruit from among the most capable officers in the Air Force.”

When General Schriever surveyed the state of his command in the
spring of 1954, he realized that he faced a major battle within the Air
Force to retain control of his project. Even though the Air Force had
accorded the Atlas its highest R&D priority, 1-A, and the secretary of
defense had declared Atlas of “critical importance” in early 1955, the
bureaucratic labyrinth at the Air Staff and the OSD continued to cause
bottlenecks and delays because of the multiple program review levels.
Once again Gardner—actively supported by General Schriever—
decided to bypass the Air Force bureaucracy by going directly to
Senators Clinton P. Anderson and Henry M. “Scoop” Jackson, the two
most influential members of the Joint Committee on Atomic Energy.
After visits to Schriever’s suburban Los Angeles headquarters and
news of additional reports of new Soviet long-range bombers and mis-
sile tests, the senators wrote President Eisenhower, in late June 1955,
about their concerns and recommended immediate action on the Atlas
program to avoid funding delays, overcome interference from major
Air Force commands, and bypass the multiple review levels.**

Back in February 1955, the president had also received the mo-
mentous report, “Meeting the Threat of Surprise Attack,” of the TCP,
chaired by James Killian. Confirming the vital need for pre-hostilities
strategic intelligence on Soviet military capabilities, the Killian panel
supported development of the Lockheed U-2 high-altitude recon-
naissance plane and rapid development of IRBMs as a stopgap security
measure until the ICBM force became operational. On 8 September
1955, President Eisenhower responded by assigning the Atlas program
“the highest priority above all others,” and “not . . . [tolerating] . . . any
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of the delays which may attend normal development or procurement
programs.’®

Although the Atlas ICBM had now been designated the “highest
national priority” weapon system, administrative procedures re-
mained cumbersome, prompting Gardner again to seize the initiative
by directing Hyde Gillette, Air Force deputy for budget and program
management, to form a committee and recommend measures to
make the decision-making process for the missile program more ef-
fective. In October 1955, the Gillette committee’s recommendations
led to establishment of two ballistic missiles committees, one at OSD
and another in the Office of the Secretary of the Air Force, to func-
tion as the sole reviewing authorities for WDD programs. Gone were
the various separate offices Schriever had to consult individually.
Now, he submitted a yearly development plan to a single committee,
one consisting of representatives from the offices concerned with the
ICBM program.*

To produce an operational missile by the end of the decade, Schrie-
ver’s command adopted managerial innovations that would become
common practice for the Air Force in future years. One involved reli-
ance on outside technical experts rather than continuing with the
prime contractor method, which charged the airframe manufacturer
with responsibility for all aspects of weapon system design, develop-
ment, and testing. Referring to Convair, General Schriever observed
that “existing industrial organizations generally lack the across-the-
board competence in the physical sciences [for] the complex systems
engineering job” needed for the ICBM.*”

Doubts about Convair’s competence arose in the summer of 1954,
when Convair opposed designing a smaller missile capable of carry-
ing the lighter, powerful hydrogen warhead. Lessening the payload to
1,500 pounds could mean a three- rather than five-engine propulsion
configuration, resulting in an overall missile weighing 220,000
pounds rather than 440,000 pounds. Convair, however, continued to
favor the five-engine vehicle and lobbied to begin work immediately
on the missile as prime contractor. That fall, when Schriever chose
Ramo-Wooldridge as contractor for Atlas systems engineering and
technical direction, a very unhappy Convair was left with responsibil-
ity for airframe construction, subsystems integration, and the static
and flight test program. Looking ahead, Ramo-Wooldridge would later
become Thompson-Ramo-Wooldridge (TRW) and serve as the Air
Force’s technical arm for the Minuteman and Peacekeeper ICBMs.*
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The crash program also reflected what came to be called parallel
development. In the summer of 1954 the Atlas Scientific Advisory
Committee, which favored developing a multi-stage ICBM, had rec-
ommended that WDD award alternate subsystem contracts, whereby
each Atlas component would be “backed up” by an alternate relying
on different technology. Still skeptical of Convair’s capabilities and
the as yet unproven Atlas stage-and-a-half design, Air Force officials
applied this parallel development concept on a larger scale by pro-
ducing at the same time a second, more sophisticated “backup”
ICBM, the Titan. Designers configured the new Titan as a two-stage,
liquid propellant missile, with a more advanced guidance system and
a rigid frame to permit underground deployment. Parallel or dual-
source development also brought competition into the process and
served as an effective risk mitigation approach. This allowed Atlas
and Titan program managers to replace subsystems in case of failure
or technological breakthrough, while advanced designs could be pur-
sued without risk to the overall ICBM program.*

This costlier parallel development approach meshed effectively
with the so-called concurrent procedures applied on an unprece-
dented scale by Schriever and his staff. The Air Force had tradition-
ally followed a sequential weapon system development process,
whereby managers completed each system component in turn, while
prototypes subsequently underwent deliberate and rigorous testing
before production.* Under concurrency and the systems engineering
approach, all measures necessary to construct and deploy the weapon
system would proceed simultaneously. In effect, research, develop-
ment, testing, production, base construction, training, and support
infrastructure requirements would be integrated into a master schedule
with specific milestones. As General Schriever explained, concur-
rency “may be defined as moving ahead with everything and every-
body, altogether and all at once, toward a specific goal. . . . Our aim,”
he continued, “was to bring all elements of our program along so that
they all would be ready, at each successive stage, to be dovetailed into
each other” As a rapid implementation of the systems method, con-
currency promised to compress the acquisition cycle significantly—
an absolute necessity if the program managers were to field an opera-
tional missile by 1960.*

By 1955, the Atlas design for “concurrent development” differed
markedly from its earlier versions. On 14 January 1955, when the Air
Force approved full-scale development of the Atlas, the revised design
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entailed a three-engine rocket, 82.5 feet long, 10 feet in diameter, and
weighing 267,000 pounds when fully loaded. Given the continued
uncertainty of being able to ignite an engine in the vacuum of space,
Convair and the Air Force agreed to retain the stage-and-a-half pro-
pulsion configuration, with the two boosters and single sustainer en-
gine, as well as the vernier engines igniting simultaneously at liftoff.
Representing 80 percent of the Atlas’s mass, the two stacked fuel
tanks consisted of a top oxidizer tank holding 175,196 pounds of liq-
uid oxygen separated by a bulkhead from the bottom tank containing
77,833 pounds of refined kerosene, or rocket grade propellant RP-1.
The 1955 Atlas retained Charlie Bossart’s unique monocoque fuse-
lage design, although in place of aluminum, the “pressurized steel
balloon” now had a series of stainless steel bands measuring between
0.010 and 0.051 inches in thickness. With the Atlas design in hand,
the WDD devised a five-year development program that called for
the first of three test vehicles to begin flight testing in the spring of
1957, followed in early 1959 by initial flight tests of the Atlas D, the
first operational ICBM.**

General Schriever’s task grew more daunting when, by the close of
1955, in addition to a second ICBM, the Titan, his command gained
responsibility for developing the nation’s initial military reconnais-
sance satellite and the Thor IRBM.* The challenge of producing an
operational Atlas by 1960, an operational Titan shortly thereafter,
and an operational Thor before either ICBM certainly would prove
formidable. In the summer of 1956, Schriever’s task became more dif-
ficult when the Eisenhower administration began an austerity pro-
gram to limit defense spending in fiscal years 1957 and 1958. The
Soviet Union’s launch of Sputnik satellites in October and November
1957, however, compelled the Eisenhower administration to address
the “missile gap” controversy. Sputnik precipitated widespread anxiety,
with critics asserting that the administration’s cuts in defense spend-
ing had endangered national security by creating a gap that had the
Soviet Union far ahead of the United States in development of opera-
tional IRBMs and ICBMs. After Sputnik, President Eisenhower
agreed to end economic restrictions on the missile programs and to
accelerate and enlarge the ICBM program. The program had already
become an enormous undertaking, and the figures are staggering. By
1957, two years into the program, Atlas embraced 17 major contrac-
tors and as many as 200 subcontractors across 32 states and employ-
ing 70,000 workers.*
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Developing and Testing the Atlas, Titan, and Thor

The integrated concurrency procedures included establishing
force levels, missile site selection, site construction, operational and
maintenance crew selection and training, and missile organizational
structure, while simultaneously developing and testing the missiles.*
In March 1956, only 14 months after receiving the Atlas contract,
Convair had produced its first Atlas Series A prototype missile for
static testing, the first category of ICBM testing. Ably directed by Col
Otto J. Glasser, the Air Force missile-testing program consisted of
four phases, or categories.*® Category I involved subsystem develop-
ment testing by the contractor, while Category II, comprising R&D
subsystem and component integration tests, was conducted by con-
tractor and Air Force personnel at the Eastern Missile Test Center at
Cape Canaveral, Florida. The latter readied the weapon system for
comprehensive Category III tests by SAC under operational conditions.
These initial operational tests were to guarantee missile readiness,
accuracy, and reliability. Then, SAC performed additional Category IV
operational tests at the Western Missile Test Range at Vandenberg Air
Force Base, California, to ensure performance objectives would be
maintained.”

After integrating the booster engines delivered by North Ameri-
can Aviation, Convair transported the missile to its new Sycamore
Canyon test area northeast of San Diego, California, in August. By
December, with the Atlas 1A missile secured to one of two enormous
test stands, Convair engineers looked on with observers from Ramo-
Wooldridge and the WDD as a brief but successful firing of the en-
gines demonstrated airframe strength and subsystems compatibility.
That same month, Atlas 4A, the first flight test version, arrived by
cross-country truck transport for Category II testing at the Air Force
Missile Test Center at Cape Canaveral.*®

The Series A flight missiles did not incorporate a nose cone or sus-
tainer engine because the tests evaluated only airframe and booster
engine performance. The first two flights, on 11 June and 25 September
1957, lasted only 30 and 32 seconds, respectively, before the range
safety officer destroyed the missiles following engine failure in both
cases. The third, however, on 17 December, performed its short-range
575-mile flight flawlessly over the South Atlantic. Coming shortly after
the Soviet Union’s two Sputnik flights and the embarrassing failure of
America’s Vanguard launch on 16 December, the Atlas flight served



18 | FOUNDATIONS

as an important morale boost. The Series A tests concluded with the
eighth R&D flight on 11 June. Although five of the eight had been
considered unsuccessful, each flight had provided a wealth of impor-
tant data.*

The Air Force Ballistic Missile Division (AFBMD), which had su-
perseded the WDD on 1 June 1957, conducted two additional series
of Atlas flight tests. Series B missiles included three more systems
integrated into the basic A series airframe: North American Avia-
tion’s complete MA-1 two-booster and sustainer engine cluster and
General Electric’s Mod I radio-inertial guidance system and Mark 2
nose cone. Although the initial launch on 19 July 1958 ended in fail-
ure when the missile blew up a minute after liftoff, a 2 August flight
effectively demonstrated staging and sustainer operations on its
2,500-mile journey. In the Atlas launch sequence, its two-booster and
single sustainer engines all fired on the ground, while the two small
vernier engines ignited 2.5 seconds following liftoff. Accelerating
rapidly from the launchpad, the missile gradually nosed over on its
flight to the target. A command from the ground station jettisoned
the booster engines and turbopumps after 140 seconds, well into its
trajectory; then the sustainer engine propelled the missile for another
130 seconds until achieving a velocity of 16,000 miles per hour. The
two vernier engines then made necessary course and velocity correc-
tions, after which the nose cone separated from the rocket framework
and followed an unguided, ballistic course to the target.”

The remaining four successful Series B flights included the Air
Force’s first space mission, Project SCORE (Signal Communications
by Orbiting Relay Equipment), the placing in orbit on 18 December
1958 of Atlas 10B, with an onboard radio relay transmitter that
broadcasted President Eisenhower’s worldwide Christmas message of
peace. Beginning on 23 December 1958, the first of six Series C flights
stressed weight reduction and improved accuracy with the General
Electric Mod II and Mod III radio guidance systems and Burroughs
computers. The three successful flights also included the first major
test of the RVX-2 ablative reentry vehicle, which was recovered, on 21
July 1959, after a 4,385-nautical mile trip into the South Atlantic.”

Operationally, the Air Force would deploy three models of the At-
las ICBM. The Atlas D included the upgrades made to the A, B, and
C series missiles and was deployed at three bases: Vandenberg AFB,
California; F. E. Warren AFB, Wyoming; and Offutt AFB, Nebraska.
With the missile stored horizontally above ground and requiring an
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elaborate ground-antenna system for its radio-inertial guidance sys-
tem, survivability of the Atlas D became a major concern. The Atlas E
and F missiles incorporated an upgraded engine and all-inertial
guidance. For the Atlas E, designers increased missile survivability by
constructing heavier, semi-hardened coffin storage shelters. First
used at Vandenberg, those shelters widely dispersed the missiles be-
cause the inertial guidance system did not require the ground-
antenna system. The Air Force deployed the E model at these bases: F.
E. Warren; Fairchild AFB, Washington; and Forbes AFB, Kansas. Ef-
forts to enhance Atlas survivability culminated in the silo-lift Atlas F,
which housed an improved all-inertial guidance system. The Atlas F
was deployed at six bases: Schilling AFB, Kansas; Lincoln AFB, Ne-
braska; Altus AFB, Oklahoma; Dyess AFB, Texas; Walker AFB, New
Mexico; and Plattsburgh AFB, New York.>

While the Atlas finished its initial test-flight program in mid-1959,
the Titan had completed its first successful flight test in February of
that year—nearly two years after the Atlas Series A tests began. Titan
had benefited from a less strenuous deployment timetable and its
perceived role as a more sophisticated weapon system. In effect, it
would become the equivalent of the most capable Atlas, the Series F
missile, having taken advantage of its better design and incorporation
of Atlas improvements.”

Back in April 1955, when Air Force Secretary Harold Talbott au-
thorized General Schrievers WDD to proceed with an alternative
ICBM, he specified that the new missile’s R&D be concentrated in the
central part of the country rather than on the East or West Coast.
That October, the Air Force authorized the Glenn L. Martin Com-
pany, based in Baltimore, Maryland, to construct the airframe for a
two-stage missile designated XSM-68, WS 107A-2 (later labelled the
Titan) and plan its comprehensive development, with Ramo-
Wooldridge providing technical support. Martin considered 94 cities
before breaking ground, in February 1956, for a 300,000 sq. ft. fabri-
cation facility with associated test equipment at the Waterton Canyon
site near Littleton, Colorado, southwest of Denver.**

Initially conceived as a source of alternate ICBM subsystems, the
Titan liquid propellant missile differed significantly from the Atlas.
Measuring 98 feet in length, 16 feet longer than the Atlas, the Titan
was a genuine two-stage missile. Unlike the pressurized steel balloon
design of Atlas, the airframe for Titan incorporated structural elements
in the propellant tank walls, thereby producing a rigid self-supporting
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airframe. Using liquid oxygen and RP-1, Aerojet’s powerful two-stage
propulsion system consisted of two first stage engines producing
300,000 pounds of thrust at sea level and a second stage engine gen-
erating 80,000 pounds when ignited in the vacuum of space. The two-
stage configuration enabled the Titan to achieve a range of 6,350
miles with a payload of 3,825 pounds, over twice that of the Atlas.
Bell Telephone Laboratories developed the radio-inertial guidance
system used in the Titan I, while the Bosch Arma Corporation con-
tinued to work on an all-inertial guidance system. In the spring of
1958, however, the Air Force transferred the Bosch Arma inertial
guidance system contract to the Atlas, where it would be incorpo-
rated into Atlas E and F series missiles. By early 1959, the Titan pro-
gram had a new inertial guidance system from General Motors Cor-
porations AC Spark Plug Division under development and scheduled
for completion in late 1962. In August 1958, AVCO Corporation had
ceased work on a copper-sheathed, heat-sink vehicle for reentry pro-
tection in favor of an ablative Mark 4 nose cone that also would be
used in the Atlas D and F series missiles. By this time, planners had
decided on silo-hardened sites designed to withstand a nuclear blast
equal to 100 pounds per square inch (psi) overpressure and were
looking ahead to the Titan’s capability as a space booster. Meanwhile,
by 1959, the Ballistic Missile Division had authorized improvements
to the Titan, beginning with the fifth squadron, that would include
storable propellants, an in-silo launch capability, and a larger, more
powerful second-stage engine. Looking ahead, this upgraded Titan
would be deployed as the Titan II beginning with the seventh rather
than the fifth squadron.”

The Air Force accepted the first Titan I on 17 June 1958 and sched-
uled its initial flight for that December, after captive (hold-down)
tests at the Martin facility. Martin fabricated the Titan I in eight lots,
totaling 163 missiles. Six Lot A limited-range missiles consisted of a
simplified first stage and dummy second stage filled with water. The
first flight blew up on its Cape Canaveral pad before the launch at-
tempt on 20 December 1958. By the end of the Lot A testing on 4 May
1959, four of the six flights had demonstrated successful stage separa-
tion and excellent performance of the radio guidance system.*

The Lot B missile experience proved far less encouraging. Using
complete first and second stages, these missile tests would evaluate
stage separation and a brief second-stage flight as well as compatibility
of the airframe and subsystems. A series of accidents during Martin’s
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static testing delayed the initial launch of Titan B-5 until 14 August
1959. Unfortunately, following normal first stage engine ignition,
premature release of the hold-down bolts allowed the missile to
launch with insufficient thrust. When the first stage umbilical lanyard
pulled free, it caused an engine shutdown, and the missile fell back to
the pad after rising about 12 feet. The resulting explosion severely
damaged the service tower.”

Additional test failures at the Denver site after the 14 August 1959
disaster rekindled earlier Air Force concerns that Titan program
manager Col Benjamin P. “Paul” Blasingame had expressed about
Martin’s management and organization.* Following several meetings
between key Air Force missile officers and top Martin officials, the
company’s vice president took over the Denver operation. Unfortu-
nately, the initial Lot C missile, designed to test key subsystems and
separation of a modified reentry vehicle, blew up shortly after launch,
on 12 December, due to an unintentional triggering of the range
safety destruct package. This failure precipitated a major Air Force
review of Martin’s Titan program management as well as another se-
ries of Air Force, OSD, and congressional assessments of whether to
continue with the Titan. The Air Force report on Martin’s manage-
ment strongly recommended centralization of the company’s effort
and implementation of new procedures. After meeting with Air Force
representatives in early January 1960, Martin president George M.
Bunker personally assumed control of the Denver operation.”

The new management arrangement seemed vindicated with the
next Titan launch, on 2 February 1960. Completing a 2,200-nautical
mile flight, it achieved a successful hig