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Abstract: This work set out to determine the cause or causes of the significant 

growth in the time required to develop and field new technology in major weapon system 

programs in the U.S. Department of Defense that has occurred over the last sixty years.  
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development and acquisition programs (seven each from the early, late, and post Cold 

War periods, respectively). Primary causal factors are identified and discussed as well as 

recommendations to remedy or mitigate them. 
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Chapter 1:  Introduction 

On December 17, 1938, German scientists Otto Hahn and Fritz Strassman were 

conducting experiments involving the bombardment of uranium with neutrons. It was 

believed at the time that the nuclei of the uranium atoms would capture the neutrons, 

resulting in a heavier or transuranium element (those with atomic numbers greater than 

92). Examination of the sample for these elements afterwards showed the presence of 

trace quantities of barium, which has an atomic weight only about 60% that of uranium. 

This somewhat unexpected result was the first documented nuclear fission of a heavy 

element. A scant four years later, on December 2, 1942, Enrico Fermi and his team at the 

University of Chicago achieved a sustained (and even more importantly, controlled) 

nuclear fission chain reaction in the world’s first atomic pile. It was only two and a half 

years later, on July 16, 1945, that the first atomic detonation occurred in Alamogordo, 

New Mexico, and just three weeks after that, on August 6, that the first atomic bomb was 

employed in combat against the city of Hiroshima, Japan. 

This thumbnail sketch traces the path from a basic scientific discovery in the field 

of radiochemistry in 1938 to the initial operational capability and employment of the 

world’s first nuclear weapon in 1945. This weapon, unlike many others, may rightfully be 

dubbed as Transformational, Game Changing, Leap Ahead, Disruptive, Asymmetrical, 

Innovative, Revolutionary, etc. The scope of the achievement and the short time in which 

it was accomplished were unparalleled at the time and may never be equaled or exceeded. 

There have been numerous reports, studies, and books produced in the attempt to discern 

what unique element or combinations thereof made it so successful. Some of the 

attributes that have been identified as making this monumental technical achievement 

possible in just a handful of years were: an unprecedented level of technical expertise in 

leadership and execution, a clear and deliberate technical path from proof of principle to 
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proof of concept to prototype, a singular focus, and an unrelenting sense of urgency due 

to the potential cost of failure. 

There is a general consensus, or at least a shared sense, that our current ability to 

develop new technologies and then transition them to fielded military capability through 

the Department of Defense (DoD) technology development and acquisition process is not 

what it used to be and certainly not what it needs to be. The benchmark time periods used 

for comparison in this sensed change in ability are generally either World War II or the 

early to mid Cold War years. The years leading up to America’s entry into war and then 

through its completion saw the development and fielding of radar, sonar, cruise missiles, 

rockets, jet aircraft, unmanned aircraft, and nuclear weapons. These capabilities rose 

from the level of basic scientific experiments and theories in the late 1920s or early 1930s 

into fielded warfighting capability during the conflict. The early Cold War period brought 

us nuclear powered submarines, hydrogen bombs, intercontinental ballistic missiles, spy 

satellites, supersonic aircraft, and manned exploration of the moon. The harnessing of the 

atom for power production, the breaking of the sound barrier, and the initial ventures of 

humans beyond the confines of the earth all occurred in a span of barely two decades.  

During these two time periods, the leading scientists and engineers were elevated to the 

status of rock stars. The faces of men such as Einstein, Fermi, Oppenheimer, Teller, Von 

Braun, Groves, and Rickover graced the covers of Life and Time magazines. They were 

feted by politicians, academia, and industry, and seen as the men who had helped win the 

Second World War and were now turning science fiction into science fact. 

One could argue that the ultimate technical achievement of World War II was the 

development and employment of the atomic bomb via the Manhattan Project, and that the 

ultimate technical achievement of the early cold war years was the manned exploration of 

the moon with the Apollo Program. These two efforts have achieved such historical and 

iconic status that we are constantly bombarded with speeches from politicians and 

editorials from pundits calling for “Manhattan Projects” or “Apollo Programs” to address 
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the perceived grand technical challenge of the day, be it global warming, automobile fuel 

efficiency, or next-generation energy sources. Though few, if any, of them understand 

precisely what it was within these efforts that led to their success, they believe that it can 

be captured in a bottle and uncorked whenever necessary to tackle any technical problem 

with an equivalent level of success and in a commensurate time frame. After all, “we’ve 

done it before.” And never mind that with a level of manpower, funding and time 

equivalent to the Apollo Program, we could most certainly develop and build a few 

automobiles capable of several hundred miles per gallon. But just as travel to the moon 

forty years later is still not available, let alone affordable, for the average American, there 

is no reason to believe we could ever manufacture such an automobile in the millions and 

for $20,000 a copy, or that its appearance, ride, handling, 0-60 mph performance, towing 

capacity, crash safety rating, or number of cup holders and video screens would be 

sufficient to entice more than a few people to purchase one. 

But what precisely was it about these efforts that allowed them to achieve so 

much in such a short time period? They were both clearly successful, but neither can 

claim to have been either very efficient or economical. To the contrary, they represent 

two of the most costly and inefficient programs ever undertaken by the U.S. government.  

Between 1942 and 1946, the Manhattan Project consumed nearly $22 billion, and 

between 1960 and 1973, the Apollo Program ate through an astounding $97.9 billion 

(both in FY 2008 dollars).1 Likewise, both programs had at least two parallel 

development paths for key technologies within the effort. The Manhattan Project pursued 

uranium and plutonium bomb designs as well as several different methods for obtaining 

the enriched uranium and plutonium required for the bombs. The Apollo Program 

employed double- and even triple-redundant systems in many critical safety-of-flight 

areas, as there was insufficient time to mature all systems to the level of reliability 

necessary to ensure success.  
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 A common thread that ran through these two programs and drove the high cost 

and high level of concurrency and redundancy was an unrelenting sense of urgency and 

singular focus on delivering a capability to end a war (a nuclear weapon) or achieving an 

objective that had a clear political imperative (landing a man on the moon and returning 

him safely to earth). 

There is a common perception that the time and money required in the process of 

developing and transitioning new technology into fielded military capability continues 

along a trend of inexorable growth. In recent years, the Government Accountability 

Office, in its annual report “Assessment of Selected Acquisition Programs,” has 

highlighted this.2 Figure 1, which combines data from the 2008 and 2009 reports, 

indicates that at least over the last nine years there has been a steady increase in overall 

program cost from first estimates, acquisition unit cost, and delay in delivering initial 

operational capability.  
 
Analysis of DoD MDAP Portfolio 
 (FY 2009 dollars)  

FY 2000  FY 2003  FY 2008  

Portfolio size        
Number of programs 75 77 96 
Total planned commitments $790 billion $1.2 trillion $1.6 trillion 
Commitments outstanding $380 billion $724 billion $786 billion 
Portfolio performance       
Change to total RDT&E cost from first estimate 27% 37% 42% 
Change in total acquisition cost from first 
estimate 

6% 19% 25% 

Total estimated acquisition cost growth $42 billion $183 billion $296 billion 
Share of programs with 25 percent or more 
increase in program acquisition unit cost  

 
37% 

 
41% 

 
42% 

Average schedule delay in delivering initial 
capabilities  

16 months 18 months 22 months 

Fig. 1 Compilation of GAO MDAP Portfolio Analysis 2008, 2009 

Some of the most frequently postulated root causes for these increases include:  

creep or growth in the process for establishing military requirements and subsequent 
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requirements; contraction of the defense industrial base due to the decrease in defense 

work and the resulting impact on competition, work force stability, business 

sustainability and market size; rules and regulations of the DoD acquisition process that 

restrict innovation, flexibility, and contracting methods while adding cost and schedule 

growth due to excessive oversight and administrative reporting burdens; the reduction in 

the size, training, and competence of the government acquisition workforce; the 

increasing number of support contractors filling government positions, leading to 

conflicts of interest and malfeasance; the continuous intrusion of Congress in acquisition 

programs, leading to numerous changes to procurement budgets, production quantities, 

and procurement sources; the increase in complexity of the systems being designed and 

procured and the natural increase in development and integration problems; and finally, 

the conscious underestimation of technical risk, cost and schedule for programs from the 

outset in an attempt to make them more palatable to the Congress, in hopes of gaining 

approval and funding to start, and with the expectation that once significantly committed 

politically and financially, any increases to cost and schedule will be accepted rather than 

triggering program cancellation. 

There is likely some validity to all of these, but at the same time, they are also the 

very elements that several cycles of acquisition reform have tinkered with in attempts to 

improve the process, but with no clear success. After decades of effort by DoD and 

Congress to reform the process through innumerable expert panels, reams of studies and 

reports, and subsequent policy guidance and legislation, one would think we should have 

made considerable progress. The focus of this analysis is to attempt to discern why the 

time required for developing technology for military application and then 

producing and fielding it has steadily increased over the last sixty years. This paper 

analyzes twenty-one large technology development and/or acquisition programs that have 

been conducted since 1948. They have been selected to represent a range of technologies 

and engineering fields. There are seven from each of three specific time periods: early 
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Cold War (1948-69), late Cold War (1970-91), and post Cold War (1992-2009). To the 

extent possible, army, navy, air force, joint, and national programs are represented in 

each time period, as are a wide variety of technologies and warfighting or national 

security capabilities. Figure 2 is a table of the selected programs binned in the appropriate 

time periods, but otherwise in no particular order. The programs were selected from a list 

of nearly one hundred programs conducted since 1948 that meet the DoDD 5000.2 

criteria to qualify as Major Defense Acquisition Programs. The details of their selection 

are discussed in chapter two. 
 

Early Cold War 
(1948-1969) 

Late Cold War 
(1970-1991) 

Post Cold War 
(1992-2009) 

B-70 Valkyrie Aegis Predator 

Hydrogen Bomb F-117 THAAD 

Nautilus F-16 Airborne Laser 

Sidewinder GPS FIA 

Corona M247 Sergeant York DD-21/DD-X/DDG-1000 

Rover/NERVA A-12 Bomber Crusader 

Polaris M-1 Abrams AAAV/EFV 

Fig. 2. The twenty-one Major Acquisition Programs analyzed 

Development and acquisition programs are often deemed successes and (more 

often) failures based on somewhat random and amorphous criteria. Reasons for 

classifying programs as failures have included significant cost over runs, schedule delays, 

falling short of capability or reliability goals, or just being perceived as antiquated or 

obsolete compared to the next promising capability when finally fielded. This constantly 

changing and highly contextual labeling may very well be part of the problem in trying to 
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“fix” the acquisition cost and schedule problems that we are presently experiencing. If we 

can’t consistently agree upon the criteria for success and failure, how can we possibly 

measure progress?  

Several large programs conducted over the last sixty years, including a few of the 

twenty-one analyzed here, never reached operational capability. The air force program to 

develop a long range, high altitude, supersonic, heavy bomber, the B-70 Valkyrie, never 

achieved operational capability. However, the program was from most every technical 

and capability measure a resounding success.3 Two full-scale prototypes were built and 

successfully demonstrated the full range of flight capabilities required by the air force, 

including extensive use by NASA for supersonic flight experimentation for several years 

following termination of the air force program. The program was ostensibly cancelled 

because another capability (intercontinental ballistic missiles) proved to be a better 

solution for the military requirement. 

There is no attempt in the analysis to discern or classify any of these efforts as 

successes or failures, as such an effort would be extremely contextual. Instead, the intent 

is to examine precisely what happened from  technical, programmatic, political, military, 

and acquisition perspectives in an attempt to understand why it happened. This is not a 

ploy to avoid answering the hard question of why programs succeed or fail, but just the 

opposite, since success or failure can be measured in many ways and is by nature 

subjective. Program initiation dates, cancellation dates and initial operational capability 

dates are discrete and for the most part reasonably accurate. By simply measuring the 

time from formal program initiation to either cancellation or initial operational capability, 

we can obtain an unambiguous metric for comparison. 

One indisputable trend that predominates across the sixty years of programs 

analyzed is that development and acquisition is, in fact, taking longer. When measured 

from the date of formal program initiation to the date of fielding initial operational 

capability (or to the date of program cancellation for those that were never fielded) there 
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has been a significant increase over the last sixty years. As shown in Figure 3, the time 

from program initiation to initial operational capability or cancellation (IOC) for the 

programs studied has grown from a median of five years for those in the early Cold War 

to seven years during the late Cold War to thirteen years for the post Cold War. The large 

disparity between median and average in the early Cold War period was due to just one 

program: the Rover/NERVA effort, which was involved in developing an atomic rocket 

engine, ran for a total of eighteen years before cancellation. 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 3. Years to Initial Operational Capability or Cancellation 

If we accept that the average time and cost to develop and field new military 

capability is steadily increasing in spite of years of effort to restrain the costs and 

minimize the time, then we have to next ask why. Have the observations and 

recommendations of the expert panels been wrong? Or have their observations been 

correct but their recommendations ignored or poorly implemented? There are four clear 
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observations that have emerged from the analysis of the case studies with respect to the 

growth in time required to deliver initial capability to the armed forces.   

The first is the presence or absence of a clearly defined and focused objective 

coupled with a sense of urgency. The Manhattan Project and the Apollo Program had 

very simple and clearly focused and articulated goals. The Manhattan Project objective 

was to harness the power of nuclear fission to develop a weapon of previously 

unimaginable destructive power. The Apollo Program was tasked with putting a man on 

the moon and returning him safely to earth. Both endeavors also had an extreme sense of 

urgency. In the case of the Manhattan Project, the urgency was based on the fear that the 

Germans were pursuing the atomic bomb as well. The consequences of the Germans 

developing an atomic bomb and employing it before the allies could do so were 

horrifying. It was widely accepted that such an event could turn the war in the favor of 

the Axis powers.   

With the Apollo Program, the urgency was twofold. First, America was in a space 

race with the Soviets that was seen as a test between communist and democratic 

ideologies as to which could better marshal and employ technical and economic power. 

Second, the country felt compelled to make good on the late President Kennedy’s 

challenge to achieve the goal of putting an American on the moon by the end of the 

decade. The compounding effect of a challenge to the superiority of America’s technical 

ability and economic strength along with an emotional desire to honor the slain President 

and his vision united and energized the country. The combination of clear and simple 

goals along with a strong sense of urgency was a key and perhaps even essential element 

in the success of both endeavors. 

The first half of the Cold War was not in want of a sense of urgency in weapon 

system advancement. The Soviet blockade of Berlin in the spring of 1948, the detonation 

of the first Soviet atomic bomb in late summer 1949, and the invasion of South Korea by 

the communist North in June 1950, all in quick succession, convinced the United States 
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that we faced a very real threat of armed confrontation with a nuclear-armed Soviet 

Union. The phrases “Warhead Gap,” “Missile Gap,” and “Bomber Gap” serve to 

characterize the general theme and focus of the efforts during the 1950s and 1960s. We 

were in a race to increase both the quality and quantity of our nuclear weapons and the 

means to deliver them. The necessity of maintaining nuclear parity with the Soviet Union 

was a Strategic Imperative, time was of the essence, and the cost, though a significant 

factor, was a burden we just had to bear. 

During the second half of the Cold War, maintaining existing nuclear weapons 

and the means to deliver them as well as developing new ones were still priorities.  

However, through the strategy of Mutual Assured Destruction (MAD) we felt we had at 

least reached a stable if somewhat precarious balance of nuclear power. This success 

brought with it a new problem. The parity in nuclear weapons capability and the 

assumption that we would not engage in using them opened the possibility of a large-

scale conventional conflict. The Soviets had superior numbers of conventional weapons 

and soldiers in almost every category of capability. The U.S. military leadership felt that 

the only chance of balancing these superior numbers was with a smaller but much more 

advanced and capable force. Just as we had bested the Soviets in the space race in the 

previous decade through superior technology, we would do the same to defeat them on 

the conventional battlefield. The Tactical Necessity and subsequent sense of urgency to 

develop a technologically superior military force reached its zenith during the defense 

buildup of the 1980s under President Reagan.4 

The nearly twenty years that have elapsed since the end of the Cold War can not 

be characterized as easily as the first or second half of the Cold War. The period began 

with the end of the Cold War and a global sigh of relief as the specter of both nuclear 

confrontation and large-scale conventional war were greatly diminished. The only sense 

of urgency was in rushing to determine how we could otherwise spend the impending 

“peace dividend” that would be realized as we demobilized from the Cold War.  
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Likewise, as significant as the involvement of U.S. forces in Operation Desert Storm was, 

the sweeping victory that was achieved only reinforced the fact that as a military power, 

the United States was not only unmatched but also superior to any other military by 

several orders of magnitude. Even the shift in perception of the threat after the attacks of 

September 11, 2001, and our subsequent battles in Afghanistan and Iraq have failed to 

energize the Congress or DoD sufficiently to significantly modify the development and 

procurement of another generation of Cold War weapons systems or even seriously 

debate whether they are needed. The force of Bureaucratic Momentum and institutional 

habit and culture are too powerful to be easily slowed or redirected.5 Worse yet, there is 

now no clear agreement on need. Should the military prepare for nuclear warfare, 

conventional warfare, asymmetric warfare, police keeping, nation building, disaster 

relief, cyber attack, or alien invasion? The combination of lack of focus and no sense of 

urgency due to the absence of a military peer has left us adrift. 

The second observation is related to the maturity of the technologies being 

incorporated into the new systems and their relationship to an increased and relevant 

capability. This idea is best captured through the theory of Technology S Curves as 

originated by Everett Rogers in Diffusion of Innovations and further developed by 

Clayton Christensen in The Innovators Dilemma. The theory postulates that any new 

technology goes through three distinct phases during its developmental life. The first 

phase is infancy or basic development and is dominated by slow growth in capability or 

performance for a given amount of investment of time and money. The second phase is 

adolescence and is characterized by very rapid growth in performance. The third phase is 

adulthood and represents a mature technology that requires a significant investment of 

time and money to achieve ever-diminishing gains in performance. When this cycle is 

plotted with increase in performance on the vertical axis and time or money invested on 

the horizontal, the origin of the phrase “Technology S Curve” (Fig. 4) becomes apparent.6 
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Fig. 4. Classic “Technology S Curve” 

When the core technologies of the major programs from the early Cold War, late 

Cold War, and post Cold War periods are analyzed, a clear pattern emerges. The basic 

technologies behind radar, sonar, rockets, jet aircraft, and nuclear weapons were all in 

their fledgling stages during the 1930s and 1940s. Consequently, during the decades of 

the 1950s and 1960s, these technologies and the weapons systems based upon them 

experienced rapid increases in capability and performance. The early Cold War period 

was dominated by the development of nuclear-powered submarines and surface ships, 

hydrogen bombs, intercontinental ballistic missiles, spy satellites, and supersonic aircraft.   

The improvements in the weapon systems of the second half of the Cold War 

were based in great part upon the invention of the transistor and the technology of solid-

state electronics and integrated circuits. These technologies didn’t manifest themselves in 

greater speeds, ranges, or payloads for weapons systems, but rather in reduced size and 
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weight and, most importantly, in much greater precision. This also resulted in the need 

for far smaller quantities; therefore higher unit cost could (for some) be justified. The 

vast improvements these rapidly maturing technologies provided to the weapons systems 

of the latter half of the Cold War were highlighted during Operation Desert Storm. Fly-

by-wire aircraft, GPS navigation, Tomahawk cruise missiles, laser- and satellite-guided 

munitions, and unprecedented battle space awareness through highly integrated 

intelligence and communications systems, ruled the day. 

The weapon systems developed during the first two decades of the post Cold War 

period have had a much less clear linkage to any specific rapidly maturing technologies.  

This isn’t to say that the current waves of wireless devices and “information age 

technologies” aren’t being pushed to the military and integrated into many systems. What 

is lacking is clear indication that they are contributing in any significant way to increased 

performance or capability. It is difficult, if not impossible, to “sell” a new multi-billion 

dollar weapons system development solely on its ability to network (the army tried just 

that with the Future Combat System and several billion dollars later gave up). As a result, 

the services have stayed with their familiar metrics of speed, range, payload, precision, 

data rate, etc. in setting requirements. They have also persisted in writing requirements 

for weapons platforms as opposed to using a system of systems approach that could lead 

to lower cost, multiple distributed sensors and weapons. Unfortunately, the basic 

technologies that underlie the ability to improve any of these areas of performance have 

long since matured. The result is a generation of development and acquisition programs 

that are trying to eke out the final 5% of these technologies’ fundamental limits at 

exorbitant costs in dollars and time. 

The third observed trend is a slow departure from adherence to the deliberate 

steps of advancement from basic science to applied science to prototype to operational 

testing or capability and ultimately, large-scale production. Development and 

maturation of a new technology from basic science to applied science and then to relevant 
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application can take different paths. It can be methodical or haphazard. It can involve 

random trial and error or thoughtful and deliberate experimentation and evaluation. In 

either case, the progress from one phase to the next incurs ever-greater cost, and this is 

especially true in major defense acquisition programs. Proceeding to the next phase 

prematurely can result in wasting large sums of money and time. Doing so almost always 

requires returning to the previous stage to sort things out, and the amount of time and 

money wasted is directly proportional to how long this inevitable return is delayed. The 

fundamental examples of this are: moving from basic research to applied research prior to 

demonstrating the proof of principle, moving from applied research to full scale 

development prior to demonstrating the proof of concept, and finally, moving from full 

scale development to production prior to representative, full-scale prototype testing. This 

has not been due to a lack of effort on the part of the acquisition community.  If anything, 

the number of reviews that must be passed in gaining permission to proceed from one 

phase to another has increased several fold. The problem is that these reviews have 

become more focused on the completion of the documentation of the process and the cost 

and schedule metrics than the technical progress. 

Assessing the status of budgets, schedules, and the completion of paperwork is 

easily accomplished and requires very little judgment. These procedures are also nearly 

identical irrespective of the type of program or technology to which they refer, and where 

there are differences, the acquisition system has forced them to conform. Assessing the 

maturation of a new technology is a very different matter. It is not readily conveyed on a 

spreadsheet, calendar, Gant chart or stoplight PowerPoint slide. Worse yet, it requires not 

only a high level of technical education and training, but also a keen sense of judgment. 

This leads to the fourth observation. 

Over the last sixty years there has been a steady and inexorable increase in the 

bureaucratization of the technology development and acquisition process along with a 

commensurate decrease in the technical proficiency of the program managers and 
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senior acquisition officials within the burgeoning bureaucracy. The Manhattan Project 

came along well before the implementation of the DoD acquisition policies and laws and 

even before DoD itself. Using today’s acquisition terminology, the program’s Mission 

Needs Statement (MNS) was a two-page personal letter from Albert Einstein to President 

Roosevelt urging its initiation on his judgment that a fission weapon might be technically 

feasible and the fear that the Germans were pursuing it as well. Its operational 

requirements document was a brief memo from Secretary of War Stimson to the 

president describing what would be attempted. And its Joint Requirements Oversight 

Council (JROC) approval was the president’s handwritten annotation of “OK” on 

Stimson’s memo. The entire process of initiating what would become the single largest 

scientific and industrial undertaking the nation had ever attempted took less than 36 

months (August 2, 1939, to January 19, 1942) and involved a few short letters and 

memos.  

Along with having a simple requirements, development, and approval process, the 

program was led and worked by the very best leaders, managers, scientists and engineers 

the country could find. The project’s military leader, General Leslie Groves, had just 

completed construction of the world’s largest office building (the Pentagon) in only 

sixteen months.7 The project’s technical lead, Robert Oppenheimer, was arguably one of 

the greatest minds in theoretical physics of the day, and his military deputy, Navy 

Commander Deke Parsons, was in the prime of his professional ability, having just 

completed development, battlefield testing, and fielding of the radar proximity fuse.8 The 

team they put together was composed of national and world experts in their respective 

fields who were selected based not on seniority, career gate-checking needs, racial or 

gender quotas, or political favors, but on their professional reputations and the 

recommendations of their peers. 
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A simple and clear objective coupled with a compelling sense of urgency. 

 

A technology that is ripe for rapid technical growth and provides a significant 

increase in a relevant warfighting capability. 

 

A strict adherence to completing all the essential steps from basic science to 

proof of principle to proof of concept to prototype.  

 

A cadre of technically competent leaders and managers unburdened by 

byzantine bureaucratic rules and regulations.  

 

These four elements seem to be fundamental and even essential for any 

acquisition program to succeed and to do so in a reasonable time. Yet it appears they 

have all slowly fallen by the wayside over the last sixty years. Chapters 3 through 6 

discuss each of these elements in turn along with the role each did or didn’t play in some 

of the twenty-one programs analyzed. 
                                                
1 Congressional Research Service, The Manhattan Project, The Apollo Program, and The Federal Energy 
Technology R&D Programs: A Comparative Analysis, by Deborah Stine, (Washington, DC: June 30, 
2009), Committee Print, RL34645, 1,2. 
2 GAO, Defense Acquisitions: Assessments of Selected Weapon Programs (March 2009), GAO-09-326SP, 
(Washington, DC: March 2009), 1-3. 
3 Dennis R. Jenkins and Tony R. Landis, Valkyrie: North American’s Mach 3 Superbomber (Minnesota: 
Specialty Press, 2005), VI. 
4 Daniel Wirls. Buildup: The Politics of Defense in the Reagan Era (Ithaca: Cornell University Press, 
1992), 37. 
5 James Q. Wilson, Bureaucracy (Basic Books Inc. 1989), 302. 
6 Everett M. Rogers, Diffusion of Innovations (New York: The Free Press, 1995), 54. 
7 Robert S. Norris. Racing for the Bomb: General Leslie R. Groves, The Manhattan Project's Indispensable 
Man (South Royalton: Steerforth Press, 2002). 38. 
8 Al Christman, Target Hirosima: Deak Parsons and the Creation of the Atomic Bomb (Annapolis: Naval 
Institute Press, 1998), 98. 
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Chapter 2:  The Modern Era of Defense Technology Development and 
Acquisition 

A BRIEF HISTORY 

The modern era of military hardware development and procurement in the United 

States can be traced to the years leading up to World War I. The fledgling Aeronautical 

Division of the Army Signal Corps (precursor to the Army Air Corps) turned to 

commercial companies to acquire a new technology for which they had no internal design 

or manufacturing capability—the airplane (fig. 5). Prior to this period, warships had been 

designed and built in navy shipyards, and cannons, bombs, shells, and torpedoes in army 

and navy arsenals. The exigencies of World Wars I and II, the Korean War, the Vietnam 

War, and the Cold War, coupled with the twentieth century “explosion” of new 

technologies and their military applications, exacerbated and reinforced this trend. By the 

1970s, commercial companies manufactured the bulk of U.S. war material, and most 

design work had shifted to industry by the mid 1980s. After a third round of base 

realignments and closures in the early years of the twenty-first century, limited basic 

research and the refurbishment and maintenance of existing hardware accounted for the 

majority of what little work continued in the few remaining Department of Defense labs, 

shipyards, arsenals, and depots. 

The nearly century-long macro shift in defense research and acquisition can be 

loosely viewed in two time segments. The first fifty years (1910 – 1960), cast against the 

post-depression industrialization of the United States and heavily influenced by World 

Wars I and II and the early Cold War, were characterized by rapid development and 

fielding of numerous systems based on the basic scientific research and theory of the late 

nineteenth and early twentieth centuries. Tom McNaugher, in his foundational 1989 book 

New Weapons Old Politics, referred to this period as the “Era of Construction.”1 
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Fig. 5. Orville Wright demonstrating the Flyer to the U.S. Army, Fort Myer, Virginia 
September 1908.  Photo by C.H. Claudy. 

The first experience with the political difficulties involved with developing these 

new technologies for military application came after World War I. As it had after 

America’s previous wars, Congress rapidly reduced the dollars allocated for defense to 

their prewar lows. The army and the navy were trying to grapple with the impact of the 

many new technologies that were introduced during the war and their continued rapid 

development afterward. The traditional army arsenal/depot system and the navy 

shipyards were unable to rise to the task of managing the rapidly changing technologies.  

In particular, the aircraft industry was advancing so fast that both services turned directly 

to industry for help in developing aircraft for military application. The Congress was not 

supportive of this new approach and their insistence on more insight than afforded 

through the use of the traditional Service procurement agencies had still not been 

resolved by the outbreak of World War II.   

Rather than producing a political resolution to the impasse, the exigencies of the 

Second World War just put them on the back burner as the services were allowed almost 
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unfettered access to American industry throughout the war. Time was of the essence in 

fielding new warfighting capability, and many systems received only a modicum of 

testing prior to being fielded. Scientists and engineers who had developed the technology 

routinely played key, even leading, roles in its transition to military application. Once 

proven practicable, these technologies went into mass production with incremental 

improvements introduced in production blocks. Hundreds, if not thousands, of concepts 

were investigated. Many were successful and many more failed. However, few of the 

failures were due to cost or schedule overruns. 

Following the end of World War II, the attempts to demobilize the armed forces 

and return again to peacetime levels of defense spending were short-lived. The start of 

the Cold War in Europe in 1948 and the very hot war in Korea in 1950 combined to 

provide enough urgency to allow the services, including the now autonomous air force, to 

continue the close relationships they had forged with their key World War II industrial 

suppliers. The National Security Act of 1947, which formalized many of the changes in 

the organization of the armed forces brought about by the war, did little to help rein in the 

individual services. The secretary of defense, head of the newly established Department 

of Defense, was at best equal in stature with each of the service heads and had no direct 

budget authority. 

This new structure only served to heighten inter-service rivalry as the army, navy, 

and air force each struggled for control over nuclear weapons and the weapons platforms 

that would deliver them. In spite of the political turmoil and inefficiencies this struggle 

produced, the intense competition served to spur the traditionally conservative and even 

stodgy services into experimenting with several technologies and concepts. This 

beneficial outcome is an excellent example of an unintended consequence of a policy 

decision. If it had not been for the weak position of the new secretary of defense under 

the 1947 act, the enormous amount of innovation that came about in the 1950s may never 

have occurred. Fortunately or not, this situation was remedied in 1958 when Congress 
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amended the National Security Act to give the secretary of defense much greater control 

over the services. By removing the Cabinet-level status of the service secretaries and 

placing them under the secretary of defense, who remained a cabinet member, Congress 

made it much easier for the secretary of defense to control the civilian side of the 

Department of Defense. This move also placed the secretary of defense in a direct line of 

control between the commander in chief (president) and the uniformed service chiefs. 

When Robert McNamara became secretary of defense in early 1961, he took full 

opportunity of these new powers and so began the next era. 

The next fifty years (1961-2009) were heavily influenced by the politics of the 

Cold War and dominated by the technologies of the aerospace, electronics and computer 

age. McNaugher refers to this period as the “Era of Reform.”2 And even though he was 

writing in the late 1980s, the trends in policy and acquisition reform he observed over the 

first thirty years of the era have continued with little change into the twenty-first century.  

Weapons and weapon systems became extremely complex and integrated. At the same 

time, they became equally expensive, and the time necessary to develop and field them 

grew several fold. Basic research became disconnected from application, displaced by the 

newly formalized field of applied research. The increased cost and time to develop new 

capabilities led to an emphasis on quality over quantity. Consequently, there were fewer 

production blocks, and nearly all capability had to be delivered in the first fielded units.  

Program management became a profession unto itself. 

On the political side, Robert McNamara took full advantage of the new powers 

provided in the 1958 reorganization. The new administration was moving away from the 

massive retaliation strategy of the Eisenhower presidency to a new strategy that focused 

on using conventional forces in limited wars. This concept of flexible response placed 

more emphasis on the traditional military hardware of tanks, guns, ships, and aircraft.  

Using his new authority, McNamara elected to begin cancelling what he viewed as 

duplicative or unnecessary acquisition programs. This centralized power that he now 
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enjoyed was in direct conflict with the fundamental philosophy of decentralized power 

embodied in the U.S. Constitution.3 Many of the programs McNamara was trying to 

cancel would result in the loss of hundred or thousands of jobs and impact the profits of 

large and now politically influential companies. Congress was not amused. Additionally, 

the services still had parochial concerns over keeping their hard-won nuclear missions 

from the turf battles of the 1950s as well as garnering their share of the expanding 

conventional missions. McNamara’s attempt to minimize redundancy meant that there 

would be winners and losers. 

The ensuing struggles between the secretary, the services and Congress during the 

1960s further politicized military acquisition. The reforms initiated in 1969 by Deputy 

Secretary of Defense David Packard and the seemingly endless series that followed 

throughout the 1980s and 1990s all attempted to make the process more efficient. The 

fact that Congress and the president are both still calling for acquisition reform today 

validates the failure of all of the previous attempts. There is an old saying that the 

definition of insanity is performing the same act over and over but expecting a different 

outcome. The long history of failures at acquisition reform may be telling us something 

about the fundamental structure and organization of the process they are trying to fix. 

None of the differences between the two eras came about overnight, and there is 

no clear defining moment of transition. President Dwight Eisenhower perhaps best 

captured the start of this shift during his farewell address in January 1961. As he looked 

back over his two terms (1953-1961), he observed,  

We have been compelled to create a permanent armaments industry of vast 
proportions. -Akin to, and largely responsible for the sweeping changes in our 
industrial-military posture, has been the technological revolution during recent 
decades. - In this revolution, research has become central; it also becomes more 
formalized, complex, and costly. A steadily increasing share is conducted for, by, 
or at the direction of, the Federal government. 4 

Eisenhower, with his unique background, was well positioned to observe the 

gradual but enormous change that had occurred during his combined military and 
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political career. Federal budget forecasts predict that defense spending in real dollars and 

as a percentage of GDP will be stagnant at best. As of September 23, 2009 there were 

102 MDAPs in the DoD acquisition portfolio and 45 Pre MDAPs (programs awaiting 

final approval via the Defense Acquisition Board).5 As we saw in figure 1 on page 4, 

there were 96 MDAPs in 2008.  If this forecast holds true, the steady increases in unit 

cost and delivery delays will result in even lower unit production numbers and in some 

cases program cancellation. (In his book Augustine’s Laws, Norm Augustine extrapolated 

the growth in cost of tactical aircraft from 1910 to the mid 1980s and predicted that by 

2054 a single tactical fighter would consume the entire annual defense budget.)6 Both 

will lead to the delivery of less new military capability and increasing dependence on 

existing hardware that is rapidly aging materially and technologically. 
 

RESEARCH QUESTION & METHODOLOGY 

Department of Defense technology development and systems acquisition 

primarily consists of people and processes. But people are not mindless computers and 

acquisition rules, regulations, and policies are not computer code. To believe that we can 

treat them as such is ridiculous from the outset, but that is precisely what the majority of 

the study of defense acquisition and the subsequent reforms have implicitly assumed.     

As discussed in the previous section, the preponderance of the work conducted in 

the field to date has been quantitative in nature. The data and analysis from this work has 

been used to justify any number of changes to the acquisition rules and regulations in the 

belief that tinkering with the “code” will produce a different and better outcome if only 

the acquisition workforce personnel will follow it. Likewise, the studies or expert panels 

that have looked at the personnel side of the equation have uniformly recommended more 

education and training for the acquisition workforce. But making the “computer” smarter 

will have little effect if it still has to follow flawed code, except perhaps to further 

frustrate the now smarter computer.  
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This analysis is a considerable departure from the existing body of work in that it 

is purely qualitative. Qualitative research is appropriate for addressing questions that are 

largely open ended, where observation and data collection is still required before one can 

enter into a phase of formulating and testing hypotheses. The approach used to analyze 

data is based on the more general tradition of qualitative research in the social sciences.  

For the most part, hypothesis generation and testing followed the tenets of grounded 

theory, as set forth in Basics of Qualitative Research, by Strauss and Corbin (1990). The 

principal research question is open-ended. Why is the process of developing technology 

for military application and then producing and fielding it over the last sixty years 

taking longer?   

This study, is based on case studies of twenty-one Major Defense Acquisition 

Programs (MDAPs) that have been conducted over the last sixty years. The twenty-one 

were selected from a list of several hundred MDAPs undertaken since the end of World 

War II. In order to be classified as an MDAP, an acquisition program must either be 

designated by the under secretary of defense for acquisition, technology, and logistics 

(USD (AT&L)) as an MDAP or estimated by the USD (AT&L) to require an eventual 

total expenditure for research, development, test, and evaluation of more than $365 

million in FY 2000 constant dollars or more than $2.190 billion in procurement in FY 

2000 constant dollars. MDAPs are either Acquisition Category I "D" (for "Defense 

Acquisition Board” and for which the USD (AT&L) is the Milestone Decision Authority) 

or Acquisition Category I "C" (for "Component" and for which the Component/Service 

Acquisition Executive is the Milestone Decision Authority). 

The definition of MDAP did not occur until 1971 when the first DoD Directive 

5000.1 was issued. Defense acquisition programs are designated as “major programs” by 

the Secretary of Defense based on dollar thresholds, national urgency, or 

recommendations by DoD component heads or Office of the Secretary of Defense (OSD) 

officials. The directive indicated that OSD and the DoD Components would monitor 
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these programs, placing “minimum demands for formal reporting on the program 

manager.”7 For programs that existed prior to the 1971 directive, this general definition 

was used. The programs were then binned into three groups based on their dates of 

formal (documented) program initiation and dates of initial operational capability or 

cancellation. Only those whose duration fell predominantly within one of the three bins 

were retained. Of the approximately one hundred remaining programs, seven were 

selected to represent each period.   

Makeup of the final twenty-one was for the most part driven by the effort to 

balance the three periods with respect to parent service (army, navy [marines], air force, 

and joint or national) and fundamental technology or capability (armor, artillery, aircraft, 

ships, submarines, missiles, rockets, satellites, etc). The final twenty-one programs are 

shown in figure 6 in their appropriate time bins; they are also color coded for the parent 

service responsible for their development, but are otherwise in no particular order. One 

final factor that played in the selection process was whether or not a significant number 

of scholarly studies, books, or reports had been conducted on the programs. The case 

studies evaluated came from a wide range of sources: public and private universities, 

RAND, MITRE, Congressional Budget Office, General Accounting Office, Department 

of Defense, Defense Acquisition University, army, navy, air force, National Labs, 

Service Academies, Army and Navy War Colleges, and independent authors and 

researchers. The case materials consisted of reports, studies, books, and historical 

monographs. Only unclassified and declassified materials were used. At least two 

primary and independent resources were used for each program. A few MDAPs in the 

final list of potential candidates were excluded for lack of sufficient existing study. This 

was an essential criterion as independently conducting thorough case studies of twenty-

one major acquisition programs was far beyond the scope of this work. However, this 

does constitute the greatest threat to internal validity through the potential for selection 

bias. 
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It is not unreasonable to think that scholars and professional analysts may be 

subject to bias in their selection of programs to study. As an example, Harvey Sapolsky’s 

selection of the navy’s Fleet Ballistic Missile program for study in his critically 

acclaimed 1972 book The Polaris System Development was not random. He was invited 

to study the FBM program by the Navy Special Projects Office (now the Strategic 

Systems Project Office) to document what was universally viewed as one of the nation’s 

most successful weapons development efforts.8 In deciding what to study, researchers 

may tend to seek out the unique and interesting rather than the run-of-the-mill and 

mundane. This risk to internal validity should be significantly ameliorated by the fact that 

the three time periods were selected before the case studies, the final twenty- one were 

chosen from a pool of over one hundred that remained after time period binning, and that 

the final selection was based on the attempt to achieve balanced representation with 

respect to parent service and military capability or basic field of technology (fig. 6). 

 

Fig. 6. The twenty-one programs analyzed, characterized by parent service 
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Four of the programs in the post Cold War period are still active (have not 

reached IOC or been cancelled). Two of the four (THAAD and AAAV/EFV) were 

originally scheduled to have achieved IOC prior to 2009 but have since slid past those 

dates and been rebaselined with projected IOC’s of 2010 and 2015 respectively. Of the 

other two (Airborne Laser and DDG-1000) the ABL has been reclassified as a 

development program and will only produce a prototype which is currently complete and 

scheduled for initial flight testing in 2010, and the DDG-1000 has been reduced from an 

original planned program build of thirty-two ships to just three, with the first hull now to 

reach IOC in 2015. The fact that four of the seven programs (57%) in the eighteen-year 

post Cold War period have slid beyond their original IOC dates is not anomalous. Of the 

ninety-six MDAPs reported on in the March 2009 GAO report, sixty-four (66%) had 

experienced cost and schedule growth from initial estimates.9 

The selection of the time periods for binning of the programs was conducted prior 

to gathering or researching the full set of programs that would be captured. The definition 

of the periods was conducted iteratively in a heuristic manner based on detailed study of 

the existing body of work in the field. The initial period considered was the last one 

hundred years (1908-2008). This completely covered what is broadly considered to be the 

modern era of weapons and weapons system development. It was conveniently defined 

and bounded by the flight demonstrations conducted by the Wright brothers for the army 

in September 1908 and the full-scale ground testing of the air force’s Airborne Laser (fig. 

7) in September 2008. It would have included the full buildup prior to World War I, the 

high degree of innovation and development that occurred during the interwar years, and 

the burst of technological development and implementation of World War II. Analysis 

was conducted to determine if bins of twenty, twenty-five, or fifty years, when applied to 

the one hundred years, provided any insight to major trends or shifts in acquisition 

practices, geopolitical influences, technology trends, or economic factors. 
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Fig. 7. Airborne Laser YAL-1A, currently under development by U.S. Air Force 
Research Lab, Boeing, Northrop Grumman, and Lockheed Martin. Photo: 
U.S. Air Force 

Of these, only the fifty-fifty split of the century reasonably aligned with any 

significant shifts. The start of the Korean War, the 1958 amendment to the National 

Security Act, the transition from eight years of Republican (Eisenhower) leadership to 

eight years of Democratic (Kennedy/Johnson), the beginning of the space race, and the 

early 1960s shift in Cold War policy from Massive Retaliation to Flexible Response, all 

occurred roughly in the middle of the period. This split also closely coordinated with 

McNaugher’s “Era of Construction” (1926-1960) and “Era of Reform” (1961-1989) in 

addressing the origins and development of modern acquisition policy.10 The problems 

with this construct were twofold. First, using only two fifty-year blocks for observation 

and comparison provided very little insight or differentiation and consequently would 

have had very poor explanatory power. Further subdividing into four twenty-five-year 



  28 

periods produced additional demarcation lines (1933 and 1983) that had little correlation 

to any combination of major international, political, legislative, technological, or 

economic transitions. Second, though the one-hundred-year period did an excellent job of 

containing the modern era of weapons technology, it did not necessarily fit that of 

modern acquisition policy. As McNaugher points out, the rapid shift to mechanized 

warfare and the military application of aircraft in the 1920s and 1930s is what drove the 

military to industry for technological guidance and support.11 It was then that the massive 

demand for war material during the Second World War permanently wedded the armed 

forces to private industry for the development and production of its weapons. It was the 

combination of these two events that drove Congress to intervene in 1947 with the 

National Security Act, which then ushered in the modern era of defense acquisition 

policy. 

Looking through McNaugher’s lens with an additional twenty years of 

perspective and focusing on just the last sixty years of acquisition policy vice its origins 

and first several decades provides for a different construct. By starting with the year 

following the implementation of the 1947 act, we end up with an approximately sixty-

year period of observation (1948-2009). By equally dividing the period between 1948 

and the end of the Cold War, we partition the sixty-two years into roughly twenty-one-

year blocks (1948-1969, 1970-1991, 1992-2009). This focus on 1948 to 2009 and 

segregation into three periods proved superior in many ways. Including World War II in 

the evaluation period would have added only eight years of observation, yet it would 

have introduced a host of confounding factors.  This taxonomy strengthens the internal 

validity of the study as it arbitrarily divides the Cold War in half to obtain three roughly 

equal time periods of observation and study.  This purely mathematical subdivision 

should help mitigate any potential for self-selection bias of the programs evaluated. 
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LITERATURE REVIEW 

The body of scholarly work on the U.S. military technology development and 

acquisition process is quite vast and thorough. In 1995, Todd Sandler and Keith Hartley 

published The Economics of Defense. This book has become perhaps the cornerstone 

work on the economic view of acquisition, and it references nearly six hundred other 

works that focus primarily on defense economics. The majority of the modern work has 

been conducted since the 1960s, much of it focused on the Second World War, Korean 

War, and the first decade of the Cold War. One of the first seminal products was the 

review of the navy Polaris system development by Harvey Sapolsky in 1972. This was 

quickly followed in 1974 by a similar review of the navy nuclear propulsion program 

from 1946 to 1962, conducted by George Hewlett and Francis Duncan. Both of these 

works are mostly historical in nature but also do an excellent job of capturing some of the 

key political, management, and technical attributes of the efforts and the way in which 

they influenced the outcome. For convenience, most of the literature can be categorized 

as focusing primarily on economics, politics, policy and process; business and contractual 

arrangements; or military adaptation of technology. Several works venture into one or 

more of these areas but all usually focus on one of these main themes. 

As stated above, the work of Todd Sandler and Keith Hartley in The Economics of 

Defense is still viewed as the seminal work in the field. The authors, both economists, 

apply classical economic theory to the subject. They analyze defense acquisition from 

four perspectives: allocative efficiency in relation to the distribution of defense capability 

within countries and between allies; public choice considerations with regard to the 

private motivations of politicians and bureaucrats; market stability and equilibrium as it 

pertains to market corrections following perturbations or shocks to the system; and 

economic sector growth or retraction and its interplay with research and development and 

sharing of the burden amongst allies. The authors use a host of modern economic 

methods, including macro- and microeconomic models as well as static and dynamic 
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optimization, game theory, comparative statistics, growth theory, and econometrics.  

Though the book was first published only four years after the end of the Cold War, the 

authors spend considerable time analyzing the initial impact of this large perturbation to 

the market and identifying potential longer-term ramifications. Nearly fifteen years and 

hundreds of studies, books, and reports later, this book is still the standard. 

Somewhat unique in the field is the work Ethan Kapstein has done in exploring 

the interplay between economic and political concerns from an international perspective.  

His 1992 textbook, The Political Economy of National Security: A Global Perspective, 

contains perhaps the broadest analysis of his writing on the subject. The body of his work 

provides an important bridge across the gap between purely economic and political 

analysis that deserves considerably more attention. The interplay between these two 

spheres of influence, particularly at the global level, will become even more important 

with time, as the economies of the world’s major trading partners become further 

interlinked and interdependent. 

The body of research on the political aspects of the technology and acquisition 

process is equally rich and varied. The majority of the work has used a particular time 

frame, area of technology/capability, or specific program as the motivation for exploring 

the ways in which politics played a role in the outcome. Daniel Wirls’s 1992 book 

Buildup, for example, does an excellent job of analyzing the political aspects of the 

defense buildup undertaken during the time frame of Ronald Reagan’s two presidential 

terms. The book builds its analysis around three major and competing themes of the 

period: the attempts of Congress to reform the military procurement process, the push for 

a nuclear arms freeze by the Democratic Party and activists in the peace movement, and 

Reagan’s Strategic Defense Initiative.   

James Dewar’s 2004 book, To The Ends of The Solar System, does a masterful job 

of combining a detailed analysis of the way in which politics and technology 

development were intertwined in the nearly twenty-year effort to develop nuclear 
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powered rockets for military and civilian use. Equally compelling and even more 

thorough is Dark Sun by Richard Rhodes. In this detailed documentation of the 

development of the hydrogen bomb, Rhodes equals his earlier, Pulitzer Prize-winning 

work, The Making of the Atomic Bomb. These two books provide an unmatched level of 

detailed insight into the full spectrum of politics and human motivations at play in the 

development and fielding of fission and fusion weapons. Michael Brown’s Flying Blind 

is unique in that it follows the development of a particular military capability, that of U.S. 

strategic bombers. In this very readable and well-researched book, Brown traces the 

military and civilian politics involved in the development of all fifteen post-World War II 

strategic bomber programs (B-35 to B-2). 

 In the field of policy and process analysis of U.S. defense procurement, Harvey 

Sapolsky and Ronald Fox are the undisputed experts. Both have spent their entire 

professional careers either working in or studying the system. Fox’s first major work, 

Arming America: How the U.S. Buys Weapons, was published by the Harvard Business 

School in 1974 and covers his three-year study of the system as it evolved in the 1950s 

and existed in the 1960s. Arming America was clearly influenced, inspired, and 

illuminated by Fox’s work developing a cost planning and control system for the Polaris 

Program from 1960 to 1962 as Deputy Assistant Secretary of the air force from 1963 to 

1964 and then as Assistant Secretary of the Army for procurement, installations and 

logistics from 1969 to 1971. Fourteen years later, he wrote The Defense Management 

Challenge: Weapons Acquisition, ostensibly to review and assess what had changed since 

his first study of the process. These two books provide an unprecedented level of insight 

and documentation of the process as it existed first in the 1960s and then in the 1980s.  

With respect to change, Fox’s assessment was not positive; he felt most of it had been for 

the worse.  

Harvey Sapolsky’s first major contribution in the field was The Polaris System 

Development: Bureaucratic and Programmatic Success in Government. Sponsored by the 
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Navy Special Projects Office in the late 1960s, this review is focused on the program 

leadership, management, development, and procurement aspects of what was then and is 

still today viewed as one of the most successful programs of the modern era. Since then, 

his work has expanded to cover other areas of program and process management, but his 

nearly forty years of continuous participation in U.S. defense through consultation and 

service on boards and review panels have enriched his steady stream of papers, articles, 

and books. His two most recent works, U.S. Defense Politics: The Origins of Security 

Policy, a textbook with Eugene Gholz and Caitlin Talmadge (2008) and U.S. Military 

Innovation Since The Cold War: Creation Without Destruction, edited with Benjamin H. 

Friedman and Brendan R. Green (2009), both benefit from his decades of research and 

participation in defense acquisition management.  

Equal in stature to Sapolsky and Fox, Jacques Gansler is viewed as one of the 

preeminent scholars and practitioners in the Industry and Business sector of Defense 

Procurement. His three books on the topic; The Defense Industry (1980), Affording 

Defense (1989), and Defense Conversion: Transforming the Arsenal of Democracy 

(1995), combine to span his over forty years of work and experience in academia, 

industry, and government. Gansler's general views have changed little over the period 

and are captured well in the most recent book.  He believes that the end of the Cold War 

will result in an extended downturn rather than a cyclical decline in the defense budget 

and that the pressure from social commitments will leave less discretionary budget for 

defense except in war-time. He argues that this critical transition period calls for a major 

restructuring and reorganization of the defense acquisitions process to strike a balance 

between economic and national security concerns, while maintaining a force size capable 

of deterring future conflicts through equipment modernization. Gansler further argues 

that for the defense industry to survive, the Department of Defense must make its 

acquisitions process more flexible. He specifically calls for lowering barriers to civil-
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military industrial integration, rethinking requirements-based specifications for new 

systems, and managing contracts on the basis of the required unit price. 

One of the most intriguing aspects of technology development and acquisition in 

the military is the way in which innovative concepts and technologies have been applied 

and adopted by the armed forces. The most comprehensive and arguably best study in 

this area is also one of the most recent. War Made New: Technology, Warfare, and the 

Course of History, written by Max Boot in 2006, is epic and insightful. His historical 

analysis of the impact of technological advances in warfare covers five hundred years. 

This very readable tome provides detailed analysis of four major eras—gunpowder 

revolution, first industrial age, second industrial age, information revolution—and the 

weapons and tactics that arose during them. Though the history is broad brush at times—

understandably so, as it covers half a millennium—the sheer scope of the book provides 

insight into the macroscopic trends that run through history. Equally compelling and 

much more focused is Military Innovation in the Interwar Period, edited by Williamson 

Murray and Allen R. Millett. This 1996 volume was sponsored by Andrew Marshall, 

head of the Pentagon’s Office of Net Assessment. The period between the two world 

wars is considered to be one of the most active with respect to military experimentation 

and innovation. The collection of papers addresses both successes and failures in an 

attempt to provide a guide to what has and has not worked in the past, rather than to 

develop a grand theory or create a model. Peter Rosen attempted just that in his 1991 

work Winning the Next War: Innovation and the Modern Military. His thorough review 

of the literature on innovation in the military and in industry failed to find any patterns. 

On the contrary, he found that it is more likely for innovation theorists to advance 

conflicting theories than to agree on common causal factors. What seems to be missing 

from the body of work is any significant multidiscipline analysis of the topic. 
                                                
1 Thomas McNaugher, New Weapons Old Politics: America’s Military Procurement Muddle (Washington, 
DC: The Brookings Institute Press, 1989), 17. 
2 Ibid, 52. 
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Chapter 3:  A Compelling Sense of Urgency 

 

HISTORICAL PERSPECTIVE 

The majority of the scholarly work in the field of military technology 

development and acquisition has been focused on time periods of ten to twenty years at 

most. This is not for lack of desire on the part of the scholars doing the work but rather a 

reflection on the relatively immature nature of the field. If we agree that the modern era 

of defense technology development and acquisition began in the early 1900s and that the 

most significant years with respect to the development and implementation of acquisition 

policy have been the last sixty or so, it is hard to fault those who wrote on the subject in 

the 70s and 80s for focusing in on time periods such as the early Cold War build up, the 

McNamara years or the post Goldwater Nichols environment. However, now that we 

have accumulated nearly one hundred years of history and muddled our way through a 

cold war, several hot ones, numerous political administrations, and more than a few 

rounds of reform, it may be time to take more of a “long look” spanning several of these 

significant eras. 

Professor Frank Gavin, a trained historian and scholar in the field of international 

affairs, has written extensively on the utility of history and historians in providing insight 

and perspective in the development of policy. His view that policy makers make poor use 

of history and that historians do poorly in writing for policymakers motivated him to 

develop some skills that he felt would help those who develop policy to better understand 

and therefore make better use of history. In his winter 2007-08 article in International 

Journal, “History and Policy,” he describes five concepts of history for policymakers: 

vertical history, horizontal history, chronological proportionality, unintended 

consequences, and policy insignificance.1 Making use of these skills and historical 

perspectives as we look back onto the three time periods studied in this paper enables us 
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to develop a much broader and richer view of the possible causal factors that influenced 

decisions and events. 

Vertical history is the standard chronological view of “this happened and then 

that”: In June 1914, Archduke Ferdinand of Austria was assassinated, leading to the start 

of World War I. In September 1939, Germany invaded Poland, triggering defense treaties 

with Great Britain and France, thus leading to World War II.2 In the early 1980s, the 

Department of Defense was accused of spending $640 on toilet seats and $2,917 for 

wrenches, leading to the Packard Commission and another round of acquisition reform.3   

Vertical history is the easiest to understand as it fits the basic intuitive concept of linear 

history and simple cause and effect. However, it is commonly based on very shallow and 

even anecdotal interpretations of events. In reality, key shifts in history are rarely 

triggered by singular events in a vacuum. History at any given moment is also very 

broad.  Lesser simultaneous events provide the context and in many instances, a driving 

force equal to the more broadly accepted causes.   

This is the concept of “horizontal history”. Even though history proceeds 

temporally, there is a vast spatial aspect to it as well. Looking at history from this lateral 

perspective provides insight to causal linkages that may not be readily apparent.4 Though 

anecdotal history connects the $640 toilet seats and $2,917 wrenches to the initiation of 

the Packard Commission and its subsequent findings and recommendations, there were in 

fact never any such egregious purchases by the government. The toilet seat was actually a 

complete toilet assembly for the P-3 Orion aircraft, and the wrench was a specialized tool 

designed to access very confined spaces on jet engines during maintenance and repair. 5 

Unfortunately, much like urban legends and fishing stories, these tales take on more 

credibility and size with each telling and further reinforce the false linkage. Even worse, 

they further bury and conceal the true causal factors of the time that led to the events of 

interest. 
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Just as President Reagan’s formation of the Packard Commission came about not 

because of excessive costs for toilet seats and tools but rather to restore trust and 

confidence in the acquisition system prior to his planned increase in defense 

procurement, the Commission’s effect on the acquisition process and the defense industry 

in the 1980s was far less consequential than the Reagan administration’s attempt to drive 

the Soviets to ruin by upping the ante in the Cold War arms race.6 President Reagan made 

a political decision based on economic and foreign relations policy; this decision dwarfed 

any impact that the Packard Commission’s recommendation may have had, 

demonstrating what Gavin calls “chronological proportionality.”7 

The famous “last supper” held at the Pentagon in 1993 by then Deputy Secretary 

of Defense William Perry and attended by the chief executive officers of a dozen large 

defense industrial companies was meant to drive the defense industry to consolidate in an 

attempt to save DoD money through more efficient contractors. It actually resulted in so 

few defense firms that it became almost impossible to have competition for major 

contracts, as there were now only one or, at best, two firms technically capable of doing 

the work. This is the historical view of “unintended consequences.”8 No matter how 

straightforward a policy may appear to be, it is impossible to think through all of the 

potential outcomes. Though quite logical in form, Deputy Secretary Perry’s initiative to 

achieve greater efficiency and lower costs through consolidation of the defense industrial 

sector in some ways had the exact opposite effect. Much of the ensuing consolidation 

occurred more at the organizational and accounting level, and little trickled down to the 

production level. Consequently, even though there were fewer defense contractors by 

name, there was little reduction in the excess manufacturing and production infrastructure 

that was leading to excess cost. 

The final tool, recognizing when policy is insignificant, can perhaps best be 

described through the example of acquisition reform itself.9 Since the implementation of 

the DoD 5000 series instruction in 1971, it has been the goal of most every defense 
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secretary or under secretary for acquisition to leave their mark by revising it. The fact that 

the secretaries and undersecretaries often roll through their tenures in as little as two to 

four years is unfortunate for the acquisition workforce. The subsequent “churn” in the 

principal rules, regulations, processes, and guidelines meant to help the acquisition 

workforce may actually lead them to ignore them. The current version, 5000.2, was 

released in December 2008, near the end of the second year of secretary Gates’ tenure. It 

is over eighty pages in length and upon release was followed by several hundred pages of 

interpretation and implementation guidance by each of the respective services. It will take 

several years for any policy changes in it to be implemented (presuming the acquisition 

workforce actually reads and complies with any of it) and a new draft of the 5000 series 

is already in the works in an attempt to capture and implement the defense acquisition 

reform visions and goals of the Obama administration. The urge of each administration 

and secretary to “Do Something” needs to be tempered by an appreciation of “policy 

insignificance” and the reality that to “do nothing” is not only as conscious a decision as 

doing something, but is also often the right decision. 

 Bureaucratic change comes about very slowly, if at all. The effects of the 

elements of the Packard Commission which were enacted into law and the significant 

consolidation of the defense contractor base brought about after the end of the Cold War 

are still working their way through the acquisition process and bureaucracy twenty years 

later. Instituting any acquisition reform or policy change without providing sufficient 

time for the consequences of the previous round of changes to be observed and the results 

analyzed is analogous to an aircraft pilot caught in a struggle with “Pilot Induced 

Oscillations” (PIO). PIO is a term used in aviation to describe a very real condition often 

experienced by novice pilots that can lead to catastrophe. When the pilot of an aircraft 

commands a series of corrections in opposite directions, each in an attempt to respond to 

the aircraft's reaction to the previous input with an overcorrection in the opposite 

direction, an ever-increasing oscillation develops. The pilot ends up in a closed loop 
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where he is chasing the consequences of his previous actions rather than flying the 

aircraft in response to the actual external environment. Engineers refer to this as positive 

feedback instability. 

We have had more than sixty years of experience in the modern era of defense 

technology development and acquisition. But as we have driven the process to become 

more complex and the bureaucracy exponentially larger, we seem to have developed the 

irrational belief that it should also have become more efficient. It is clear that there has 

been a steady increase in the amount of time (and money) required to develop and field 

new technology in military systems. This increase has been concurrent and roughly 

commensurate with the growth in the complexity of the process and with the volume of 

associated laws, regulations, directives, and policies. If we are to believe that the last 

sixty years of acquisition reform have actually had any influence on the system, then we 

can only draw the conclusion that it has had a deleterious effect. Should we continue to 

be sanguine about the impact of another round of acquisition reform? 

One of the objectives of this study is to use Frank Gavin’s tools of historical 

perspective to review several of the programs across the three time periods. This may 

allow us to ascertain if there were larger forces at play in causing the lengthening of the 

time required to develop and field new technologies and weapon systems. 
 

EARLY COLD WAR 1948-1969 (STRATEGIC IMPERATIVES) 

If there is one common theme that can be used to capture the essence of 

technology development and weapons acquisition during the first half of the Cold War, it 

is an almost singular focus on building physically smaller yet more powerful nuclear 

weapons, along with quicker and longer-range means to deliver them. The Berlin 

Blockade, George Kennan’s “Long Telegram,” the approval of NSC 68, and the invasion 

of South Korea by the communist North immediately presaged this period. The quick 

succession of these events left no doubt that the United States was engaged in a political 



  40 

and military struggle with the Soviet Union. With the Soviets’ detonation of an atomic 

bomb amidst these events in August of 1949, the struggle took on a new context.  

American analysts had predicted that the Soviets would not succeed in developing 

nuclear weapons capability until sometime in the mid 1950s at best. The Soviets’ 

surprising speed in overcoming what the United States thought was a large technological 

and industrial lead brought into doubt the validity of assessments of other areas of the 

Soviets’ economic, industrial, and military strength. 

One immediate result of these compounding events was an increase in annual 

U.S. defense spending from $94.7 billion in 1948 to $437 billion by 1953 (1996 dollars).  

Even after the 1953 armistice in Korea, the annual outlays for defense remained more 

than triple those of 1948 well into the mid 1960s, when they began to rise again due to 

the increased military involvement in Vietnam.10 
 

Hydrogen Bomb 

In early September 1949, when American scientists confirmed that samples 

collected by an air force WB-29 reconnaissance aircraft were evidence that the Soviets 

had detonated an atomic weapon, the U.S. arsenal of nuclear weapons consisted of 

several dozen bombs based upon minor improvements made to the basic design of the Fat 

Man plutonium weapon used against Nagasaki in 1945.11 The fear that overtook 

American civilian and military leaders at the reality of a nuclear-armed Soviet Union was 

bolstered by the knowledge that the fission weapons the United States, and now the 

Soviets, had developed did not represent the full destructive capability of what nuclear 

weapons technology could achieve. Since the early days of the Manhattan Project, 

Edward Teller and other physicists had postulated the theory that a fusion weapon could 

be designed that would be far more efficient (destructive) than the fission weapons being 

developed. Following the end of World War II, military and civilian interest in further 

investigating Teller’s theory waned amidst America’s massive military demobilization. 
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The army focused on improving the existing weapons designs and producing a small 

stockpile of fission weapons. Teller and a few of his colleagues continued to explore the 

possibility of a fusion weapon through refined calculations of the amount of deuterium 

and tritium fuel that would be required as well as the physical design of such a device.12 

If Teller’s theory was correct however, it was not unreasonable to think that the 

Soviet scientists were aware of the concept and trying to develop a fusion bomb in an 

attempt to leap ahead of the United States in nuclear capability. Robert Oppenheimer was 

chairman of the Atomic Energy Commission's (AEC) General Advisory Committee 

(GAC) and had a very different perspective. Oppenheimer had routinely supported the 

further development of various types of fission bombs. However, he and several 

colleagues considered the hydrogen bomb a very different type of weapon. In late 

October 1949, the GAC prepared a report providing its recommendations for fusion 

(hydrogen bomb) development. The report included an addendum, written by Harvard 

University President James B. Conant and signed by Oppenheimer, which included the 

statement: “We believe a super bomb should never be produced... In determining not to 

proceed to develop the super bomb, we see a unique opportunity of providing by example 

some limitations on the totality of war and thus of limiting the fear and arousing the 

hopes of mankind.”13 

While the scientists argued over the ethics of the hydrogen bomb, another debate 

raged between government officials and uniformed leadership over its military value. 

Conant's GAC addendum also stated, “the bomb might become a weapon of genocide” 

because “its use would involve a decision to slaughter a vast number of civilians” and 

“there is no inherent limit in the destructive power that may be attained with them.”14 

Robert Bacher, a Manhattan Project physicist and former AEC commissioner, also 

questioned how useful a hydrogen bomb might be. In a Scientific American article 

published in May 1950, he argued, “From the point of military effectiveness, there seems 

to be little reason to attach such great significance to the hydrogen bomb. While it is a 
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terrible weapon, its military importance seems to have been grossly overrated in the mind 

of the layman.” Bacher continued, “The most tragic part is that the hydrogen bomb will 

not save us and is not even a very good addition to our military potential.” The Joint 

Chiefs of Staff (JCS), chaired by General Omar Bradley, felt differently. In a November 

1949 report, the JCS determined: “possession of a thermonuclear weapon by the USSR 

without such possession by the United States would be intolerable.” The JCS 

unanimously recommended proceeding with the development of the hydrogen bomb.15 

The debate escalated when it reached Capitol Hill, where Senator Brian 

McMahon (D-Connecticut), chairman of the Joint Committee on Atomic Energy, called 

for immediate development of the hydrogen bomb. Several Democrats, Republicans, and 

military officers agreed. The broad coalition that McMahon had put together enjoyed 

overwhelming support from the public, but met determined opposition from within the 

government. His chief opposition came from David E. Lilienthal, who was chairman of 

the AEC. Lilienthal's position, shared by most of his fellow commissioners and the GAC, 

was that the hydrogen bomb “would not further the common defense, and it might harm 

us, by making the prospects of the other course—toward peace—even less good than they 

are now.”16 Although Lilienthal knew he could count on the support of preeminent 

nuclear scientists such as Oppenheimer, Bacher, and Fermi, he faced opposition from 

scientists such as Teller and Ernest Lawrence, political leaders like Senator McMahon, 

and fellow AEC commissioners Gordon Dean and Lewis Strauss. Strauss sent a letter to 

President Truman in a November 1949 to argue his case. He believed much as the JCS 

did: “The danger in the weapon does not reside in its physical nature but in human 

behavior. Its unilateral renunciation by the United States could very easily result in its 

unilateral possession by the Soviet Government. I am unable to see any satisfaction in 

that prospect.”17 The president was not wanting for a broad spectrum of strongly held and 

vigorously defended opinions from which to make a decision. 
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In typical political form, Truman formed a special committee of the National 

Security Council, made up of Secretary of State Dean Acheson, Secretary of Defense 

Louis Johnson, and the AEC chief, Lilienthal, to investigate the political, scientific, and 

military aspects of hydrogen bomb development. Lilienthal surprisingly switched his 

previous position and joined Acheson and Johnson, endorsing a plan to proceed with the 

"Super." Using this final recommendation to break the standoff, the president issued a 

public statement in January 1950: ”It is part of my responsibility as Commander-in-Chief 

to see to it that our country is able to defend itself against any possible aggressor. 

Accordingly, I have directed the Atomic Energy Commission to continue its work on all 

forms of atomic weapons, including the so-called hydrogen or super-bomb.”18 

The debate and uncertainty was decisively ended with the president’s decision 

and announcement, in much the same fashion as following President Roosevelt’s decision 

to proceed with fission bomb development in January 1942. Work on the fusion bomb 

began immediately with a series of planning meetings and then came to an abrupt halt.  

With the detonation of Joe-1 the previous August, all of the U.S. labs and industrial 

contractors involved in nuclear weapons work were working overtime to expand the 

inventory of U.S. weapons but also improve their designs. There was no slack or excess 

capability in the system to respond to the president’s direction to proceed with 

development of the hydrogen bomb. All work directed towards the development of the 

hydrogen bomb would require a reduction in efforts related to fission weapons, which 

also had the president’s highest priority. The same NSC special committee took up the 

issue and informed the JCS that they would have to accept a reduction in fission bomb 

production if they wanted a crash program on the hydrogen bomb. The JCS concurred, 

and on March 9 the special committee recommended to the president that he approve the 

principle that “the thermonuclear weapons program is regarded as a matter of the highest 

urgency” and that he set a goal of producing ten thermonuclear weapons per year even 

though “the total estimated cost of these weapons spread over a period of two or three 
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years, will be on the order of 30 to 40 fission bombs.”19  The president issued the 

directive the next day. 

For the next year, the majority of the work in the program was theoretical and 

required extraordinary levels of mathematical computation. By the spring of 1951 there 

were three potential designs. The “Super” was the design initially conceived during the 

work on the fission bomb during the Manhattan Project. In this approach, the fusion fuel 

was placed either at the center of the fission bomb or surrounding it, and the theory was 

that the heat and pressure generated by the fission bomb would cause the fusion fuel to 

burn or fuse. Calculations conducted following the war showed that these approaches 

were probably not feasible. In both cases the fission reaction would proceed so rapidly as 

to blow apart the fusion fuel before it could be heated sufficiently to begin burning. The 

second design was referred to as the “Alarm Clock” after the expectation that its yield 

would be so great that it would wake up the world. This design was also referred to as the 

“layer cake” as the design employed several alternating layers of fission and fusion fuel.  

The concept was similar to the Super but the hope was that the alternating layers would 

allow the fusion fuel greater chance of igniting prior to being blown apart by the fission 

reaction. The third and newest was the “Radiation Implosion” or “Equilibrium 

Thermonuclear” concept. This design concept was a significant departure from the 

previous two. Instead of relying on the heat generated by the fission device (the 

propagation of which was limited by the opacity of the plasma generated during the 

fission reaction) or the physical compression generated by the acoustic shockwaves of the 

fission reaction (which moved to slowly in relation to the fission process), it relied upon 

the energy of the X-rays generated by the fission reaction to compress and heat the fusion 

fuel sufficiently to cause it to burn. The radiation waves moved much faster than the 

shock waves, and the photons emitted provided for a three-particle reaction rather than a 

two-particle reaction in generating the pressure to reach equilibrium fusion and releasing 
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14.1 MeV neutrons. This combination of greater speed and higher probability of reaction 

looked to succeed in overcoming the problems of the two previous designs.20 

The first significant tests of the hydrogen bomb effort were conducted during 

operation Greenhouse. This test series was conducted at Enewetok Atoll in April and 

May of 1951 and consisted of four relatively high yield devices: Dog, Easy, George, and 

Item. Dog and Easy were validation tests of two new bomb designs—the Mk 6 and Mk 5 

respectively. George and Item were the first true tests of the theory of thermonuclear 

fusion. George was purely a research experiment designed to study deuterium-fusion 

burning when heated by thermal radiation. Item was the first test of the principle of 

fusion boosting of fission devices. As it was an experiment, George used a device design 

unsuitable for use as a weapon. The test device, named the Cylinder, consisted of an 

enriched uranium core that was imploded using a unique cylindrical implosion system. 

This device was the first to use external initiation to begin the fission chain reaction. 

Despite the negative results obtained in 1950 from theoretical studies of the 

classical Super's performance, the inclusion of “George” in the 1951 test plan was pivotal 

to the American thermonuclear program. “George” served as the proof of principle 

demonstration to confirm that a design that confined and utilized radiant energy from a 

primary atomic bomb to compress and ignite a secondary, physically isolated core 

containing thermonuclear fuel could work.  Edward Teller used the results of the boosted-

fission “George” experiment to confirm the fusion of heavy hydrogen elements before 

preparing for the first true multi-stage Teller-Ulam hydrogen-bomb test.21 

In June 1951 following the success of the George shot, Edward Teller and 

Frederic De Hoffman issued a report on the effectiveness of using lithium-6 deuteride in 

the new multi-stage configuration. The problem was creating enough lithium-6 in time to 

support further testing. That same month Oppenheimer called for a meeting of the 

Weapons Subcommittee of the GAC (which he chaired) at Princeton over the weekend of 

June 16-17. The upshot of the meeting was threefold: First, the new design would take 
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priority while the others would be placed on the back burner. Second, the AEC agreed to 

begin producing lithium deuteride as a potential fuel for both the equilibrium 

thermonuclear and a radiation imploded Alarm Clock. And third, if the ongoing studies 

of the George shot results remained positive, they should move immediately towards 

demonstrating a large-scale fusion device.22 

With this critical decision made and the sense that there was now a clear technical 

path to a workable design, the program took on a new urgency. At Los Alamos, lab 

director Norris Bradbury decided to appoint the head of the lab’s weapons development 

division, Marshall Holloway, to lead the thermonuclear program. On October 5, just three 

weeks after his appointment, Holloway met for the first time with the team he had 

quickly assembled. The first task was to construct a timetable for the design, 

construction, and demonstration of the fusion device. Teller wanted to conduct the 

demonstration in July of 1952. Holloway pushed for late October because he knew that 

summer was the monsoon season in the Marshall Islands, and he had a better appreciation 

for the amount of engineering and fabrication that would be required. They had barely 

one year to design and construct what would be the proof of concept demonstration for 

the hydrogen bomb.23 

Eniwetok Atoll was chosen as the site for the demonstration. Along with Bikini 

Atoll it had been designated for nuclear testing after the war. The base and facilities that 

had been mothballed following the Greenhouse tests in 1951 were quickly reactivated.  

The army, navy and air force began staging equipment and personnel in March 1952. By 

October the navy had a full task force including an aircraft carrier, four destroyers, and 

dozens of boats, barges, and landing craft. The air force operated some eighty aircraft for 

transport and scientific missions including twenty-six B-29s.  More than nine thousand 

military and two thousand civilian personnel lived aboard the ships or on the islands in 

the area.24 
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The first fusion device was successfully detonated by the United States in 

Operation Ivy on November 1, 1952, on Elugelab Island in the Eniwetok Atoll of the 

Marshall Islands. The “Mike” device (fig. 8) was based on the Teller-Ulam-conceived 

radiation implosion configuration. Liquid deuterium served as its fusion fuel and a large 

fission weapon as its trigger. The device was strictly an experimental, proof of concept 

design and not a deliverable weapon: standing over twenty feet high and weighing at least 

140,000 pounds, plus another 24,000 pounds from the cryogenic refrigeration equipment 

necessary for the liquid deuterium, it was in no way employable as a weapon. Its 

explosion yielded 10.4 megatons of energy—over 450 times the power of the bombs used 

in Japan at the end of the war.25 The blast obliterated Elugelab, and left an underwater 

crater 6,240 feet wide and 164 feet deep where the island had been. Truman had hoped to 

create a media blackout about the test as he worried that it would become an issue in the 

following year’s presidential election. By winter, hints and speculations of the test were 

beginning to emerge in the press, so on January 7, 1953, he relented and announced the 

development of the hydrogen bomb to the world.26 
 

 

Fig. 8. The “Mike” device is on the left; to the right are the pipes for transmitting first 
light back to sensors over a mile away. Photo: DoD 
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The task at hand, having validated the concept of a thermonuclear device, was to 

design and build a fieldable weapon. The pressing urgency of the Soviets’ pursuit of 

fusion weapons led the U.S. to build a deliverable device based upon the liquid deuterium 

design used in Mike. There were five examples of the EC16 "Jughead" cryogenic bomb, 

produced starting in January 1954. The EC stood for Emergency Capability. The EC16s 

were never in the stockpile and were the first EC weapons eliminated. There was only 

one B-36 converted under Project Bar Room to carry the Jughead.27   

Operation Castle was a series of high yield thermonuclear weapon design and 

validation tests. Following the initial experimental demonstration of the Ulam-Teller 

design in Operation Ivy (the Sausage device detonated in the Ivy Mike test) both weapon 

labs rushed to develop a number of deliverable weaponized designs.  An important factor 

in planning Castle was the availability of lithium enriched in Li-6. The U.S. 

thermonuclear weapon program had been stuck in the doldrums prior to the 

breakthroughs of Ulam and Teller in early 1951, and no plans had been made for 

producing this fusion fuel. Once a workable design for a high-yield fusion weapon had 

been conceived though, it became a race to get a large lithium enrichment plant into 

production. The Soviets, in contrast, had decided to pursue a thermonuclear design of 

limited potential (Layer Cake), and had begun constructing lithium enrichment facilities 

before the United States. The Soviet Union exploded a “dry” device of this type the 

August preceding Castle, at the time that the first U.S. lithium enrichment plant was just 

starting up. Due to the current lithium-6 shortage, several weapon designs tested in Castle 

therefore used only partially enriched, or even un-enriched lithium. Los Alamos National 

Laboratory proposed a bomb design using ordinary lithium hydride.28   

The United States detonated its first deliverable thermonuclear weapon on 

February 28, 1954, at Bikini. Known as the “Shrimp” device of the “Castle Bravo” test, 

the weapon used lithium deuteride with a 40% content of the lithium-6 isotope as its 

fusion fuel. The device yielded fifteen megatons of energy, over twice its expected 
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yield.29 Two other new designs, designated TX-17 and TX-24, were developed and varied 

slightly in their primary stages. The TX-17 and 24 design was validated as the "Runt" 

(Castle Romeo shot) device during Operation Castle in 1954. After the successful tests, 

basic versions of the Mk-17 and 24 were deployed as part of the “Emergency Capability” 

program. The Mark 17 and Mark 24 were the first mass-produced hydrogen bombs 

deployed by the United States. A total of five EC 17 (these are also referred to as the 

Mark 14) and ten EC 24 bombs were rushed into stockpile between April and October 

1954.30  

The EC weapons lacked parachutes to delay the time between release and their 

detonation, ensuring the delivery aircraft would be destroyed with the target. Other safety 

features such as In Flight Insertion (IFI) and safe arming and fusing devices were also 

omitted to ensure a quick thermonuclear capability. The EC weapons were quickly 

replaced with Mk-17 Mod 0 (fig. 9) and Mk-24 Mod 0 bombs in October and November 

1954. Those weapons included a 64-foot-diameter parachute to allow the delivery aircraft 

to escape. With the addition of IFI of the primary capsule to prevent a nuclear explosion 

in case of an accident, the weapons were upgraded to the Mod 1 standard. The inclusion 

of a contact fuse upgraded some bombs to the Mod 2 version, allowing the bombs to be 

used against "soft" targets (air burst), or buried targets such as command bunkers (contact 

burst).31  
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Fig. 9. MK-17 Hydrogen bomb and transportation equipment. Photo: DoD 

The Mk-17/24 bombs were 24 feet, 8 inches long and 61.4 inches in diameter. 

They weighed twenty-one tons. The two weapons had yields in the range of fifteen-

megaton TNT equivalent. Total production of Mk-17s was 200, and there were 105 Mk-

24s produced, all between October 1954 and November 1955. The Mark 21 was a 

redesigned Shrimp TN device with 95% enriched Li-6. Although 275 were produced 

between December 1955 and July 1956, they were never deployed. During the second 

half of 1957, they were retired by converting them into Mk-36s. In total, nearly six 

hundred thermonuclear weapons were produced between late 1953 and the middle of 

1956.32 

While all of the Castle series tests were conducted on the ground or from ocean 

barges, on May 31, 1956, the United States completed its first airdrop test of a 

thermonuclear bomb, called the “Cherokee” shot.33 Further tests were conducted between 

May and July 1956, in order to further progress in constructing lighter and more efficient 

nuclear weapon prototypes designed to operate in various categories of warheads. Due to 
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the introduction of smaller and lighter weapons such as the Mk-15, as well as the pending 

retirement of the only aircraft capable of carrying them, the B-36, the Mk-24s were 

withdrawn by October 1956, and the Mk-17s by August 1957.34 

In fewer than five years, the National Labs, army, navy, air force and key 

industrial contractors had pulled together to advance the hydrogen bomb from theory to 

initial operational capability. The scientists knew that if they could prove the principle 

that a fission reaction could generate a fusion burn, and the concept that a device could be 

built to use a fission bomb to generate a large fusion yield, then they would be able to 

develop a practical weapon. 

Polaris 

The first launch of a ballistic missile from a submerged submarine (the USS 

George Washington) occurred on July 20, 1960 (fig. 10). Just three hours later, a second 

successful test launch was achieved. To give a feeling of the continued sense of urgency 

of the times, by November of the same year the Polaris missile reached Initial 

Operational Capability onboard submarines on strategic patrol. In less than four years, the 

nuclear armed, submarine launched, ballistic missile went from a design on a piece of 

paper to an operational weapon system.35 Anyone who would have predicted such an 

achievement in 1954 or 1955 would have been dismissed as delusional or crazy. 
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Fig. 10. Polaris A-1 launch from submerged submarine. Photo: U.S. Navy 

U. S. intelligence reports in 1955 warned of rapid progress by the Soviets in their 

missile and nuclear warhead program, and there was considerable concern that the United 

States might find itself facing a nuclear intercontinental ballistic missile (ICBM) threat 

with no comparable capability to counter it. President Eisenhower had tasked a 

commission under MIT’s James R. Killian, Jr. to evaluate the situation. In its report the 

commission recommended that the ongoing air force ICBM development program risks 

be hedged by deploying the army's 1600 nm Jupiter intermediate range ballistic missile 
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(IRBM, still in early development) at sea in order to bring Soviet targets within missile 

range as soon as possible.36  

In response to this opportunity, the Chief of Naval Operations (CNO), Arleigh 

Burke, created the Navy Special Projects Office in December 1955, and named Rear 

Admiral (later Vice Admiral) Red Raborn to lead the navy's effort in this joint 

arrangement with the army.37  Burke had just recently been appointed as CNO (August 

1955) and, at just 53, was one of the youngest officers ever to hold the position. He was 

only a rear admiral (two star) at the time of his appointment and there were ninety-two 

active duty flag officers senior to him on the navy register, with more than eighty who 

were potential candidates for the post. Burke was a visionary officer who realized that the 

navy had to aggressively pursue new technologies and capabilities to remain a 

competitive and relevant component of the rapidly developing U.S. defense strategy.38 

Nuclear weapons capability and the opportunity to play a major role in strategic offense 

and defense was something he felt the navy could not let slip past. To provide a feel for 

the kind of support the project had from the CNO: in a letter dated December 2, 1955, 

then classified Top Secret, Admiral Burke wrote to Raborn.   

If Rear Admiral Raborn runs into any difficulty with which I can help, I will want 
to know about it at once along with his recommended course of action for me to 
take. If more money is needed, we will get it. If he needs more people, those 
people will be ordered in. If there is anything that slows this project up beyond the 
capacity of the Navy Department we will immediately take it to the highest level 
and not work our way up through several days. In taking this type of action we 
must be reasonably sure we are right and at least know the possible consequences 
of being wrong because we will be disrupting many other programs in order to 
make achievement in this one.  That is all right if we really make an achievement. 
-The Air Force has got a tremendous amount of enthusiasm which they 
demonstrate behind their project and we must have even more. The awards should 
be made to companies as soon as possible and our major contract awards, I think, 
should be made by the 15th of December.39 

At the time, the army's Jupiter missile program was working to develop a large, 

single-stage, liquid propellant rocket, capable of carrying a 3,500-pound payload to 

ranges of up to 1600 nm.40 It was being developed under the technical direction of the 



  54 

German rocket scientist Dr. Wernher von Braun and his team who had developed the V-2 

during World War II. The Army Ballistic Missile Agency in Huntsville would be 

responsible for modifying its land-based Jupiter, working with the Navy's Special 

Programs Office, which had responsibility for developing launching, handling, 

navigation, fire control, test instrumentation, and other ship systems necessary to adapt 

Mariner class merchant ships to take the weapon to sea.41  

The navy had, to date, focused on putting missiles such as the Regulus on 

submarines as they felt they would be more stealthy and survivable as they approached 

the Soviet coast prior to launch. The Jupiter, however, was going to be very large. It was 

over forty-one feet tall and ten feet in diameter and weighed over eighty tons.42 A 

specially designed submarine carrying four of these would have been the largest in the 

world. It would have had to come to the surface to elevate and launch the missiles and the 

prospect of carrying enormous liquid fueled rockets inside a submarine just wasn’t 

practical. Once into the program however, the navy quietly kept its sights on ultimate 

replacement of the liquid missile with a solid propellant version of Jupiter that would be 

suitable for submarine deployment. The solid propellant would alleviate the serious 

handling and storage problems associated with volatile liquids at sea. The problem was 

that solid propellant rockets of the size needed didn’t yet exist, and it was not clear that 

the technology could be advanced in the time necessary to meet goal of having a system 

ready for evaluation by 1965.  

Meanwhile, during the summer of 1956, the Office of Naval Research sponsored 

a study on undersea warfare at Nobska Point in Woods Hole, Massachusetts. The study, 

which later became known as Project Nobska, included the report of a subcommittee 

tasked with exploring new technological and strategic uses of the sea. It was during one 

of these meetings that Dr. Edward Teller proposed using nuclear warheads to replace the 

conventional ones used in torpedoes. When challenged on the absurdity of placing what 

were then huge devices in the nose of a torpedo, Teller pointed to the trend in nuclear 
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warhead technology that indicated major reductions in size and weight with each new 

generation. Although a warhead that would fit in a torpedo was not currently available, 

the trend indicated that one would be in the near future. When questioned about the 

applicability of his assertion with respect to the navy’s ballistic missile program, Teller 

was quoted as asking, “Why is the Navy designing a 1965 weapon system with 1958 

warhead technology?”43  He then went on to project dramatic improvements in the yield-

to-weight ratios of nuclear weapons that would permit reduction in the weight of a 

megaton warhead by almost a factor of three.44 If Teller's prediction could be realized, the 

potential implications for making a dramatically smaller solid propellant missile were 

enormous. 

The CNO asked RADM Raborn to provide an independent assessment of the 

Project Nobska assertions as quickly as possible. To perform the trade-off studies and to 

define the envelope parameters of a new system, teams were assembled for each of the 

weapon subsystems, including the re-entry body, missile, launching and handling system, 

fire control and guidance, navigation, test instrumentation, and the submarine itself. In 

three months of intensive work, SP with its supporting contractors and government 

agencies defined a completely new system concept that was named “Polaris.” The 

payload that the reentry team proposed was reduced from the Jupiter’s 1,600 pounds to 

only 600 pounds.45 A new high-energy solid propellant motor technology, along with a 

promised smaller and lighter guidance system proposed by MIT’s Charles Stark Draper, 

were together projected to bring the overall missile size and weight down by more than a 

factor of four. Such a missile would be small enough to be carried vertically within the 

pressure hull of nuclear attack submarines that were already being designed as follow-ons 

to the Nautilus.  

In December 1956, the secretary of defense authorized the navy to proceed with 

Polaris and terminated the joint army-navy program for Jupiter.46 Achieving 

independence from the army program would seem easy in hindsight compared with the 
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challenges now facing the Polaris program. Success would require breakthroughs in a 

number of technical areas, including development of a small, proven, thermonuclear 

warhead; high-energy solid missile propulsion; underwater missile launch; and precision 

navigation, fire control and guidance to accurately strike strategic targets at ranges up to 

1,500 nautical miles from a moving platform at sea. The project would have to be 

conducted under intense schedule pressure if it was to achieve all of this by the scheduled 

IOC of 1966. As if this wasn’t enough, in October of 1957 the Soviets launched Sputnik, 

a full year before the first flight test of any U.S. ICBM, and the pressure was increased. 

The initial operational availability date for the system was advanced from 1966 to 1960.47 

The Special Projects office now had just four years to achieve what just two years earlier 

would have been thought impossible. 

The only way to make such a compressed schedule was by doing everything in 

parallel, including pursuing alternative technical approaches in almost every area. It also 

required the release of designs to production long before development testing was 

complete. The combination of concurrency and technical alternatives would cost more in 

the short term but pay great dividends in the long run. Missile testing of Polaris 

prototypes began almost immediately. The navy had contracted with Lockheed for the 

development of the solid fuel rocket within weeks of the December 1956 program 

initiation, and by January 1958 they had missiles ready for testing at Cape Canaveral.  

The early test missiles did not perform well as they literally rained from the sky over 

Cape Canaveral (fig. 11). The early launch attempts were so dismal that the program 

office developed a code for reporting test results. For example, “successful launch” 

would mean “didn't blow up until after leaving the launch pad,” “successful first stage 

flight” meant “went out of control and was destroyed during second stage flight,” and so 

on. There were six such flight tests before a missile flew far enough to get out of sight of 

the launch area before experiencing catastrophic problems. Of the first seventeen Polaris 

flights, only five flew as planned.48  
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Fig. 11. Polaris A-1 ready for flight test at Cape Canaveral. Photo: U.S. Navy 

As if the string of early missile-launch failures was not trouble enough, as the 

warhead and reentry work progressed, it became clear that the payload would not have 

the desired yield and would still be too heavy to achieve the program’s goal of a 1,700 
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nautical mile range. The primary objective of the program was to field a capability at the 

earliest possible date, so reduced capability was accepted. In order to keep up with the 

Soviet Union and avoid a “gap” in technology, the navy scaled-down the requirements 

that they had originally mandated for the Polaris. Any shortfalls in range, accuracy, 

warhead yield, and reliability would be made up in subsequent models. The first Polaris 

to come off of the assembly line was called the A1. It was a two-stage rocket with a gross 

weight of 28,000 pounds and a length of twenty-eight feet. After many redesigns it 

ultimately had a range of one thousand nautical miles.49 Regardless of the range problem 

and numerous failed test launches, a key element of the A1 was right on target. The self-

contained inertial guidance system was working well. Initially, it was this system that 

appeared to be the real roadblock to development during the design phases of Polaris, but 

it performed beyond expectation. Finally, Edward Teller’s prediction proved correct: 

perched on top of the Polaris A1 was a thermonuclear warhead with a yield of five 

hundred kilotons.  

Even though the missile deployed on USS George Washington in 1960 was less 

reliable, had a shorter range and a lower warhead yield than the goals that had initially 

been set for the program’s initial 1966 IOC, those performance compromises were all 

recovered in the 1500 nm Polaris A-2 which commenced deployment on the third 

ballistic missile submarine, USS Ethan Allen just eighteen months later in the summer of 

1962.50 Like ADM Rickover's Naval Reactors, Special Projects retained cradle-to-grave 

responsibility for each of its successive generations of Fleet Ballistic Missile systems. 

Polaris A-1, A-2 and A-3, Poseidon C-3, and Trident C-4 and D-5 provided increased 

reliability, range, payload, and accuracy in response to perceived Cold War Soviet 

antisubmarine warfare (ASW) and ballistic missile defense (BMD) threats and to meet 

new targeting requirements.  

The Polaris program occurred during a time when several key technologies were 

maturing at a rapid pace. Advancements in the reduction of nuclear warhead size and 
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weight, development of large solid fuel rockets, construction of nuclear-powered 

submarines, and the refinement of inertial navigation systems all served the program 

well. Two other factors are equally important, though: the ability of the leadership in the 

program to recognize these trends in technology development and to design a system in a 

manner flexible enough to leverage these improvements, and the willingness of the navy 

and the Defense Department to accept a lesser initial capability based on the promise of 

phased incremental capability growth.  

 

Corona 

Operation Ivy Mike provided a much more powerful nuclear warhead than had 

previously been available by three orders of magnitude. The Polaris program provided a 

reliable means of delivering these warheads to ranges of up to one thousand miles in as 

little as twenty minutes and from virtually undetectable and therefore invulnerable 

positions. The Corona program provided no capability whatsoever in either of these areas 

but was just as important as both of them in achieving a strategic nuclear balance in the 

late 1950s and maintaining it through the 1960s and beyond. The source of much of the 

fear that existed in the early and mid-1950s was the fact that we had very little 

intelligence or hard evidence of what the scope of the Soviets’ capability in nuclear 

weapons and delivery systems really was. In 1954 the U.S. Intelligence Community 

issued a National Intelligence Estimate (NIE) that reviewed the Soviets’ missile 

programs. NIE 11-6-54 summarized all that the disparate intelligence agencies could 

ascertain about the topic, and its findings were troubling. 

In preparing this estimate we have had available conclusive evidence of a great 
postwar Soviet interest in guided missiles and indications that the USSR has a 
large and active research and development program. However, we have no firm 
current intelligence on what particular guided missiles the USSR is presently 
developing or may now have in operational use. Therefore, in order to estimate 
specific Soviet missile capabilities we have been forced to reason from: (a) the 
available evidence of Soviet missile activity, including exploitation of German 
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missile experience; (b) our own guided missile experience; and (c) estimated 
Soviet capabilities in related fields. In addition, we have analyzed such factors as; 
(a) Soviet industrial resources and economic capabilities; (b) Soviet nuclear 
capabilities in relation to guided missiles; (c) the estimated reliability of missile 
systems; (d) various logistic and training factors; and (e) Soviet capabilities in 
geodesy and cartography. Finally, in the absence of current evidence on specific 
Soviet missile projects, we have estimated Soviet intentions on the basis of 
probable Soviet capabilities in this and other weapons fields. Therefore our 
estimates of missile characteristics and of dates of missile availability must be 
considered as only tentative, and as representing our best assessment in the light 
of the inadequate evidence and in a new and largely unexplored field.51 

The sense of ease and comfort this preamble to the NIE must have provided to the 

nation’s senior leadership can only be imagined. By February 1956 the United States had 

abandoned its limited reconnaissance attempt using cameras attached to balloons due to 

the political embarrassment that ensued when some of them fell on Soviet soil and were 

subsequently retrieved and mockingly displayed by the Soviets for the international press.  

U-2 flights had begun five months later, in the summer of 1956, and were providing some 

useful intelligence, but the flights were very few and the area of coverage was very 

limited. The unpublicized launch of the Soviets’ first ICBM in August 1957 and the 

internationally publicized and surprise launch of Sputnik in October only served to fuel 

the flames of uncertainty. Again, as with the detonation of Joe-1 in 1947, the intelligence 

community was taken by surprise at the speed with which the Soviets had advanced their 

technology and capability.52 

As a consequence of the dearth of intelligence, the CIA and the independent 

intelligence staffs of the three armed services each developed their own estimates of 

current and future Soviet capability. These estimates varied widely and often seemed 

more attuned to justifying budgets and programs than making independent and unbiased 

assessments. As late as 1960 the army and navy intelligence staffs were predicting that 

the Soviets would have 50 ICBMs by the middle of 1961 and 200 by mid-1963. At the 

same time, their air force peers were predicting 150 by mid 1961 and 700 by mid 1963. 
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Not surprisingly, the estimates forwarded by the Director of the Central Intelligence 

Agency for mid 1963 conveniently fell in between, at 400. 53 

  The downing of Gary Powers while he was flying a U-2 mission near 

Sverdlovsk in May of 1960 emphasized the risks that the U.S. was willing to take to 

obtain intelligence. The Soviets had been aware of the U-2 flights since their beginning in 

1956 but had been unable to counter them. In early 1960 the Soviets began firing SA-2 

surface-to-air missiles at the U-2s. There had been several near misses, but the U-2 pilots 

could successfully evade the missiles if they saw them coming, as the missiles had 

insufficient maneuverability to guide an intercept against a maneuvering target at high 

altitude. In spite of the risk, the U-2 flights continued. On May 1 the Soviets fired a salvo 

of several missiles at Powers, and as he was maneuvering to avoid one, another detonated 

near by.  

The Soviets initiated an international media barrage over the downing and capture 

of Powers. President Eisenhower knew this would be the last flight of the U-2s over 

Soviet territory and the end of the limited but crucial photo intelligence they provided.54 

But he also knew he would soon have another alternative. In early 1954, Eisenhower had 

tasked the president of MIT, James Killian, with forming a panel of scientists to assess 

the problem of intelligence gathering from a technical perspective. Killian formed what 

came to be called the Technological Capabilities Panel, and one of its three committees 

was tasked with the problem of strategic intelligence. The panel was led by Edwin Land, 

whose perspective helped emphasize the importance of the work: “We simply cannot 

afford to defend against all possible threats.  We must know accurately where the threat is 

coming from and concentrate our resources in that direction. Only by doing so can we 

survive the Cold War.”55 

Killian and Land personally briefed the President on the results of the panel and 

the technologies and capabilities that it recommended. Three programs evolved out of its 

recommendations: the U-2, Oxcart (a supersonic version of the U-2 capability which 



  62 

grew into the A-12 and later the SR-71), and Corona.56 By 1957 the United States was 

well on its way to developing long-range ballistic missiles. These missiles could also 

provide the means of placing small satellites into low earth orbit (LEO). The air force 

was well into the development of a satellite that would provide persistent and expanded 

coverage of the Soviet Union. The Shipboard Automated Meteorological and 

Oceanographic System (SAMOS) program was geared towards placing a television 

camera with a one-hundred-foot resolution into orbit to transmit back to ground images 

of Soviet targets for battle damage assessment following nuclear strikes. The air force felt 

that this near-real-time capability was crucial for planning follow up attacks so as to 

avoid wasting scarce nuclear assets. The low resolution was driven by the short focal 

length television cameras available and the low data rate of the microwave downlink 

signal. While it would be adequate for the air force’s purposes, it would not provide the 

resolution necessary for strategic assessment of Soviet capabilities and worse yet, the 

program was running late.57 

The Soviets’ launch of Sputnik shocked the world in October of 1957.  On 

December 8, President Eisenhower received a briefing on the status of the SAMOS 

program and the results of a RAND study, which recommended a higher resolution 

photographic system that would return its film to the ground for development and 

analysis. He accepted the recommendation of Deputy Secretary of Defense Quarles and 

Director of Central Intelligence Allen Dulles to take what had been learned in SAMOS 

and redirect efforts towards an interim capability based on the RAND study. They also 

agreed that nothing would be written; the program would begin with just his verbal 

approval. They were tasked to come back to him with a formal plan for final approval. 

During a meeting on April 16, 1958, he gave his final, again verbal approval, but the 

program was already off and running. The program was run jointly by the CIA and the air 

force. Richard Bissel from the CIA was selected as program manager and he chose air 

force Brigadier General Osmand Ritland to serve as his deputy. Bissel had worked with 
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Ritland on the U-2 program, and the two had an excellent working relationship. This 

proved crucial in making the CIA and air force partnership successful.58   

By the April 25, 1958, when program leaders issued a 1½-page statement of work 

to Lockheed, they had already made several crucial technical design decisions. First, 

special high-resolution film developed by Eastman Kodak for the U-2 program would be 

used instead of inventing something new. Second, they would utilize panoramic, long 

focal length cameras that had been developed for a second generation of reconnaissance 

balloons as well as the technique for snagging in-flight the parachutes of descending film 

payloads. And third, they would rely upon the Thor rocket for launch, as it had the best 

track record of the various long-range rockets being developed. The work statement also 

directed that the design be frozen in two months, the prototype be ready in four months, 

all flight hardware ready in ten months, and the first flight in eleven months. Three weeks 

later a preliminary design review was held. Itek was designing the camera, but it would 

be built by Fairchild. Kodak had responsibility for the film, GE for the reentry vehicle, 

Douglas for the Thor rocket, and Lockheed for the Agena second stage/satellite and 

overall coordination. On July 26 the design was frozen (fig. 12) and the first launch was 

scheduled for January 1959.59 

 

Fig. 12. Early Corona component layout. Photo: National Reconnaissance Office 



  64 

To provide a cover story for what was anticipated to be a launch from 

Vandenburg Air Force Base almost every month, the Advanced Research Project Agency 

(ARPA, predecessor to DARPA) announced the “Discoverer Program” on December 3, 

1958. It was stated that the Discoverer satellites would carry general scientific 

experiments including biomedical payloads such as mice, or even small monkeys. The 

press release went on to say that eight to twelve launches were initially planned but that it 

was an open ended program expected to last several years, and that even if only a third of 

the satellites reached orbit, the program would be considered a success.60 The Thor rocket 

and Agena booster was not a secret, nor was the fact that it carried a satellite. What was 

known by only a handful of people was that the satellite was Corona. The press was 

invited to watch and report on all of the launches. 

The first, and unsuccessful, launch attempt was on January 21, 1959 (fig. 13). 

Over the next ten months, eight rockets left the pad (several did not) and none of the eight 

succeeded (of the seven capsules in these eight launches, one had come down early, three 

did not come down at all, two had been destroyed in launch failures, and a final one had 

had a parachute failure).61 A stand-down was called in November 1959 to assess where 

the program was. The majority of the failures were related to the trajectory of the Thor 

rocket, breakage of the acetate film as it became brittle in the cold of outer space, or 

timing of the film bucket release and its orientation for reentry. Kodak developed a 

polyester-based film that was less sensitive to the cold to replace the acetate film, 

changes were made to the trajectory of the Thor along with weight reductions to the 

Agena second stage, and the timing and precision of the de-orbit burns was improved.62 
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Fig. 13. Launch of Discoverer I from Vandenburg AFB. Photo: U.S. Air Force 

The stand-down lasted three months, and Discoverer Nine left the pad on 

February 4, 1960. Due to further problems with the Thor rocket burn and Agena second 

stage stabilization, the launch impacted the ocean 400 miles downrange from 

Vandenburg. The launch of Discoverer Ten, just two weeks later on February 19, was 

even worse. The Thor rocket engine experienced uncontrolled pitch changes causing the 

rocket to veer to the northeast towards San Louis Obispo. The range safety officer 

initiated a command destruct fifty-six seconds after launch. From the ensuing fireball, the 

majority of the debris landed within a half mile of the launch pad.63 

It wasn’t until August 18, with the launch of Discoverer 14, that success was 

finally achieved. Discoverer 13, launched on August 10, had forgone a camera in the 

payload to allow for instrumentation to closely monitor the performance of new cold gas 

jets that had been added to increase the reliability of the reentry sequence. The devices 

worked well and the recovery of the filmless reentry bucket twenty-six hours after launch 
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marked the first time an object had ever been recovered from orbit. Based on that 

success, Discoverer 14 had gone up with a camera and twenty pounds of film. All of the 

film was exposed over the course of eight passes above the Soviet Union and Eastern 

Europe on orbits two through nine. The bucket was successfully recovered in-flight as it 

drifted down under its parachute over the Pacific Ocean near Hawaii (fig. 14). The 

images captured on the film covered more than 1,650,000 square miles of the Soviet 

Union. This was more area than that covered by all twenty-four U-2 flights combined.64 
 

 

Fig. 14. Discoverer 14 return capsule in-flight recovery. Photo: US Air Force 

The camera carried on Discoverer 14 would be retroactively designated the KH-1 

(KH for Keyhole) and was capable of producing images with resolution in the area of 

twenty-five to forty feet. The next successful Corona mission would be conducted on 

December 7, 1960. This time a more advanced camera system, the KH-2, was on board. 

From that launch through the end of the Corona program in 1972, there would be a 

succession of new camera systems—the KH-3, KH-4, KH-4A, and KH-4B—which 

ultimately yielded images with five- to six-foot resolution. Two smaller reconnaissance 

satellite programs, Argon and Lanyard, operated during the years 1962-1964 and 1963, 
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respectively. Altogether, there were 145 missions that produced over 800,000 images of 

the Soviet Union and other areas of interest.65 

 These images dramatically improved U.S. knowledge of Soviet capabilities and 

activities. One of Corona’s major accomplishment occurred within a year and a half of 

Discoverer 14. Photography accumulated over this time allowed the U.S. intelligence 

community to dispel the fear of a missile gap. Earlier estimates of the Soviet ICBMs 

predicted a force numbering in the hundreds by mid-1962. By September 1961, the 

estimate was between twenty-five and fifty. By June of 1964, Corona satellites had 

photographed all twenty-five Soviet ICBM complexes. Corona imagery also allowed the 

United States to catalog Soviet air defense and anti-ballistic missile sites, nuclear 

weapons related facilities, submarine bases, IRBM sites, and airbases, as well as Chinese, 

East European, and other nations’ military facilities. It also allowed assessment of 

military conflicts including the 1967 Six-Day War and monitoring of Soviet compliance 

with arms control agreements.66  

The clear focus and emphasis on the development and acquisition of strategic 

weapon systems during the first half of the Cold War does not mean that conventional 

systems development languished or even took a back seat in priority. The experiences of 

the U.S Army and Marines during the first several months of the conventional conflict in 

Korea were shocking and embarrassing. Rushed into combat just as the services had 

completed a huge demobilization following the Second World War, the first army and 

marine divisions sent to South Korea were nearly swept off of the peninsula by the North 

Korean Army. The weapons and equipment used by the Americans had been pulled from 

reserve stockpiles left over at the end of World War II. In terms of general condition and 

overall capability, the tanks, artillery, rifles, mortars, and especially antitank weapons 

issued to the American servicemen were inferior to those employed by their communist 

opponents.67 Even later into the war, the Migs flown by the North Koreans and Chinese 

proved superior in maneuverability to the early jet fighters employed by the U.S. Air 
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Force. Dozens of development and acquisition programs were initiated to correct these 

and other deficiencies in very short order. Although the United States may have begun 

the conflict with weapons left over from the previous war, they finished it three years 

later with a new and superior set of equipment that represented the state of the art in 

technology and capability. 

Just as the strategic nuclear technology and capability shocks and surprises of the 

early Cold War spurred the United States politically and militarily into a nuclear arms 

race, the revelations of the state of our conventional forces in the early days of the 

Korean conflict brought similar action in the arena of conventional arms. The fact that 

efforts in both areas produced new and greatly enhanced capability in just a few years 

emphasizes the critical importance of a clear focus and sense of urgency in achieving 

results in minimal time. 
 

LATE COLD WAR 1970-1991 (TACTICAL NECESSITIES) 

If the first half of the Cold War was focused on the advancement of nuclear 

weapons and the means to deliver them, the second half was dominated by the drive to 

achieve qualitative improvement of U.S. conventional weapons in an attempt to balance 

the Soviet block’s large numerical advantage. The United States had decisively taken the 

lead in the space race with the success of Apollo 11 in the summer of 1969. Unknown to 

all but a few, just two weeks before the Apollo 11 moon landing, Corona had captured 

images revealing that there had been a massive explosion at the Soviets’ Baikonur 

Cosmodrome launch complex.68 On July 3, in their struggle to keep pace with the 

Americans, the Soviets had rushed an unmanned launch of their N1 rocket upon which 

rested their hopes of reaching the moon. Nine seconds after launch, with the rocket barely 

six hundred feet above the pad, one of the engines exploded, destroying the others. The 

fully-fueled rocket fell back to the pad and exploded completely, wiping out pad two and 
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causing substantial damage to pad one and hundreds of millions of dollars worth of 

equipment.69 The Soviets’ program would never fully recover. 

By 1970 the U.S. nuclear arsenal had grown to include more than 25,000 

warheads. The navy had a fleet of 41 nuclear-powered ballistic missile submarines, each 

carrying sixteen ICBMs many with multiple warheads. The Strategic Air Command had 

over 650 B-52 bombers at its disposal, each capable of carrying several nuclear bombs. 

The air force had also fielded nearly one thousand Minuteman I and II ICBMs in 

hardened silos across the country, and the multiple-warhead Minuteman III was entering 

service. The nation’s Nuclear Triad of land- and sea-based ICBMs and airborne bombers 

were fully in place and under constant upgrade and improvement. There was still talk of 

“Warhead Gaps,” “Bomber Gaps,” and “Missile Gaps” when the services and politicians 

battled for new or improved strategic systems, but those with the appropriate level of 

security clearance knew better. The Soviet warhead inventory in 1970 was less than half 

that of the U.S., at just over ten thousand. Likewise, their ability to deploy them lagged 

far behind. 

Where the Soviet Union and their Eastern Block allies did enjoy a numerical 

advantage was in conventional weapons. CIA estimates of the Soviet and Warsaw Pact 

armies indicated from three- to four-fold advantages over the U.S. and NATO forces in 

tanks, artillery, armored personnel carriers, and troops. The Soviet invasion of 

Czechoslovakia in 1968 and the constant saber rattling with the Peoples Republic of 

China were viewed as indicators of the USSR’s willingness to use conventional forces in 

a world at nuclear stalemate. The practice of using conventional forces to keep 

communist countries in the fold and to defend against capitalist and democratic 

expansion was codified into policy with the “Brezhnev Doctrine” in 1968. Proxy wars in 

Vietnam, Algeria, Egypt, Yemen, and Syria throughout the 1960s continually pitted 

Soviet-produced conventional arms and tactics against U.S. hardware. 
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The increasing frequency, intensity, and scale of these small wars seemed to 

lower the bar to a full East versus West conventional conflict and raised concerns that in 

such a confrontation, the U.S. and NATO forces in Europe would be quickly 

overwhelmed. In the 1950s and 1960s, U.S. industrial and technical superiority had 

prevailed in the space race and nuclear arms race. Now it was time to bring the 

advantages of a capitalist and democratic free society to bear in a conventional arms race.  

M-1 Abrams 

In the early 1950s, reports from British intelligence indicated the Soviets had 

developed a new heavily armored medium tank, the T-54. This new tank was armed with 

a 100mm gun, superior to the American M48 medium tank, which used an old 90 mm 

main weapon developed in WWII. In response, the United States developed a strategy to 

bring the M-48 up a level to compete with the new Soviet tank, the M-60. Initially 

produced in 1959 and planned as a stopgap solution, over fifteen thousand M-60s were 

built by Chrysler and first saw service in 1961. Derived from the M-48 Patton series, the 

M-60 was fitted with a 105 mm main gun and manned by a four-man crew. Criticized for 

its high profile and limited cross-country mobility, the M-60 also had inferior armor 

protection and lethality compared with the T-54 to T-72 series of tanks which the Soviets 

were fielding in rapid succession throughout the late 1950s and 1960s. (A much more 

advanced tank, the T-62, reached the prototype stage in 1957, but it did not enter service 

until 1961-62. In 1962, the T-64 tank reached the prototype stage, entering operational 

service in 1966. Due to its complexity and cost, a lower-price alternative, the T-72, was 

developed in 1967 and entered service in 1971.)70 

 By the early 1970s, the U.S. Army was already in dire need of a new tank. In 

spite of numerous upgrades and modifications since its introduction in 1961, the M-60 

offered little more in technology and capability than its post World War II predecessor 

the M-48. The Soviets meanwhile had worked through four generations of tank design, 

and their newest fielded unit, the T-72, exhibited greater capability than the M-60 in 
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almost every measure of performance.71 Worse yet, the Soviets and Soviet-block 

countries enjoyed more than a two-to-one numerical advantage in tanks over the NATO 

forces. And to further compound the situation, the army had just spent eight years of 

effort and over $215 million (FY 1969 dollars) in Research and Development funds in a 

joint development effort with the Federal Republic of Germany (GE) for a next-

generation tank to replace the M-60 and had nothing to show for it.72 

In 1963, at the urging of Secretary of Defense McNamara, the United States had 

entered into a formal agreement with GE to produce the MBT-70 (later designated the 

XM-803). Secretary McNamara felt that “by sharing ideas and costs, the allies could 

produce weapons that not only were better and cheaper but would be easier and less 

expensive to maintain than if each nation continued to go its own way.” The secretary 

was trying to construct a new process for developing weapons for the NATO alliance to 

increase efficiency in development and procurement.  The army was just trying to 

develop a tank that would be superior on the battlefield and they were rapidly falling 

behind the Soviets in fielded capability. The primary reason cited for the ultimate failure 

of the joint effort was the projected unit cost of the MBT-70. With an estimate of 

$850,000 to $1,000,000 per unit, while the M-60s were still in production at less than 

$300,000 each, the U.S. Congress balked. The program was terminated on the grounds 

that it was unnecessarily complex, excessively sophisticated, and too expensive.73 The 

Secretary’s quest for efficiency fell victim to the army’s sense of urgency. 

The army regrouped in January of 1972 by establishing a task force headed by 

Major General William Desobry to develop a Mission Needs Statement for an M-60 

replacement. Their general guidance from the army leadership and the Congress was to 

not build the best tank in the world but to build the best tank possible for about $500,000 

per unit (FY 1972 dollars). Desorbry’s team had just five months to complete their 

assignment. As they conducted several series of trade studies based on parameters such as 

main gun size, crew size, amount of armor, speed and endurance, the one issue that 
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continued to limit them was weight. The British had recently developed a breakthrough in 

armor technology called Chobham armor (after the British tank research center on 

Chobham Common in Surrey, England, where it was developed). This armor provided 

protection superior to an equal amount of rolled homogenous armor (RHA) but as it had a 

greater density than RHA, it also added weight. Any gains in weight from a given 

capability area had a major impact on the tank subsystems, such as transmission, 

suspension, track, and engine, which had to be strengthened or made more powerful to 

handle the additional weight, which then also added weight!74 

The task force submitted their report on the requirements for the new main battle 

tank in August of 1972. It called for a tank with a 105mm main gun, a weight between 

forty-six and fifty-two tons, a crew of four, and recommended inclusion of the new 

Chobham armor. The Mission Needs Statement (MNS) also called for a tank that would 

demonstrate increased performance over existing U.S. Army tanks in the areas of 

reliability, availability, maintainability, survivability, tactical mobility, night fighting 

capability, fire-on-the-move capability, and first hit probability. This was one of the first 

major acquisition program MNS to include the use of what came to be know as the 

“ilities” in defining general specifications for weapon systems. It was hoped that by 

achieving significant improvement in the first three of the “ilities”—reliability, 

availability, and maintainability—the new tank would be far cheaper to operate and 

support than the M-60, reaping substantial cost savings through its life cycle. The Deputy 

Secretary of Defense signed the Development Concept Paper (now referred to as 

Acquisition Decision Memorandum) five months later in January 1973.75 

The development and acquisition plan called for a seven year effort consisting of 

three phases: Phase I, Competitive Prototype Validation (now called Demonstration and 

Validation, DEM/VAL); Phase II, Engineering Development and Producibility 

Engineering and Planning (now called Engineering and Manufacturing Development, 

EMD); and Phase III,  Low Rate Initial Production or LRIP. In June of 1973, competitive 
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prototype development contracts were awarded to the Defense Division of Chrysler 

Corporation and the Detroit Allison Division of General Motors. The contracts called for 

the delivery of prototypes for testing by February 1976.76 

When the Yom Kippur War broke out (October 6, 1973), Israel had a total of 540 

M48A3 and M60A1 tanks. After the war, Israel had less than 200. Nearly two-thirds of 

the M48A3s and M60A1s had been destroyed or damaged enough to be put out of action 

during the war, mostly in the Sinai front in fighting against the Egyptian Army. The 

Egyptian and Syrian tank forces fared much worse (the Israelis had up-gunned all of their 

M-48s and M-60s to the British 105mm L7 main gun prior to the war) losing a combined 

total of nearly two thousand tanks. The Israeli tank losses still highlighted the 

vulnerability of tanks with conventional armor when fighting against the Soviet T-54, T-

55, and T-62 tanks employed by the Egyptians and Syrians. The tank engagements also 

demonstrated the lethality limits of the 105mm guns and raised concerns over the U.S. 

decision to include this now dated technology (in 1973 the Soviets were already 

deploying the T-72 with a 125mm main gun) in the requirements for a tank to be fielded 

in the 1980s.77 

The contractors were subsequently given design freedom to produce their 

prototypes in accordance with more general government performance specifications 

rather than design specifications. However, due to the army’s desire to be able to 

incorporate an American version of the Chobham armor and to provide the ability to later 

upgrade from the designated 105 mm to a 120 mm main gun, they relaxed the weight 

requirement from the previous fifty-two-ton limit up to fifty-eight tons. The increases in 

weight required an engine nearly twice as powerful as the ones in the M-60, and this 

posed a considerable challenge for both contractors. Chrysler responded by developing a 

modified helicopter turbine engine. This was a moderately risky but rather innovative 

approach for a tank application. GM proposed a more conservative but still new 

development: variable compression diesel engine.78 
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Both contractors delivered their prototypes to the army for testing on time in 

February 1976. The prototypes from each contractor performed very well during testing 

with each meeting nearly all of the Governments performance criteria. In November 

1976, after a four-month delay, Secretary of Defense Donald Rumsfeld announced the 

selection of the Chrysler prototype for entry into the second phase. There were several 

advocates and arguments for each design, but in the end, Chrysler’s bid for the second 

phase was $36 million less than GM’s. During the EMD phase (November 1976 through 

February 1979) Chrysler produced eleven XM1 pilot vehicles (fig. 15) at their Detroit 

Arsenal Tank Plant. This series of pre-production test vehicles were used for concurrent 

development and operational testing from March 1978 through February 1979.79 
 

 

Fig. 15. Chrysler XM-1. Photo: U.S. Army 

The DT/OT period was not without its problems. The compressed schedule at the 

production facility meant that there were a limited number of vehicles available for 

testing at any given time. Additionally, the tight schedule resulted in the test vehicles 

being delivered for testing right off of the assembly line without any time for Chrysler to 

run shakedowns to correct basic production issues. Finally, as problems were identified 

during testing in the field, there were no complete units available at the factory to be used 

to replicate and correct them. Most of the failures during the test centered on the engine, 
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transmission, and tank tracks. This brought considerable debate over whether the turbine 

engines were suitable for field use.80 

The problems were eventually resolved, and the DT/OT phase ended with XM-1 

exceeding all of the threshold criteria for a production decision. In April 1979 both the 

Army Systems Acquisition Review Council (ASARC) and the Defense Systems 

Acquisition Review Council (DSARC) recommended proceeding to the LRIP phase. The 

initial full-rate production contract called for 3,312 tanks to be produced at a rate of sixty 

per month. This was changed in late 1981 to a total production requirement of 7,058 

units. The tank, now named the M1 Abrams (fig. 16), reached initial operation capability 

with units in the U.S. in January 1981 and was fielded in European front line units one 

year later. The first block of operational units carried the British 105mm L7 main gun and 

weighed in at 61.4 tons. Incremental changes to the armor and other systems over the 

years, including the addition of the 120 mm main gun beginning in 1986, have brought 

the weight of the current M1A2 to nearly 70 tons.81 
 

 

Fig. 16. M-1 Abrams Tank. Photo: U.S. Army 
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AEGIS 

By the late 1960s, the U.S. Navy had fielded a broad array of surface-to-air 

missile-equipped cruisers and destroyers. Unfortunately, none of them provided any real 

capability against the airborne threats they would be expected to face. During World War 

II, the navy had learned the hard way that even heavily armored battleships bristling with 

guns could be defeated from the air. The development of radar had provided a means of 

early detection of air threats but they still had to be engaged with various guns with 

limited range and aimed by the coordination of human eye and hand. Following the war, 

the emergence of surface-to-air missiles promised a way to defeat aircraft before they 

could close and release their weapons. The fundamental problem that limited the 

effectiveness of the early navy surface-to-air missiles (TALOS, Terrier, and Tartar) was 

the absence of integration between the long range radars which detected the aircraft, the 

fire control radars which tracked them, and the missile launchers and guidance systems 

which engaged them. These independent systems were designed, fielded, and supported 

by separate bureaus and even different systems commands. Often during training 

exercises, missiles would not leave the launch rails, radars were inoperative, and targets 

could not be engaged.82  

Transitioning new technologies and capabilities into working shipboard systems 

was fraught with disaster. The threats were increasing in numbers and capability while 

the navy’s ability to cope with them remained stagnant. The emerging threat of anti-ship 

cruise missiles was highlighted by the sinking of the Israeli destroyer Eilat. Several 

months after the Six-Day War, the Eilat was engaged by Egyptian vessels and struck by a 

total of four Soviet-made Styx missiles. 83 The success of this engagement furthered the 

fear of the Soviets’ Charlie class submarine that was commissioned in 1968. The Charlie 

was designed to carry four SS-N-9 Siren missiles. These missiles had a range of up to 

forty nautical miles and carried a nuclear warhead. The Soviets made no attempt to 

dismiss the assumption that this submarine and missile were expressly designed and 
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fielded to counter the U.S. Navy’s aircraft carrier battle groups.84 Used in coordinated 

attacks with longer-range anti-ship missiles launched from bombers and surface ships, 

this capability threatened to make our surface combatants and carriers obsolete. Faced 

with such a coordinated attack, few ships in the existing fleet were likely to get a shot off.  

Highly integrated systems and computer-speed reaction times were needed. The 

Soviet Navy’s demonstrated employment tactics were saturation raids to overwhelm 

defenses. In war games, the Soviets openly practiced submarine-launched attacks low on 

the water to escape detection, electronic jamming to confuse radars, and launches from 

bombers at distances outside the range of the fleet’s shipborne defensive weapons. Not 

one of these threats could be countered at the exclusion of the others. If they could not be 

overcome, the navy was unlikely to be able to maintain air superiority over its forces. It 

had known since early in World War II that if it could not maintain air superiority in the 

area over its forces, its strategic and offensive options would quickly diminish.   

The secretary of the navy recalled retired Rear Admiral Frederic Withington (a 

former Chief of the Bureau of Ordnance) to active duty to recommend a system for 

development, using contractor proposals as a basis for technology available at the time. 

Withington's recommendations were delivered in a report to the Secretary on May 15, 

1965. The recommended system consisted of a new phased array S-Band radar, capable 

of both search and track of air targets, slaved X-band radars for illumination and fire 

control, a digital control system compatible with the Naval Tactical Data System, a 

standard missile capable of mid-course guidance, and a dual-rail launcher. The report 

made other significant recommendations, including the need to choose a single system 

prime contractor to develop the system, and the need to continue improving the existing 

missile systems in the fleet to deal with current threats.85  

The AEGIS project formally started in 1969 when it was designated a major 

program and entered the Department of Defense acquisition process and the AEGIS 

Weapon System development contract was signed with RCA Corporation in 
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Moorestown, New Jersey. These actions concluded six years of competitive concept 

studies and advanced development work that started with seven teams, which were 

reduced to three before the final award was made to RCA. In 1970, Captain Wayne E. 

Meyer was assigned to the Naval Ordnance Systems Command as Project Manager of the 

AEGIS Project. Meyer had worked for a time on the Withington Study, and he used the 

findings of the study plus his own experiences to set up the warfare problem to be worked 

on and the priorities with which to guide it. The warfare problem he defined was Detect–

Control–Engage.86  

The AEGIS Weapon System was ultimately to consist of eight major elements. 

Using the final nomenclature, the first seven elements were the AN/SPY-1A Radar, 

Command and Decision (C&D) System Mk 1, Weapons Control System Mk 1, Fire 

Control System Mk 99, Guided Missile Launching System Mk 26, STANDARD Missile 

(SM) 1 and 2, and the Operational Readiness Test System Mk 1. Most of these elements 

would have been major system acquisition programs in the navy weapons development 

structure. The eighth element, AEGIS Display System Mk 1, was included prior to the 

system being installed in the first ship. All the original control systems were to be digital 

and integrated using new navy standard computers and navy standard consoles.87 In 1972, 

the SM-2 missile was transferred into the project, thus bringing all the critical elements of 

the weapon system under the control of Captain Meyer.88 Each piece of the warfare 

problem had to be solved simultaneously to provide the reaction time needed to counter 

the multiple high-speed threats that would be thrown against it. 

The priorities for the system were set by five key performance factors, four of 

which had been called out in general by the Withington Study. All five were defined so 

they could be expressed quantitatively in technical and engineering terms. The five, in 

descending order of priority, were reaction time, fire-power, coverage, environmental 

immunity, and availability. Detect–Control–Engage and the five key performance factors 

became the cornerstones of the AEGIS design.89 The Engineering Development Model 
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(EDM) included the design, fabrication, installation, and testing at a Land-Based Test 

Site (LBTS) (fig. 17) near the RCA plant in Moorestown. The site was supported by a 

Computer Program Generation Center at the Computer Sciences Corporation, also in 

Moorestown. A few of the technical challenges in the early stages of development were 

midcourse guidance of the missile, control of a phased array radar, and the manufacturing 

of reliable phase shifters and tubes.90  
 

 

Fig. 17. Aegis Land-Based Test Site. Photo: U.S. Navy 

After extensive engineering testing, which included the tracking of targets in the 

northeast air corridor, EDM-1 was removed from the Land-Based Test Site in 1973 and 

reinstalled three months later in USS Norton Sound (fig.18) for at-sea testing. There were 

more than thirty firings conducted in USS Norton Sound before AEGIS was approved for 

production, and even more before the system was deployed. Additional Standard Missile 

(SM) firings were also conducted from the “Desert Ship” at the White Sands Missile 

Range in New Mexico.91   
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The question of which type ship or ship class to place the first AEGIS would 

prove very difficult to answer. In 1967, the Major Fleet Escort Study proposed a “Family 

of Ships” that would comprise three ship classes, designated DX (destroyer), DXG 

(guided missile, destroyer), and DXGN (nuclear powered, guided missile, destroyer). 

DXG was to be the common link among the three with the same propulsion as DX and 

the same combat system as DXGN. The navy envisioned DXG and DXGN as ultimately 

being cruisers and DX as a smaller and less costly destroyer.92 
 

 

Fig. 18. USS Norton Sound. Photo: U.S. Navy 

That vision became a significant issue between the navy and the Office of the 

Secretary of Defense (OSD). Guided by its Pacific experience battling land- and carrier-

born aircraft in World War II, the navy wanted cruisers, while Secretary of Defense 

Robert McNamara saw only the need for simple destroyers armed to kill submarines. In 

the end, DX became the DD-963 Spruance class destroyer designed and equipped 
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primarily for blue water operations against submarines. DXG was not built, and DXGN 

became the CGN 36/38 class nuclear cruisers. The AEGIS system was targeted for 

integration on the DXGN (later DLGN and even later CGN) with a planned build of up to 

thirty ships. While the CGNs were sized for the system, the AEGIS development timeline 

would not support installation in the first ships that were contracted for as the California 

class, CGN 36, in 1968 and the Virginia class, CGN 38, in 1970. Instead, TARTAR-D 

with the AEGIS computers and AEGIS launchers would be used in the CGN 38s, with 

the plan that the full AEGIS system would be integrated into a later ship of the Virginia 

class. In early 1971 this plan was scrapped when Congress truncated the nuclear cruiser 

program to five (later four) ships.93   

In late 1971, the new Chief of Naval Operations, Admiral Elmo Zumwalt 

redirected the AEGIS project towards a single mission, anti-air warfare destroyer or DG.  

Zumwalt wanted smaller, less costly ships, and in the summer of 1972, established ship 

cost and weight goals at $100 million and five thousand tons. This austere ship was never 

built but it gave added energy to a series of AEGIS simplification studies and plans that 

had been directed by Deputy Secretary of Defense David Packard when he approved the 

program in 1969. In June 1974, at DSARC, these studies led to the approval of a second 

round of AEGIS development and a second Engineering Development Model. This round 

of design engineering and testing incorporated lessons learned from USS Norton Sound 

and the findings from the simplification studies.  More than twenty tons of topside weight 

was removed from the radar arrays and target illuminators, making AEGIS a candidate 

for smaller ships. Despite the continuing successes in USS Norton Sound, without a 

specific ship targeted for AEGIS installation, the project was vulnerable to cancellation 

amidst budget battles.94 In 1973, the Secretary of the navy had directed that both gas 

turbine-powered destroyers and nuclear-powered cruisers be considered as candidate 

platforms for the system. In the summer of 1974, the Congress weighed in, as part of its 

Fiscal Year 1975 Authorization:  
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subsequent authorization requests for AEGIS will be predicated upon: Successful 
at-sea testing that demonstrates the ability of AEGIS to meet its prescribed 
performance objectives . . At-sea operation and maintenance of the AEGIS 
system by Shipboard personnel . . . A cohesive integration plan specifying the 
interface of AEGIS with the platform(s) and other weapon and command/control 
systems… Definition and approval by both the Navy and the Department of 
Defense of the platform(s) for AEGIS.95    

Satisfaction of the first two was being accomplished in USS Norton Sound. In 

June 1974, at the same DSARC in which the second EDM was approved, the Combat 

System Engineering Development Program (CSED) was also approved and assigned to 

the Project Office. The AEGIS program was to have its own dedicated Research, 

Development, Test and Evaluation (RDT&E) funding line. A new land-based engineering 

site was designated in Moorestown when the project worked out a deal with the air force 

to convert the Space Tracking Facility of the Aerospace Defense Command to navy use.  

It became known as the Combat Systems Engineering Development Site or CSEDS. The 

site’s tasking was to integrate and design the combat system; validate computer 

programs; define and engineer system interfaces; test and exercise the system, its 

elements, and components; develop and prove logistics plans; and conduct crew 

training.96 A new term, “combat system,” was born. It was to describe a higher level than 

“weapon system.” While the AEGIS Weapon System was to be an area air defense 

system, the AEGIS Combat System would a multi-warfare, multi-mission system 

including all the weapons, sensors, and command and control elements in the ship.  

In its 1975 Defense Authorization Act, Congress further complicated the 

designation of a particular ship by requiring all new major combatants to be nuclear 

powered. Small ship versus big ship, multi-mission versus single-mission, cruiser versus 

destroyer, nuclear versus conventional, and low-cost ship versus high-end combatant: the 

debates at all levels of the OSD and the navy were endless. The new chief of naval 

operations (CNO), James Holloway, wanted nuclear-powered cruisers with strike 

weapons, while the OSD pushed for a cheaper program based on the conventionally 
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powered DD-963 hull form.97 There was some urgency for a resolution as the navy’s 

World War II cruiser and destroyer fleet was aging. A series of special DSARCs were 

held between late 1974 and mid-1975 to identify the ships—one on cruiser (nuclear 

powered) options, one on destroyer (conventional powered) options, and one on retrofit 

options for existing ships. Strike capability was identified as one of the key 

discriminators between cruisers and destroyers. Three different programs emerged from 

the committees: a nuclear powered Strike Cruiser designated CSGN, a variant of the gas-

turbine powered DD-963 designated DDG-47, and a retrofit effort for USS Long Beach. 

Funds were appropriated by Congress for conversion of USS Long Beach in the 

fiscal year 1977 budget, but before it left office, the Ford Administration recommended 

rescinding the Long Beach funds in its fiscal year 1978 budget proposal. The Carter 

Administration confirmed rescinding the Long Beach when it revised Ford’s budget 

request, but also killed the CSGN. It was to be replaced with a follow-on to the Virginia 

class, designated CGN-42. The five-year plan beginning in fiscal year 1978 that resulted 

was for sixteen DDG-47s and eight CGN -2s. Congress supported this plan, and funds for 

DDG-47 and long-lead funding to purchase a nuclear reactor for CGN-42 were 

appropriated in fiscal year 1978. CGN-42 herself was to be appropriated the next year, 

fiscal year 1979. The very next year, President Carter cancelled CGN-42. Only DDG-47 

survived.98 

In January 1977 the AEGIS Shipbuilding Project, PMS 400, was formed. Its 

charter stated: 

 The sophistication and the complexity of the AEGIS Combat System are such 
that the marriage of Engineering and Acquisition of AEGIS and AEGIS equipped 
ships demands special management treatment. In the foregoing context, ‘‘special 
management treatment’’ includes the amalgamation and structuring of hull, 
machinery, systems, equipments, computer programs, repair parts, personnel, 
maintenance documentation and tactical operating documentation into a unified 
organization to create the capability.99 
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The program office now had complete control over development and production of the 

AEGIS Weapon System, all versions of STANDARD missile, the AEGIS Combat 

System, and the construction of AEGIS ships. At the program’s next DSARC, in January 

1978, OSD granted approval for production of the entire AEGIS Weapon System and 

construction of the complete class of DDG-47s based on the results achieved in USS 

Norton Sound.   

In April 1978, the AEGIS Weapon System production contract was signed with 

RCA, and in September 1978, the detail design and construction of DDG-47 was 

awarded to the Ingalls Shipbuilding Division in Pascagoula, Mississippi. In 1980, DDG-

47 was re-designated a cruiser, CG-47 (fig. 19), to recognize the incorporation of 

Tomahawk cruise missiles which were to be included in a new vertical launcher in the 

sixth ship of the class.100  Between 1981 and 1983, all the pieces of the ship came 

together at the shipyard in Pascagoula. CG-47 was commissioned on January 22, 1983, 

and had been christened USS Ticonderoga by Nancy Reagan eighteen months before. 

Just nine months later, she achieved initial operational capability as she deployed to the 

eastern Mediterranean and took over the role of Anti-Air Warfare Commander for the 

battle group deployed there.101  
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Fig. 19. USS Ticonderoga CG-47. Photo: U.S. Navy 

 

F-16 

The air force leadership never really wanted the F-16 fighter. In the 1950s and 

early 1960s, the US Air Force (USAF) had consistently desired speed over 

maneuverability in fighter aircraft. This was based on the belief that air-to-air missiles 

(AAMs) were making dog fighting a thing of the past. In modern air combat, pilots 

would attack each other from long range with advanced missiles and never get close 

enough for a turning fight. However, experience in the Vietnam War showed that reports 

of the death of dog fighting were a bit premature. AAMs were not as capable as they had 

been envisioned to be, and operational engagement requirements, such as the need to 

confirm the identity of a target before firing, also limited their usefulness. By the mid-

1960s, the USAF was pondering next-generation fighters to replace existing frontline 

aircraft, such as the McDonnell F-4 Phantom. The service wanted two types of fighters 
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with complementing capabilities: a heavy fighter, the “Fighter Experimental (FX),” and a 

lightweight fighter, the “Advanced Day Fighter (ADF).” The debate over the mix of 

capabilities between the two designs went back and forth for several years as the air force 

evaluated new Soviet threat aircraft and the lessons of air combat in Vietnam. The 

rational for the lighter weight (as well as more maneuverable and affordable) ADF was to 

provide more aircraft while remaining within the air force’s budget. In 1969, the FX 

heavy-fighter concept had coalesced into a requirement for the “F-15,” with McDonnell 

Douglas being awarded a development contract in December of 1969.102 The USAF 

leadership would have conveniently forgotten about the ADF except for the lobbying 

efforts of a “Fighter Mafia” in the Pentagon. The primary players in this vocal and 

persistent group were the legendary USAF fighter pilot Major John Boyd and a civilian 

analyst, Pierre Sprey. They continued to advocate the procurement of a much smaller, 

highly maneuverable jet optimized for close-in air combat.103 

Debate continued with no clear action being taken until the unveiling of new 

generation of Soviet fighters caught the attention of the OSD and the air force. In July 

1967, at an air show at the Domodedovo airfield near Moscow, the Soviet air force 

showed off two new highly capable fighters: the MiG-25 Foxbat and the MiG-23 

Flogger. Many officials in the Defense Department felt that these new fighters, 

particularly the MiG-25, would be difficult for the F-4 or other existing U.S. fighters to 

counter. This new information about the Soviets’ capability reinforced the Fighter 

Mafia’s arguments for a specialized highly maneuverable air-superiority fighter 

uncompromised by multi-role air-to-ground capabilities. The Fighter Mafia had 

prevailed, and in January 1972 the “Lightweight Fighter (LWF)” program was formally 

initiated.104 The LWF program was structured as an experimental approach to evaluate 

design concepts, with no assurance that any of the designs would go into production. 

Early specifications called for a fighter with Mach 2 speed capability, high 

maneuverability, and good range. Existing technology had limited small fighters with 
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high speed to very short range, but the development of afterburning bypass turbojets 

promised to change that.  

As a result of acquisition reform studies conducted in the late 1960s, Deputy 

Secretary of Defense David Packard and other OSD officials had become convinced that 

there would be benefits to funding a low-cost program for the competitive development 

and fly-off of lightweight fighter prototypes. This approach to the program would not 

only provide a candidate lightweight fighter prototype to supplement the F-14 and F-15, 

but also could serve as a means of evaluating a variety of proposed acquisition reforms, 

such as competitive prototyping and performance-based requirements.105 In January 1972, 

RFPs for the lightweight fighter prototype were sent out to nine potential contractors. Of 

the nine, only the five companies that had been involved in earlier lightweight fighter 

design studies responded: Boeing, GD, Northrop, LTV, and Lockheed. There is some 

dispute in the open literature over the technical ranking of the designs submitted by these 

companies, but several sources indicate that the designs provided by three firms—

Boeing, GD, and Northrop—were clearly superior to the others and roughly comparable 

amongst themselves.106  

 On April 13,1972, two of the proposals were selected to continue. General 

Dynamics (GD) received a contract for two “Model 401” or “YF-16” prototypes and 

Northrop received a contract for two “Model P-600” or “YF-17” prototypes. These 

prototype aircraft were to be pure demonstrators and lacked weapons, radars, and other 

operational components (fig. 20). The first of the two YF-16 prototypes, designed by a 

GD team under Harry Hillaker, were completed on December 13, 1973, only twenty-one 

months after award of the contract. Initial flight of the YF-16 was conducted at Edwards 

Air Force Base (AFB) in California on January 20, 1974. The aircraft demonstrated 

oscillation problems that turned out to be due to the YF-16’s electronic “fly by wire 

(FBW)” flight control system. The system was too sensitive to the pilot’s inputs and had 

to be adjusted to correct the problem. A 1:3 scale flying model, constructed mostly of 
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fiberglass with an aluminum frame, was also included in the test program to perform 

preliminary spin tests. 107 

In May 1974, the program expanded significantly beyond its original 

experimental charter. The previous month, Secretary of Defense James Schlesinger had 

announced that the winner of the LWF competition would go on to full development and 

production under the “Air Combat Fighter (ACF)” program. The ACF was defined as a 

low-cost, fair-weather, daylight air combat / strike fighter that could be procured in large 

numbers. The YF-16 and YF-17 continued their side-by-side evaluation through 1974, 

tested by USAF and US Navy pilots. The evaluations included “dogfights” with the 

Cessna A-37B Dragonfly, the Convair F-106 Delta Dart, and the F-4 Phantom.  

Additionally, a Soviet MiG-17 and MiG-21 operated by the USAF “Red Hats” squadron 

were flown against the two prototypes in secret. Curiously, the two LWF designs never 

actually performed air combat tests against each other. The YF-16 proved clearly 

superior to all of the aircraft it was matched with. During a dogfight against the F-4E 

Phantom, the YF-16 achieved three mock “kills” on its adversary. The Phantom had to 

land when it ran low on fuel, so another Phantom was sent up to take its place. The YF-

16 outlasted the second Phantom as well. 108 
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Fig. 20. YF-16 and YF-17 demonstrators. Photo: U.S. Air Force 

The General Dynamics aircraft was declared the winner of the competition on  

January 13, 1975. The air force determined that the YF-16 had generally superior 

performance overall, even though the YF-17 was superior in some evaluation criterion. 

Surprisingly, the USAF preferred the single-engine YF-16 to the twin-engine YF-17. 

Twin-engine fighters were generally regarded as more survivable due to the redundancy 

provided by the second engine, but GD managed to sell a single-engine design on the fact 

that it was lighter than a twin-engine aircraft with the same thrust; GD also produced 

convincing statistics and analysis from combat in Vietnam that having a single engine did 

not significantly reduce aircraft survivability. The decision may have also been 

influenced by the fact that the single engine in the YF-16 was the Pratt & Whitney 

(P&W) F100. This was essentially the same power plant as that used on the twin-engine 

F-15 Eagle. The air force leadership and aircraft bureaucracy remained ambivalent on the 

ACF concept and appeared to feel that as long as they were stuck with a lightweight 
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fighter, they could increase purchase volumes on the F100 and consequently reduce the 

cost in order to support the fighter the USAF really wanted, the F-15.109    

Following selection, the YF-16 design required considerable alteration prior to 

production as the F-16. The fuselage was lengthened 10.6 inches (0.269 meters), a larger 

nose radome was fitted to house the AN/APG-66 radar, wing area was increased from 

280 square feet (26 square meters) to 300 square feet (28 square meters), the tailfin height 

was decreased slightly, the ventral fins were enlarged, two more stores stations were 

added, and a single side-hinged nosewheel door replaced the original double doors. These 

modifications increased the F-16's weight approximately 25% over that of the YF-16 (fig. 

21). One of these changes that was originally discounted was the need for more pitch 

control to avoid deep stall conditions at high angles of attack. Model tests of the YF-16 

conducted by the Langley Research Center revealed a potential problem. No other 

laboratory was able to duplicate it and YF-16 flight tests were not sufficiently extensive 

to resolve the issue. However, flight testing on the FSD aircraft demonstrated that it was 

real. As a result, the horizontal stabilizer areas were increased 25%. This so-called “big 

tail” was introduced on the Block 15 aircraft in 1981 and retrofitted later on earlier 

production aircraft. Besides significantly reducing (though not eliminating) the risk of 

deep stalls, the larger horizontal tails also improved stability and permitted faster takeoff 

rotation.110 
 



  91 

 

Fig. 21. YF-16 and F-16. Photo: U.S. Air Force 

The air force placed an initial order for eight “full scale development” (FSD) 

aircraft that included six “F-16A” single-seat and two “F-16B” tandem-seat trainers. The 

first FSD single-seat F-16A performed its initial flight on December 8, 1976. Even with 

the order for the FSD machines in hand, there was still some doubt that the air force 

would acquire the F-16 in quantity, but the USAF ordered 738 more F-16s in early 1977. 

The first two-seat FSD F-16B performed its initial flight on August 8, 1977. Production 

lines opened in early 1978, with the first production F-16 rolling out from the GD plant in 

Fort Worth, Texas in August of 1978. Deliveries to the USAF began in early 1979 and a 

“Multinational Operational Test & Evaluation” (MOTE) program was conducted in 1980 

to bring the aircraft up to initial operational capability. The initial unit flyaway cost of an 

F-16A was $10.2 million in FY 1978 dollars.111  

From a January 1972 RFP for development and construction of competitive 

prototypes to a 1980 IOC, the F-16 was developed and fielded in just nine years. Yet it 

was one of the most technically complex aircraft ever built. The jet’s fly-by-wire control 

system, extreme maneuverability, high thrust-to-weight ratio, and single engine 
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simplicity, reliability, and affordability combined to make it one of the most capable and 

flexible aircraft ever built. Ironically, the loser in the competition, the YF-17, enjoyed 

almost as much success as it evolved into the FA-18. Both aircraft and their subsequent 

block upgrades make up the majority of the USAF and USN attack and fighter inventory 

and have been adopted by dozens of military forces around the world—all from one 

simple competitive prototyping effort for a jet the air force didn’t want.112 

These three programs (M-1 Abrams, AEGIS, and F-16) are excellent examples of 

the development and acquisition process working in spite of itself in the early 1970s. 

AEGIS nearly floundered for lack of a ship to call home. The M-1 was nearly curtailed 

on two occasions over attempts to build a common platform with one of our NATO 

allies. And but for the persistence of a handful of air force officers and strong OSD 

support, the F-16 (and FA-18) may never have been built. These systems were all sold to 

allied countries and formed the backbone of the military that prevailed in the Cold War. 

The three are also still frontline elements of the U.S. military nearly twenty years after 

introduction and will continue to serve for at least another twenty. 
 

POST COLD WAR 1992-2009 (BUREAUCRATIC REALITIES) 

In retrospect, the dominant themes of the first and second half of the Cold War 

were clear and made political and military sense. We had a reasonable linkage between 

foreign policy and military strategy. To gauge the last twenty years with a similar 

singular theme is very difficult. This may be because we do not yet have enough 

historical separation to look back on the period objectively and view it in proper context. 

Or it may simply be that there has in fact been no clear focus or direction. The 

preponderance of evidence points towards the latter. We seem to have evolved through at 

least three and possibly four minds over what to do with our military in the post Cold 

War power vacuum in which we have found ourselves.   
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The first mindset and the one officially promulgated following the end of the Cold 

War by the Clinton administration was “Continue to maintain a conventional force 

capable of fighting and winning two major regional conflicts simultaneously.” This 

objective slowly changed over President Clinton’s two terms from “two major conflicts 

simultaneously,” to “two major conflicts near simultaneously,” to one major conflict 

while stopping and holding in a second theater, and finally to prevailing in one major 

conflict with the ability to quickly reconstitute and “flex” to a second.113  The underlying 

idea here was to retain as much conventional capability as we could afford with whatever 

defense budget we ended up with. This wasn’t necessarily a bad strategy. It leveraged the 

huge investment we had made in highly capable conventional forces over the preceding 

decades and provided a relatively clear and simple path forward, i.e., continue as we 

always had to the degree we could afford to. 

The Clinton administration and the Congress were intent on the realization of the 

“peace dividend” expected following the end of the Cold War. As a country, we had 

significantly demobilized after World Wars I and II, and now the end of the Cold War, 

which had kept us on a wartime footing for an unprecedented four decades, afforded us 

the opportunity to finally do so again. A large reduction in forces and military spending 

had been initiated by Clinton’s predecessor, George H. Bush, and Clinton wanted to see it 

through. The overwhelming superiority of U.S forces demonstrated during Desert Storm 

in 1991 reinforced the perception that the American military could be substantially 

reduced and still prevail in combat against any potential aggressor. 

This approach was reasonably comfortable for the culturally conservative armed 

forces and also provided a diminishing but predictable future for the risk-averse defense 

industrial base.  Unfortunately for the civilians and military personnel on the senior DoD 

and service staffs, it presented a huge challenge in creative thinking and writing to 

continually rethink and rewrite the political and military strategy to fit the changes in 

budget and subsequent force structure realities. For much of the 1990s the civilian 
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political “tail” may not have exactly “wagged” the military “dog” but it certainly 

succeeded in putting it on a strict diet. In 1994 the annual defense budget dipped below 

$300 billion (1996 dollars) for the first time since 1983 and stayed there until 2002.114 

The second perspective is not so much an engagement strategy as it is a strategy 

for developing and acquiring new weapons systems for the next few decades. This 

concept of making do with the military capability we have for the time being and 

skipping a generation of technology acquisition to develop truly game changing 

generation-after-next capabilities so as to be better prepared to face an uncertain future 

was advocated by President George W. Bush during his first presidential campaign. In a 

campaign speech given at the Citadel on September 23, 1999, then-presidential candidate 

Bush stated that we should “modernize some existing weapon systems and equipment 

necessary for current tasks. But our relative peace allows us to do this selectively. The 

real goal is to move beyond marginal improvements—to replace existing programs with 

new technologies and strategies: to skip a generation of technology. This will require 

spending more—and more wisely . . . . I intend to force new thinking and hard choices.”   

This objective was provided to the Pentagon as guidance following his taking 

office in January 2001. There is some evidence that the Pentagon leadership took the 

guidance to heart as it prepared the 2001 Quadrennial Defense Review (QDR), which 

was published in September of that year.  In a May 2002 opinion paper, Pentagon analyst 

Andrew Krepinevich summarized the impact with respect to the president’s 2003 defense 

budget submission:  

While DoD's actions with respect to the DD-21 program provide some cause for 
cautious optimism, other clear opportunities to skip a generation in weapon 
systems in order to prepare for the critical operational challenges presented in the 
QDR appear to have been ruled out. Despite the president's call to transform the 
US military, judging by its recent budget submission, it appears the Pentagon has 
decided to skip skipping a generation.  

Though indicating a step in the direction provided by the president, the 2001 QDR was 

essentially obsolete on release in September of 2001. Rather than indicating an 



  95 

abandonment of the philosophy, the 2003 budget submission in the spring of 2002 

provided foreshadowing of an administration and Pentagon more focused on responding 

to the reality of the terrorist attacks of the previous September and the perception that the 

post Cold War world and security threats were evolving in a way which we could hardly 

have imagined just twelve months earlier. The administration still believed in the 

approach but was now fixated on providing a new mix and application of conventional 

military capability to better meet the needs of the moment.  

This leads us to the third approach: completely realign our forces and capabilities 

to better deal with asymmetrical warfare while keeping a robust but smaller conventional 

warfare capability. The Rumsfeld vision for the U.S. Department of Defense in the post 

Cold War environment was perhaps the most radical of all. Secretary of Defense Donald 

Rumsfeld took President Bush’s vision and direction and ran with it. He seemed to feel 

that the vast qualitative advantage enjoyed by the U.S. armed forces and decisively 

demonstrated in Desert Storm could be used to reshape the very structure and 

employment of the armed forces. GPS precision weapons, persistent battlespace 

awareness, global reach, and fully integrated command, control, communications, 

computers, intelligence, surveillance, and reconnaissance (C4ISR) would rule the day and 

enable the United States to engage any adversary with “Shock and Awe.” The concept 

was a fast and light armed force that could engage anywhere in the world and bring the 

full depth and breadth of our capabilities to bear within hours of tasking.115   

This SWAT-team approach emphasized the use of Joint Commands and 

integrated Special Forces teams. New weapons systems and weapons platforms had to be 

small and fast. The army worked to develop a new generation of conventional forces 

from armored vehicles to artillery called the Future Combat System (FCS), all of which 

would be integrated, interconnected, and small enough to be transported by C-130 

aircraft. The navy pursued a new generation of surface combatant called the Littoral 

Combat Ship (LCS) that would be small enough to operate in shallow coastal waters and 
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fast enough to run down any adversary. Any weapon system that couldn’t be sold as 

“Transformational,” “Game Changing,” or “Leap Ahead Technology” was labeled as a 

legacy Cold War capability that was at best a “wasting asset.”116 

And for the fourth perspective, just choose two or more elements of the first three 

and mix to taste to fit the crisis of the moment, be it terrorists, anarchists, natural 

disasters, rogue nations, non-state actors, humanitarian relief, illegal immigration, peace 

keeping, drug interdiction, nation building, nation destroying, or the most fearsome threat 

of all, pirates!  

AAAV/EFV 

The United States Marine Corps is often referred to by Pentagon insiders as “the 

navy’s army.” (In this lexicon the navy also has its own air force. In fact, even the “the 

navy’s army” has its own air force.) As the navy’s army, the marines have the unique 

responsibility for conducting amphibious operations against defended shores of 

belligerent nations. Though the U.S. Army in both World War II and the Korean War 

demonstrated this capability to unmatched scope, the marines doggedly persist in 

claiming this mission area to be theirs alone. If the marines need armored fighting 

vehicles ashore in the early stages of an amphibious assault, they must be either 

transported there by landing craft with limited protection against the enemies’ fire or else 

they must swim ashore under their own power.  Since the early 1970s, this capability has 

been provided by the Amphibious Assault Vehicle also known as the LVT-7 and later 

renamed AAV-7A1. Though significantly upgraded over the years and still quite capable, 

the marine corps determined that it has a fundamental weakness in that it can only travel 

at a speed of about seven knots in the water. In 1988 the marines began a Concept 

Development Program to identify potential replacement options for the aging LVT-7s. 117 

This phase was completed in 1995 with a Milestone I approval to enter Demonstration 

and Validation.  The “AAAV” program, as it was called, can best be described by the 

Marines themselves in a 1999 press release:  
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The Advanced Amphibious Assault Vehicle (AAAV) represents the signature 
mission of the USMC. A truly amphibious vehicle that will replace the USMC's 
aging current system and provide the capability to maneuver, combat loaded with 
a Marine rifle squad, at 20-25 knots in the water and maneuver cross country with 
agility and mobility equal or greater than that of the M1 Main Battle Tank (MBT). 
The AAAV will virtually revolutionize every facet of USMC combat operations. 
It is one of the most capable all-around weapon systems in the world. The 
technology to meet these requirements has been demonstrated, and the plan to 
procure this system represents the most operationally effective solution for 
meeting USMC requirements.  

The AAAV will allow the Navy and Marine Corps to seamlessly link maneuver in 
ships and maneuver ashore enabling Operational Maneuver From The Sea 
(OMFTS). The AAAV will be the principal means of armored protected land and 
water mobility and direct fire support for Marine infantry during combat 
operations. Based on this unique mission profile, the AAAV must leverage state 
of the art advances in water propulsion, land mobility, lethality and survivability. 
Lightweight components and structures that are cost and operationally effective 
and supportable together with a significantly more powerful engine are the 
primary technical challenges for the AAAV. There are currently 1,322 USMC 
Assault Amphibious Vehicles (AAV7A1) which will be replaced by 1,013 
AAAVs beginning late in the first decade of the next century.  

Or at least that was the original plan. By December 2000, the program had 

successfully completed the Demonstration and Validation or “Program Definition & Risk 

Reduction” phase of the acquisition (fig. 22). This phase of the AAAV program was 

deemed so successful that it was called out by the Department of Defense as a model 

defense acquisition program. In 1998, the Department of Defense had awarded the 

program the Department’s David Packard Excellence in Acquisition Award “for 

achieving significant reductions in total ownership cost through the implementation of 

cost as an independent variable, integrated product and process development, and virtual 

prototyping” . In 2000, the AAAV program won a Defense Standardization Program 

award for accomplishments associated with the development of its medium caliber gun 

system.  
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Fig. 22. Early AAAV test article. Photo: U.S. Marine Corps 

 Based on the early successes, the marine corps awarded a cost-plus contract with 

a ceiling of $712 million to General Dynamics in July 2001 to lead the AAAV project 

through the next acquisition phase, “System Development and Demonstration” (SDD).  

During the SDD phase, the marine corps and the contractor were to ensure that the 

various components of the AAAV were successfully integrated and conduct extensive 

testing on prototype vehicles. At the completion of this phase, which was originally 

scheduled for October 2003, the vehicle was supposed to pass an “Operational 

Assessment” and be ready to go into the final “production” phase of the acquisition. 

When the marine corps awarded the SDD contract, they estimated that it would cost $8.7 

billion to acquire 1,025 EFVs, or $8.5 million per vehicle. At this time, the Marines also 

estimated that Initial Operational Capability would be achieved by September 2006. This 

schedule and cost estimate proved too ambitious. In November 2002, March 2003, and 

again in March 2005, the marine corps rebaselined the effort and extended the completion 

date for system development and demonstration ultimately to March 2007.  As part of the 

2003 restructuring, the program name changed from the Advanced Amphibious Assault 
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Vehicle to the Expeditionary Fighting Vehicle (EFV). At the same time, the Corps 

increased the total program acquisition costs from $8.7 billion to $12.6 billion. In the end, 

General Dynamics was paid $1.2 billion under the SDD contract, far exceeding the 

original ceiling of $712 million. 118 

During the SDD phase, auditors from the Defense Department and GAO 

repeatedly warned of problems, including the lack of effective oversight. One auditor 

called the project a “paper dream,” reported that “management does not have a handle on 

reality” and that “[t]here seems to be no one steering the ship.” These concerns, however, 

were largely ignored and the project proceeded. Progress was slow and costly as the 

contractor employed a “test-fix-test” process under which problems were fixed after they 

were discovered rather than anticipating them through a more comprehensive design 

process. Marine Corps officials seemed satisfied with General Dynamics’s performance 

and awarded them over $60 million in bonuses, including $25.6 million for a “very good” 

job in being on schedule and under cost. A crucial milestone for the AAAV occurred in 

2006, when the prototypes were subjected to an “Operational Assessment.” According to 

an internal report, the vehicles experienced multiple problems and failed to pass the 

milestone. The problems identified during the operational assessment included:  

• Frequent Breakdowns. The EFVs had “very low vehicle reliability” and could 

operate only 4.5 hours between breakdowns. During the tests, the demonstration vehicles 

experienced 645 “Unscheduled Maintenance Actions” and required over three hours of 

corrective maintenance for every hour in operation.    

• Failure to Complete Tests. The EFVs completed only two of eleven amphibious 

tests, only one of ten gunnery tests, and none of the land mobility tests. During the land 

mobility test, “[t]he turret basket floor bent and a turret support stanchion broke 

suggesting the turret structure might not be sufficiently robust to survive the forces 

generated during cross-country movement.”   
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• Excessive Weight. Because the EFVs weighed too much, the vehicles could get 

“on plane” during high-speed water travel only if armor was removed from the vehicles 

and the Marines on board left vital equipment behind.  

• Excessive Noise and Limited Visibility. During the test, the vehicles were so 

loud that “[e]mbarked Marines wore foam earplugs and earmuffs … which made voice 

communications difficult and ineffective.” There was also “poor crew visibility during 

water operations,” with the driver’s thermal sight “periodically washed out by water 

spray.”  

• Other Problems. The vehicle’s weapons system failed in the tests, with the 

ammunition feed jamming and crews “unable to identify armored vehicle targets.” The 

hydraulic system leaked. And the exhaust system generated a “significant thermal 

signature,” contrary to the requirement that the EFV be designed to minimize detection.119  

The poor performance of the demonstration vehicles called for a major change in 

the marine corps procurement strategy. In 2007 the Marines announced that they would 

relax the EFV’s performance and reliability requirements and repeat the SDD phase. In 

2000, the Marines had estimated that it would be able to acquire 1,025 EFVs at a total 

cost of $8.4 billion. According to the revised estimates, the Marines will be able to 

acquire only 593 vehicles at a total cost of $13.2 billion. On a per-vehicle basis, the EFV 

costs have increased 168 percent while the estimated start of production has slipped eight 

years. In August 2008 the marine corps and General Dynamics signed an SDDII contract 

to produce seven new EFV prototypes beginning in 2009 and with completion sometime 

in 2010.120 

In its current form, the EFV is: 

an armored, fully-tracked infantry combat vehicle operated by a three-person 
crew that can carry 17 combat-equipped Marines. It is to be a self-deploying, 
high-speed amphibious vehicle that will be able transport Marines from ships to 
objectives inland and will have the speed, maneuvering capabilities, fire power, 
and protection to operate with main battle tanks on land. It is intended to have a 
20-knot speed in the water and a 345-mile range ashore with a 45- mile-per-hour 
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speed on hard-surfaced roads. The EFV is to be designed to have modular armor 
and expanded mine blast protection and mount a 30mm high-velocity cannon in a 
stabilized turret. The EFV is also supposed to be able to communicate in joint 
networks and operate as part of a joint land force. There are to be two EFV 
variants. The EVF-P1 will carry a Marine rifle squad and its equipment and 
provide direct fire support during combat operations. The EFV-C1 variant 
provides command and control capabilities for commanders and their staffs.121  

Even with the reduction in the reliability and performance requirements, the EFV 

program still has extremely high technical risk. By continuing with General Dynamics for 

the repeat of the SDD phase, the Marines have essentially accepted the EFV design (fig. 

23) and all of its flaws as they currently exist. General Dynamics has proposed over four 

hundred engineering design improvements to overcome the existing problems. Many of 

these will add additional weight to the vehicle, which will further strain its ability to meet 

waterborne and landborne maneuverability and survivability requirements. One concept 

proposed to alleviate the weight problem was to actually remove some of the EFV’s 

armor to improve its ability to swim ashore, and then to reinstall the armor once on land.  

How this would be done in a combat environment and what vessel would carry the armor 

ashore for it is unclear, but this shows the difficulty in which the program finds itself. 

 

 

Fig. 23. 2nd Generation EFV Test Article. Photo: U.S. Marine Corps 
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If the second SDD proceeds as scheduled and the seven prototypes perform better 

during evaluation in 2011, it is conceivable that the program could enter low-rate initial 

production in 2012 or 2013. The current program schedule calls for achieving initial 

operational capability in 2015, nine years later than planned when the program was 

initiated and twenty years after the milestone I decision.122 In April 2009 Secretary of 

Defense Robert Gates stated that “the Pentagon will take a realistic view of the need for 

combat amphibious landing in future conflicts. Reexamination of the need for EFV 

would be part of the planned quadrennial review.” This “glowing” support of the program 

does not bode well for its continuation. 
 

DD-21 / DD(X) / DDG-1000 

DD-21, Land Attack Destroyer, USS Zumwalt, DD(X), DDG-1000: five different 

names or designations, but just one ship. Well, actually just one ship program as after 

about twelve years and more than $13 billion dollars we don’t actually have a ship yet, 

and even though the keel has finally been laid for the first ship in the class, the class has 

dwindled over the years from an original plan to build thirty-two ships to a current plan to 

build just two, well, maybe three.123 The navy initiated what is now called the DDG-1000 

program in the early 1990s under the name DD-21, which meant destroyer for the 

twenty-first century. The requirements and warfighting capabilities for the ship were 

derived from the Next Generation Surface Combatant study conducted by the navy 

shortly after the end of the Cold War. The DD-21 was to replace the capabilities that 

would be lost when the fleet of Spruance class destroyers and Oliver Hazard Perry class 

frigates were retired in the late 1990s and first decade of the twenty-first century. 

The ship was envisioned to provide:  

an advanced level of land attack in support of the ground campaign and contribute 
to naval, joint and combined battlespace dominance in littoral operations.  The 
DD-21 will be a true fleet destroyer, capable of handling any mission that a fleet 
commander might ask, from key wartime missions in land attack and undersea 
warfare to the equally important presence missions, noncombatant evacuations, 
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escort, and diplomatic missions that have been closely associated with Navy 
destroyers for almost a century .124   

The navy planned to acquire the ship through a phased competitive development process. 

Phase I, the System Concept Design, and Phase II, the Initial Systems Design, would be 

executed in one contract. Both phases were to involve two competing contractor teams.  

The “Blue Team” was lead by shipbuilder Bath Iron Works with Lockheed Martin as the 

Lead Systems Integrator. The “Gold Team” shipyard was Ingalls Shipbuilding, and 

Raytheon Systems served as the Lead Systems Integrator. The plan was to down select 

between the two teams at the end of phase II, with the winner being awarded the full 

contract for detailed design and construction. The losing shipyard would build every 

other ship in an effort to speed procurement and preserve the industrial base. This 

acquisition strategy meant that the winning team would receive approximately 85 percent 

of the total program costs of $70 billion.125 The Milestone I decision for the DD-21 

occurred with the signing of the Acquisition Decision Memorandum (MDA) by 

Undersecretary of Defense Jack Gansler on January 12, 1998, and the formal solicitation 

was released on the March 24.126 

  The objectives for the ship were very aggressive and required the development 

or inclusion of numerous new technologies. The ship had eighteen Key Performance 

Parameters (KPPs) of which the failure to meet any one would require a review by the 

Defense Requirements Board (DRB). Most major acquisition programs have two to three 

KPPs. In addition to challenging technical requirements, the ship was to achieve a 70% 

reduction in operating cost mostly through a minimum manning approach. The objective 

was for the ship to be manned by a crew of just ninety-five as opposed to the nearly three 

hundred on existing destroyers. The budget for the ships was challenging as well. The 

fifth ship constructed in each yard was to have an “objective” cost of $650 million and a 

“threshold” cost of $750 million (FY 96 dollars). This extremely challenging cost 

objective was to be achieved through the use of a Cost as An Independent Variable 
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(CAIV) approach which allowed the contractors to trade off capability (with the 

exception of the KPPs) to meet the budget goals. The low unit cost was critical in selling 

the program to Congress as a higher cost would not have fit within the navy’s ship 

building budget. The navy plan called for thirty-two ships to be built at the rate of three 

per year, with the first ship delivered in 2008 to meet an IOC of 2009.127 

The technical challenge was ratcheted up a notch in January of 2000 when the 

Secretary of the Navy directed that the ship use an integrated electric drive approach. A 

few months later it became clear to both teams that meeting the navy’s reduced radar 

signature KPP would require the use of a “tumblehome” hull design, which, in 

conjunction with other signature and warfighting requirements, would drive the 

displacement of the ship over sixteen thousand tons. These two elements drove the navy 

to slip the ship’s delivery schedule by one year based on a construction start in 2005. In 

November of 2000 the Blue and Gold teams delivered their ship designs and production 

proposals to the navy for review and down selection.  A team of nearly 150 government 

scientists, engineers, contractors, and accounting specialists pored over the proposals for 

three months and provided their cost, technical, and performance assessments to the 

source selection authority in the spring of 2001. The winner of the source selection was to 

be announced in March, but this decision was delayed twice as the new Bush 

administration reviewed defense spending and prepared their 2002 budget submission. 

On May 31 it was announced that the decision would be suspended until the Quadrennial 

Defense Review, the Secretary of Defense’s Strategic Review, and a navy shipbuilding 

review were completed in late summer of 2001. 128 

For numerous reasons, the Assistant Secretary of the Navy for Research 

Development and Acquisition (ASN RDA), John Young, restructured the DD-21 

program in November of 2001 to “focus on technology development and maturation, 

including robust land-based and sea-based testing of prototype technologies that could be 

leveraged across multiple ship classes” and renamed it DD(X). The navy was also 
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directed to perform a Spiral Development Review (SDR) in order to allow an early 

Milestone B decision, to revalidate the Operational Requirements Document (ORD) for 

the ship, and to assess the merits of achieving various levels of capability across a family 

of ships to include a Littoral Combat Ship (LCS) and a next-generation cruiser, CG(X).129 

Admiral Art Cebrowski was the president of the Naval War College in Newport, 

Rhode Island, from 1998 to 2001, and argued strongly against the expensive, heavily 

manned ships of the Cold War in favor of agile, smaller vessels that could fare better in 

the littoral waters of the world. While at the War College, he helped promote the concept 

of the street fighter ship that would come with an ejectable escape pod for its crew. This 

notion was part of his focus on building a newer generation of vessels, such as the 

“littoral combat ship,” which could patrol coastal waters but would be flexible enough to 

adapt to other circumstances. His work caught the attention of Defense Secretary 

Rumsfeld, who selected Cebrowski to direct the new Office of Force Transformation 

after his navy retirement. Rumsfeld had chartered the office as a think tank to help the 

military adopt speed and information-age technologies to confront terrorists and rogue 

nations. 130 The enticement of a small and inexpensive littoral combat ship the DoD 

perceived as transformational and a next-generation cruiser that would allow the navy to 

become a key player in the increasingly important world of ballistic missile defense 

together began to diminish the navy’s attachment to the DD(X). The DD(X) was now 

coming to be seen as just a technology development program that would feed the 

embryonic LCS and CG(X) ship programs  

The navy issued a request for proposals for the third phase of the now restructured 

program in late November 2001. The source selection was held during the winter, and on 

April 29, 2001, the contract was awarded to a new Gold Team led by Northrop 

Grumman. Bath Iron Works immediately protested the award, but the GAO denied their 

protest and the contract was formalized in August.131 Shortly after the contract award, the 

Pentagon released the results of the Secretary’s Strategic Review and the navy’s ship 
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building review, which recommended building a fleet of only 16 DD(X) destroyers. The 

50% reduction in hulls was attributed to strategic analysis and a new perspective on 

global defense requirements following the terrorist attacks of September 11, 2001. It is, 

however, very likely that cost had a great deal to do with the decision as well. Even 

though the DD(X) design had been reduced to a displacement of slightly over 14,500 tons 

from the more than 16,000 tons of DD-21, it was clear by early 2002 that the ship would 

far exceed the $750 million per copy threshold for the fifth ship in each yard. In 1999, 

even before the DD-21 source selection, the development cost had grown from $3.2 

billion to $5.2 billion. By 2002, the navy was requesting an additional $7.6 billion to 

complete the technology development and testing for DD(X), and the GAO was 

estimating that the first two ships (one in each yard) would cost in excess of $2.5 billion 

each.132 

Just two years later, in late 2004, the program was restructured yet again. 133 This 

time the total ship buy was reduced to only eight ships at an average unit cost not to 

exceed $2.6 billion (still FY 1996 dollars) and the IOC for the first ship was slid to fiscal 

year 2013.134 The ships Preliminary Design Review (PDR) was also completed in 2004 

and the program moved into the system design phase. In 2005 the navy completed 

another shipbuilding review based on the results of the 2004 QDR. The navy adjusted the 

ship buy again but this time upward to 10 hulls. Unfortunately, the navy also adjusted the 

average ship unit cost upward to $3.1 billion (FY 1996 dollars) and slipped the IOC 

again, this time to fiscal year 2014.135 Late in 2005 the ship completed Critical Design 

Review (CDR), and in November John Young, now the Undersecretary of Defense for 

Acquisition, signed the “destroyer acquisition memorandum” signifying Milestone B 

approval and allowing detailed design and procurement of material for construction of 

ship systems. In April of 2006 the navy announced that the lead ship would be designated 

DDG-1000 and bear the name Zumwalt. (In July of 2000 the navy had announced that the 

first ship in the DD 21 program would be named after Admiral Elmo Zumwalt, who had 
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passed away earlier in 2000.) In 2006 the navy also released its thirty-year shipbuilding 

plan, which now called for only seven DDG-1000’s. Congress authorized split funding of 

the two lead ships at a total procurement cost not to exceed $6.3 billion for the two hulls, 

and the navy awarded the detailed design contracts to Northrop Grumman Ship Building 

and Bath Iron Works.136 

By the end of 2008, the navy had spent close to $13.4 billion dollars on the DD-

21/DD(X)/DDG-1000 program. Approximately $6.9 billion was for research and 

development, and $6.5 billion was for procurement related to the ships’ engineering 

development models and initial construction funds for the first two ships.137 In July of 

2008 the navy announced their intention to build a total of only three DDG-1000s and to 

resume the construction of the less costly DDG-51 destroyers. The Congress authorized 

and partially funded construction of the third hull in 2009. Based on numbers submitted 

by the navy, if just three DDG-1000’s are built, the total research development and 

procurement costs for the program will exceed $23 billion for an amortized cost of $7.7 

billion per ship. In its 2010 budget, the Department of Defense requested procurement 

funding to complete the third DDG-1000 and to procure one DDG-51.138 

In its current design, the DDG-1000 (fig. 24) has grown to a full load 

displacement of 14,987 tons, and its crew complement is expected to be 142. The lead 

ship is to be delivered in late FY 2013, and it is scheduled to achieve IOC in 2016 after 

an estimated two years of integration and testing of the combat systems. 
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Fig. 24. DDG-1000. Painting: Northrop Grumman under U.S. Navy Contract 

 

THAAD 

The army proposed the Theater High Altitude Area Defense (THAAD) missile 

defense concept in 1987, and a formal request for proposals was submitted to industry in 

1990. In September 1992, the U.S. Army selected Lockheed Martin as prime contractor 

for THAAD development. The first THAAD flight test occurred in April 1995, with all 

flight tests in the program phase DEM-VAL (Demonstration-Validation) occurring at 

White Sands Missile Range. The first six intercept attempts missed the target.139 The 

original estimated cost for the weapon system was $14.5 billion. The army planned to 

procure 1,422 THAAD missiles, 99 launchers, and 18 radars.140 Following the 

demonstration/validation contracts awarded in 1992, the program was scheduled to begin 

engineering and manufacturing development in 1996, and low-rate initial production was 

scheduled to begin in 1999. The program plan called for a full rate production decision to 

be made in 2003 and for initial fielding to begin in 2006.141 Things have changed 

considerably from the original plan. 



  109 

THAAD is designed to defend against medium- to long-range theater ballistic 

missiles. It constitutes the upper tier of a two-tier theater defense system, with the Patriot 

PAC-3 missile system as the lower tier. The system was justified based on the estimate 

that there are more than 30 types of theater ballistic missiles either operational or under 

development in developing countries. Additionally, the number of countries that possess 

longer-range theater missiles is expected to continue to increase. “Upper- tier” systems 

such as THAAD are designed to intercept incoming long- and medium-range missiles 

during their flight in or above the outer atmosphere. “Lower-tier” systems like Patriot 

perform against short to medium ranges against missiles in their late or final flight stages. 

Both upper- and lower-tier systems work in conjunction with space-based sensors for 

alert and queuing to threat launches. THAAD is the first weapon system with both endo-

atmospheric (inside the atmosphere) and exo-atmospheric (outside the atmosphere) 

capability, and the first developed specifically to defend against short, medium and 

intermediate range ballistic missiles. The THAAD system will provide high-altitude 

missile defense over a larger area than the complementary Patriot system, and, like the 

Patriot, intercepts a ballistic missile target in the “terminal” phase of flight—the final 

minute or so, when the hostile missile falls toward the earth at the end of its flight. 

THAAD uses “hit-to-kill” technology, using only the force of a direct impact with the 

target to destroy it.142  

Based on a run of seven straight failures during the DEM/VAL phase of the 

program, the army restructured the program in May 1998. The new schedule slipped the 

LRIP decision five years out to 2005 but only delayed the IOC date one year, slipping 

from 2006 to the third quarter of 2007. The restructuring also included a change to the 

base contract for the program. The original contract with Lockheed was a Cost Plus Fixed 

Fee structure and was identified by the GAO and other reviewers as being one of the 

major contributors to the programs problems. The modified contract was based on a Cost 
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Plus Incentive Fee and Award Fee approach that was meant to encourage the contractor 

to perform better.143 

The string of test failures was broken in the summer of 1999 when the army 

achieved success in two separate tests. The army, with the Defense Acquisition Boards 

(DAB) approval, entered into the Engineering and Manufacturing Development (EMD) 

phase in June of 2000. Oversight of the program was transferred from the army to the 

Missile Defense Agency in November of 2001. As part of the transfer process, the 

Ballistic Missile Defense Organization (BMDO) reviewed the program in 2001 and 

estimated that the THAAD program acquisition cost had grown to $16.8 billion and that 

it would have a life cycle cost of $23 billion.144 

Under MDA’s control the THAAD program has again been restructured and is 

now being developed in incremental, capability-based blocks. The THAAD system still 

includes missiles, a launcher (fig. 25), a ground-based X-band radar, and a command and 

control/battle management system. Its launcher is in a mobile, tactical fire unit with eight 

missiles per launcher, in contrast to the previous ten and three launchers per fire unit. Its 

radar provides early warning to the specific location threatened by a ballistic missile and 

precise tracking of the missile, including in-flight data updates, plus an accurate 

determination of the missile launch point. 
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Fig. 25. THAAD launcher. Photo: US Missile Defense Agency 

In a potential sequence of operations, an external early warning sensor, if 

available, would detect the target and cue the THAAD system for an interceptor launch 

before the Theater Missile Defense-Ground Based Radar (TMD-GBR) could acquire the 

target. With or without the external sensor, the TMD-GBR would eventually acquire and 

track the target. After receiving target identification and guidance information from the 

radar, the THAAD interceptor would engage the target, and a kill assessment would be 

conducted by the TMD-GBR and tactical operations center. Then, if necessary, a second 

THAAD interceptor would be launched. If the subsequent kill assessment again shows 

that the target was not destroyed, the TMD-GBR would cue the Patriot PAC-3 system to 

engage the missiles that evaded THAAD. 

In August 2003, there were a series of explosions at a motor supplier in San Jose, 

California. The explosions took place in the chemical systems division of Pratt & 

Whitney, which unfortunately was the sole source supplier of all of THAAD’s motors. 

Recovery from the loss required qualifying another supplier and manufacturing facility. 

This had a significant impact on the program and delayed its return to flight test. During 
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fiscal year 2005, the THAAD program accomplished several key activities in preparation 

for flight tests, but the tests began later in the schedule than planned. The contractor 

successfully integrated software upgrades into the launcher and radar and completed 

missile qualification tests that led to flight readiness certification. THAAD’s basic design 

was nearing completion, with approximately 91% of the expected engineering drawings 

released for the basic design that was expected to provide the initial capability. However, 

the THAAD Program Office reported a decrease in the percentage of drawings released 

in 2005 (91%) compared to the percentage reported in 2004 (100%). In 2003, the 

program reported that it had released all of the expected 9,852 drawings. However, as the 

design matured, the program office recognized that 11,221 engineering drawings would 

be required and that it had released only 10,221 of those drawings.145 The number of 

drawings increased as information was gained from testing, the design of experimental 

items was completed, existing drawings were revised, and as new subcomponents were 

needed to replace flawed ones.  

A production contract for the first two THAAD systems was awarded to 

Lockheed Martin in late 2006. The contract calls for the delivery of six launchers, 48 

missiles, two radars, and two tactical operations centers. Production of the THAAD 

launcher and fire control and communications unit is performed at Lockheed Martin’s 

manufacturing facility in Camden, Arkansas, and interceptor production is conducted at 

Lockheed Martin’s Pike County Facility in Troy, Alabama. By 2007 THAAD's design 

was still only 93% complete with the number of drawings expected to be available at the 

start of production having grown to 13,010. The number of drawings increased from the 

approximately 9,852 reported in 2003 and 10,221 in 2005 primarily due to design 

changes that testing identified as needed. The GAO reviewed the program in early 2009 

and assessed the design as 99% complete based on the status of now 14,606 drawings.146 

The amount of research and development money that had been spent as of July 2008 was 

$15.1 billion (FY 2009 dollars) with another $2.6 billion to be spent through fiscal year 
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2013. In 2008 the program had successfully completed two of three scheduled tests with 

the third being evaluated as a “no test” as the target missile failed to launch. The first test 

had demonstrated intercept of a target outside the atmosphere and the second test had 

achieved a hit against a separating target inside the atmosphere. The design maturity of 

the system continues to mature and the army expects to take delivery of the first THAAD 

battery in fiscal year 2010.147 

The fiscal year 2010 budget estimate from the MDA called for $420 million in 

procurement funds to begin purchase of 239 missiles, 15 launchers, and 10 control units, 

which will be organized into four batteries. In conjunction with $104 million in 

procurement funds authorized in fiscal year 2009 and items procured with R&D dollars 

beginning in 2006, this will provide a total of 289 missiles, 21 launchers, and 14 control 

units, which will be sufficient to support fielding of seven batteries.148 

It is taught at the Defense Acquisition University (DAU) that a Program Manager 

must constantly balance between the program triad of Cost, Schedule, and Performance. 

In theory, the Program Manager can choose to maximize either of the two at the expense 

of the third. For instance, she may have a Compressed Schedule and High Performance 

but at High Cost. Or High Performance and Low Cost but with an Extended Schedule. Or 

Low Cost and Compressed Schedule but Low Performance. As one exits the classroom 

and enters the real world, the reality of the situation is that, at most, the PM may choose 

one of the three. And as the military requirements seem unrelenting, the PM is usually 

stuck with “choosing” high performance and suffering whatever cost and time is required 

to deliver it. For the cases studied, it is clear that during the first half of the Cold War, 

performance actually took a back seat as the nation demanded even marginal capability 

over none, required it immediately, and was willing to bear the cost to obtain it. 

This early Cold War approach has been replicated in some modern programs 

through the concept of “Spiral Development.”  In this approach, the program plan 

explicitly states that the first production block of equipment may have less than the full 
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desired operational capability. The full capability is then achieved in subsequent blocks 

and back fitted into the earlier ones. This technique reduces the technical risk (as well as 

cost and schedule) early in the program and provides the basic desired capability to 

operational units much more quickly and affordably. In its optimal case, this approach 

also allows for feedback on system performance from units operating the first block of 

equipment to be incorporated in upgrades to the subsequent blocks. 

The Nautilus and the next two nuclear subs to follow her were operational 

prototypes but provided the operational experience necessary to improve the reactor and 

submarine designs. The Polaris fell well short of desired requirements but worked and 

laid the foundation for a long series of improved missiles. The Corona satellites were 

crude but worked, and each new launch provided improvements to the system while also 

providing intelligence. Delivering one of the first hydrogen bombs would have been a 

suicide mission for the bomber crew, but this was deemed an acceptable system 

limitation (based on the likelihood of actual employment) until improvements could be 

made. The first Sidewinder missiles only had a 23% operational success rate in 

Vietnam149 but this was still higher than any of the more complex and costly air-to-air 

missiles available. 

It was during the less uncertain and less precarious decades of the second half of 

the Cold War that the military and to some degree Congress began to demand full 

capability of systems at initial fielding. We were still at war (albeit a Cold War) though, 

and there was still some sense of urgency in the arms race with the Soviets. With the bar 

set high for requirements and only minimal relaxation in schedule demand, the costs 

soared, and this drew the full attention of Congress. The series of successes and failures 

in the later half of the Cold War were much more public than during the early Cold War, 

and they cost billions of dollars. Congress reacted in the usual manner, not with fiscal 

restraint but with legislation. The Department of Defense did likewise, adding rules and 

regulations but imposing no restrictions on requirements and capability wish lists. By the 
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end of the Cold War, the habits of the Congress and DoD were entrenched in a new and 

growing bureaucracy. In the post Cold War period, the absence of Cold War urgency and 

requirements were insufficient to put but a small dent in the demand during the early 

1990s. The insatiable demand for greater capability coupled with cost pressures have 

done little more than drive down production numbers and stretch out fielding dates.150  

Regardless of what we want to do, or should do to prepare for the current state of 

world affairs and an uncertain future, we are saddled with a bureaucracy developed over 

forty years of Cold War mindset and as best as can be in government, “optimized” for 

developing and fielding systems to support the military strategies and organizations that 

won World War II and the Cold War. Consequently we have muddled along on roughly 

the same path in spite of the paradigm shifts in global military power and international 

relations that have ensued over the last two decades. We may have squandered nearly 

twenty years of opportunity that will never pass by again. We still have the best military 

in the world in numerical depth, capability breadth, technological superiority, personnel 

professionalism, and organizational leadership. But the success of the U.S. military has 

had the double-edged-sword effect of setting the bar so high as to lead us to believe it can 

be used to do anything and everything. This success has led to our only area of significant 

weakness, our complete lack of political restraint in using it. Perhaps with the exception 

of the Iraqi invasion of Kuwait in 1990, there have been no real international security 

threats that required large scale U.S. military intervention since the end of the Cold War. 
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Chapter 4: Reaching the Technology Plateau 

Much has been written in the last thirty years about technology development. In 

particular, the speed, trends and limits of developing a given technology have been 

studied and analyzed in attempts by industry to anticipate breakthroughs and exploit new 

markets, as well as to avoid becoming the purveyors of obsolete or irrelevant products. 

This area of study has been followed and in some ways copied by the military services. 

The primary argument that DoD and the individual services use for justifying the billions 

of dollars they spend on basic and applied research every year is to maintain 

”Technological Superiority” while also avoiding “Technology Surprise.” Just as selling 

typewriters in a world full of word processing computers can spell bankruptcy for a 

company, marching into battle with muzzle loading rifles against an opponent with 

cartridge based repeating rifles can lead to defeat.1 

Even though we have the most technologically advanced military in the world, the 

fear that another nation may achieve a technological breakthrough which could render 

some of our advantage obsolete is a powerful and pervasive drive behind DoD’s 

relentless quest for greater performance from existing systems as well as its search for the 

next great breakthrough. Unfortunately, this perspective has given rise to an institutional 

bias toward demanding greater capability each time we replace a system, even if it is to 

replace an aged but perfectly capable and sufficient one. This quest for ever-greater 

capability (not necessarily translatable to warfighting utility) irrespective of the cost for 

the next increment of improvement can lead to exorbitantly expensive systems. 
 

B-17 VS B-2 

An example of the exponential increase in warfighting capability achieved in just 

the last sixty years is captured in a comparison of the relative capabilities of two weapon 
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systems which carried out the same military mission, long range strategic bombing, in the 

1940s and 1990s. 

Since the late 1990s, the pinnacle of capability in long range strategic bombing 

has been the B-2 stealth bomber of the United States Air Force (fig. 26). With just a two-

person crew of pilot and co-pilot, a single B-2 is capable of flying thousands of miles at 

nearly the speed of sound. It can then penetrate heavily defended territory and deliver up 

to 16 individual nuclear weapons with Global Positioning System (GPS) precision 

against multiple targets. This ability to deliver enough destructive power to essentially 

obliterate most any country on earth can be accomplished by a lone aircraft on just one 

flight with a probability of success, though classified, of probably greater than 90% and 

with a commensurate risk of loss of aircraft and crew of less than 10%. To raise the 

probability of success on a single such strike to essentially 99% would just entail sending 

two aircraft instead of one. The U.S. Air Force has twenty B-2 bombers in its inventory.2 

 

 

Fig. 26. B-2 Spirit, stealth bomber. Photo: U.S. Air Force 

In the early 1940s, the equivalent pinnacle of U.S. capability in long range 

strategic bombing was the B-17 Flying Fortress (fig. 27). With a crew of ten, the B-17 
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had a nominal combat range to target of 500-700 miles and cruised at a leisurely 180 

miles per hour. It normally carried 6,000-8,000 pounds of unguided gravity bombs. A 

normal mission involved several dozen B-17s flying in formation to the same target, and 

often as many as one hundred. It was not uncommon to lose more than a third of the 

aircraft and its crew to enemy fire on a single mission and, due to poor weather and/or 

navigation errors, to not have a single one of their hundreds of bombs fall on the intended 

target. This relatively low mission success rate often necessitated repeated missions over 

the same target to achieve the desired effect while placing even more aircraft and aircrew 

at risk. 

 

 

Fig. 27. B-17 Flying Fortress. Photo: U.S. Army Air Corps 

The U.S. built 12,726 B-17s (of which 4,735 were lost in combat) and 18,190    

B-24s (the B-17’s successor) in a ten-year period leading up to and during World War II.3 

The United States built just twenty-one B-2s between 1989 and 2000 and only one 

hundred B-1Bs (the B-2’s predecessor) between 1984 and 1988. The B-2 has flown 
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numerous combat missions in Kosovo, Iraq, and Afghanistan since becoming operational 

in 1997 without a single loss of aircraft or aircrew. One B-2, however, crashed during 

takeoff on a training flight in 2008. The aircrew ejected safely but the aircraft was a total 

loss.  

In just under sixty years, we have achieved from one to several orders of 

magnitude improvement in every measure of capability between the B-17 and B-2: range 

(hundreds of miles to thousands of miles), speed (200 mph to 600 mph), payload (8,000 

pounds to 40,000 pounds), precision (hundreds or thousands of meters to a few meters), 

destructive power (one to two tons of TNT to several million tons of TNT), and aircrew 

(ten to two). Additionally, from an employment perspective, several dozen or more B-17 

aircraft were required to attack a single target in 1943 with a marginal probability of 

success and a high probability of casualties, while today a single B-2 can attack more 

than a dozen targets on a single mission with near certainty of success and survival. If 

taken as an aggregate, the measure of improvement is somewhere between eleven and 

twelve orders of magnitude or a nearly one trillion fold improvement in capability.   

To be fair, this is not a simple comparison of the individual aircraft but rather the 

two weapon systems (aircraft, crew, weapon, and tactics) employed for the particular 

mission of long range strategic bombing. The difference in capability in this example is 

heavily influenced by the capability difference between an unguided gravity bomb filled 

with high explosives and a nuclear bomb dropped with GPS precision. However, the B-2 

is also capable of carrying 40,000 pounds of GPS or laser guided conventional bombs. 

Taking the nuclear warhead capability out of the equation only removes three of the 

eleven to twelve orders of magnitude and still results in a one billion fold improvement in 

capability (fig. 28).   
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B-17 versus B-2 Comparison 
(non-nuke) 

 
                             B-17               B-2              Numerical Change     Order of Magnitude 
 
Combat Range (miles):      100’s        1,000’s    10         1 
Payload (pounds):  8,000          40,000     5            1/2 
Cruise Speed (mph):    180          540     3       ~1/2 
Bombing Precision (feet): 1,000’s        10’s-1’s        100’s-1000’s       2-3 
TNT Equiv (tons of TNT):     2               25               10         1    
Aircrew:      10            2     5        1/2 
Aircraft (per mission):            10’s-100          1              100          2 
Targets (per mission):      1               10’s             10-50        ~1 ½ 

    
 

Fig. 28. B-17, B-2 capability comparison 

From a cost perspective, the difference between the two aircraft is not 

insignificant. The average production cost of a B-17 in the early 1940s was 

approximately $250,000.4 Adjusted for inflation to the mid 1990s, when the B-2 was in 

production, this would be the equivalent of approximately $2.5 million per aircraft. This 

cost does not include the development cost of the B-17, but as there were over 12,700 

built, those costs would add only a small amount to the unit cost when amortized across 

the build. The unit cost of the B-2 is open to a bit more debate as so few were 

manufactured and because of the large amount of specialized equipment and facilities 

required to maintain and operate them. The average production cost of the twenty-one B-

2s was approximately $737 million in 1997 dollars. However, the total procurement cost 

of each B-2 when burdened with the development cost, spare parts, software support, and 

ground maintenance and handling equipment results in an average aircraft cost of $2.1 

billion.5 Using the total procurement cost for a B-2 in comparison with the inflation 
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adjusted unit cost of the B-17 ($2.1B versus $2.5M) provides three orders of magnitude 

difference. It would not seem difficult to justify a cost difference of three orders of 

magnitude to achieve an improvement in capability of nine orders of magnitude. It is not 

out of the ordinary to experience several fold increases in cost just to achieve a doubling 

in a particular area of capability in the advancement of technology. A perhaps worst-case 

example is represented by the effort and cost expended to increase aircraft speed from 

subsonic to supersonic. Though only a small-percentage improvement in speed was 

required to cross the boundary, the development costs were huge. But the anticipated gain 

in capability was deemed worth the expense. The approximate total program cost of the 

B-17 program in 1997 dollars ($2.5M per aircraft multiplied by 12,700 aircraft plus a 

nominal 10% of the total for development, spare parts, unique ground equipment, etc.) 

would be approximately $35 billion dollars. Somewhat ironically, this is not 

incomparable to the $44 billion total program cost of the B-2. 
 

TOPPING OUT THE S CURVE 

This example of exponential improvement in military capability enabled by a host 

of rapidly maturing technologies can leave one with the impression that the future is 

unlimited. The reality, though somewhat counterintuitive, is just the opposite. The B-2 

has been in operation since 1997 and is well into its second decade of service. The air 

force has already announced plans and budgeted for the start of a design effort to develop 

the Next Generation Bomber. The B-2 is the stealthiest aircraft in the world; it has global 

range, high subsonic speed, a 40,000-pound payload, and a crew of only two.  Short of 

making a follow-on to the B-2 completely unmanned (and perhaps completely invisible) 

one wonders what more capability could possibly be added or existing capability 

improved that would significantly enhance its warfighting utility. The B-2 represents the 

culmination of a long succession of technological improvements in several different 

facets of long-range bomber capability. 
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Figure 29 is adapted from Clayton Christensen’s book The Innovators Dilemma 

and portrays how a series of advances in one or more supporting technologies can 

contribute to a steady increase in a general or compound capability. 
 

 

Fig. 29. Series of “Technology S Curves” in one product. Reproduced with permission 
from The Innovators Dilemma, Clayton Christensen, Harvard Business 
School Press, 1997 

If we think of the overall capability (the dashed line in figure 29) as long range 

strategic bombing then we can see that it is made up of several supporting technologies, 

each of which provide one of the characteristics such as range, payload, speed, 

survivability, precision, etc. Aircraft engine technology is an example of one supporting 

element. We have advanced from basic opposed-piston engines to radial engines to 

supercharged radial engines to turbojet engines to afterburning turbojets to turbofans and 

ducted, high bypass turbofans. Likewise in aircraft structures, we have moved from wood 

frames and cloth skins to aluminum spars and skins to advanced-alloys frames with 

aluminum and composite skins to almost completely composite aircraft. Bombsights and 
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bombing precision has progressed from eyeball to mechanical bombsights to 

optical/mechanical to computerized to laser guided and GPS satellite guided. Each 

advance has stepped the core technology up its respective S curve, and the interleaved 

compounding effect has allowed the overall capability to continue to grow. 

Unfortunately, or perhaps fortunately, in the case of long range strategic bombing, each 

of these supporting technologies has reached its asymptote or advanced to the point 

where providing even more capability would not increase the military utility. The speed, 

range, and payload of the B-2 are no greater than that of the B-52, which was fielded in 

1955 and is still in service today. GPS and laser-guided munitions can strike a target with 

less than one meter of error—in some cases, allowing the operator to essentially choose 

which window of a building to enter through. To increase this precision so that he may 

chose which pane of the window to fly through is probably achievable (for a cost) but 

would provide no real increase in military capability. 

In spite of the evidence that long range strategic bombing capability has nearly 

peaked with respect to warfighting utility, there is a very real chance that the air force 

will attempt to further the Next Generation Bombers’ capability in one or more areas. 

Moving to an unmanned bomber would seem a logical and even beneficial move based 

on technology and warfighting trends. Pilots and the systems necessary to support them 

contribute significant weight and cost to an aircraft, and the training flights necessary to 

maintain pilot proficiency play a huge role in life cycle costs.  The physical limitations of 

human pilots have also become the primary barrier to increasing aircraft maneuverability 

and endurance. Based on its history, though, the air force will probably keep the aircraft 

manned and try to make it yet stealthier and faster. To do so may doom it from the start. 

Of the twenty-one programs studied, nearly all of those from the early and late 

Cold War periods were able to capitalize upon one or more rapidly maturing 

technologies. If we use “fielded capability” as the metric of success, two of the programs 

from the early Cold War (B-70, Rover/NERVA) failed, two from the late Cold War 
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(M247, A-12) failed, and two from the post Cold War (FIA, Crusader) failed, and the 

jury is still out on two or three more (ABL, EFV, DDG-1000). Statistically this would 

suggest some equality across the three time periods, but with respect to the technical 

success the story is quite different. Both the B-70 and Rover/NERVA achieved most or 

all of their technical goals but were put on the shelf because their capability was 

superseded or the requirement simply went away. The B-70 was surpassed by ICBMs, 

and after reaching the moon, we abandoned the goal of manned exploration of Mars and 

thus the need for a high specific impulse nuclear rocket engine. In the late Cold War 

period, both the army’s M247 Sergeant York and the navy’s A-12 stealth bomber were 

technical failures. The core military requirements were still valid, and the two services 

ultimately fielded systems to fill the need (army AN/TWQ-1 Avenger, navy FA-18 E/F). 

Likewise, in the post Cold War period, the Future Imagery Architecture Satellites and the 

Crusader were unable to meet their technical objectives for what are still validated 

operational requirements. 

Viewed from the perspective of technical success, the early Cold War cases were 

seven for seven, the late Cold War were five of seven, and the post Cold War will be five 

for seven at best and in the end could be as low as three for seven. This focus purely on 

technical success tells a very different story. 
 

Crusader 

In 1991 operation Desert Storm showcased the extraordinary capability of many 

of the U.S. military’s weapons systems but it also highlighted some weaknesses. The 

army’s self-propelled 155 mm field artillery system, the M109A6 Paladin and the M992 

Field Artillery Ammunition Support Vehicle (FAASV), though having received 

numerous upgrades over the years, had been in service since the late 1960s. The M109A6 

employed during Desert Storm had a crew of six, a firing range of eighteen kilometers 

with conventional rounds and thirty kilometers with rocket assisted rounds, a speed of 
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thirty-five mph, a firing rate of four rounds per minute, carried thirty-nine rounds, and 

weighed twenty-eight tons. The FAASV is built on the same chassis as the M109A6, had 

a crew of two (and room for six passengers), roughly the same ground speed and weight, 

carried ninety-three additional rounds, and had a conveyor system for re-supplying the 

Paladin.6 The two-vehicle system performed well during combat but had difficulty 

keeping up with the M-1 Abrams tanks during some maneuvers and so was unable to 

provide combined arms support in several engagements. 7 Additionally, the Paladin’s 

firing rate, and the firing range of its 155 gun (with conventional rounds) were not as 

great as that of other systems such as the German PzH 2000, which could fire 

conventional rounds to thirty kilometers and fire at ten to twelve rounds per minute 

continuously.8   

The army had begun what would become the Crusader program as the Advanced 

Field Artillery System (AFAS) program in the mid 1980s. This was part of a broader 

program to modernize all of its mobile armored forces. One of the primary technical 

goals of the program was to replace powder propellant charges with liquid propellants. 

The shift to liquid propellants promised to increase firing range, firing rate, and number 

of rounds carried, and to significantly reduce logistics burdens. The second goal was to 

fully automate the ammunition handling and loading of the gun. This would further 

facilitate higher firing rates as well as reduce the number of personnel required to operate 

the system.9 On October 30, 1991, having assessed the Paladin’s performance in Desert 

Storm, the army sent a position paper to Congress which laid out the performance 

requirements for Crusader and identified it as the number one priority for the armored 

forces. In the same paper, the army deferred development of the Block III Tank, the 

Future Infantry Fighting Vehicle, and the Combat Mobility Vehicle. The army was very 

serious about the need for the Crusader.10 

The Crusader and its resupply vehicle would be revolutionary in every area of 

performance. Its speed would equal that of the M-1 Abrams tank through the use of a 
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1,500 horsepower gas turbine engine. Its firing rate would be ten to twelve rounds per 

minute continuous, due to a fully automated loading and firing system and a liquid-

cooled barrel. The resupply from the support vehicle would also be fully automated, and 

would utilize a robotic docking arm that could transfer forty-eight rounds to the Crusader 

in just ten minutes while the crew remained protected under armor. The Crusader’s 

weapons systems computers would automatically receive digitally transmitted, encrypted 

fire missions and then select the proper projectile and propellant charge combination. The 

system would load and position the gun while the Crusader crew, operating in a “shirt 

sleeve environment,” would be required only to confirm and authorize fire commands.11 

In November 1994 the program was scheduled to complete its Concept 

Exploration and Definition phase and pass the Milestone I review to enter into 

Demonstration and Validation.  Passing this Milestone would confirm and document that 

the army had demonstrated its technical objectives to be achievable and the program 

affordable. There was, however, a small problem. In May 1994, while conducting tests on 

the latest version of the liquid propellant gun at the Malta test station in New York, the 

gun had exploded. The cause of the explosion was unknown but was very similar to two 

other gun explosions. One had occurred in December of 1990; it had been attributed to an 

inadvertent leak of the liquid propellant and had not been formally investigated. The 

second was on April 9, 1992, during tests of an earlier version of the gun at the Yuma 

Proving Grounds in Arizona. This explosion was linked to the failure of a temporary 

device used to assist in the ignition of the liquid propellant. An ignition subsystem was 

designed as a result and was in use on the gun that exploded in 1994.12 

Based on the army’s concerns that the program “would lose momentum,” the 

Undersecretary of Defense for Acquisition and Technology approved the formal release 

of the Request for Proposals (RFP) to support the Demonstration and Validation phase in 

the spring. The RFP was released in July of 1994, four months before the Milestone I 

review and decision was scheduled to take place. Based in part on this momentum, and in 



  131 

part on the army’s promise to continue parallel development of a conventional propellant 

gun, the Defense Acquisition Board (DAB) deemed that the program had demonstrated 

that its technical concepts were achievable and the program affordable. The DAB 

certified Milestone I for the program in January 1995 and authorized the army to proceed 

with the Demonstration and Validation phase that it had already begun the previous 

summer.13 They also required the army to conduct an examination of alternatives to 

include an evaluation of the existing German PzH2000 self-propelled 155 mm howitzer. 

After considerable additional effort and expense, the army threw in the towel on 

liquid propellant cannons for Crusader in 1996. In spite of its certification to the DAB 

just eighteen months earlier, the technology was now deemed too immature to proceed. 

The army assured the secretary of defense that the program could still achieve its 

schedule as they had continued development of the advanced-technology solid-propellant 

cannon. As they had also directed the prime contractor to keep the design of the Crusader 

and its resupply vehicle flexible enough to accommodate either advanced cannon, there 

would also be no impact on performance of the system. At this point, the army forecast 

that the total cost to develop and procure 824 Crusaders and 824 re-supply vehicles 

would be $12 billion (FY 1995 dollars).14 This worked out to about $14.5 million per 

system ($7.5 million for the Crusader, $5.8 million for the re-supply vehicle, and $1.4 

million associated with both). The army pressed on. 

From a technical and engineering perspective, dropping the liquid propellant 

cannon and inserting an advanced solid propellant cannon was a dramatic shift. The 

liquid propellant approach was critical to several design aspects of the overall system that 

reached into almost every key capability. Liquid propellant eliminated the need for large 

solid propellant charges that took up much more space and weight in both vehicles. It 

also simplified loading of the cannon as only the projectile would be handled, and this 

was critical in meeting the firing rate. This change also flowed down into the resupply 

system as the liquid propellant would have cut in half the number of items transferred. It 
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also simplified the firing of different projectile types, each of which needed unique solid 

propellant charges. With the liquid propellant cannon, simply adjusting the amount of 

liquid injected could accommodate the different projectile charge requirements. The 

survivability of the system was impacted too. The liquid propellant was insensitive to a 

degree that it would not detonate if either vehicle sustained a hit; this simplified the 

protection systems of both vehicles. The list of impacts went on and on, and as the 

contractor proceeded with integrating the advanced-technology solid-propellant cannon, 

the weight of the Crusader and its resupply vehicle began to grow (fig. 30).  This was not 

perceived as a significant problem, as the vehicles would operate in conjunction with the 

M-1 Abrams main battle tank which already weighed nearly seventy tons.  

 

 

Fig. 30. Crusader conducting test firings at Yuma Proving Grounds. Photo: U.S. Army 

In 1998 the Crusader team was confronted with problems in a technology for 

which they had little prior experience, computer technology, or computer code. The fully 

automated nature of the Crusader cannon and its digital fire control system made it a very 
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software-intensive program. All major functions of the Crusader were automated, 

including loading, aiming, firing, inventory management of the projectiles and propellant 

charges, and resupply. The crew compartment was a fully digital command center 

utilizing flat screen displays and reconfigurable crew stations that provided situational 

awareness, target information, decision aids, system diagnostic information, and full 

electronic technical manuals. The system was originally estimated to require 

approximately 1.9 million lines of code. But like the weight of the vehicle, by 1998 the 

number of lines of code required was growing, and the contractor was far behind 

schedule in developing it.15 

What would be the final technical challenge for the Crusader began with the 

appointment of General Eric Shinseki as Chief of Staff of the Army in the summer of 

1999. In October he announced his goal to make the army into a more strategically 

responsive force. To accomplish this, he planned to transform the army into a force that 

was more deployable, agile, versatile, lethal, survivable, sustainable, and dominant in 

every spectrum of operations. He set an objective of being able to deploy a combat 

brigade anywhere in the world within 96 hours, a division within 120 hours, and five 

divisions within 30 days.16 To accomplish the brigade and first division goals meant that 

all of the components would have to be airlifted, and this demanded that everything had 

to be as light as possible. The Crusader had grown to over fifty-five tons, and the 

resupply vehicle was over fifty. The program was rebaselined in 2000 with the direction 

to reduce both the howitzer and resupply vehicle down to thirty-eight to forty-two tons.17 

The objective was to make any two of the platforms transportable by a C-17 transport. 

The program and contractor made significant strides toward the new weight goals by 

utilizing titanium and aluminum alloys in several areas, but the objective was just too 

low. In the end, to make the new weight requirement, the vehicles would have to be 

stripped of their armor and other components for air transport and then have them 

reinstalled in theater. Additionally, the army determined that the system would have to 
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adhere to a zero-weight-growth policy over its twenty- to thirty-year service life. Both of 

these requirements/restrictions were impractical and unachievable, and even with these 

measures, it was still unclear if the pair could physically fit in the C-17 and be properly 

secured for flight.18 

It didn’t matter. By 2002 the Crusader had become labeled as a dinosaur of the 

Cold War era. Newer and lighter systems, such as the High Mobility Artillery Rocket 

System (HIMARS) and upgrades to the Multiple Launch Rocket System (MLRS), fit the 

new army chiefs’ and secretaries of defense’s vision of the future army. The Crusader 

may have represented the next incremental improvement in self-propelled artillery, but it 

wasn’t transformational. The Crusader had become the world’s best typewriter in a world 

enamored of word processors. On July 26, 2002, Under Secretary of Defense for 

Acquisition and Technology Pete Aldridge directed the army to terminate the Crusader 

program. On the same day, he informed Congress of the army’s intent to reprogram $32 

million from the Crusader program to the new Future Combat System (FCS).19 
 

AAAV/EFV 

In the 1980s, the navy and marines corps issued a series of white papers (“From 

the Sea” and “Forward from the Sea”) describing the overarching strategy to be used in 

forward projection of forces. In 1996 the marine corps published “Operational Maneuver 

From The Seas” (OMFTS)20 as a follow to describe a new tactic for amphibious assault 

based on the increased capability of adversaries to conduct shore defense with anti-ship 

cruise missiles. In this new tactic, the navy amphibious ships would stand off over the 

horizon and out of cruise missile range. The marines would go ashore inland via 

helicopters, thus avoiding beach defenses. Finally, heavy equipment (tanks and artillery) 

and supplies would be ferried ashore via air-cushioned vehicles or would swim ashore (as 

amphibious armored personal carriers) from a few miles out once the ASCM threat and 
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beach defenses were neutralized by surface fires, tactical aircraft and the ground forces 

that had been landed in their rear. 

As air-cushioned vehicles became ubiquitous in the fleet during the 1980s and 

1990s and the Marines came closer to the realization of the vertical take off and landing 

MV-22 Osprey, their eyes turned towards the laggard in their highly mobile inventory, 

the LTV-7. If it could be replaced with a version capable of high over-water speed, then 

the Marines could still conduct a direct opposed assault on the beach in conjunction with 

the rearward attack supported by MV-22s and under the cover of the air and gun assault 

from the sea. It sounded like a great concept and preserved the World War II image and 

the unique but disused tactic of marines fighting their way ashore in the surf and sand. 

The LTV-7 is a tracked, armored, personnel carrier that has served the marines 

afloat and ashore since the late 1970s. Though not highly optimized for it, the vehicle 

does float and can swim ashore under its own power. The LTV-7 that the EFV is meant 

to replace has a crew of three, carries twenty-five marines and their equipment, is armed 

with a .50 cal machine gun and 40 mm grenade launcher, has a water speed of 8 mph, a 

road speed of 45 mph, an overland range of 300 miles, weighs twenty-eight tons, and has 

a unit replacement cost of approximately $2.5 million.21 The current specifications for the 

EFV are a crew of three, the ability to carry seventeen marines and their equipment, a 30 

mm stabilized cannon, a water speed of 28 mph, a road speed of 45 mph, an overland 

range of 325 miles (once refueled after racing ashore), presently weighs in at thirty-eight 

tons, and is projected to have a unit cost of $22 million.22 Speed, especially in the water, 

does not come cheap. The marines, however, continue to argue that high over-water 

speed is essential if the EFV is to be survivable in the twenty-first century. They claim 

that navy ships will not close a defended beach any closer than twenty-five miles 

(possibly no more than fifty) due to the modern cruise missile threat and that they will 

have to traverse that distance in their EFVs under enemy fire. 
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Weight is the enemy of speed, and nowhere is this truer than in watercraft. 

Achieving speed requires overcoming resistance. In aircraft it is air resistance (drag), in 

land vehicles it is air resistance and rolling resistance, and in watercraft it is air resistance 

and hydrodynamic resistance. The most challenging is watercraft (for proof, just compare 

the world air speed record, 2,194 mph, to the ground speed record, 760 mph, to the water 

speed record, 317 mph). For amphibious armored personnel carriers, the problem is 

doubly compounded by weight. Vehicles such as the LTV-7 and EFV are so heavy that 

they almost completely submerge when in the water (fig. 31). This significantly increases 

the hydrodynamic drag that must be overcome to achieve forward motion. High-speed 

watercraft achieve their speed through reducing their hydrodynamic drag by getting as 

much of the vehicle out of the water as possible (air cushioned vehicles, hydrofoils, 

planing hulls). The designers of the AAAV/EFV attempted to achieve this by designing 

the vehicle with a flat bottom and installing a large flat plate on the front that could be 

angled forward with hydraulic pistons. This, in conjunction with very large engines and 

water jet propulsors, was envisioned to allow the thirty-eight-ton vehicle to achieve 

enough forward speed to get “up on plane,” thereby reducing its hydrodynamic drag and 

increasing its speed.23 
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Fig. 31. EFV at low speed in calm waters off Camp Pendleton. Photo: U.S. Marines 
Corps 

There is nothing fundamentally wrong with the concept, as long as waterborne 

speed is the primary and overriding requirement. However, the power plant necessary is 

far in excess of that needed for overland speed and thus adds weight. The water jet 

propulsors have no function once ashore and add weight. The bow ramp and hydraulic 

extenders, though essential for getting up on plane, have no other function and add 

weight. The fuel necessary to achieve the high water speed for the hour-plus transit is 

huge, and having tanks large enough to hold it (and fuel sufficient to provide a reasonable 

range once ashore) adds weight. Reducing the hydrodynamic drag of the tracks requires 

the addition of hydraulically actuated “Chines,” which adds weight. To make matters 

worse, all of these also add complexity, reduce reliability, and add cost.  Recall also from 

the discussion of the M-1 Abrams tank in chapter 3 that over its service life, the weight of 

an armored vehicle only increases. Almost every element of the EFV’s current technical 

struggle is traceable to the high over-water speed requirement. 
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The need to replace the nearly thirty-year-old LTV-7 is real, but taking this as an 

opportunity to also require high over-water speed from an armored amphibious assault 

vehicle is a step too far technically and operationally. The technologies associated with 

high-speed watercraft and advanced armor have both made significant progress, but their 

trajectories are diametrically opposed. A simple change in tactics and doctrine could have 

sufficed in overcoming the ASCM threat to amphibious operations, and the Marines 

might have upgraded to a much-improved AAV quickly and affordably if they had 

foregone the unrealistic speed requirement that brings no real capability improvement. By 

tenaciously holding on to the mid-twentieth-century institutional culture and image of 

fighting their way ashore across enemy beaches from ships at sea, the Marines have 

wasted billions of dollars and years of opportunity. 
 

THE TECHNOLOGY TRANSITION DILEMMA (THE VALLEY OF DEATH) 

Sometimes technology development is actually successful, in the sense that the 

technology is successfully developed but never sees application. One would think, after 

investing millions or even billions of dollars in developing a technology, that once it was 

successfully completed it would be applied and fielded. This is not always the case. In 

The Innovators Dilemma, Clayton Christensen uses the example of computer hard drive 

development to show that successful technology improvement can be totally irrelevant. 

His research shows that by 1981 the eight-inch hard drive was the standard in the 

industry, and the major manufacturers were working to further increase its speed and 

memory capacity. Their motivation was that the majority of their customers were 

minicomputer (as in small, mainframe computer) manufacturers who had built their 

product lines around the eight-inch drive.  

What both the major hard drive manufacturers and their minicomputer customers 

missed was the advent of the desktop computer (or personal computer, PC) and the 

paradigm shift it would bring in the entire computer industry.  
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 Along the dimensions of performance important to established minicomputer 
manufacturers--capacity, cost per megabyte, and access time--the 8-inch product 
was vastly superior. The 5.25-inch architecture did not address the perceived 
needs of minicomputer manufacturers at that time. On the other hand, the 5.25-
inch drive had features that appealed to the desktop personal computer market 
segment just emerging in the period between 1980 and 1982. It was small and 
lightweight, and, priced at around $2,000, it could be incorporated into desktop 
machines economically.24 

Disruptive innovations, such as the 5.25-inch drive, tend to be technologically 

straightforward and may even consist of off-the-shelf components integrated into a 

device that is often simpler than prior products. Though they may provide a lesser 

capability than the existing state of the art, they have attributes that make them valuable 

in a completely different application or even enable a new one.25 

There are similar occurrences in military technology. The B-70 bomber program 

continued to extend the state of the art in long-range strategic bombers, but though 

successful, was totally usurped by ICBMs. The Rover/NERVA effort was very successful 

in advancing the technology of nuclear powered rockets through the full-scale prototype 

development and demonstration phase. It was cancelled due to the shift in focus from 

manned interplanetary flights to the international space station and shuttle programs 

following completion of the Apollo program. Likewise, although the Airborne Laser 

program may achieve technical success in the next few years, it will probably be 

suspended and the technology “put on the shelf” due to Department of Defense budgetary 

constraints. 
 

B-70 

The B-70 Valkyrie was the result of an air force development and acquisition 

program begun in the late 1950s with the objective of designing and fielding a high 

altitude, long range, supersonic, heavy bomber. The requirements document for the 

Valkyrie called for an aircraft with a gross weight not to exceed 490,000 pounds, a cruise 

altitude of 70,000-75,000 feet, a top speed of mach 3.0–3.2 and a range of up to 10,500 
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miles.26 It was felt that this combination of attributes would enable such a bomber to 

penetrate Soviet airspace and deliver nuclear weapons against fixed and relocatable 

strategic targets. The combination of extremely high altitude and speed were projected to 

make the bomber nearly impervious to the Soviets’ surface-to-air missiles and jet 

interceptors. North American Aviation won a design competition against Boeing in 

December 1957 and was awarded the development contract in January 1958. The 

contract called for flight demonstration of a prototype aircraft by December of 1961.  The 

air force planned to have an operational wing of thirty aircraft ready by August 1964.27 

The challenge was daunting from technical, engineering and programmatic 

perspectives. No aircraft had ever been flown at that speed, let alone a half million pound 

heavy bomber. North American had less than four years to proceed from a conceptual 

design to a flying prototype that met all of the performance parameters and could be 

manufactured in quantity to meet the August 1964 requirement of a full operational wing. 

The program faced several technical challenges in aerodynamic, materials development, 

and engine design. The aircraft had to be designed to take advantage of a newly 

discovered phenomenon called compression lift. At supersonic speeds, the shock wave 

generated could be constrained underneath the aircraft to provide additional lift, enabling 

designers to minimize the size of the wing and its associated drag. To do this, however, 

required that the outer sections of the wing be articulated and pivot downward to help 

trap the shock wave (fig. 32).28 
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Fig. 32. B-70 Valkyrie in high-altitude and high-speed flight. Photo: U.S. Air Force 

At high supersonic speed, the skin of the aircraft heated to temperatures in excess 

of 330 degrees Celsius along the leading edges of the wings and nose and averaged 230 

degrees Celsius over the rest of the airframe. Surviving these temperatures required the 

design and employment of honeycomb panels made of stainless steel and titanium. Even 

with the management of the heat on the surface of the aircraft, much of it penetrated into 

the structure where it was absorbed by the fuel. The fuel system was designed to use the 

highest-temperature fuel first, but the fuel left behind was still so warm that it could 

spontaneously combust if even a small amount of oxygen was present. This required a 

system to inject nitrogen into the fuel tanks as they emptied, filling the void with an inert 

gas.29 Finally, the engine inlets needed to be designed to handle airflow at both subsonic 

and high supersonic speeds. An Air Induction Control System (AICS) was designed, 

consisting of variable geometry ramps in the engine intakes. Air press in the intakes was 

constantly monitored, and the ramps were positioned to maintain steady subsonic airflow 

at the face of the engine compressors.30 
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As the engineers worked to mitigate the risk of these technical challenges, the 

program was also besieged with programmatic and funding risks. In late 1959, just one 

year after the contract had been awarded, President Eisenhower directed that the effort be 

reduced to “a bare minimum research and development program.” In December 1959 the 

air force cut the program to a single prototype and eliminated work on most of the 

weapon subsystems that would have been necessary for operational aircraft. The program 

was briefly reinstated as a full development and acquisition program in response to 

campaign rhetoric generated between Kennedy and Nixon in the spring and summer of 

1960. The air force awarded a new contract to North American in August 1960 for an 

XB-70 prototype and eleven tactical YB-70s. The reprieve was short-lived though, as 

Kennedy reneged on his campaign promise after entering office and learning that there 

was in fact no missile gap (as evidenced by photographs from Corona). The program was 

again reduced to a program to “explore the problem of flying at three times the speed of 

sound with an airframe potentially useful as a bomber.”31 

The first Valkyrie prototype made its maiden flight on September 21, 1964, began 

supersonic flight testing the following month, and first achieved sustained flight at Mach 

3 in October 1965.32 The second prototype incorporated several design changes based on 

flight data obtained from the first aircraft and made its first flight in the summer of 1965 

(fig. 33). By early 1966, the two prototype aircraft had demonstrated the ability to fulfill 

all of the original air force requirements. 33 The Valkyrie had unmatched performance in 

speed, altitude, and range, but its potential military capability as a bomber was already 

obsolete. The rapid advances in surface-to-air missile capability in the early 1960s had 

made it extremely vulnerable over Soviet airspace. Worse yet, the strides in 

intercontinental ballistic missile range, accuracy, and payload provided a strategic 

capability that was more survivable, could reach the target quicker and was less 

expensive. The program had overcome enormous technical challenges and met its full set 

of performance objectives in a less than eight years from concept to demonstration but 
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was already irrelevant from a military perspective. The technology development effort 

had succeeded, but in the meantime, the customer had moved on. 
 

 

Fig. 33. B-70 Valkyrie on Takeoff. Photo: U.S. Air Force 

Rover / NERVA 

Though it received little attention, having begun as a classified air force program 

and lived in the shadow of Mercury, Gemini, and Apollo, the United States spent nearly 

eighteen years and a total of over $1.4 billion dollars developing nuclear rocket engines 

between 1956 and 1973.34 The early support came from the air force as it worked to 

develop intercontinental ballistic missiles to counter perceived Soviet capability. The 

work was conducted under the cognizance of the Atomic Energy Commission (AEC) and 

bore the name Rover. The interest of the air force quickly diminished with the success in 

both liquid and solid fuel chemical rockets, and in 1958 a presidential executive order 

transferred control of the program to a collaborative effort under the AEC and the newly 

established National Aeronautics and Space Administration (NASA).35 In 1960 the Space 



  144 

Nuclear Propulsion Office (SNPO) was chartered as a joint office under NASA and the 

AEC to manage the Rover/NERVA project. NERVA stood for Nuclear Engine for 

Rocket Vehicle Application and was focused on developing an engine that could be used 

for interplanetary missions such as manned exploration of Mars.36 

Under the air force and AEC, Project Rover had begun with work on a suitable 

reactor starting at LANL (Los Alamos National Laboratory). Early work resulted in two 

basic designs named Kiwi and NRX. Kiwi was the first design to be built and fired, 

starting with Kiwi 1 in July 1959. The reactor was not designed for flight, and the core 

was simply a stack of bare uranium oxide plates onto which the hydrogen was dumped. 

Still, it generated 70 MW and produced an exhaust gas temperature of 2683 K. Two 

additional tests of the basic concept were conducted in which coatings were added to the 

plates to test fuel rod concepts.37 

The Kiwi B series was geared more toward a fieldable design; it included a fuel 

system, which consisted of uranium fuel in the form of uranium dioxide (UO2) spheres 

embedded in a low-boron graphite matrix, and then coated with niobium carbide. 

Nineteen holes ran the length of the fuel bundles, and through these holes liquid 

hydrogen flowed for cooling. The final significant design change introduced during the 

Kiwi program was a shift to uranium carbide fuel, which was test-run in 1964.38 Using 

information developed from the Kiwi designs and test firings, the Phoebus series was 

developed, yielding much larger reactors. The first 1A test in June 1965 ran for over ten 

minutes at 1,090 MW, with an exhaust temperature of 2370 K.39 The B run in February 

1967 improved this to 1,500 MW for thirty minutes.40 The final 2A test in June 1968 ran 

for over twelve minutes at 4,000 MW. At the time, Kiwi was the most powerful nuclear 

reactor ever built.41 A smaller version of Kiwi, the Peewee, was also built. It was fired 

several times at 500 MW in order to test coatings made of zirconium carbide (instead of 

niobium carbide) that increased the power density of the system.42   
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When NASA joined the effort with NERVA and the industrial team of Aerojet 

General Corporation and Westinghouse Electric, the focus was different. Unlike the 

original AEC work, which was intended to study the reactor design itself, NERVA’s goal 

was to produce a real engine that could be used on manned space missions (fig. 34).43 A 

75,000-pound thrust baseline design was considered for some time as the upper stages for 

the Saturn V, in place of the J-2s that were actually flown. The design that eventually 

developed, known as NRX, started testing in September 1964. The final engine in this 

series was the XE, which was the first design to be fired in a downward position. The XE 

was fired twenty-eight times in March 1968. The test firings in this series all generated 

1.100 MW, and many of the tests concluded only when the test rig ran out of hydrogen 

fuel. The XE succeeded in producing the 75,000 pounds of thrust that NERVA required.44 

 

Fig. 34. NERVA design concept. Image: U.S. Atomic Energy Commission 

All of these designs also shared a number of problems, some of which were never 

completely cured. The engines were also susceptible to internal damage, and on many 

firings the vibrations inside the reactors cracked several of the fuel bundles. This problem 

was largely solved by the end of the program, and related work at Argonne National 

Laboratory looked promising. However, while the graphite construction could be heated 

to high temperatures, it also eroded quite heavily due to interaction with the hydrogen. 
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The coatings never completely eliminated this problem, and significant “losses” of fuel 

occurred on most firings. This problem did not look like it would be easily solved.45 

Over the course of the program, twenty-one different reactors/engines were 

designed, built, and tested. At its height, the effort employed over eight thousand 

scientists, engineers, and technicians. The facilities constructed at the Nuclear Rocket 

Development Station at the AEC’s Nevada Test Site, in Jackass Flats, Nevada, about one 

hundred miles west of Las Vegas, cost over $100 million.46 The technology development 

was very successful and possibly even essential for a realistic ability to conduct 

interplanetary and certainly deep space exploration. Unfortunately, the nation tired of 

manned space exploration after the Apollo Program. 
 

Airborne Laser 

The Airborne Laser (ABL) weapon system consists of a high-energy, chemical 

oxygen iodine laser (COIL) mounted in a modified 747-400F aircraft. The system is 

designed to shoot down theater ballistic missiles in their boost phase. The aircraft has a 

crew of four, including pilot and copilot, to fly the aircraft and operate the weapon 

system. The operational concept calls for the aircraft to patrol in pairs at high altitude, in 

friendly or international airspace. They would scan the horizon looking for the plumes of 

rising theater or intercontinental ballistic missiles. The system is designed for 

autonomous operation. The ABL would acquire and track missiles in the boost phase of 

flight. It would then illuminate the missile with a tracking laser beam to measure the 

distance and calculate its course and direction. After the ABL acquires and locks onto the 

target, the high-power COIL laser would fire a several-second burst to destroy the 

missiles over the launch area.  

The air force initiated the ABL program in 1996. It includes four major 

components: a modified 747 aircraft, a high-energy chemical laser, a beam control and 

fire control system, and a battle management and command and control system. The 
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prototype, or demonstrator aircraft, that is under development includes six laser modules 

that are combined to produce a laser beam with several megawatts of power.47 The beam 

control and fire control component is designed to track and stabilize the beam so that its 

energy remains focused on a small area of an enemy missile. From 1996 to 2001, the 

ABL program was an air force major defense acquisition program. In October 2001, the 

Department of Defense (DOD) transferred responsibility for the program to the Ballistic 

Missile Defense Agency (Formerly the BMDO) where the ABL became one element of 

the Ballistic Missile Defense System (BMDS).48 The ABL’s role is to destroy enemy 

ballistic missiles in the boost phase as part of the layered defense strategy.  

The COIL laser is not a new technology, nor is the operation of chemical lasers in 

the megawatt power range. The COIL laser uses hydrogen peroxide and potassium 

hydroxide, which are then combined with chlorine gas and water. This chemical laser 

technology was first demonstrated by the air force weapons laboratory at Kirtland AFB in 

1977.49 The Mid-Infrared Advanced Chemical Laser (MIRACL) is a megawatt power 

level chemical laser; it was built under the U.S. Navy Sealite program in the late 1970s 

and became operational for testing in 1980. The MIRACL uses ethylene and nitrogen 

trifluoride as its fuel and then injects deuterium and hydrogen into the combustion 

exhaust stream to generate deuterium fluoride molecules. The MIRACL is still in 

operation, and its beam-forming system has been used in a wide range of directed energy 

weapon development tests over the last three decades.50 

The technical challenges for the ABL program were to build a COIL laser that 

could operate in the megawatt power range but be small and light enough to fit in the 

aircraft and to operate in spite of the vibrations and flexure of an airborne platform. 

Additionally, the team had to apply advanced adaptive optics technology to the beam 

control system to accommodate the effects of atmospheric turbulence and heterogeneity 

to the beam as it propagated over great distances to the target. There were also significant 

engineering challenges in modifying the aircraft to accept a turret holding the 1.7-meter 
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main mirror (fig. 35) and to accommodate the force and heat of the laser exhaust gases 

that exit from the bottom of the aircraft during operation. 

 

Fig. 35. ABL Turret and Mirror. Photo: U.S. Air Force 

The original program schedule called for the completion of a lethality 

demonstration in 2002, followed by an Engineering Manufacturing and Development 

(EMD) phase beginning in 2003. The program planned to field a fleet of seven ABLs and 

to reach Initial Operational Capability (IOC) by 2008. By 2007, the ABL program had 

spent $4.3 billion dollars and ground based lethality tests had been rescheduled for 

2009.51 Those tests were successfully conducted in September 2009 and full power in-

flight testing against actual missile targets was successfully completed in March of 2010 

(fig. 36). The president’s 2010 defense budget directed that the ABL program be shifted 

back to a research and development effort and cancelled the procurement of the second 

ABL aircraft and laser system. Development and testing of the existing ABL system will 

continue under significantly reduced funding.52   
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Fig. 36. YAL-1 Airborne Laser in flight. Photo: U.S. Air Force 

The Crusader and AAAV/EFV are examples of programs stretching to the limits 

their underlying core technologies in an attempt to further their operational capability. 

The existing but aging capability each of these programs sought to replace was already 

near the limits of technology. If the sponsors had recognized and accepted this from the 

outset, they could have developed replacement systems with significantly improved 

capability but with much greater reliability and potentially lower cost. By focusing on 

achieving a leap ahead in capability and clinging to the increased capability requirements 

when faced with technical reality, they became the acquisition equivalent of dead men 

walking. In each case, there was ample opportunity for the acquisition system to 

recognize the fundamental technical problems and to redefine the requirements to 

something achievable or to terminate the program.  In each case, the sponsor overrode the 

system, argued for more funding, and raced to failure. 
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  The B-70 Valkyrie, and Rover/NERVA were (and ABL may be) successful 

programs in that they achieved their technical objectives. This does little to assuage the 

fact that after spending hundreds of millions to several billion dollars, their capability was 

or may never be fielded. It does, however, show that technical success, though critical for 

program success, is not sufficient in itself. Just as advanced technologies can become 

obsolete in the commercial world before reaching the market, leading edge military 

capability can achieve obsolescence before it is ever fielded. During the interwar years 

(1918-1939) the technology race in the superpower navies focused on battleship 

development, pitting more powerful guns against stronger armor. It was during this time 

that a few visionaries succeeded in arguing for experimentation with aircraft and aircraft 

carriers that ultimately won the battle for the Pacific in World War II.53 The mainstream 

developers today wrestle with greater speed, stealth, and precision. But as in the 

battleship gun versus armor focus in the 1920s and 1930s, they are striving to wring out 

the last bit of improvement in mature technologies with little additional potential. 

The Defense Industrial base and Defense Acquisition community striving to 

provide the military with the next increment of improvement in existing warfighting 

technology is analogous to the computer hard drive manufacturers striving to provide the 

mainframe computer industry with the next increase in storage capacity when the 

mainframe computer was about to be eclipsed by the personal computer in the 1980s.54 

We need to realize and accept that our current levels of stealth, speed, and precision have 

reached the asymptote of the Technology S Curve for existing systems. At this time of 

military hegemony, afforded by our unmatched size and capability, we need to resume an 

interwar period (1991-?) mindset of exploration and experimentation. The Cold War is 

over and the military engagements of the last two decades, though costly in human lives 

and dollars, have been of a new nature when viewed in context with the two World Wars 

and the Cold War. The current era of “War Among the People” as opposed to “Force on 
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Force” wars is likely to continue and may become the new order of warfare for the 21st 

century. 
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Chapter 5: Process vs. Pageantry 

The journey from basic science to a new military capability is challenging under 

the best of circumstances. “Basic science” by definition is research conducted to expand 

knowledge and understanding in a particular scientific field with no clear promise that it 

will provide any immediate utility, let alone a military capability. “Applied science” is 

the term that has come to define the work involved in taking basic scientific knowledge 

and further developing it with a practical application in mind. And finally, “engineering” 

is the work done to take the proven application of basic science forward to near final 

form and function with a product that delivers new capability. There are many steps 

involved in each of these periods of development and even episodes of backtracking to 

start over after proceeding down a fruitless path of investigation. The boundary between 

each phase can be rather blurry and is to some degree dependent on the field of science. 

There are, however, clear and distinct milestones of progress that can be used to gauge 

the progress for a given application: proof of principle, proof of concept, and prototype.  

The path from basic science to military application in the case of nuclear weapons, as 

outlined in the introduction, serves as a good example to describe these phases and 

milestones. 

The basic scientific research conducted by Hahn and Strassman in the mid- to late 

1930s was conducted with no direction in mind other than to expand the scope of 

understanding and knowledge in the scientific field that was then known as 

radiochemistry. Their work was building upon that of others in the field, such as Ernest 

Rutherford, James Chadwick, Enrico Fermi, and Lise Meitner, all of whom had 

discovered pieces of the puzzle relating to nuclear fission. Though not the first 

demonstration of nuclear fission, the results of Hahn and Strassman’s 1938 experiment 

proved that the nucleus of heavy elements such as uranium could be split through neutron 
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bombardment. Their work was quickly reproduced and confirmed by other scientists and 

served as the fundamental discovery of heavy element atomic fission. 

Hahn and Strassman were not trying to develop a bomb or weapon of any sort. It 

required another year of experimentation, measurement and calculation to develop the 

theory of a self-sustaining chain reaction based on nuclear fission and the concept that the 

energy released in an uncontrolled chain reaction would be catastrophic. In 1939 fission 

chain reactions were nothing more than theory based on discoveries in basic science. To 

validate the theory of a nuclear chain reaction would require an experimental 

demonstration. In 1940 the Director of the newly formed National Defense Research 

Committee (NRDC), Vannevar Bush, authorized the funding for isotope separation and 

Enrico Fermi’s attempts to demonstrate a controlled chain reaction at the University of 

Chicago. Fermi and his team constructed what became known as CP-1 (fig. 37) in 1942, 

and on December 2 created the first man made self-sustaining chain reaction.1 This 

demonstration and the data gathered from it served as the proof of principle for atomic 

weapons. It confirmed the theory of self-sustaining chain reactions and provided the 

fundamental data necessary to design and build a nuclear explosive device. 
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Fig. 37. The CP-1 atomic pile located under the stands of Stag field at the University of 
Chicago. Drawing: U.S. Atomic Energy Commission 

The work necessary to advance from the proof of principle to demonstrate the 

concept of a nuclear explosion was daunting. There were several different concepts for 

quickly bringing together what would constitute a critical mass of uranium and or 

plutonium sufficient to generate a cascading reaction which would last long enough to 

create a significant nuclear yield. The Manhattan Project proceeded with two design 

concepts. The “Gun Design” was considered the lowest engineering risk and required 

only two subcritical masses of uranium. The “Implosion Design” was a greater 

engineering challenge but could utilize a single subcritical mass of plutonium. Both 

designs were carried out in parallel, with the higher-risk implosion device tagged for 

demonstration. The “Gadget” (fig. 38) was the device used for the proof of concept 

demonstration of the atomic bomb.2 It served to validate the feasibility of constructing a 
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device that could produce an explosive nuclear yield. It was too large and heavy to carry 

on an airplane and had no internal fusing mechanism. As such, it was not militarized and 

so fell short of qualifying as a prototype weapon. The Gadget (implosion design) was 

successfully detonated in the Trinity test on July 16, 1945, and served as the proof of 

concept demonstration for nuclear weapons.3 

 

 

Fig. 38. The “Gadget” being prepared for the proof of concept demonstration in 
Alamogordo, New Mexico, July, 1945. Photo: U.S. Army 

The “Fat Man” was the prototypical follow-on to the Gadget demonstrated at 

Alamogordo. It was based on the same design and materials demonstrated in the Gadget 

but included several key features necessary for militarization. The Fat Man (fig. 39) had a 

faired aerodynamic body to minimize airflow disruptions when dropped as well as a tail 

fin structure to stabilize and orient it during its descent. It also included both a radar and a 

barometric altimeter to provide two independent sources of altitude measurement from 

which to determine the proper height for detonation. It included an internal power supply 

and the necessary electronics to power the altimeters and initiate the detonation of the 
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high explosives, and most importantly, it was just small and light enough to be carried in 

a B-29 bomber.4 

 

 

Fig. 39. The Fat Man in final preparation on Tinian Island August, 1945. Photo: U.S. 
Army 

 

The combat use of a prototype like the Fat Man was extremely risky but justified 

at the time by the exigencies of war. Ideally, such a prototype would have been tested in a 

controlled environment representative of its intended operational use. Data gathered from 

prototype testing would then be used to optimize the prototype design for manufacturing 

and large-scale production. Like the Manhattan Project, the Nautilus (early Cold War) 

and the F-117 (late Cold War) are excellent examples of how the technical discipline of 

adhering to the process of proof of principle to proof of concept to prototype can foster 

success. Likewise, the A-12 and Sergeant York (both late Cold War) are examples of 

how trying to skip a step in the process can lead to failure. 
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A PROTOTYPE IS IN THE EYE OF THE BEHOLDER 

The discussion of proof of principle to proof of concept to prototype is important 

in laying the groundwork and background understanding so that we may discuss what 

may be the most misused, misunderstood, mangled, and manipulated term in acquisition, 

and that is prototype. Most technology development and acquisition efforts for the 

military do not need to go through all three steps described above. If military leaders 

wanted to develop a next generation fission bomb, they would not need to replicate 

Enrico Fermi’s 1942 proof of principle demonstration that underlies all fission devices. 

If, however, they were pursuing a design radically different from the proven gun or 

implosion approach, it would require a proof of concept demonstration. Likewise, every 

time the services undertake a new aircraft development, they do not need to repeat the 

manned, heavier-than-air-flight proof of principle demonstration that the Wright brothers 

conducted at Kitty Hawk, North Carolina in 1908. 

Where the services usually get into trouble is in confusing proof of concept 

demonstrations and devices with true prototypes. This is sometimes due to an honest 

disagreement over the level of capability that must be demonstrated in a prototype. More 

often, however, it is due to budget and time constraints imposed on a program from the 

start that drive the program to claim prototype status for a device that falls short of 

demonstrating the key attributes necessary for military utility. 
 

Nautilus 

The development of the first nuclear-powered submarine, the USS Nautilus, is a 

classic example of strict adherence to the process. The EBR-1 nuclear reactor, built at the 

Nuclear Reactor Testing Station in Arco, Idaho, in 1949-51, was the first nuclear reactor 

whose thermal energy was captured and used to produce power.5 It served as the proof of 

principle not just for ship or submarine propulsion reactors, but for all power reactors that 

have followed. It could be argued that Enrico Fermi’s CP-1 pile at the University of 
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Chicago or the reactors built at Hanford for plutonium production as part of the 

Manhattan Project could have fulfilled this role, but they all lacked one key element. 

Although they all released energy through controlled nuclear fission, none of this energy 

was captured to generate power.   

The proof of concept for the nuclear-powered submarine was the S1W reactor 

built by the navy and Westinghouse nearby at the National Reactor Testing Station (later 

renamed the Idaho National Lab).6 The S1W (fig. 40) was a complete reactor power plant 

of the design envisioned for the Nautilus. It was a huge step beyond the EBR-1 proof of 

principle reactor in that it demonstrated the level of power that would be required to drive 

the Nautilus. Even more important and challenging, the S1W was built and operated 

within a structure representative of the Nautilus’s pressure hull. By demanding that the 

S1W be built, tested, and operated under the same constraints and conditions necessary 

for its application in the Nautilus, Rickover ensured that all of the ancillary equipment 

would fit and work as a complete system in the available space. The S1W underwent 

extensive testing and operations, including a one-hundred-hour endurance run at high 

power to simulate an actual submarine transit across the Atlantic Ocean.7 
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Fig. 40. S1W reactor at National Reactor Testing Station. Photo: U.S. Navy 

Unlike many programs, in the case of the Nautilus (fig. 41) the prototype actually 

achieved operational capability and deployed as a commissioned navy submarine. Some 

might argue that for this very reason the Nautilus was not a prototype. Even though the 

Nautilus was commissioned and ostensibly served as an operational navy asset, it was 

very noisy and lacked many features of the nuclear attack and ballistic missile 

submarines that followed it. The Nautilus spent its first four and a half years of service 

conducting independent operations to evaluate its operational capabilities and suitability. 

It wasn’t until after completion of a major overhaul in 1959-1960, six years after 

commissioning, that the Nautilus deployed as a fleet asset.8   
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Fig. 41. USS Nautilus SSN-571. Photo: U.S. Navy 

Even this first operational deployment to the Mediterranean as part of the Sixth 

Fleet only lasted seven weeks. Most telling with regards to her prototype status, however, 

is the fact that she was one of a kind. The second nuclear submarine built, the USS 

Seawolf, was a unique prototype with a liquid-metal-cooled reactor. This design was 

meant to operate much more quietly than the pressurized water reactor (PWR) of the 

Nautilus but proved more difficult to operate.  The third nuclear submarine built, the USS 

Skate, returned to a next generation PWR design and was much quieter than the Nautilus. 

It wasn’t until the Skate design that the navy built multiple (four) submarines of the same 

design, in this case with the S3W, PWR. The navy conservatism in building two 

prototype nuclear submarines before settling on the Skate design to produce a class of 

four is even more pronounced due to the fact that they also continued to build 

conventionally powered diesel submarines (three Barbel Class Diesel Submarines) 

concurrent with the Skate class. It took three more design and construction iterations— 

Skipjack (six boats), Triton (one boat), and Halibut (one boat)—until the navy settled on 

the Thresher design to construct a class of fourteen submarines.9 
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The testing and design changes on these boats focused on increasing the 

reliability, redundancy, and quieting of the nuclear plants and their auxiliary systems. 

Other than propeller cavitation noise at high speed, the major contributors to submarine 

noise are the coolant pumps of the primary and secondary reactor loops. Reducing and 

isolating the noise they generated was essential to improving the stealth of the 

submarines but couldn’t be allowed to compromise the safety and reliability of the 

nuclear plant. In typical Rickover fashion, each new reactor plant design was thoroughly 

tested prior to use in a submarine. The S5W plant used in the fourteen-boat Thresher 

class was first employed in the six Skipjack class subs. And before this it was wrung out 

at the Idaho Lab. In addition to installing the plant in a pressure hull, as had been done 

with previous plants, the hull was suspended in a water tank so that it could heave and 

roll during operation to simulate the effects of being underway (fig. 42). Though 

expensive, this additional level of rigor applied to the testing ensured that the data 

obtained on the prototype plant would be as representative as possible of the actual 

operational environment. The expense was subsequently borne out by the success of the 

S5W plant. It served not only in the six Skipjack and fourteen Thresher class subs, but 

continued on in the 37 Sturgeon class attack boats and all forty-one of the ballistic missile 

submarines built between 1958 and 1967.10 
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Fig. 42. S5W reactor plant undergoing motion testing. Photo: U.S. Navy 

 The design, construction, and operational testing of these seven different nuclear-

powered submarine designs occurred between the laying of the Nautilus’s keel in 1952 

and the commissioning of the Thresher in 1961. It was also roughly concurrent with the 

design and construction of two classes of nuclear powered, ballistic missile submarines, 

the George Washington class (five subs 1958-1961) and the Ethan Allen class (five subs 

1959-1963). This rapid series of design iterations isn’t just an indication of conservatism 

on the part of the navy. It is also indicative of a rapidly developing technology 

application in the steep ascent phase of its technology S Curve as described in chapter 3. 

The early and continued success of the navy’s nuclear submarine program is due in great 

part to a strict adherence to proof of concept demonstrations for new designs and 

technologies, followed by construction and often fielding of true representative 

prototypes prior to committing to production of multiple units. It also shows the navy’s 

willingness to accept less than the full desired operational capability in early operational 
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assets, with the knowledge that improvements would come as the technology matured 

over time. 
 

Have Blue / F-117A 

The F-117A Blackhawk originated in the mid 1970s as nothing more than an idea 

and a rough concept. Basic radar principles had been understood for many decades and 

used extensively to build several generations of more powerful and more sensitive radar 

systems for detecting ships and aircraft. In the late 1950s, the SR-71 had employed 

design concepts to minimize its radar reflectivity and thus detectability but it still 

depended primarily on its speed and altitude for survivability. It was under a program 

funded by the Defense Advanced Research Projects Agency (DARPA) in 1974 that 

scientists and engineers from several aircraft manufacturers were challenged with 

extending these basic radar principles to make an aircraft literally invisible to radar. 11 The 

primary challenge was not designing a shape that would create little or no radar return, as 

that had been done. The challenge was creating such a shape or geometry that was also 

aerodynamic enough to actually fly and function as an operational aircraft.  

The Lockheed Martin “Skunk Works” was not originally included in the program.  

In 1975 one of the Skunk Works engineers learned of the DARPA program and 

successfully lobbied for their inclusion. The Lockheed team’s early design concept was 

nicknamed the “Hopeless Diamond” (fig. 43).12  
 

 

Fig. 43. Hopeless Diamond: initial theoretical concept subjected to wind tunnel testing. 
Drawing: Lockheed Martin, under contract to Defense Advanced Research 
Projects Agency 
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Lockheed built small wind tunnel models of several shapes to test the feasibility 

of the concept and after several iterations and wind tunnel runs settled on a design that 

had just enough aerodynamic features to potentially function as an aircraft (fig. 44). 
 

 

Fig. 44. Hopeless Diamond: near final design for radar evaluation. Drawing: Lockheed 
Martin, under contract to Defense Advanced Research Projects Agency 

Even though the final wind tunnel model performed reasonably well 

aerodynamically, its radar reflectivity was based on mathematical models and computer 

simulations.13 To prove their principle that a feasible aircraft design could also have an 

extremely low radar cross section (RCS), they built a ten foot long model of the aircraft 

and mounted it on a radar test mast in the Mojave Desert for evaluation. From only 1,500 

feet away, the shape had no measurable radar return until a bird landed on it.14 

In late 1975, DARPA reduced the competition to teams from Northrop and 

Lockheed and funded each to build full-scale models of their designs for radar testing.15 

In March 1976, Lockheed’s thirty-eight-foot-long model of the refined Hopeless 

Diamond was tested and provided a radar return several orders of magnitude lower than 

any previous aircraft design (fig. 45).16 The RCS of the Lockheed design was so low that 

bird droppings on the shape measurably increased it. Consequently, the model had to be 

wiped down before each radar evaluation run. Lockheed won the competition based on a 

combination of the performance of its design and the fact that this and the previous tests 

had validated the accuracy of the computer code they had developed to predict the radar 

return of these faceted aircraft geometries. Either the first subscale test or the full scale 
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testing could lay claim as the proof of principle demonstration, but as the full-scale model 

was more representative of the actual aircraft size, it was clearly more valid. 
 

 

Fig. 45. Hopeless Diamond: final mock-up undergoing radar reflectivity evaluation. 
Photo: Lockheed Martin, under contract to Defense Advanced Research 
Projects Agency 

 

Following the full-scale radar tests, DARPA awarded Lockheed a contract to 

design and build a pair of functional aircraft based on their concept for flight testing and 

radar signature evaluation. Control of the program was transferred to the air force and the 

program went “black,” meaning that it became highly classified. The program was code-

named “Have Blue” and sought to build two “proof of concept” demonstration aircraft.17 
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These two planes are an excellent example of the confusion in terminology, as they are 

commonly referred to as prototypes for the F-117A. They were nothing of the sort. To 

begin with, they were approximately 1:2 scale designs (fig. 46) of what would become 

the F-117A and as such, could accommodate no payload other than pilot, fuel, and test 

instrumentation. 
 

 

Fig. 46. Have Blue proof of concept aircraft preliminary design. Drawing: Lockheed 
Martin, under contract to Defense Advanced Research Projects Agency 

In part due to the program’s shoestring budget ($32.6 million from DARPA and 

the air force and $10.4 million from Lockheed)18 and also due to the compressed schedule 

for the demonstration, the demonstrators were cobbled together from existing hardware. 

They were each powered by a pair of 1960s-generation engines used in the navy’s T-2B 

jet trainers while the flight instruments, ejection seat, and landing gear were scavenged 

from old F-5 fighters. As the radical airframe was dynamically unstable in the pitch axis, 

it required a fly-by-wire flight control system. This was provided by a modified unit from 

an F-16 fighter (see chapter two for discussion of fly by wire). This method of quickly 

pulling together a demonstrator from existing hardware and technology to prove a new 



  168 

concept is now commonly referred to as “rapid prototyping,” which only serves to further 

confound and confuse the use of the term prototype. The Have Blue demonstrators (fig. 

47) were 38 feet long and weighed just 12,500 pounds.19 Compared to a functional 

military aircraft they were little more than toys. They had a flight endurance of barely an 

hour and there were no provisions for weapons, sensors, or in-flight refueling. The Have 

Blue aircraft were strictly test vehicles to demonstrate the proof of concept of a flyable, 

low-RCS aircraft and to obtain data for potential follow-on development of actual full-

scale prototypes. 
 

 

Fig. 47. Have Blue, proof of concept demonstrator aircraft. Photo: Lockheed Martin, 
under contract to U.S. Air Force 

Construction of the first Have Blue aircraft was completed in November 1977, 

barely eighteen months after contract award. The two aircraft 1001 and 1002 completed 

numerous test flights from December of 1977 through July of 1979, but both were lost in 

crashes, aircraft 1001 in May 1978 due to landing gear problems after a hard landing (the 

pilot lifted back off but had to eject) and aircraft 1002 in July 1979 due to a fire caused 
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by a hydraulic leak (the pilot ejected safely).20 The Have Blue aircraft may have fallen 

well short of qualifying as prototypes, but they served admirably in quickly and cheaply 

demonstrating that an aircraft could be manufactured and flown while still preserving the 

low RCS features necessary to avoid detection by radar. The benefit of completing this 

proof of concept phase is further borne out by the fact that both aircraft were lost. If the 

proof of concept phase had been skipped and the program rushed straight into prototype 

design and construction, the first two aircraft would have cost an order of magnitude 

more. If they had also been lost during testing, as the Have Blue demonstrators were, it is 

not inconceivable that the program could have been significantly delayed, modified or 

even cancelled. By properly executing the proof of concept phase and clearly defining the 

aircraft as demonstrators whose sole purpose was testing and demonstration of the 

concept, the loss of both in the course of successfully fulfilling their role was not 

deleterious to the program.   

Even with the loss of Have Blue 1001 in May of 1978, the air force awarded 

Lockheed a contract in November for the design and construction of five Full Scale 

Development (FSD) test aircraft and fifteen production aircraft.21 The five FSD aircraft 

would serve as the true prototypes for the F-117A. The program covering the design, 

production, and testing of the five FSD aircraft was named Senior Trend. The Senior 

Trend aircraft would include all of the systems and provide all of the capability of an 

operational military aircraft. The design was twice as large as the Have Blue at 66 feet 

long and with an empty weight of 30,000 pounds (fig. 48). In a manner similar to the 

Have Blue demonstrators, the Senior Trend aircraft took advantage of many existing 

systems and technologies. The warfighting characteristics of the aircraft (range, speed, 

payload, maneuverability, etc.) were very modest. Incorporating these pedestrian 

capabilities into a radical and barely aerodynamic airframe with new requirements such 

as negligible RCS and low thermal signature presented the challenge.22 
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Fig. 48. Plan view comparison of Have Blue and Senior Trend airframes. Image: 
GVG/PD 

The Senior Trend aircraft utilized a non-afterburning version of the General 

Electric F-404 turbofan used in the F/A-18 Hornet, as well as Heads Up Display (HUD) 

multifunction sensor displays and stick and throttle controls from the Hornet. Like the 

Have Blue, Senior Trend used a modified F-16 fly-by-wire control system but this time 

with quadruple redundancy. The navigation system came from the B-52, and several 

sensors and auxiliary systems came from existing aircraft as well.23 The Senior Trend 

aircraft were built in series such that lessons learned in construction and flight testing in 

early units could be incorporated in later models. The first aircraft (#780) flew in June 

1981 and required significant changes to the fly-by-wire system as well as a 50% increase 

in the size of the tailfins. These modifications and several others were incorporated in 

airframes 781-784.24 The first two FSDs served primarily as aerodynamics test aircraft, 

while the final three focused more on testing of operational systems and characteristics.   
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Further evidence of the true prototype status of the five FSD aircraft is the fact 

that they were originally intended to serve as operational assets. The program plan called 

for them to be upgraded with any design and manufacturing modifications developed 

during their testing and then integrated with operational squadrons. This never quite came 

to pass, but a few of the FSD aircraft did join operational squadrons as trainers, while 

others continued to fly as test platforms for additional research and engineering 

development. 
 

 

Fig. 49. Final F-117A production aircraft. Photo: U.S. Air Force 

Even closely following the process from proof of principle to proof of concept to 

prototype and then to production as this program did cannot eliminate human error or 

mistakes. The first production aircraft delivered to the air force, number 785, crashed and 

was destroyed on its first take-off on April 20, 1982. The Lockheed test pilot, Bob 

Ridenauer, who was flying the aircraft for its acceptance trials, was seriously injured and 

never flew again. The accident was traced to reversed wiring in the fly-by-wire flight 

control system.25 Modifying the cable connections with physically different connectors 

for each axis of control to prevent reoccurrence of this mistake was the first of many 
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engineering and manufacturing modifications made to the production aircraft over the 

next several years. 
 

THE COST OF OPPORTUNITY LOST 

Assiduously following the proof of principle, to proof of concept, to prototype 

path does not in and of itself ensure success. The B-70 Valkyrie and Rover/NERVA from 

the first half of the Cold War followed the process but were still cancelled due to 

changing requirements. Both did succeed, however, in validating their respective proofs 

of concept prior to being cancelled and also served to significantly expand the scientific 

and engineering knowledge base. Likewise, skipping a step or being fielded as a 

prototype does not preordain failure. Nautilus was not unique amongst early Cold War 

programs in that the prototype served as an operational asset. The Nautilus and the next 

two submarines to follow it were each one-of-a-kind prototypes in which the navy was 

working through the optimal power plant and war fighting features of nuclear-powered 

submarines. All seven programs in the group from the early Cold War period were 

technical successes.   

The same cannot be said of the seven cases from the second half of the Cold War.  

Only two of the seven were cancelled, just as in the earlier group, but the reasons for the 

two cancellations were far different. The army’s Sergeant York Self Propelled Anti-

Aircraft Weapon (SPAAG) and the navy’s A-12 Stealth Bomber were technical failures 

and contributed little other than potential lessons on how not to conduct technology 

development and systems acquisition. The Sergeant York acquisition occurred in the first 

decade of the latter half of the Cold War and the A-12 program in the second. Though 

one was an army program and the other a navy, and though they sought to develop and 

field radically different technologies and capabilities, the programs shared one common 

attribute: they both suffered from technical exuberance and consequently a belief that 

they could utilize Firm Fixed Price (FFP) contracts. 
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Sergeant York 

The Sergeant York was an attempt by the army in the mid 1970s to develop and 

field a self-propelled anti-aircraft weapon system that could keep up with the next 

generation of armored systems, such as the XM-1 tank, which was also under 

development. The air threat on the battlefield had evolved from slow-flying propeller-

driven aircraft to high-speed jets, and army leaders felt they needed an automated, radar-

guided, high-rate-of-fire anti-aircraft gun system to deal with it. The Air Defense 

Artillery School in Fort Bliss, the Army Material Command (AMC), and the Rock Island 

Arsenal developed the requirements for the system cooperatively. It is interesting to note 

that the results of three separate studies conducted by the army between 1970 and 1975—

“Air Defense Evaluation Board Study,” “Field Army Air Defense Study,” and “Short 

Range Air Defense Study”—all recommended pursuing a combination gun/missile 

system. The rationale used for requiring a purely gun-based system was the perception 

that it would be less costly.26 To further reduce cost, the army decided to mandate the use 

of “off the shelf” or Non-Developmental Items (NDI) for the majority of the system and 

to use a Design to Unit Production Cost (DTUPC) strategy via a fixed price contract for 

production phase. 

The army request for proposals (RFP) released in April 1977 included the 

DTUPC of $1.5 million and twelve firm design requirements including the use of the 

existing army M48A5 chassis.  There were forty-three additional desired design 

requirements, any or all of which the contractor could trade off to remain within the 

DTUPC value. In July, five contractors replied to the RFP with proposals that satisfied 

the twelve firm requirements and the DTPUC.27 In December 1977, the Army Systems 

Acquisition Review Council (ASARC) authorized the program manager to proceed to 

Full Scale Engineering Development (FSED) and to procure competitive prototypes from 

Ford Aerospace and General Dynamics. Based on the strength of their respective design 
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concepts, each contractor was awarded a $39 million contract to produce a prototype or 

testing within two years.28 

Both contractors worked diligently with very little army oversight to develop their 

demonstrators. Ford Aerospace utilized the radar from the F-16 Falcon for tracking, a 

separate radar for search, and the Bofors 40 mm L/70 twin cannons. The General 

Dynamics design was built around the twin 35mm Oerlikon KDA cannons and the 

proven tracking and search radars from their Phalanx Close in Weapons System (CIWS). 

To further accelerate the program, in April 1980 (two months before the shoot-off 

between the two was scheduled to occur) the army issued an RFP to the contactors for 

Full Scale Development (FSD) and initial production of 263 vehicles that would 

incorporate all design changes necessary to correct any deficiencies identified during the 

upcoming testing and a full Integrated Logistics Support package (ILS).29 

Both systems performed very poorly during the shoot off and limited operational 

testing. The Ford system was marginally better from a reliability perspective, and the 

General Dynamics system performed better at acquiring and destroying air targets, but 

both were plagued with basic problems throughout the summer of testing. The army 

pressed on and evaluated the contractor’s proposals for FSD through the fall of 1980. 

Between January and May of 1981, the army held negotiations with both contractors and 

on May 5 awarded the FSD contract to Ford Aerospace (fig. 50) ostensibly due to the fact 

that their total contracts package offer was 8% less than General Dynamics’s offer.30 

The contract was of a Fixed-Price-Incentive, Firm Target (FPIF) structure and 

consisted of a base contract with three options. The base covered a one-year effort to 

correct the 41 problems identified during testing, “clean up” the general design, and 

develop the ILS package. Option 1 was for a buy of 50 systems, support equipment, 

production facilities, and operations and maintenance manuals at a target price of $328 

million. Option 2 purchased an additional 96 systems and associated support equipment 
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and services for a target price of $396 million. And Option 3 purchased another 130 

systems and associated services for a target price of $533 million.31 
 

 

Fig. 50. Ford Aerospace M247 Sergeant York. Drawing: U.S. Army 

The next four years consisted of a slow death by a thousand cuts (none of them 

fiscal) as the contractor struggled to advance their “prototype” to a functional and reliable 

system suitable for production through a series of modifications and tests. By August of 

1985, the program had produced sixty-five systems and a long string of testing failures 

and outright embarrassments. In one famous firing test, staged for the media and senior 

Congressional and army personnel, the system when activated actually slewed around 

and pointed at the grandstand filled with spectators. There were several minor injuries as 

people scrambled for cover. In another test, the system locked on to the radar return from 

a ventilation fan in a latrine near the firing range.32 When Secretary of Defense Casper 

Weinberger cancelled the program after eight years and $1.8 billion dollars, the army had 

literally nothing to show for the investment of time and money.33 
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The program was flawed in at least three fundamental ways from the beginning—

contracting strategy, program management structure, and technology development 

process—any one of which could have resulted in its ultimate failure. The flaw of interest 

here is the technology development process. The army entered the process with the belief 

that developing a mobile, armored, automated, radar-controlled, rapid-fire, anti-aircraft 

gun system would be low to medium risk. army leaders also believed that by requiring 

the system to be developed from existing components (anti-aircraft gun, radar, etc.) and 

built on the proven M48A5 chassis, they could further reduce this to a low-risk program. 

Armed with this “knowledge” they constructed the technology development plan to 

essentially skip the proof of concept demonstration and proceeded directly to what they 

advertised would be representative competitive prototypes. The problem was 

compounded when after the “prototypes” failed to perform even as proof of concept 

demonstrators, they blithely proceeded into full-scale development and production. 

The army had an excellent opportunity to recover following the abysmal 

performance of the two competitive systems in the summer of 1980. With only a little 

over two years and approximately $80 million ($39 million for each contractor) 

committed, the army could have walked away with a relatively inexpensive lesson 

learned and reevaluated their requirements and potential solutions. Their inability to do 

so was a direct result of their program management plan that called for minimal 

government involvement in either contractor’s development work. This will be discussed 

further in chapter five. 
 

A-12  

As complicated as the navy’s A-12 stealth bomber program was, it is perhaps best 

summarized in the title of James Stevenson’s 2001 book on the program The $5 Billon 

Misunderstanding. Much like the army with Sergeant York in 1978, in 1984 the navy 

knew just what they wanted to replace: their aging fleet of A-6E all-weather, medium 
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attack bombers. Analysts’ assessments of the rapidly advancing Soviet air defenses 

indicated that an upgraded version of the A-6E would not be survivable in the decades to 

come. The only means to succeed in the sophisticated integrated air-defense networks of 

the late twentieth and early twenty-first century would be with the stealth technology 

being developed and fielded by the air force in the highly classified F-117 and B-2. If the 

navy could not replace the A-6E with an aircraft possessing credible survivability, it 

risked losing its portion of the deep strike mission to the air force.34   

In November 1984 two teams, General Dynamics/McDonnell Douglas and 

Northrop/Grumman/Vought, were awarded contracts for design studies and concept 

formulation of a carrier-based, medium bomber with stealth characteristics. Both teams 

continued into demonstration and validation of their concepts under contracts awarded in 

June 1986.35 Not surprisingly, the Northrop/Grumman/Vought design looked a great deal 

like a scaled down version of the B-2 stealth bomber.36 By the summer of 1986, Northrop 

was well into production of the first B-2 bomber, which was publicly displayed and 

flown just two years later. The air force had invested in excess of $20 billion in research 

and development for the B-2, predominately with Northrop.37 The General Dynamics 

design, while also a flying wing like the B-2, was significantly different from the 

Northrop design in several key areas, particularly with regard to stealth characteristics. 

As an example, Northrop’s B-2-derived design had the engine inlets, which were 

exceedingly hard to treat for radar signature, on top of the wing to minimize their 

visibility to ground based radars. The efficacy of this approach had been borne out by the 

Lockheed F-117A and the B-2. The General Dynamics design had the inlets positioned 

below the leading edge of the wing and would prove very difficult to manage.38 

There were significant differences from a physical performance perspective as 

well. Though both designs had roughly the same take-off weight—69,713 pounds and 

69,316 pounds for the Northrop and GD designs respectively—Northrop’s design was 

much larger, with 1,720 square feet of area versus GD’s 1,250 square feet, and 
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Northrup’s design had a lower payload and fuel volume—5,160 pounds and 21,322 

pounds respectively, as opposed to GD’s 5,500 pounds of payload and 24,358 pounds of 

fuel.39 In sum, Northrop’s stealth design was based on the huge air force investment and 

success with the B-2, whereas GD’s had little or no technical pedigree. Northrop’s 

predicted performance (payload and range) was much more conservative and based on 

their testing and manufacturing experience with the B-2, while GD’s was more optimistic 

and based on no relevant experience with the flying wing design. Finally, because of the 

much larger wing area of the Northrop design, their predicted aerodynamic performance 

in the low-speed landing and takeoff environment of aircraft carrier operations was 

significantly superior to the GD design.40 

In September 1986, only nine months into the demonstration and validation 

phase, the navy issued draft RFPs to both teams for the full-scale development phase.  

The navy was proposing a Fixed Price contract with a target price of $4.379 billion 

(target cost of $3.981 billion and a resultant profit of $398 million) to cover all 

development costs and deliver eight flight test aircraft, and five full-scale ground test 

aircraft. The first flight of the A-12 was to be accomplished by June 1990. The contract 

also included fixed price options for three production lots of eight, sixteen, and thirty 

aircraft (with not-to-exceed ceiling prices) to support an IOC of 1994. In December 1986 

the navy issued the final RFPs, confirming the demand of a Firm Fixed Price contract and 

required responses by March 1987.41 

Northrop’s response was legally “nonresponsive.”  Northrop refused to agree to a 

fixed price contract and proposed a target price of $5.51 billion ($1.7 billion above the 

navy ceiling) with a contractor liability limit of $400 million, which essentially 

constituted a cost reimbursement contract structure. GD’s response complied with the 

Firm Fixed Price contract structure and the target cost. Additionally, GD estimated a 

$31.2 million-per-aircraft flyaway cost in production. (Northrop estimated a flyaway cost 

of $50.4 million.)42  In spite of the nonresponsive nature of Northop’s proposal, the navy 
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Source Selection Evaluation Board (SSEB) concluded that their proposal was “within the 

competitive range” (if it determined it was not, there would be no competitor to GD and 

the evaluation would not be able to proceed) and the Source Selection Advisory Counsel 

(SSAC) accepted their findings even though one member observed that “the disparity 

between the proposals could indicate that because [Northrop] has more experience in 

technology and manufacturing they are aware of the costs and have proposed a realistic 

figure while [General Dynamics] has minimal experience and may not know what they 

are getting into.”43 

On the January 13, 1988, the navy awarded the fixed price FSD contract to the 

General Dynamics/McDonnell Douglas team. Less than twenty-four months later 

(December 1989) the navy determined that the contractors had successfully passed a 

Critical Design Review (CDR), thus freezing the design and authorizing them to proceed 

into production of the first aircraft, which was due to fly in just six months.44 Items 

normally requiring a positive response to successfully complete a CDR include the 

following:  

 
(1) Does the status of the technical effort and design show sufficient progress 
towards meeting end state goals?  
 
(2) Does the detailed design, as disclosed, indicate progress toward end state 
goals? 
 
(3) Are adequate processes and metrics in place for the contractor to succeed?  
 
(4) Are the risks known and manageable for scheduled first flight date?  
 
(5) Have long lead items been identified and procurement initiated to support the 
schedule? 
 
(6) Have the critical manufacturing processes that impact the key characteristics 
been identified and their capability to meet design tolerances determined?  
 
(7) Have process control plans been developed for critical manufacturing 
processes?  
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(8) Is the contractor’s schedule executable (technical/cost risks)?  
 
(9) Is the effort properly staffed? 
 
(10) Do the updated WBS and cost allocation fit within the existing budget? 
 
(11) Does the updated cost estimate fit within the existing budget?  
 
(12) Is the detailed design producible within the fabrication budget? 
 

None of these were fully satisfied at the CDR. The design was approaching 3,800 

pounds overweight, several critical stealth design structural and material issues were still 

without a technical resolution, and design analysis indicated that many performance 

requirements would not be met. Consequently, final design drawings were only 50%   

complete, there was little manufacturing tooling and assembly hardware designed, let 

alone built, and it was unlikely that the schedule would support the June 1990 first 

flight.45 Nonetheless, the navy acceptance of the CDR, which was a Contract Deliverable, 

constituted part of the $1.33 billion in navy payments for work completed to that time.46 

The technical exuberance that had predominated on both the contractor and government 

side and the outward facade of a healthy program that it conveyed to this point began to 

quickly crumble as the summer 1990 first flight date approached. 

The initial sign of trouble came in June 1990, when GD formally notified the 

navy that the schedule for the first flight could not be met, that the FSD effort would 

exceed the contract ceiling by an amount that the corporation could not afford to absorb, 

and that key performance specifications could not be met by the CDR design. The navy 

response to this information was to initiate a no-cost contract modification that changed 

the first flight date to December 1991 (eighteen-month slip) and scheduled subsequent 

aircraft deliveries to begin in February 1992.47 Based on the contractor’s warnings with 

regard to problems in cost, schedule, and performance and grossly different assessments 

from the program office and internal navy and DoD reviewers, the secretary of the navy, 

Lawrence Garrett, ordered an administrative inquiry of the program in July 1990. The 
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report of the inquiry, subsequently referred to as the “Beach report” after navy lawyer 

Captain Chester Beach, who headed the inquiry, was submitted in November 1990. The 

report laid bare most of the fundamental programmatic, contractual, and technical 

problems of the program, but it was too late to salvage the effort, as it had become a very 

large political football. In December, GD filed a claim for a $1.4 billion price adjustment 

to the contract to cover their accumulated expenses above the contract ceiling. 48 The next 

month, January 7, 1991, the secretary of defense, Dick Cheney, terminated the contract 

based on a finding that the contractor was in default.49   

At the time of cancellation, the navy had paid $1.33 billion for design and 

management reviews (contract deliverables), and another $1.35 billion in progress 

payments for work that had been accomplished but not yet accepted by the navy. The 

navy demanded that the contractors repay the $1.35 billion. The contractors requested 

and the navy granted a deferral of the repayment until disputes over the contract 

termination could be resolved.50 The deferral was authorized in part to minimize the 

financial impact to the contractor and the potential risk to other defense programs being 

worked by them. At the time of contract termination, little of substance had been built.  

There was a full-scale wooden mock-up of the aircraft, a radar cross section test model, a 

mock-up of the cockpit, some landing gear components, and several artists’ depictions of 

the expected final product  (fig. 51). 
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Fig. 51. Artist rendering of the A-12 Avenger. Painting: General Dynamics under U.S. 
Navy contract 

The A-12 was advertised and contracted as an FSD effort to produce both 

prototype aircraft for testing and production aircraft to fill out an operational squadron for 

fleet training and to achieve initial operational capability. Somewhere in the process, 

however, those involved seem to have missed the basic point that no one had ever even 

attempted to demonstrate the concept of operating a stealth aircraft design off of an 

aircraft carrier or maintaining one in a marine environment. As evidenced by the F-117A 

and the B-2, stealth airframe design characteristics came at considerable expense to 

aerodynamic properties, and several of the manufacturing materials and material 

treatment processes required extensive maintenance and were not amenable to exposure 

to the elements.51 

Carrier operations require rugged airframes capable of withstanding and 

transferring the loads of catapult launches and arrested landings. Their aerodynamic 

properties must provide stability and maneuverability at very low speeds relative to their 

land-based counterparts to accommodate the launch and recovery demands of a very 

short and moving runway at sea. Similarly, the operating environment on an aircraft 
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carrier at sea is extremely demanding of design and materials. At sea, naval aircraft are 

subjected to rain, sleet, snow, hail, sea spray, jet exhaust, and all manner of oils, greases, 

and industrial chemicals with little opportunity for cleaning. Steering the carrier through 

a rain shower to obtain a “fresh water wash down” of the aircraft on the flight deck is a 

rare bonus. Additionally, the space constraints on a carrier’s flight deck and in its below-

deck hangar spaces lead to numerous and routine nicks, dings, dents and scratches that 

receive little more attention than a hammer, rasp, sandpaper, and spray paint. 

The design features, materials, maintenance and operational requirements 

necessary for the success of the F117A and B-2 were diametrically opposed to that in 

which the navy intended to operate the A-12 Avenger. And yet the formal navy plan was 

to proceed from paper designs and wood mock-ups to a full-scale prototype and low-rate 

initial production without first demonstrating the feasibility of operating and maintaining 

stealth aircraft technology on an aircraft carrier and in the maritime environment. One 

could argue that this failure to complete the proof of concept gate prior to proceeding to 

prototype did not cause the demise of the A-12 program because the prototype was never 

built and never had the opportunity to fail. But in fact, the navy leadership, managers, and 

engineers were fully aware of these limitations of the technology. Demanding that the 

prototypes be advanced to a state sufficient to meet the operational and environmental 

conditions of carrier aviation without first being demonstrated as feasible was a conscious 

decision, which brings into question the technical competence of those who made or 

supported it. This will be discussed in chapter six. 

Both the Sergeant York and the A-12 programs rushed into FSD and prototype 

phases without first demonstrating the proof of the concept they were pursuing. Both 

were left after several years and several billion dollars invested with nothing to show for 

either their time or the taxpayers’ dollars. Two decades later, the army has still not 

fielded a new SPAAG, and the navy has not fielded a carrier-based stealth aircraft of any 

sort. Failure of both programs to first perform a proof of concept demonstration before 
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moving into FSD foreshadowed their fate, but conducting their FSD phases under fixed 

price contracts ensured it. 

Just as trying to advance a mature technology through the final 5% of capability 

improvement is not sufficient to doom a program, skipping any one of the steps in 

technology development isn’t a fatal failure either. With enough time, money, and 

Congressional or service support, a program can muddle its way through. The 

AAAV/EFV is an excellent case of reaching too far in technology while also skipping a 

true prototype phase of development. However, the U.S. Marine Corps has no equal in 

lobbying Congress for support, and with no competitor for the amphibious assault 

mission, they may be able to wrangle enough additional time and money to salvage 

something from the EFV program. If so, it will be a rare exception. 
 

OPERATING OUTSIDE THE SYSTEM 

It is interesting that as heavily vested as the Department of Defense is in the 

Defense Acquisition System as process, there are actually formal, internal processes 

designed specifically to circumvent it.  In 1994 the Department of Defense initiated the 

Advanced Concept Technology Demonstration (ACTD) program ostensibly in response 

to recommendations made by the 1986 Packard Commission and a 1991 Defense Science 

Board study.51  Projects within the ACTD program are not formal acquisition programs 

and as such do not operate under the rules of the DoD 5000 series instructions.  The goal 

of the ACTD program is to develop prototype systems for operational evaluation based 

on mature technologies.  They accomplish this through rapid transfer of mature 

technologies that have been modified or integrated to provide a military capability in a 

user-oriented and user-dominated process. ACTD’s are “demonstrations” of military 

potential and an assessment of system performance necessary to make a decision on 

continuation of the program.  It is not evaluated against any specifications or 

requirements but rather general mission needs as stated by combatant commanders. And 
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because it does not initially provide a fieldable system, interim results are used to 

enhance the system through modifications in operating procedures, software, and/or 

hardware.52   
 

Predator 

We have to a degree become rather spoiled as a military due to our high level of 

tactical success in conflicts since the Vietnam War.  It is probably a safe bet to say that 

we have very few soldiers, sailors, airmen, or marines in uniform who have fought in a 

situation where we had not just air superiority but air supremacy in the theater of 

operations from the beginning of hostilities or within the first few hours or days of 

combat.  This situation, which is unprecedented since the introduction of military 

aviation, has made possible the development and fielding of a whole new generation of 

airborne military systems, namely unmanned air vehicles (UAVs) used for 

reconnaissance and their weapons toting cousins, unmanned combat air vehicles 

(UCAVs) used for killing. 

The Predator (fig. 52) began as an ACTD in 1994 via a contract to General 

Atomics to develop a “Tier II, Medium Altitude Endurance (MAE) Unmanned Aerial 

Vehicle (UAV).” The initial system flew the same year and though initially a navy led 

program, the Pentagon chose the air force to lead the effort after the initial 

demonstration.53  The system proved highly effective during use in the “Roving Sands 

95” training exercise held in the southwestern United States and was deployed in the 

European theater for further operational evaluation in the summer of 1995.   The system 

was based in Gjader Albania and used to monitor Serbian activity throughout the 

Yugoslavian area of operations from July through November of 1995.  Two Predators 

were lost. One to Serb air-defense gunners and another was terminated due to a flight 

malfunction that was possibly caused by small arms ground fire.54 
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Fig. 52. Predator UAV. Photo: U.S. Air Force 

In spite of the losses, the low cost of the UAVs compared with the intelligence 

they provided convinced the Joint Requirements Oversight Council (JROC) to authorize 

procurement of more than a dozen additional systems.  These systems included upgrades 

to the original capabilities identified as essential during the European operations (de-

icing, UHF radio link, and Mode IV IFF transponders).  Several of these new systems 

were deployed in March of 1996 to Taszar Hungary in support of Operation Joint 

Endeavor.  As in the first European deployment, operators identified additional needs for 

the system to improve its military utility (a laser range designator and illuminator, a Ku 

satellite link to provide beyond line of sight operation, and enhanced electro-optical and 

IR cameras). Several more systems were procured incorporating these improvements and 

the next major operational deployment was in 2000 as part of Operation Southern Watch 

in Iraq.55 

This type of operational experimentation and rolling development based on 

operator input provided significant and relevant improvement in the system in very short 
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order.  It eliminated the guesswork of what would be useful to the soldiers in the field and 

quickly identified the parts of the system that were inadequate or unnecessary.  Similarly, 

by operating outside of the formal requirements and approval process, the system had a 

chance to demonstrate its utility before facing the hurdles of the acquisition system and 

challenges of naysayers.  Because of the Predators susceptibility to ground fire, it would 

likely have never been viewed as viable in combat.  But due to its below the horizon 

introduction through the ACTD process it advanced in capability and utility and became 

ubiquitous and essential in Iraq and Afghanistan where their turned out to be limited 

threat from the ground.  The individual aircraft have grown more expensive as their 

capabilities have increased but are still much less costly than their manned peers. 

Process is important but when taken to the point where it limits flexibility and 

innovation and overrules logic and judgment it becomes more of a hindrance than help.  

The DoD acquisition system has grown to be such a hindrance that DoD has implemented 

ways to work around it.  This may be easier than fixing the larger process in the short 

term but does not bode well for the long term.
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Chapter 6:  Judgment Amidst Jargon, Technical Competence, and 
Authority 

The National Aeronautics and Space Agency (NASA) has been viewed as a 

highly technical professional organization since its inception. Starting with it’s origins as 

the National Advisory Committee for Aeronautics (NACA) the agency has been staffed 

and led by some of the nation’s most accomplished scientists and engineers. After all, it 

really is “rocket science” that they are responsible for. At the height of the Apollo 

Program in 1969, the Administrator of NASA, Dr. Thomas Paine, his deputy Dr. George 

Low, and the administrators for space flight and the Apollo program, as well as all but 

one of the directors of the Marshall, Kennedy, and Johnson Centers were current or future 

members of the National Academy of Engineering (NAE).1  Their membership in this 

elite group is evidence of their singular accomplishments in their professional field and 

the fact that they were scientists and engineers first, leaders and administrators second. 

At the time of the Space Shuttle Challenger disaster in 1986, a snapshot of the 

very same positions (with the substitution of Space Shuttle Manager for Apollo Program 

Manager) would reveal a very different NASA. Of the seven men who held these key 

leadership positions in 1986, none were members of the National Academy of 

Engineering. And only one, Dr. Aaron Cohen, Director of the Johnson Center at the time, 

would later be inducted into the NAE (1988),2 in no small part for his efforts in helping 

NASA recover from the Challenger tragedy. This sweeping shift in the technical 

background of NASA’s top leadership and the subsequent change in the culture were 

noted by the Rogers Commission in their final report on the accident. Commission 

member and Nobel Laureate physicist Dr. Richard Feynman noted that the estimates on 

the solid rocket booster joints’ reliability offered by NASA management were grossly 

optimistic and differed by as much as a factor of a thousand from those developed by the 
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lower level engineers “For a successful technology, reality must take precedence over 

public relations, for nature cannot be fooled”.3 

The U.S. House Committee on Science and Technology held their own review of 

the accident, and while agreeing with the Rogers Commission finding as to the technical 

cause of the accident, reported: 

The Committee feels that the underlying problem which led to the Challenger 
accident was not poor communication or underlying procedures as implied by the 
Rogers Commission conclusion. Rather, the fundamental problem was poor 
technical decision-making over a period of several years by top NASA and 
contractor personnel, who failed to act decisively to solve the increasingly serious 
anomalies in the Solid Rocket Booster joints . 

Unfortunately, the steady decline in the technical competence of leadership and 

management during the 1970s and 1980s was not restricted to NASA.   
 

WHERE HAVE ALL THE HEROES GONE? 

Names such as Teller, Holloway, Raborn, Smith, Atwood, Kindelberger, 

Rickover, McClean, LeBerge, Bissell, Ritland, Finger, and Seaborg are legendary in the 

scientific and technical community. They are all associated with men who had long and 

distinguished careers in their respective fields and through their decades of work and 

accomplishments earned the respect of their contemporaries and peers. There are dozens 

more who could be listed, but these thirteen were directly associated with the seven case 

studies from the first half of the Cold War. They labored primarily in the 1940s, 1950s 

and 1960s, but several whose health permitted continued to contribute into the 1970s and 

1980s.   

Edward Teller and Marshall Holloway, though quite antagonistic towards one 

another, were both indispensable in the development of the hydrogen bomb. Admirals 

Sam “Red” Raborn and Levering Smith saw the Polaris missile and the entire navy fleet 

ballistic missile submarine program through from inception to deployment. Lee Atwood 

and James “Dutch” Kindelberger were both pioneers in aviation and aerospace, first at 
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Douglas and then at North American. They were at the pinnacle of their careers when the 

B-70 program came to North American. Admiral Hyman Rickover’s name is 

synonymous with navy nuclear power and nuclear submarines. Bill McClean and Walt 

LeBerge first collaborated on the AIM 9 Sidewinder while at Naval Weapons Station 

China Lake, and both went on to long and distinguished careers in government service.  

Richard Bissell and Brigadier General “Ozzie” Ritland worked together early in their 

careers on the U-2 spy plane program and were a natural and effective team when they 

came together again to manage Corona. Finally, Harold Finger and Glenn Seaborg were 

talented scientists, engineers, and administrators who collaborated on numerous projects 

during their careers including Rover and NERVA. 

That the seven case studies from the first half of the Cold War included men such 

as these is not coincidence. They and many more like them were the norm during that era.  

Nuclear, aeronautical, and aerospace were the cutting-edge technologies of the time, and 

military and government agencies were pushing the frontiers in each of them. Young 

scientists and engineers who cut their teeth working on advanced development programs 

for the military during World War II stayed in the government labs and defense industries 

in the decades that followed because this was where the most challenging and relevant 

work resided. The programs in which they invested their labor were urgently needed for 

national defense. Success brought both recognition in their respective technical 

community and a deep sense of accomplishment and contribution to the nation’s security. 

A quick review of the seven case studies from the second half of the Cold War 

begins to tell a different story. Admiral Wayne Myers is synonymous with the navy 

Aegis weapons system and Aegis ships, just as Admiral Rickover is with nuclear power 

and nuclear submarines. Roger Easton, Ivan Getting, and Colonel Bradford Parkinson 

were all eminent scientists and engineers in their own right. Their long collaboration on 

the satellite-based Global Positioning System (GPS) was only one element of success in 

each of their respective careers. Colonel John Boyd, a boisterous Korean-era fighter pilot, 
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and Harry Hillaker, a staid aeronautical engineer, were a very unlikely “couple,” but it 

was their collaboration and willingness to incessantly “buck the system” that ultimately 

led to the development of the F-16. And finally, the “father” of the F-117, Ben Rich, was 

unmatched in his engineering acumen and leadership abilities. Unfortunately, these men 

and the four programs in which they participated represented the end of their generation 

and of an era.   

The remaining three programs of the latter half of the Cold War—A-12 Avenger, 

M-247 Sergeant York, and M-1 Abrams—can’t claim a similar patriarchal lineage. Four 

out of seven isn’t too bad, especially since the M-1 Abrams became a highly successful 

program, but this period presaged a trend. The second half of the Cold War coincided 

with the rise of formal acquisition policy and legislation. Secretary McNamara and his 

successor Melvin Laird laid the groundwork in the 1960s, but the full brunt of the reform 

efforts came with implementation of the DoDD 5000.1 series of regulations in 1971. The 

intent of the regulations was to “enable the Services to improve the management of their 

programs” . But the numerous reviews and Byzantine approval process that grew out of 

the original regulations through endless revisions did just the opposite. Though advertised 

to assist and enable the services, the implementation of the regulations served to control 

them. These controls were tinkered with on a frequent basis. Between issue of the first 

DoDD 5000.1 in 1971 and the end of the Cold War in 1991, there were eight revisions: 

December 1975, January 1977, March 1980, March 1982, November 1985, March 1986, 

September 1987, and February 1991.4  

That five of the seven case studies from this turbulent regulatory period were 

successful in achieving operational capability is a testament to the perseverance and 

bureaucratic skills of their program managers. It should come as no surprise that by the 

end of this period most of the remaining talent in technology development had fled from 

government labs and defense industries. This brain drain was so severe that in 1990 

Congress passed the Defense Acquisition Workforce Improvement Act. In addition to 
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establishing minimum education, training and experience requirements for program 

managers, the act required program manager candidates for major acquisition programs 

(and their deputies) to sign a written agreement to serve at least four years in the position 

and to agree to extend their uniformed service or federal employment, if necessary, to do 

so. Management of the premier technology development and acquisition programs in the 

Department of Defense had gone from positions that the nation’s best and brightest 

fought over to positions that required legally binding commitments to prevent those left 

behind from fleeing. 
 

WHO WANTS TO BE A BUREAUCRAT? 

Edward Teller and Marshall Holloway were not bureaucrats. They were both 

eminent physicists whose careers took them from academia to service in government 

laboratories and back again more than once. Sam Raborn and Levering Smith were 

professional naval officers detailed out of their standard career paths to serve as director 

and deputy of the Special Projects Office.  None of these men or their peers ever attended 

a “Defense Acquisition University” or held certificates in Acquisition Management. Nor 

were they required to sign documents promising to hang around long enough to see their 

jobs through to the next review or milestone. They and the others had formal careers in 

professions outside of defense acquisition. Hyman Rickover and Wayne Myers were 

professional engineers in their own right within the navy. In his seminal work on 

bureaucracy, James Q. Wilson states: 

In a bureaucracy, professionals are those employees who receive some significant 
portion of their incentives from organized groups of fellow practitioners outside 
the agency.  Thus, the behavior of a professional in a bureaucracy is not wholly 
determined by incentives controlled by the agency.  (We might define a 
bureaucrat as someone whose occupational incentives come entirely from within 
the agency.)  Because the behavior of a professional is not entirely shaped by 
organizational incentives, the way such a person defines his or her tasks may 
reflect more the standards of the external reference group than the preferences of 
the internal management.5 
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With the passage of the Defense Acquisition Workforce Improvement Act on 

November 5, 1990, the Congress, perhaps unintentionally, created a new profession: 

Defense Acquisition Management. The new profession had its own unique education and 

training requirements as well as a certification process. But unlike other professionals 

who worked for the DoD, such as lawyers, physicians, engineers, and scientists, the 

acquisition profession was initially contained entirely within one agency, the Department 

of Defense. With the Defense Acquisition Professional, Congress had succeeded in 

creating a purebred bureaucrat.   

Of the seven programs in the post Cold War period, few can be associated with an 

individual or small group responsible for its success or failure. This isn’t simply a case of 

“success has a thousand fathers; failure none” but rather the way in which technology 

development and acquisition evolved under the 5000.1 series and the bureaucracy it 

spawned. The regulatory churn within Defense Acquisition did not end with the eight 

revisions to the DoDD 5000 series that occurred in its first 20 years of implementation. 

Since the end of the Cold War there has been no end to the tinkering. The years 1996, 

2000, 2003, 2005, and 2008 each saw revisions, and the guidance is currently undergoing 

another review and modification to reflect the vision and goal of the current 

administration.6 It is hard to imagine how the thousands of military personnel, federal 

employees, and government contractors who perform under these regulations and 

guidelines can keep up with the changes, let alone comply with them. 

 

Nautilus, Aegis and DDG-1000 

Admiral Hyman Rickover took on the job of leading the conceptualization, 

design, construction, and fielding of the navy’s nuclear submarine fleet. Even though he 

was already a senior naval officer at the time he began the task in 1946, he served another 

36 years before being forcibly retired in 1982.7 Similarly, Admiral Wayne Meyer was 

already a captain in 1970 when he was called to Washington D.C. to lead what would 
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grow to become the navy’s fleet of Aegis cruisers and destroyers. He continued to lead 

the effort through a series of assignments and promotions until his retirement in 1985.8  

Both men were known to be irascible, demanding, detail-oriented, workaholic mavericks 

who continuously fought the growing acquisition bureaucracy to see their submarines and 

ships through to deployment. Both gave their full measure to their profession and careers. 

Neither retired at their leisure to seek lucrative post-navy jobs in the private defense 

industry. Both had a U.S. Naval vessel named for them while they were still alive (USS 

Hyman G. Rickover SSN-709, USS Wayne E. Meyer DDG-108). 

What is today referred to as the DDG-1000 began in 1998 as the DD-21 Future 

Surface Combatant. The ship was to be the first in a family of platforms that would 

incorporate twenty-first-century technologies and design features to combat existing 

threats as well as those that were not yet fielded. Making use of low observable 

technologies, a radical hull form, integrated electric propulsion, a high-speed computing 

and information network, and other advances, the ship would serve as the vanguard of the 

navy’s vision for surface combatants in the twenty-first century. The first program 

manager, Captain Charles “Tom” Bush, was a senior Surface Warfare officer who had 

spent much of his career serving on and in command of Aegis ships as well as in Aegis 

program offices. He served as program manager for the regulatory four years and was 

subsequently promoted to admiral. After serving another four years as Program Executive 

Officer for Integrated Warfare Systems (PEO IWS) he retired from the navy and 

subsequently took a job with Raytheon as Vice President for Integrated Defense Systems 

and Seapower Capability Systems. 

Bush’s successor as program manager in 2001 was Captain Charles “Chuck” 

Goddard. An Engineering Duty Officer (EDO), Goddard had engineering education, 

training, and experience, equal to or greater than that of even Wayne Meyer. With a 

bachelor’s degree in Naval Architecture from the Naval Academy, a master’s in Ocean 

Engineering from MIT, and a long career in shipyards, navy system commands and 
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acquisition offices, he was the perfect example of a modern Acquisition Professional.  

Like Bush, he served his regulatory four years (2001-2005) as program manager.  He also 

was then selected for Admiral, and after another three years of service, retired from active 

duty. The current program manager, Captain James Syring, is, like Bush, a Surface 

Warfare officer and, as required, a graduate of the Defense Acquisition University. He 

even served as aid to then-Assistant Secretary of the Navy for Research Development and 

Acquisition (ASN RDA) John Young in 2002-03 when the navy was reprogramming the 

DD-21 into DD-X and is heavily steeped in the program’s history. Captain Syring is 

approaching the end of his four-year tour as program manager, and his successor will 

soon be named. If history holds true, James will be selected for Admiral, but hopefully he 

will serve more than three to four years before leaving the navy to pursue a lucrative 

second career in the private sector. 

Twelve years, three successful program managers, still no ship. Based on the 

current estimate for IOC of the first ship (2016), there will be at least five former 

program managers trying to lay claim to the title “Father of DDG-1000”. This 

comparison is not meant to be disparaging of any of these three fine officers. They have 

all served their country well and deserve our gratitude and respect for their service and 

the sacrifices they have made. Rather, it is to stand as just one example of what defense 

acquisition reform has wrought. All three were deemed successful program managers, as 

the program didn’t die on their watch. They each advanced the program a bit further 

through the system and past another milestone, albeit in an ever-diminishing state. Much 

like the CEO of a major corporation being evaluated and rewarded for increasing the 

stock price while the underlying business crumbles, modern program managers are just 

temporary stewards of a program in a system that evaluates and rewards them based on 

programmatic metrics completely detached from the actual fielding of a warfighting 

capability. But then again, if there is no pressing need for the Next Generation Destroyer, 
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(we are now planning to build only three as opposed to the original plan of thirty-two) 

does it really matter? 

Some have argued that in the arena of governance the experts should not rule.9 

This argument is based on the opinion that due to the high level of uncertainty in 

governing, and in national defense policy in particular, experts who seek to follow the 

strict scientific method are blinded by the often contingent laws of nature and society and 

unable to use their judgment. This may or may not be true, but the argument for technical 

expertise in those who manage technical development and acquisition is not the same as 

the argument for technical opinion in governance. As was shown in the contentious 

public debate over the development of the hydrogen bomb in chapter 3, technical experts 

from the scientific community argued strongly on both sides of the issue. In the end 

though, the decision was purely political and made by non-scientific elected officials. 

Furthermore, once the decision was made to pursue development of the hydrogen bomb, 

many of the scientists who philosophically opposed the idea had no problem engaging in 

the groundbreaking technical work involved in bringing the development to fruition.  

Over the last forty years, politicians have reached ever further into the process.  

They are no longer content with limiting their involvement to the high-level decisions of 

whether or not to pursue a particular technology or weapon system. Through active 

legislation, control of the annual defense budget, and approval of the political appointees 

in the DoD who directly supervise acquisition executives and program managers, politics 

and political judgments have permeated the process at the expense of technical judgment.   
                                                
1 National Academy of Engineering, “Membership Directory,” 
http://www.nae.edu/nae/naepub.nsf/Home+Page?OpenView (accessed September 29, 2009).  
2Ibid. 
3 Richard Feynman, What Do You Care What Other People Think? (New York: Norton, 2001), 220-238. 
4 Defense Acquisition History Project, “Acquisition History Project Working Paper, The Evolution of DoD 
Directive 5000.1 Acquisition Management Policy: 1971 to 2003,” U.S. Army. 
http://www.history.army.mil/acquisition/research/working3.html (accessed, August 20, 2009). 
5 James Q. Wilson, Bureaucracy (Basic Books Inc., 1989), 60. 
6 Department of Defense, DoD Instruction Number 5000.02 (Washington DC: December 8, 2008), 8-12. 
7 Norman Polmar and Thomas B. Allen, Rickover: Controversy and Genius (New York: Touchstone, 
1984), 667. 
8 Troy S. Kimmel, “Overview of AEGIS,” Naval Engineers Journal 121, No. 3 (2009): 27. 
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9Sheila Jasanoff, The Fifth Branch: Science Advisors as Policymakers (Cambridge: Harvard University 
Press, 1990), 4-11. 
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Chapter 7: Conclusions: Acquisition Reform, Again? 

 

The steady increase in the time (and subsequently cost) required developing and 

fielding new systems and capability in the military is today viewed as a “failure” of the 

DoD acquisition system. But as stated earlier, “failure” is a very subjective term.  Of the 

twenty-one cases studied, very few would qualify as failures irrespective of context.  In 

the first half of the Cold War, all but two of the systems were successfully fielded and 

served for decades.  The two that were not fielded (B-70 Valkyrie and Nuclear Rocket) 

were nominally technical successes that provided technology advancements in several 

areas benefitting many programs that followed.  Likewise, in the latter half of the Cold 

War, only two of the cases studied were not fielded (M-247 Sergeant York and the A-12 

stealth attack aircraft).  Both programs had numerous technical and programmatic 

problems, and both were terminated.  The M-247 did not proceed beyond testing of 

Proto-types and the A-12 was cancelled before a single aircraft was manufactured.  This 

is arguably evidence that the “System” actually works to terminate flawed efforts.   

For the post Cold-War period, again only two of the seven efforts studied have 

been terminated and both appropriately so. The Crusader and the Future Imagery 

Architecture (FIA) programs had insurmountable technical issues.  Of the remaining five, 

Predator is fielded, THAAD will be achieve IOC by the summer of 2010, ABL has had 

two successful airborne firings against representative target missiles, the first two DDG-

1000 ships are under construction, and the EFV is entering another round of 

Demonstration and Validation.  A quantitative analysis of the very qualitative assessment 

of success and failure across the three time periods would show a five out of seven 

success rate (fielded systems) in the first two time periods and a moderate probability of 

the same for the third.   
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The focus of this study was not to assess the rate of success and failure across the 

three time periods for the reasons previously stated.  Rather, it was to ascertain causes for 

the undisputable growth in the time required to develop and field systems.   One branch 

of political theory is based on the postulate that government can accomplish little of real 

significance without a crisis to spur it.  The Cold War was clearly perceived as a crisis by 

the U.S. Government and accepted as one by the people of the nation.  As such, there was 

little concern over continuing the technology development and acquisition practices 

generated during World War II on into the 1950’s and 60’s.  It had been a brute force and 

inefficient approach, but it had worked to help win the war and lay the foundation for the 

industrial transformation that followed.  To say that the crisis ebbed following America’s 

triumph in the Space Race and the race to close what were perceived as warhead, missile, 

and bomber gaps, is a very qualitative statement.  However, it is borne out by the gradual 

decline in defense spending as a percentage of GDP between 1970-19801 and the gradual 

shift of the nations and governments attention to social and economic issues.  And it was 

only a relative relaxation of the sense of crisis.   

The Cold War was still “quite warm” in its latter half, especially during the build 

up of the Reagan era that led to its end.  However, it was amidst this ebb in the crisis 

during the second half of the Cold War that Congress began to heavily intervene in 

defense acquisition under the aegis of making it more efficient while using the power of 

the Defense budget to further their individual agendas and careers.  Like any source of 

power and influence, once Congress recognized it and then began to wield it, their 

appetite for it only grew.  Likewise, as with any bureaucracy, once the Defense 

Acquisition System was codified in law and policy it increased in size over time.   

The evaporation of the Cold War crisis in 1991 and the sense of urgency to 

maintain our military edge over a peer nation and ideology had little effect on either 

Congress or DoD.  A crisis may compel a government and people to action but its 

cessation elicits no similar response.  The reluctance to finally demobilize our military at 
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the end of America’s longest war is one instance where the restraint and inaction of 

Congress has been amazing.  Short of a new crisis (perhaps an Economic one) of 

sufficient magnitude to compel Congress and the people to call for us to step back from 

the war time footing which we have maintained for the last sixty years, there is little 

reason to expect schedule and consequently cost growth of MDAPs to diminish.  Without 

a compelling reason to rush the next generation of Cold War weapon systems into 

service, they will continue to take longer and cost more until it becomes unaffordable.  

This isn’t to say that the defense budget will expand to accommodate the growth.  Rather 

it will stay fixed or decline and as the cost or unit price of systems increases we will 

continue the trend of buying fewer units and prove Norm Augustine a modern 

Nostradamus. 

The advancement of our technical abilities in warfighting has reached a plateau.  

By the early 1960’s we achieved the ability to destroy a city thousands of miles away 

with the push of a button.  Today we can target and kill a discrete individual human on 

the other side of the world with the push of a button.   Like biological and medical 

technology the advancement of what we can do militarily has far outpaced our wrestling 

with what is morally acceptable to do.  We can already destroy anything from a city to an 

individual anywhere in the world.  To what next level can we or should we advance our 

capability?  As mentioned in chapter 4, the air force is planning to spend $1-2 billion 

dollars per year to develop a follow on to the B-2 stealth bomber2.  The high estimate of 

development cost is a direct reflection of the cost to eek out the last few percent of 

improvement in long range strategic bombing.  If we want to challenge our technology 

development and acquisition community, why do we insist the next generation B-2 be 

any faster, and stealthier or go any further or carry any more payload?  Rather why don’t 

we challenge them by holding to the current unmatched level of capability but require 

that the next generation cost an order of magnitude less.  Instead of trying to eek out the 
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last 5% of perhaps unachievable capability improvement, why not strive to drive down 

the acquisition and life cycle cost of the B-2s successor? 

The navy has begun designing the next generation of Ballistic Missile submarines 

to replace the aging Trident class and a new generation of submarine launched ICBMs to 

go in them.  The air force is about to design the follow on to the B-2, and DoD continues 

to press for the Reliable Replacement Warhead program (RRW) that will produce a new 

generation of nuclear warheads to replace the several thousand that are aging in our 

existing weapons and stockpile.  The need for these types of weapons is open to debate 

but the state of their underlying technologies is not.  Nuclear warheads, submarine 

launched missiles, and long-range strategic bombers were each represented in the early 

Cold War case studies and all have matured dramatically over the last five decades as 

they raced up the steep slope of their S curves.  What is uncertain is to what level DoD 

and the services will try to force the technologies along the horizontal asymptote of their 

respective technology S curves as they develop the next generation of weapons.  If they 

remain true to form and attempt to squeeze out more of the diminishing potential for 

improvement, the inevitable cost and time required to do so may be a self-correcting 

influence.  Increasing costs and schedules for these efforts in coming years could spark a 

renewed and vigorous debate over their need and utility. 

The case studies of the early Cold War demonstrate that these early programs 

consistently followed proof of principle to proof of concept to proto-type development 

stages as appropriate for the technologies being advanced.  Most of those from the late 

Cold War continued to do so with the notable exception of the two programs that were 

terminated (M-247 and A-12).  The two cancelled programs of the seven in the post Cold 

War period (FIA and Crusader) provide further evidence of the need to complete each 

step before proceeding to the next.  That we continue to make this mistake is troubling 

and indicative of a deeper problem.  Forty years of acquisition policy has resulted in a 

generation of professional Program Managers steeped in the details and nuances of the 
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acquisition process but lacking in sufficient technical depth to make technical judgments 

and then defend their decisions to equally non-technical Admirals, Generals, and 

Government officials.   

This slow loss in technical depth in our managers and leaders should come as no 

surprise as it is perfectly representative of the decline in the number of technical degrees 

in our society as a whole over the last four decades.  With the aging of the Baby Boomer 

Generation, it was in many ways inevitable.  The reduction in total numbers of scientists, 

engineers and managers and the diminished technical background of the younger 

generation replacing them has been forecast in several academic and government studies.3 

But the problem and decline has another facet.   

As the time required to develop and field systems has grown from an early Cold 

War mean of five years to a post-Cold War mean of thirteen years, the commitment 

required of any individual to participate in a program from start to finish has grown even 

more so.  The span of a productive career is approximately thirty-five years.  For a 

professional to take five or six years out of their academic or industrial career to 

participate in a government project is not unreasonable and potentially career enhancing.  

As long as efforts only require a five to six year commitment, it can even be 

accomplished two or three times in a career.  However, to expect the same individual to 

leave their chosen professional career path for a decade and a half straight is 

unreasonable.  The absence amounts to nearly half of the persons full career and if it were 

to occur when they are in their mid thirties to early fifties (period of peak productivity 

and opportunity for advancement), it could negatively impact their ability to maintain 

pace with their peers.   

Bissel and Ritland left their mainstream career paths in the CIA and air force to 

collaborate on the U-2 spy-plane and then returned to their parent organizations. Several 

years later they left again to lead the Corona program and upon its completion returned to 

resume their careers a second time. The growth of defense acquisition as a profession, 
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though intended to increase the competence of program managers, has had the 

unintended consequence of creating an insular and purebred generation of bureaucrats 

with diminished academic education and industrial experience.  Professional scientists, 

engineers and technology managers have been effectively shut out of the acquisition 

system by the initiatives that were intended to attract them. 

Acquisition reform implemented through Congressional legislation and DoD 

policy and regulation have succeeded in much of what it was intended to accomplish, but 

it has also had many unintended consequences.  It has instituted rigid process and 

structure where there used to be considerable flexibility and informality.  It has provided 

unprecedented levels of insight where there was often none and innumerable levels of 

oversight where formerly there were but one or two.  It has forced consolidation of the 

defense industry while simultaneously demanding greater competition within it.  It has 

mandated integrated product teams but driven a wedge between Government employees 

and contractors.  It has advocated lower prices through economy of scale but repeatedly 

reduced the quantity of units purchased.  It has given military commanders the ability to 

influence requirements but decoupled the requirements from technical feasibility or 

affordability.  It has demanded more highly educated, trained and qualified scientists, 

engineers, and managers, but through the process of implementing rigid career gates and 

an isolated bureaucratic profession, driven away many of the best and brightest.  What is 

most surprising is that we seem surprised that things are taking longer when it is precisely 

what acquisition reform has indirectly demanded. 

What is not surprising is that the current presidential administration and DoD 

officials are calling for another round of acquisition reform.  The sound bite of the day is 

for a “return to fixed price contracts” for DoD development and acquisition.  It has been 

proven several times over and even outlined in the original DoD 5000.1 that contract 

types should be tailored to the nature of the development effort.  High risk, exploratory, 

research and development efforts cannot succeed under a fixed price structure.  Even 
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prototyping and demonstration and validation efforts require contracts that provide the 

flexibility to accommodate unexpected technical hurdles and their costs (M-247, A-12).  

Using the type of contract appropriate to the need of the particular program requires 

judgment on the part of the program manager and acquisition officials. Unfortunately, 

sound judgment in program managers and acquisition official cannot be legislated or 

regulated. 

 
                                                
1 Harvey Sapolsky and Eugene Gholz, US Defense Politics:The Origins of Security Policy (New York: 
Routledge, 2009), 62. 
2 Congressional Research Service, Air Force Next-Generation Bomber: Background and Issues for 
Congress, report prepared by Jeremiah Gertler, (December 22, 2009), Committee Print, RL34406, 6. 
3 GAO, Federal Employee Retirements:Expected Increase Over the Next 5 Years Illustrates Need for 
Workforce Planning, GAO-01-509, (Washington, DC: April 2001), 4-7. 
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Chapter 8: Recommendations:  How to Exit a Flat Spin 

Flying has been popularly and quite accurately described as hours of boredom and 

monotony interspersed with brief moments of sheer terror. There is no truer example of 

sheer terror in flying than finding yourself in a flat spin.  This usually occurs when the 

aircraft departs from controlled flight as a result of a stall instigated by low airspeed, a 

radical maneuver, extreme turbulence, or any combination of the three.  In a flat spin the 

aircraft has insufficient airflow across the wing to generate lift and across the control 

surfaces to generate control authority.  Consequently the aircraft descends rapidly in a 

relatively flat orientation while spinning and with the nose oscillating up and down 

relative to the horizon. The resultant effect on the pilot is very disorienting and most 

instinctive responses to counter the motion can actually exacerbate the spin (The only 

thing worse than a flat spin is an Inverted Flat Spin.  Imagine the same relative motion, 

except the plane is upside down). Pulling up on the nose to counter the descent only 

negates any chance of the wing regaining lift.  Aileron input is ineffective in countering 

the spin and input in the wrong direction due to disorientation can actually tighten the 

spin.  Advancing the throttle in an attempt to power out of the spin usually results in 

stalling or killing the engine.  

The proven procedures for exiting a flat spin (other than ejecting) are throttle 

back, opposing rudder, and forward stick.  Two of the three are counter intuitive and all 

three must be properly applied and held.  Throttling back does little aerodynamically but 

protects the engine and helps ensure it stays running so you will still have a chance of 

flying (and living) after getting out of the spin.  Opposite rudder means applying full 

rudder in the direction opposite the spin.  The rudder is usually the largest control surface 

on the airplane and can still have considerable effect even with little airflow.  Employing 

it to reduce the rate of spin increases the relative airflow over the wings to help break the 

stall.  Finally, even though it may increase the rate of descent, positive forward stick is 
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necessary to increase the airflow over the wings and to ensure that once the aircraft 

begins to exit the stall it doesn’t reenter and resume the spin.  Equally important to these 

three procedures is the patience to give them a chance to succeed.  This is no easy task as 

the ground races towards you.  And again, the deadly basic instinct is to try to resume 

flying the aircraft the instant the inputs begin to take effect but before fully out of the 

stall. 

With regards to technology development and weapons systems acquisition in the 

post-Cold War decades we seem to be stuck in a situation analogous to a flat spin.  Up 

until the very end of the Cold War we were flying pretty straight and level but the 

growing influence of two decades of acquisition legislation and policy accretion was 

causing us to loose airspeed.  The abrupt end of the Cold War caused considerable 

disorientation and the ensuing decade of debate and confusion over what role the U.S. 

should play in the new world order left the military with little clear guidance and 

consequently, like any bureaucracy, it plodded along in the same direct.  As it became 

clear that development and acquisition were taking longer Congress and the DoD tried to 

apply more of the same type of legislation and regulation it was accustomed to, even 

though we were in a completely new situation.  This was like trying to instinctively fly a 

plane out of a spin and only worsened the situation.    

A simple and clear objective coupled with a compelling sense of urgency, a 

technology that is ripe for rapid technical growth and provides a significant increase in 

a relevant warfighting capability, a strict adherence to completing all the essential steps 

from basic science to Proof of Principle to Proof of Concept to Prototype, and a cadre 

of technically competent leaders and managers unburdened by byzantine bureaucratic 

rules and regulations.   It sounds rather simple and straightforward, but how do you 

legislate or implement such qualitative guidance?   

 
 



  208 

THROTTLE BACK 

Bureaucratic momentum is a glacial force. During the Reagan administration we 

upped the ante in the arms race by beginning another round of modernization.  We 

gambled that the Soviets existing technical capability coupled with their weak economy 

could not rise to the challenge without risking complete economic collapse.  Faced with 

no alternative, we reasoned they would fold their hand and leave the game.  The strategy 

worked and because so, in hindsight, appears brilliant.  What defies logic is that 

following this success and with no other player at the table we seem intent upon upping 

the ante again.  Throwing a few trillion dollars into the pot out of habit may seem the 

natural thing to do, but as there is no one left at the table, the only player at risk of 

spending itself into economic collapse is the United States.  We must find a way to 

throttle back the bureaucratic juggernaut of Cold War arms development and 

procurement lest we kill our economic engine.  Trends and habits are extremely hard to 

stop, even more so when they are codified in decades of legislation and bureaucracy. 

It took a crisis (the start of the Cold War) to set us upon the path that has persisted 

for the last sixty years.  Maintaining a large standing military and a wartime posture for 

such an extended period is unprecedented in our history.  The multigenerational nature of 

the Cold War served to acclimate us and generate a new sense of normality.  The end of 

the Cold War did not present a new crisis but rather was just the removal of an old one.  

As such, there was no compelling need for a positive response to the change and a 

resetting of our new societal, military, economic, and industrial status quo.  As 

unpalatable as program delays and cost over runs are, few would wish for a new crisis 

(major theater war against a military peer) to serve as a forcing function to reverse the 

current trend. 

Our (and the world’s) current economic situation could serve as the crisis 

necessary to drive us out of the current situation.  Unprecedented levels of national debt, 

looming unfunded entitlement programs, and the need to revitalize the economy through 
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technology and infrastructure programs and efforts to combat climate change and our 

heavy reliance on carbon based energy sources should be more than sufficient.  Reducing 

the size of our military forces via a full-blown post-Cold War demilitarization would be 

an extreme and dangerous course but so is maintaining the current situation.  A reduction 

in force between these two extremes would be appropriate.  One of the great benefits of 

having a huge qualitative military advantage is that we do not need to compete with other 

nations quantitatively. The concept of reducing the size of our military services while 

maintaining a large qualitative advantage and marginal quantitative edge over other 

countries is not radical and certainly not without precedence.  It is well past time to 

throttle back our Cold War driven momentum.  We need to enter a period of modernizing 

the high quality weapons and weapon systems that continue to serve us well, of finishing 

those new systems in the development and acquisition process that make sense and of 

canceling the rest.  We cannot afford to continue an arms race with our selves. 

But further reducing the size of the active duty force and its hardware is not 

enough.  We need to reduce the size of the bureaucracy as well.  Following the end of the 

Cold War, DoD began a reduction in force that drew down the number of active duty 

service members from slightly more than two million in 1991 to under one and a half 

million by 2008.1  The navy reduced the number of ships from 592 (1989) to 281 (2006), 

the army reduced in size from over 750,000 (1990) to 540,000, (2008), and the air force 

was reduced to 5,500 total aircraft (2008) from over 8,000 (1989).  Though initially 

reduced from a 1,066 (1989) to 855 (1996), the number of General and Flag Officers 

(G/FO’s) has since increased to 889 as of 2007 (307 army, 282 air force, 220 navy, 80 

marine corps).2  This increase in the number of G/FO’s as the total force has remained 

stable has created a larger staff to force ratio. As an example, the ratio of admirals to 

ships in the navy has gone from 0.43 to 0.78 (1989-2006). This increase in size of 

management to workforce ratio is reflected in the technology and acquisition community 

as well.  The ratio of people “managing” the process versus those actually producing new 
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technology and hardware needs to be reduced.  There are far too many managers and 

stakeholders in the process who can say “No” to an initiative for bureaucratic reasons 

prior to reaching the lone individual who can say, “Yes.” 
 

OPPOSING RUDDER 

No amount of machinations inside the rubric of acquisition reform and DoD 5000 

is going to change the basic realities.  The majority of the systems we are developing are 

based on technologies that have reached the plateau of their respective “Technology S 

Curves.”  Striving to eek out the last 5% increase in performance will cost hugely more 

and take greatly longer than the previous 10%.  Worse yet, that last 5% in performance 

may make little or no difference in military utility but consume twice the fuel and cost 

twice as much to maintain and operate.  Likewise no degree of bureaucratic realignment 

or congressional oversight and legislation is going to change the fact that we won the 

Cold War, have emerged with a military that is at least an order of magnitude greater in 

equipment capability, professionalism and sheer size than any other country on the planet 

and that we now live in a world where all major nations are at peace and we only engage 

in armed conflict at our own choosing.   In this geopolitical environment it will become 

increasingly difficult to justify advancing the technological capability of our military 

forces or even maintaining their current size.  National domestic priorities such as the 

economy, health care, education, the environment and energy policy will dominate the 

political stage and place increasing pressure on the discretionary dollars we budget for 

defense. 

These realities make it ever more important that we do change the elements of 

acquisition that we can control and that heavily influence our ability to develop and if 

necessary field significant numbers of new and or improved military capabilities. The 

next few decades will most likely resemble the interwar period between World War I and 

II (aren’t we already experiencing another “Great” depression.)3 Our large bureaucratic 
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acquisition organizations and byzantine acquisition rules and policies do not foster the 

type of experimentation and innovation that occurred during that time. Innovation 

requires experimentation and an associated high degree of failure.   The navy has just 

procured two competitive prototypes of a Littoral Combat Ship (LCS) designed to 

operate in shallow coastal waters.  The logical thing to do would be to spend a few years 

operating these ships in various deployment and operational schemes to determine their 

utility and which of the two offers the best mix of capabilities.  However, the current plan 

is to begin construction of up to fifty-five ships of one or both designs based on fixed 

price cost proposals from the two competing suppliers.4 The only argument provided for 

this rush to build before learning is the need to grow the size of the fleet back to in excess 

of 300 total ships.  We have had fewer than 300 ships for nearly a decade. 

We need to structure more of our programs along the lines of ACTD’s.  We are in 

a time of rapidly expanding application of new and existing technologies amidst an 

uncertain geopolitical world. Increasing the level of funding for ACTD’s and relaxing the 

fiscal ceiling for participation would allow for more development along non-traditional 

lines of inquiry and capability.  If we attempt to develop new military capabilities using 

the policies, practices and organizations developed during the second half of the Cold 

War and expanded during the last two decades we shall most certainly fail. We need to 

accept that our current forces are far more than sufficient to provide our national security 

needs for the foreseeable future and as such provide us with the ability to accept a 

strategic pause in our current course of incremental and evolutionary development and 

acquisition of major weapon systems.  

Refurbishment and where necessary, modernization of our current hardware along 

with the acquisition of new systems that are well into production and relevant to our 

defense posture can provide more than enough work to keep our industrial capability 

viable while also maintaining our military capability at a level unmatched by any single 

nation or group of nations. 
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However, we need to use that strategic pause wisely.  We need the freedom to 

develop and build prototypes for operational experimentation with no plans of ever 

producing them in quantity and with the explicit permission and expectation to have a 

few failures.  The next big military innovation may be just around the corner but we will 

never find it by committing all of our resources to just a handful of large development 

efforts that are bound by the current set of acquisition rules and embedded in the current 

acquisition bureaucracy.  We need to let a new generation of heroes emerge and a new set 

of concepts and technologies reach the hands of those who would use them. In a world 

where we have 11 carrier battle groups and the rest of the worlds navies combined have 

none, it is hard to imagine that one could not be freed up for experimentation with new 

concepts and hardware.  Imagine a carrier with an all UCAV air wing for an experiment. 

Would it be radical or even foolish?  Perhaps, but it would certainly be innovative and 

might provide new capabilities and flexibility that can only be discovered through trying. 
 

FORWARD STICK 

Now, as before, developing new and advanced technologies will require leaders 

and managers with a high degree of technical expertise in their respective fields. No 

progress will be made in the coming decades without a broad, technically trained, 

experienced, and competent workforce of scientists and engineers in the government, 

academia, and industry. Just as the acquisition system has become regimented and 

inflexible with regards to acquisition programs it has grown to limit the opportunity for 

non-federal employees and military officers to participate.  

The acquisition personnel system needs to be modified to allow more 

participation by scientists and engineers from academia and industry.  A system similar to 

that employed by DARPA, that allows technical experts to participate for short (four-five 

year) spans to initiate and develop technologies in which they are often leaders in the 

field, would allow more participation by experts who presently shun government 
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programs. This could be done at the DoD level or individually by each of the services. 

Such an effort would be synergistic with the ACTD type program structure described 

above.  It would also provide a crucible in which talented individuals could be identified 

for future participation in larger or more complex programs.  We must begin recruiting, 

developing, and retaining a cadre of technically superior program managers with an 

entrepreneurial mentality and set them free.  Trust them to do good things and allow them 

the risk of failure as they work to succeed. 

PATIENCE 

The simplest recommendation to describe but the hardest to achieve is patience.  

It has taken more than forty years of accumulated acquisition legislation and regulation to 

generate the system and bureaucracy we now have. It will take more than a few years to 

institute meaningful change. Educating and training a new workforce will take ten to 

twenty years and must begin immediately. Many of the systems we currently employ will 

be around for another decade or more and those just being developed or fielded will be 

serviceable until 2030-2050.  However, elected officials, political appointees, DoD 

acquisition executives, and G/FO’s often roll through their positions in two to four years 

and most want to leave a mark during their tenure.  The willful act of doing nothing so 

that changes instituted by a predecessor can have time to take effect will be challenging. 

Setting a new strategic and tactical goal for the military. Cleaning house of the 

major development and acquisition programs in progress to leave only those that align 

with the new military goals. Restructuring acquisition to allow for more proto-typing, 

testing and operational experimentation with new equipment and capabilities. Recruiting 

and training a new generation of technically grounded managers and designing career 

paths conducive to their professional development. And finally having the patience to 

allow the changes to take effect.  We have the largest and most capable military in the 

world by an order of magnitude.  We can afford the time necessary to restructure the 
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system that develops and fields our military hardware.  We cannot afford to continue on 

our present path. 

 
                                                
1 Harvey Sapolsky and Eugene Gholz, US Defense Politics:The Origins of Security Policy (New York: 
Routledge, 2009), 35. 
2 Library of Congress, Federal Research Division, General and Flag Officer Authorizations for the Active 
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DC: December, 2007), 35. 
3 Williamson Murray and Allan Millett, Military Innovation in the Interwar Period (New York: Cambridge 
University Press, 1996), 2. 
4 GAO, Defense Acquisitions: Assessments of Selected Weapon Programs (March 2010), GAO-10-388SP, 
(Washington, DC: March 2010), 95, 96. 
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