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ABSTRACT

A 2010 review of 96 defense acquisition programs showed average delivery rates are 22
months behind schedule and the cumulative cost growth exceeded $296 billion. With
budget cuts looming, a small window of opportunity exists to enact reforms improving
the health and solvency of the defense acquisition portfolio. First, we must leverage the
technology investments made into collaborative software suites such as product lifecycle
management (PLM) to align the requirements, design, engineering, logistics,
maintenance, and operational data environments into one comprehensive activity.
Implementing a PLM strategy will present cost-saving opportunities through faster
information access, improved data reuse, social networking, and virtual collaboration and
testing. PLM systems have the ability to capture and organize vast amounts of data.
Because through human interaction data becomes knowledge, lean product design is a
philosophy that can change how we think, learn, use, and build up on that knowledge. By
going beyond merely attacking waste by finding a balance between waste reduction and
value addition, total ownership costs can be reduced drastically. These reforms have the
ability to fundamentally change how we design, build, and maintain the fleet, making the

defense portfolio solvent and thus continuing to fulfill the needs of the warfighter.
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l. INTRODUCTION

A. BACKGROUND

The United States has a broad set of national security missions that it must be
prepared to complete. To accomplish these missions, an equally broad set of weapon
systems must be developed by the acquisition community, providing capabilities to our
warfighters and ensuring they hold the advantage regardless of the mission or task. To
accomplish its assigned missions, the United States Navy builds and operates the most
sophisticated, technologically advanced ships in the world. Since 2002, Congress has
appropriated over $74.1 billion for the construction of new aircraft carriers, nuclear
submarines, surface combatants, and amphibious transport ships (Government
Accountability Office [GAO], 2009b).

Any inefficiency through the acquisition process will consume resources, leaving
fewer available to invest in the weapon systems of tomorrow. One indicator that
inefficiencies are present in the current process is the unexpected cost growth and
schedule delays of recent programs. A 2010 Government Accountability Office (GAO)
report (Table 1) reviewed the performance of 96 major defense acquisition programs in
2009 and showed that average delivery rates are 22 months behind schedule and running
at a cumulative cost growth of $296 billion (GAO, 2010).



Table 1. Analysis of the DoD Acquisition Portfolio
(From GAO, 2010)

Fiscal year 2009 dollars

Fiscal year
2003 2007 2008
Portfollo size
Number of programs 7 95 96
Total planned commitments $1.2 trillion $1.6 Irillion $1.6 trillion
Commitments outstanding $724.2billon  $875.2 billion $786.3 billion

Portfolio Indicators
Change to total RDT&E" costs from first 37 parcent 40 percant 42 parcent

estimate

Change to total acquisition cost from 19 percent 26 percent 25 percent
first estimate

Total acquisition cost growih $183 billion  $301.3 billlon®  $296.4 billion
Share of programs with 25 parcent 41 percent 44 percent 42 parcent
Increase in program acquisition unit

cost growth

Average schedule delay in delivering 18 months 21 months 22 months

initial capabilities

The Honorable Gene Taylor, congressional representative from Mississippi,
speaking on the state of the acquisition portfolio, said “Our ships are simply too
expensive. [...] | believe the Navy needs to look very hard at their requirements process to
determine if marginal extra capability is worth significant construction or integration

costs” (Opening Statement, 2009).

Congressman Taylor was speaking to the fact that through fiscal year (FY)09, the
Navy has seen cost growth across every major current program, the worst being Littoral
Combat Ship, which saw an increase of 208% from the original estimate, as shown in
Table 2 (Department of Defense [DoD], 2010). Because of these high costs, Congress or
the Navy could decide to kill the troubled program, or pay the additional cost growth
either by placing an additional burden on the tax payers or by cutting the funds from

other programs. Both of these actions would result in fewer capabilities for warfighters.



Table 2. Program Budget Cost Growth for Ships Under Construction in 2009
(After DoD, 2010)

Program Acquisition Cost Summary (Dollars in Millions)
As of December 31, 2009

NeEE Baseline Estimate Current Estimate % Change to date
Then Year$ | Quantity $/hull Then Year $ Quantity $/hull Then Year $

CVN 78 S 36,082 3 S 12,027 | $ 40,546 3 S 13,515 12.4%
DDG 1000 S 36,296 10 S 3,630| $ 19,771 3 S 6,590 17.4%
DDG 51 S 20,118 23 S 875] $ 80,408 71 $ 1,133 21.4%
LCS S 1,212 2 S 606 | $ 3,733 2 S 1,866 208.0%
LPD 17 S 10,762 12 S 897 | $ 18,659 11 S 1,696 101.0%
SSN 774 S 71,081 30 S 2,369 | $ 91,394 30 S 3,046 28.6%
T-AKE S 4,890 12 S 408 | $ 6,889 14 S 492 16.9%

The expensive nature of ships referred to by Congressman Taylor is not limited to
the acquisition costs. Total Ownership Cost (TOC) includes all costs associated with the
research, development, procurement, operation, and disposal of an individual weapon
system over its full life. Commenting on the high cost of weapon systems, General
Joseph W. Ralston, former commander of Air Combat Command, has observed that “The
B-1 bomber cost of ownership is more threatening to the aircraft than the enemy” (Reed,
2003).

Traditionally, the cost to procure a system (as shown in Figure 1) is
approximately 28% of the total ownership cost, with the remainder representing the cost
to operate and maintain the product through its lifecycle and eventual disposal (General
Accounting Office [GAO], 2003b).

Figure 1. Typical DoD Program Life Cycle Cost, 30-Year Service Life
(From GAO, 2003b)



While a majority of the TOC will occur during the operations-and-support phase
of a program, Figure 2 demonstrates how decisions made while crafting requirements and
maturing the design will dictate operating and support expenditures. This is similar to
purchases made with a credit card—you can buy anything today, but at the end of the
month, the bill will be waiting. Making poor decisions early can leave a program with
bills that cannot be paid. Failing to consider TOC in the acquisition strategy is like
making an impulse purchase without considering the real cost. The GAO cites studies
demonstrating that by the time 10% of lifecycle costs have been spent, about 85% of
operating and support costs have been determined by set requirements. By the time the
product is ready for production, 90% of TOC is locked in, while only 28% has been
expended (GAO, 2003b). Understanding the ramifications early decisions have on the

TOC will help to ensure that decisions made are the best in regard to the entire lifecycle.

Figure 2. Operating and Support Costs through the Acquisition Process
(From GAO, 2003b)

In a 2003 study on ways to reduce the TOC, the GAO identified three primary
reasons that weapon systems have experienced costly maintenance problems and low
readiness rates. First, during the early stage design, when decisions have the greatest
effect, the Department of Defense (DoD) overemphasizes technical performance

4



capabilities at the expense of operating, support, and readiness. Second, the reliance on
immature technologies to meet performance goals decreases the ability to design weapon
systems with high reliability. As the technology matures, the design evolves to
accommodate differences from the original estimate, sometimes the requirements of the
technology are not fully understood until after construction has begun. Immature
technologies limit the ability to plan for inclusion of various cost-saving manufacturing
techniques, such as open systems or parts reduction. Third, the current organizational
structure limits collaboration and feedback between departments, creating stovepipes
responsible for requirements generation, product development, and maintenance. The
current system the DoD uses to capture and analyze currently fielded systems-operation
and maintenance data is unreliable, making it difficult to understand the total cost of
operations and support. These stovepipes prohibit the proper exchange of information,
resulting in inefficient behavior such as ship alterations scheduled immediately upon
delivery, versus working with the builder to make the corrections or improvements while
in production (GAO, 2003b). By enacting reforms addressing root causes behind the cost
escalation and schedule delays during procurement and making conscious decisions that
positively influence TOC, the Navy can make more efficient use of the appropriated
budget. However, being good stewards of taxpayer dollars is not the only reason to
consider changing how the Naval acquisition community operates.

The U.S. government is projected to spend $3.5 trillion in FY10—approximately
20% of gross domestic product (GDP). Of that amount, 38% ($1.37 trillion) is
considered “discretionary” spending and funds the 12 major federal government agencies
and departments. The largest of those is the Department of Defense (DoD), which
consumes nearly half of the discretionary budget, or $663 billion (Office of Management
and Budget [OMB], n.d.).

The DoD is a major target for spending reductions because it is 8.5 times larger
than the next largest department. Figure 3 shows that based on historic trends, cuts in
defense spending should be expected. Connie Bowling, a senior TOC advisor for Naval

Sea Systems Command (NAVSEA) and Navy headquarters, points out that after a major



war period, defense spending has contracted by 30% and then risen by 30% over the
course of the next war (McPherson & Bowling, 2009).

Figure 3 shows that we may already be past the peak of this spending cycle. This
conclusion coincides with Secretary of Defense Robert Gates’s comments during a
speech at Eisenhower Library in Kansas, during which he said, “Given America’s
difficult economic circumstances and perilous fiscal condition, military spending on
things large and small can and should expect closer, harsher scrutiny. [ ...] The gusher
has been turned off, and will stay off for a good period of time” (Dreazen, 2010). As
public opinion continues to exert tremendous pressure on the government to become
more accountable for its spending, the probability increases that the defense budget will
be cut. The DoD should prepare for these cuts by ensuring that best practices are
implemented now, to maximize the value delivered to the warfighters and avoid the need

for hasty decisions as budgets are cut.

E Historical
National Defense Outlays trends support
a likely
C FY00 ($B) decrease in
onstant %
$FY06 2003 funding
1966 Viet 0151?3\_;91\ I 1
letham u ar H
4509 1953 End War N
Korean War
350 | l \
250 End of Cold :
War I .
150+ I 0
1973 Vietnam il 20157
i Withdrawal HCAS
50
1952 1064 1976 1988 2000 "2012

Figure 3. National Defense Outlays FY00 ($B)
(From McPherson & Bowling, 2009)

When the hostilities in Irag and Afghanistan finally end, it is highly probable that
cuts to the defense budget will shortly follow to compensate for other areas of national

interest that have been financially neglected. These hostilities have put an incredible

6



stress on the military’s equipment—not only has the operational environment been brutal,
but in order to keep systems operationally available, regular maintenance has been
deferred or ignored. For example, helicopters are flying two or three times their planned
usage rates. Tank crews are driving more than 4,000 miles a year, five times the normal
rate. Truck fleets that convoy supplies down Irag’s bomb-laden roads are running at six
times the planned mileage (Tyson, 2006).

An estimated $17 billion-plus worth of military equipment is destroyed or worn
out each year, blasted by bombs, ground down by desert sand, or used up to nine times
the rate of expenditure compared to times of peace (Hochberg, 2007). This equipment
must be repaired or replaced. At the same time, funds are needed to build the systems of

tomorrow that will be ready to replace the old or worn-down systems.

To accomplish all of these goals, the acquisition process must be very efficient
with the funds appropriated, to develop systems utilizing best practices that strive to find
a balance between maximizing capabilities for the warfighter and minimizing the TOC,

which causes a strain on budgets.

In order to address the root causes behind the cost volatility and schedule delays,
as well as make prudent TOC decisions based on the entire lifecycle, the Navy needs to
take action. Investment in the right technologies can provide the workforce capability
and features that can lead to an improved knowledge base. Improved knowledge can lead
to informed decision making and to building an organizational history that ensures
lessons are learned from mistakes instead of repeated, which leads to reforming the
practices, processes, and organizations and to making better use of the available

resources.



B. RESEARCH QUESTIONS

What is needed is a balance between the design selected to meet the warfighters’
needs and the resources (funding, technology, design knowledge, engineering capacity,
etc.) available to transform the idea into a functioning product. The following research
questions established the framework and served as an underlying guide throughout this
research:

1. How can a technology such as collaborative product lifecycle management (PLM)
be used to improve the acquisition process?

2. What reforms to the acquisition process are possible, complimenting, or
supplementing the capabilities provided by collaborative PLM, helping ensure
value is optimized throughout the lifecycle of the product?



II. SCOPE AND METHODOLOGY

A RESEARCH METHODOLOGY

The research methodology used is non-numerical and descriptive and will apply
reasoned arguments supported by external sources. This is an applied, qualitative
research methodological approach. The goal of this study is to find a solution to improve
the performance of our acquisition programs. Staying inside the applied research
approach, the solutions were crafted from well-supported and accepted theories and
principles. The research is categorized as qualitative because the focus is on experience,
aimed to acquire the implications and opinions describing the situation, as opposed to
numerically prove or disprove a hypothesis through experimentation.

Due to the immensity and complexity of ship lifecycle, systems analysis based
studies should be conducted to examine and evaluate a variety of issues such as
requirements development, technology maturity, construction, operation, and
sustainment.  This thesis demonstrates how the collaborative PLM tool suite can
supplement other reforms of the acquisition process to deliver a product that meets

requirements while improving the return on investment.

B. RESEARCH OBJECTIVE AND SCOPE

The research objectives are twofold. The first is to find companies that have had
success addressing similar issues plaguing DoD acquisitions and to determine whether
these commercial best practices offer opportunities to improve the outcomes in DoD
acquisitions and aid its efforts to improve the value-to-cost ratio of its fleet. The second is

to determine if a PLM approach could facilitate these practices.

One of the best opportunities to reduce the risk associated with an acquisition
program is early in the design phase where the program has the greatest flexibility and a
course correction results in minimal disruption and the need for rework. This thesis does
not exclude any phase of an acquisition program, but focuses primarily on reforms
applicable to the time early in the design phase. The belief is that a solid design is the

foundation of a successful program. A helpful attribute of a solid foundation is the
9



integration of each phase of a product lifecycle, in order to capture experience and
knowledge unique to that phase, and then use this knowledge to influence positive
decisions during design. This research will also show ways this knowledge can assist the

design team in optimizing value to the stakeholders across all phases.

C. RESEARCH DATA SAMPLE

A multitude of literature, including government white papers, industry point
papers, GAO reports, program lessons learned, books, and journal articles concerning
best practices and lessons learned during the product development phase were studied for
this thesis. The opinions formed were based on which processes offered the greatest
return on investment and how current technologies can act as a facilitator for

implementation of the identified processes.

The author was granted access and was provided with internal documents such as
lessons learned and whitepapers, as well as met or spoke with representatives from
current Navy programs such as LPD 17, DDG 1000, LCS, SSN 774, and CVN 78.
Observation of active programs’ daily operations provided insight on issues experienced,
reasoning behind decisions made, and lessons learned from mistakes, among other
general observations. These programs were selected because they are current and offered

the best perspective of the state of the acquisition process.

The United Airlines engine maintenance facility in San Francisco also provided
data and access that aided my research. They offered meetings with engineers and tours
of the facility, to see how United closed the information loop throughout the engine
lifecycle. Other private-sector companies provided information, white papers, interviews,

and case studies; however, due to proprietary information, my access was limited.

The capabilities of collaborative PLM and the evolution of LEAN product
development (LPD) was learned from literature provided and interviews conducted with
professionals, including the founder of Huthwaite Innovation Institute and experts from
Siemens Product Lifecycle Management Software, Dassault Systems Solutions, John
Stark Associates, SofTech, Ship Constructor Shipbuilding Software, and the Center for

Naval Shipbuilding Technology. This helped to develop an understanding of how LPD
10



philosophy was built into and supported by collaborative PLM tools. These experts
helped me understand the best practices and lessons they had learned from commercial
programs, which have successfully integrated collaborative PLM tools into their
processes, and most importantly, how these practices can be applied to naval acquisition

programs.

1. Data Collection Process

To compensate for lack of personal experimentation, my research leveraged
experiments and projects conducted by both the government and the private industry to
address the issues discussed in the paper. The GAO has created extensive case studies
examining commercial best practices, and it has explored weaknesses in the DoD
acquisition framework. These reports reinforced lessons learned from the programs and
companies that made data available, and they introduced new concepts and ideas.
Several of these studies were utilized to determine how the best practices identified by
GAO could apply to DoD acquisitions and be facilitated by the collaborative PLM

approach.

2. Data Analysis

The author obtained an understanding of the government shipbuilding processes,
insight into recent lead-ship programs and specific commercial practices while
conducting a series of interviews with government subject-matter experts from
NAVSEA, the Center for Innovation in Ship Design, Ship System Integration and Design
Department, former NAVSEA chief architects, current Naval architects, Supervisors of

Shipbuilding, program managers, and Program Executive Office Ships representatives.

In particular, the ASNE Day 2010 conference titled Engineering the Affordable
Global Navy through Innovation offered a tremendous opportunity for me to listen to
panels of experts representing both the government and private industry discussing the
impact of not controlling ship TOC, as well as their thoughts on initiatives that could
address current issues. This conference afforded me the ability to broaden my
perspective by meeting with representatives from commercial shipyards responsible for

developing complex ship solutions: Northrop Grumman, Austal, and General Dynamics.
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Meeting with individuals from these companies provided the opportunity to hear their
opinions on current efforts as well potential solutions that have yet to be attempted. The
author was also able to present his own opinions, which led to a discussion of the
strengths and weaknesses of the proposals, leading to a more realistic product. One of
the most thought provoking events during this conference was the Global Shipbuilding
Executive Summit, where global leaders representing both the private and public sectors
held a brainstorming session on potential solutions to address the unsustainable trend of
poor cost, schedule, and technical performance across the defense portfolio. This data

established a foundation of understanding necessary to complete this research.
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I11. PRODUCT LIFECYCLE MANAGEMENT

A. BACKGROUND

This section provides an introduction to a technology that can assist with
implementing the new possible strategy, collaborative PLM, a promising tool that, as its
name implies, allows for the management of the product from the earliest stages of the
lifecycle, all the way through to disposal.

Follow-on chapters will present practices and processes that can help reform the
naval acquisition community. The recommended reforms either take advantage of the
capabilities, or they are needed to support the deployment of a collaborative PLM across
the naval acquisition enterprise. The reforms are based on lessons learned and best
practices from companies that have successfully institutionalized collaborative PLM into
their organizations. None of these reforms are groundbreaking; in fact, the proven
practices and process have been successfully implemented by several DoD programs.
However, on a whole, our corporate knowledge never seems to improve as the successes
or lessons learned from the failures are isolated and not effectively communicated across
the portfolio. It is not only necessary to improve the practices and processes, thus,
improving the organizational productivity, but also a new strategy is necessary to learn
and retain corporate knowledge, to prevent taking any steps backwards in order to move

forward.

The Navy is constantly looking for initiatives to address weaknesses or correct
deficiencies that lead to problems such as cost overruns and schedule delays, among
others. However, whether due to size, authority, or some other reason, most of these
initiatives have been limited to one functional area or even a subdivision of one
functional area, such as design, engineering, manufacturing, sales, or service. For
instance, LEAN manufacturing has eliminated a lot of waste from the manufacturing
realm, but generally does not attempt to address the waste encountered throughout the

entire lifecycle.
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However, optimizing performance in one or even a series of functional areas does
not necessarily result in the optimization of the entire organization. The problem is that
different departments of organizations have become silos of information. Collaborative
PLM links the different functional areas through shared product information, breaks
down the silos, and gains benefits from a shared base of information. For instance,
imagine a car designed to take advantage of the most efficient sequence of construction.
The car company could take the savings from construction to undercut the competition
and expect this new car to be very successful. However, if this new design overlooked
that the only way to change oil was to remove the entire engine block, requiring an
expensive overhaul of the car every 3,000 miles, it would not be very appealing to car
buyers. The designers could misdiagnose the reason behind the poor sales figures and
add additional cup holders to attempt to increase the appeal. A mechanic knows the real
reason that the car is unpopular, but if that knowledge is never communicated and
captured, this new design, which might overall be a tremendous improvement, will be
abandoned as a failed design. Collaborative PLM enables an organization to completely
integrate and then leverage everything related to the product, in an attempt to maximize
productivity.  Collaborative PLM uses information technology and organizational
practices and processes to improve efficiencies both within and, more importantly, across
the traditional functional divisions.

A common theme during the ASNE Day 2010 conference titled “Engineering the
Affordable Global Navy through Innovation” was the voicing of concern over the cost
escalation across the Navy acquisition portfolio. Adding to this concern was the lack of
results achieved by various cost-reduction strategies. An advantage of collaborative PLM
is that it does not address a problem from solely a cost-reduction perspective. As with the
car design example, collaborative PLM offers the ability to facilitate increased
innovation, functionality, and quality, by organizing the intellectual capital of an
organization. As the old adage goes, “you can’t simply save your way to prosperity”
(Grieves, 2006). Building better, more creative, and more useful products with the same
or fewer resources can drive productivity; it is a better business model than simply

cutting costs.
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B. COLLABORATIVE PLM DEFINED

The origins of collaborative PLM lie in the computer-aided design (CAD) market
and how it initially generated designs—first 2D and now 3D. As technology progressed,
the CAD programs started incorporating more knowledge capabilities into their drawings
(e.g., material characteristics, notes, part numbers). This change accompanied programs
that linked other data, not associated directly with the CAD file (engineering data
management (EDM) and product data management (PDM)). Computer-integrated
manufacturing (CIM) was created, which could use the CAD models for computerized
machining, simulation, or testing. While all these steps were useful and had similar
goals, not being integrated meant they were islands of automation, creating bottlenecks or
errors, as information had to be manually transferred from one tool to the next, if it was
transferred at all. This meant that even if individual activities or tasks were efficient, the
overall practices and processes used and products created still had room to improve. The
success of an organization centers on the ability to remain in control versus being
controlled by its products. In other words, think of the difference between laying out a
plan and executing it, making calculated decisions and understanding the ramifications,
versus constantly moving from one emergency to the next, trying to put out fires, making
snap decisions without thinking the problem through. Loss of control during
development leads to delayed schedules, unexpected costs, or the creation of a product
th