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Preface

As this report is being written, the United States and its allies find themselves
attacked in a war of terrorism that vividly demonstrates the unpredictability and
intensity of the threats that will challenge the credibility of U.S. national policy
over the next decades. Although the specifics of this war were unforeseen, the
Department of Defense (DOD) has been concerned for the past several years with
the need for new kinds of flexible response capabilities and with the transforma-
tion needed for national security in a new global environment.

Each military service has been vigorously embarked on a technology-based
transformation of its strategy, tactics, and force structure to significantly increase
its ability for near-instantaneous projection of overwhelming military power to
distant areas of U.S. national interest. This National Research Council study,
Equipping Tomorrow’s Military Force: Integration of Commercial and Military
Manufacturing in 2010 and Beyond, deals with a co-requisite to this transition—
namely, the need to also transform the U.S. military-industrial production support
base.

Tapping into the strength of our commercial sector is a necessary element of
any military strategy that relies on the ability to introduce new technology rapidly
into operational use and on fast surge replenishment of weapons, spare parts, and
other consumables vital to readiness and sustainability. It is also the only afford-
able path to keeping reasonably up to date with commercial technology advances.

This report was requested by the DOD Joint Defense Manufacturing Tech-
nology Panel to identify trends and opportunities for DOD and defense prime
contractors to make optimal use of the technology and flexible manufacturing
capabilities emerging within the U.S. commercial sector. The study committee

Vil
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appointed by the NRC Board on Manufacturing and Engineering Design con-
sisted of members with backgrounds in defense manufacturing processes and
operations, weapons system design, industrial engineering, and commercial
manufacturing processes and operations.

In the course of its deliberations, the committee heard briefings from DOD
personnel who participate in demonstrations of the integration of commercial and
military manufacturing (ICMM), DOD acquisition managers and policy makers,
and representatives of commercial firms that successfully integrate military and
commercial business. The committee also reviewed numerous earlier reports on
ICMM, a number of which are referenced in this report. The committee consid-
ered these reports and briefings as examples of successful experiences that can
become part of the normal course of business in DOD.

The committee believes that a great opportunity exists for DOD to capitalize
on the availability in the next decade of flexible, highly automated commercial
and dual-use production lines for subsystems and components. Commercial
supply chains will routinely exchange Web-based engineering and business data
that drive efficient automated parts and assembly processes. Much of the com-
mercial technology will be useful, directly or with customization, for advanced
weapons systems applications. Weapon systems integration will still be the
responsibility of defense prime contractors in 2010. They will increasingly have
to consider new trade-offs involving commercial parts, commercial tooling and
practices, design for commercial manufacturing, and commercial product support
and upgrades. However, these trade-offs will make optimal use of the commer-
cial base if, and only if, today’s barriers and disincentives are removed.

What needs to be done to increase ICMM is well documented in earlier
studies and in the examples cited in Chapter 3. One of the contributions this
study hopes to make is to focus the attention of DOD decision makers and prime
contractors on how to motivate and institutionalize needed implementation.

Michael F. McGrath, Chair

Walter B. LaBerge, Vice Chair

Committee on Integration of Commercial and
Military Manufacturing in 2010 and Beyond
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Executive Summary

INTEGRATION OF COMMERCIAL AND
MILITARY MANUFACTURING

More Than Just Commercial Off-the-Shelf

The integration of commercial and military manufacturing (ICMM) has been
a subject of extensive debate and steadily increasing policy implementation in
recent years. This integration can be defined as optimal use of the commercial
manufacturing base to meet defense needs over the life cycle of a system. It
encompasses a range of approaches, with commercial off-the-shelf (COTS) items
at one extreme and products and processes unique to defense applications on the
other. The intermediate approaches (shaded areas in Figure ES-1) are more com-
plex, where defense needs are met with enhanced commercial products or by
military products built in commercial or dual-use facilities.

The framework of Table ES-1 applies at the system, subsystem or assembly,
and component levels. Commercial suppliers are willing to sell COTS products
to the Depatrtment of Defense (DOD) using commercial practices supported by
current policies. At the component level (particularly for electronics), defense
contractors are increasingly using commercial components. Assemblies and sub-
systems, however, are predominantly built on military-unique production lines.
The opportunity for 2010 and beyond lies in increasing the use of the commercial
production base at the assembly and subsystem levels. These opportunities exist
across mechanical, optical, and electronic subsystems.
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Component
Subsystem
System
Defense-
COTS Dual-Use Manufacturing Unique
Product Commercial | Enhanced Unique Unique Unique
Commercial

Manufacturing | Commercial | Commercial | Commercial | Enhanced Unique
Process Commercial

FIGURE ES-1 Commercial-military integration framework.

A Compelling Military Need

The expected nature of combat in 2010 is driving DOD to a substantial
transformation of its force structure. The new force will be more flexible, able to
respond more rapidly, and better equipped to deal with an unpredictable threat.
The transformation strategy implicitly relies on the rapid introduction of new
technology and rapid industrial response for the replenishment of weapons, spare
parts, and other consumables essential to readiness and sustainability. The fact
that potential adversaries have easy access to commercial technology will compel
DOD and defense contractors to excel at being the first to integrate militarily
relevant commercial technology into defense systems. An effective and robust
integration of commercial and military manufacturing can improve military ac-
quisition capabilities and capacity dramatically. It is needed in both long-cycle
processes—those that produce technological marvels whose need and costs have
to be predicted 15-20 years in advance—and processes that respond rapidly to
changing threats and make the latest technology available to the warfighter at
substantially lower unit and life-cycle costs.

Opportunities Abound

This study reviewed several dozen examples of successful integration of
commercial and military manufacturing, ranging from pilot projects to sustained
initiatives across many types of products. A few salient examples are shown in
Table ES-1. Military and commercial and dual-use manufacturers have demon-
strated the ability to work together in many different ways using many business
models. In almost all of these examples, however, an individual on the govern-
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TABLE ES-1 Examples of Successes in ICMM

Project

Results

DARPA/USAF miniature
air-launched decoy (MALD)

Motorola Communications
Systems Division—JSTARS
common ground station

Litton Amecom—NASA
satellite control system

USAF ManTech/TRW Military
Parts from Commercial Lines
Pilot Program

USAF Electronic Systems
Command-North—warning
system unattended radar
(AN/FPS-24)

USAF ManTech C-17 horizontal
stabilizer outer torque box

M/A-COM Northrop Grumman
ALQ-135 EW System

Pushed the envelope to demonstrate that a high-
performance, military-unique system could be
developed from commercial sources

Subcontracted 80% of circuit board production to
commercial sources and realized higher quality and
lower costs

Used commercial standards, parts, and design practices
to achieve cost reductions of 20-50%

Demonstrated that electronic modules for the F-16 and
RAH-66 could be redesigned for commercial
manufacture and produced on a high-volume
commercial line, with savings of 30-50% in cost and
90% in time from design release to production

Signal processor (ground environment) used
commercial plastic encapsulated microcircuits to
reduce costs by 85% and increase reliability
(more than 6 million hours without failure)

Combined military and commercial production and
achieved a 50% cost avoidance

Commercial redesign for technology insertion reduced
costs by 52%

ment side, and often one on the contractor side, had to make heroic efforts to use
existing law and policy creatively to overcome barriers in common practice and
culture. These barriers include the following:

e The lack of a commercial knowledge base and the need for an acquisition
workforce (including contracting officers) familiar with commercial prac-

tice;

» Government acquisition provisions that commercial suppliers are unwill-
ing to accept, including cost accounting, auditing, specialized specs and
standards, procurement laws and socioeconomic provisions, intellectual
property rights provisions, and logistics practices;

* Acquisition and upgrade cycle times that are drastically misaligned with
commercial cycles, including lengthy test and evaluation and requali-

fication requirements;
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» Profit policies that discourage defense prime contractors from commer-
cial outsourcing and push make/buy decisions toward “make”; and

e Lack of institutionalized solutions that program managers can routinely
use.

In addition to the encouragement provided by previous successes, several
trends will increase the opportunities for integration of commercial and military
manufacturing over the coming decade:

» The emergence of a new $70 billion industry sector devoted to flexible
electronics manufacturing services with capabilities suited to small-lot
custom manufacturing for defense applications involving digital, analog,
and microelectromechanical subsystems (MEMS);

e Advances in precision automated manufacturing for small lots, with
greatly improved flexibility to accommodate on-demand manufacturing
of defense items;

» Availability of technology for automated design, production, and in-line
inspection and testing that, by 2010, will offer to electromechanical and
MEMS devices a level of manufacturing flexibility and integration com-
parable to the production infrastructure for today’s chips and boards;

o Commercial upgrades to aging avionics, a major opportunity for ICMM
because upgrading using mil-spec configurations is usually unaffordable
and often impossible; and

* Advances in the ability to share digital product data and business data in
supply chains, with new efficiencies in rapid response manufacturing of
the type needed by DOD.

RECOMMENDATIONS

Recommendations That Would Motivate Change

e Vigorously pursue policy, incentives, and implementing guidelines for
ICMM. Such policies would create metrics and incentives for ICMM and
remove barriers. An example of an appropriate metric would be to assess
commercial content based on bills of material. Some potential incentives
include the following:

— Using source selection factors to assess trade-offs between commercial
and military manufacturing,

—Instituting profit policies to make defense contractor use of commercial
production a profitable and viable business decision, and

—Sharing any savings attributable to ICMM.

Copyright © National Academy of Sciences. All rights reserved.
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» Contract for life-cycle support and technology refreshment. Long-term
contracts will create incentives for contractors to reduce costs, increase
availability, and keep up with technology.

Recommendations That Would Enable Change

» Establish a commercial acquisition academy to augment training and edu-
cation. The academy would have a research component to develop best
practices and case studies as well as a training component to incorporate
commercial practices into military acquisition training and processes.

* Fund and execute additional rapid-response demonstration programs to
build a broad base of experience with ICMM. One obvious mechanism
for this is the DOD ManTech program. Such demonstration programs
could be an integral part of research programs in a commercial acquisition
academy.

* Increase DOD and defense sector awareness of planned and emerging
commercial technologies and capabilities. Market awareness is critical
and can be easier for the military as a unique customer than for commer-
cial competitors.

e Invest in research and development to increase the compatibility of mili-
tary operating environments and commercially produced components.

Copyright © National Academy of Sciences. All rights reserved.
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Introduction

Owing to the expected nature of combat in 2010, U.S. military forces face a
pressing need to transform themselves for rapid response to an unpredictable
threat. Since DOD cannot be equipped for all contingencies, a necessary part of
the transformation strategy will be an industrial base capable of satisfying the
following needs:

» Flexible, fast response to military requirements for technological superi-
ority given the situation at hand and

» Rapid replenishment of military consumables essential to readiness and
sustainability.

Today’s defense acquisition system and industrial base processes impose
unacceptable delays in meeting both needs. By contrast, the global commercial
industrial base thrives on rapid introduction of new technologies and on fast,
flexible supply chains. Rapid advances in commercial technology (particularly
in electronics), coupled with the easy access to commercial technology enjoyed
by potential adversaries, will compel DOD and defense contractors to excel at
integrating commercial technology into defense systems.

In many instances, this will require specifying and acquiring military vari-
ants of commercial components and subsystems produced on the same lines (or at
least in the same ways) as commercial products. This integration of commercial
and military manufacturing (ICMM) has begun on a small scale. By 2010, it
needs to increase substantially if U.S. forces are to retain a technological edge.

Copyright © National Academy of Sciences. All rights reserved.
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Statement of Task

The overall objective of this study is to assess the opportunities for increased
integration of commercial and military manufacturing in 2010 and beyond. Specific
tasks are outlined below:

» Identify advances in commercial technology (e.g., flexible tooling, flexible
manufacturing, and agile manufacturing) and best practices that will present
opportunities for increasing the use of commercial enterprises in the manu-
facture of defense products in the next decade.

» Identify technology areas where rapid commercial advances in the next
decade could be leveraged to improve military applications (e.g., comput-
ing, telecommunications, and biomedical technologies).

» Identify major weapons systems suitable for production by commercial en-
terprises in the next decade.

» Identify barriers limiting integration of commercial and military manufactur-
ing (e.g., availability of spare parts, commercial willingness to produce de-
fense products, design and tooling compatibility, and security issues) and
methods for overcoming these barriers.

» Recommend strategies for optimizing the integration of commercial and
military manufacturing in the next decade (e.g., developing the processes
and technologies needed to increase the production of military products by
commercial enterprises), including specific recommendations for DOD’s
Manufacturing Technology (ManTech) Program.

Box 1-1

STATEMENT OF TASK

This NRC report was requested by the DOD Joint Defense Manufacturing
Technology Panel. Its objectives were to assess the opportunities for increased
ICMM in 2010 and beyond, identify barriers, and recommend strategies for over-
coming them. Specific tasks are shown in Box 1-1.

STUDY METHODOLOGY

The NRC Board on Manufacturing and Engineering Design appointed a
study committee with backgrounds in defense manufacturing processes and op-
erations, weapons system design, industrial engineering, and commercial manu-
facturing processes and operations (see Appendix A for biographical sketches of
the committee members). In the course of its deliberations, the committee heard
briefings from DOD personnel who participate in demonstrations of ICMM,
DOD acquisition managers and policy makers, and representatives of commer-
cial firms that successfully integrate military and commercial business. Briefings
to the committee are listed in Appendix B.
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The committee also reviewed numerous earlier reports on ICMM and de-
cided to rely on these reports and briefings rather than create new case data on the
current state of ICMM. Chapter 3 of this report summarizes examples of success-
ful ICMM experiences and benefits. Chapter 4 identifies barriers to ICMM,
many of which were identified in the earlier studies, which often recommended
policy changes to deal with these barriers. Many of these policy changes were
made in the course of acquisition reforms over the past 10 years. Appendix C
summarizes the earlier studies, their recommendations, and policy changes. Ap-
pendix D lists the acronyms and abbreviations used in this study.

In the view of the committee, the current barriers to ICMM call not for more
policy changes but rather for policy implementation, incentives, and culture
change. These are the focus for recommendations in Chapter 7 of this report.

DEFINITION AND SCOPE

For the purpose of this study, the integration of commercial and military
manufacturing ICMM) means optimal use of the commercial production base to
meet defense needs over the system life cycle.

o Integration is used to mean a complementary combination of commercial
and military capabilities in manufacturing supply chains or within a manu-
facturing facility.

o Commercial implies a manufacturing base whose business goals, techni-
cal capabilities, and business practices are driven by commercial markets
rather than government acquisition practices.

* Military implies both defense-unique capabilities unavailable in the com-
mercial sector that must be maintained and defense-specific capabilities
that may or may not be defense-unique.

e Manufacturing is used in the broad sense of a complete manufacturing
enterprise, including design, fabrication, and support activities at all tiers
in the supply chain.

ICMM is not limited to the procurement of commercial off-the-shelf (COTS)
end items for defense use. Such a narrow view would miss the broad range of
opportunities for commercial sourcing of components and subsystems that can be
integrated into higher-level systems by defense prime contractors. The opportu-
nities include both COTS components and defense-unique parts and subsystems
built on commercial or dual-use (producing both military and commercial prod-
ucts) lines. Because straightforward procurement of COTS end items is improv-
ing in the defense procurement system, this study focuses on the more compli-
cated issues involved in dual-use manufacturing and in COTS insertion in weapon
systems.
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To do business with leading commercial firms, DOD and defense contractors
will need to understand and implement the best commercial practices. These
practices include (1) integrated product and process development, (2) commer-
cial design, production planning, and decision processes, and (3) assuring that
manufacturing processes and technologies are proven before entering production.
These practices are critical to assuring that defense components and subsystems
can be manufactured in commercial facilities, and they must be adopted com-
pletely, not piecemeal, and with total commitment. Reliance on commercial
business practices rather than on government acquisition regulations is essential.
DOD should use defense-specific manufacturing only when it results in unique
capabilities that cannot be found or developed in the commercial sector.

Primarily because of the large and increasing importance of systems integra-
tion, there will be little opportunity for major weapons systems to be produced as
a whole by commercial enterprises over the next decade. The committee expects
the greatest impact of ICMM to be on subsystems and components.

Global Sourcing

Global sourcing is an increasingly important part of modern commercial
manufacturing, but the committee considered it to be beyond the scope of this
study. The full military implications of global sourcing of components and
subsystems are difficult to assess. In areas where national security risks are
introduced by dependence on foreign sources, defense manufacturing may need
mitigation strategies beyond those adopted by commercial manufacturers. The
military faced this issue before for commercial integrated circuits and solved it by
building up parts inventories to prevent military shortages. However, as ICMM
graduates from individual components toward higher-level assemblies from com-
mercial lines, inventory costs like this might wipe out the savings from ICMM
(the committee has not done the economic modeling to come to a definite conclu-
sion). Additional strategies will be needed to address this issue.

Protection may also be needed to prevent unauthorized design features that
can act as trapdoors or Trojan horses, although this can be an issue with domestic
sources as well, even defense-specific sources.

In light of the complexity of these issues, the implications of foreign sourc-
ing might be an appropriate topic for a separate study. However, the fundamental
findings and recommendations for increasing ICMM presented here are appropri-
ate regardless of decisions related to global sourcing.
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A Compelling Case for the Integration of
Commercial and Military Manufacturing

Several factors point to a compelling need for DOD to adopt ICMM as a
routine way of doing business for the production and life-cycle support of DOD
weapons system components, assemblies, and subsystems. Key factors are the
importance of sustaining technological superiority, a declining production base
for new weapons, and advantageous trends in the commercial manufacturing
sector.

Today, military decision makers are unsure of who our future enemies will
be, as well as when, where, and under what environments and rules of engage-
ment future conflicts will take place. To respond to these uncertainties, a flexible
and responsive industrial base will be critical. Our military decision makers
today are trapped in an acquisition strategy that depends on an industrial base that
cannot respond quickly enough to meet the demand for new and modified mili-
tary systems expected to result from the stepped-up tempo of future military
operations. Rapid and reliable access to the products and services of the commer-
cial industrial base and use of commercial practices could make acquisition more
responsive to the current environment. A robust implementation of ICMM can
change our military acquisition capability from one of long cycle times producing
technological marvels whose need and costs have to be predicted 15 to 20 years
in advance to a capability that flexibly responds to changing threats.

Technological superiority underpins our military strategy. Today, however,
the commercial sector leads the military industrial sector in developing and adopt-
ing new technology, particularly for electronics components. The overall lead of
the commercial sector is illustrated in Figure 2-1.

10
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FIGURE 2-1 Defense vs. private R&D funding. From USD(AT&L) (2001), which assem-
bled data from many sources. The sources here are the U.S. Office of Management and
Budget and the National Science Foundation.

Furthermore, our current and potential adversaries have ready access to most
commercially available technology-based products, and it is impossible to con-
trol the export and diffusion of critical new technologies that feed emerging
global commercial markets. In the long range, for example, such new technolo-
gies as microelectromechanical devices (MEMS) will emerge from the global
commercial industry, and by 2010 the military must be ready to exploit the power
of this type of technological advancement ahead of our adversaries. A recent
Defense Science Board report on the technology capabilities of non-DOD provid-
ers (DOD, 2000a) recognizes the need for DOD to find and acquire commercial
technology and to increase its acquisition of technical assistance from sources
outside DOD and traditional defense contractors. In limited cases, export con-
trols can slow the movement of these technologies outside our borders, but they
cannot stop it.

One clear solution to this military parity issue is for DOD to have direct
access to commercial technologies and to adopt them much more quickly than
our adversaries. The committee believes that adoption of ICMM as an industrial
base strategy can significantly increase the pace of technology insertion and help
to sustain technology superiority. Just as the military has become almost totally
dependent on the commercial sector for microcircuits, its greater use in future
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commercial integrated electronic subsystems does not threaten the stability of the
military industrial complex. Rather, ICMM is a winning strategy for the military
if we can master the issues associated with reducing the lead time to introduce
new and updated systems.

The potential for ICMM to benefit life-cycle support of military systems is
equally compelling. Military budget constraints through 2010 will severely limit
the number and production rate of new platforms (aircraft, ground systems, and
ships). Aging military systems and the obsolescence of subsystems and parts will
be increasingly common. Subsystem upgrades will solve some of the obsoles-
cence problems and provide new military capabilities. However, even with a
robust upgrade program, without ICMM it is unlikely that the military can keep
pace with the electronics technology being introduced by the commercial sector
on a new product cycle as short as 9 months but not more than 3 years. The
commercial industry, driven by competitive pressures, successfully deals with
this modernization issue every day, taking a total value perspective. Frequently,
commercial products are modernized by either rapid introduction of new models
or insertion of product upgrades that are compatible in form, fit, and function.
For example, an advanced disk drive for a microcomputer can now be inserted in
a plug-and-play environment. In many cases, military systems can be designed in
this way. One effort to promote this design approach is the modular open systems
architecture (MOSA), promoted by DOD’s Open Systems Joint Task Force.

A commercial modernization strategy can be adopted by the military by
assigning the defense prime contractors total product responsibility, including
product support. The contractors and their commercial subcontractors would be
responsible for replacing a product (subsystem) if it fails. During replacement,
the contractor could choose to modernize components, if improved parts are
available, on a form-fit-function basis. This strategy has been successfully imple-
mented on a few military systems and subsystems (see Chapter 3), and wider
adoption of this life-cycle support concept through the use of the commercial
manufacturing base can give the military reliable, high-quality systems for the
entire life cycle at lower cost.

Some segments of commercial industry are changing to take advantage of
contract manufacturing. This is a growing industrial sector, particularly in elec-
tronics manufacturing, where the pace of technology advances is rapid and the
interdependence of product technologies and manufacturing processes is high
(Miscioscia and Libin, 2000). Contract electronics manufacturing is a high-
growth sector that is expanding from a build-to-print model to a capability that
integrates product design, manufacturing, and product support. DOD contractors
are beginning to use these specialized electronics manufacturers, but only to a
very limited extent.

A single business model obviously does not fit all of the situations the
committee studied. Examples of commercial manufacturing of military electron-
ics include Rockwell-Collins, where a single process concept has been imple-
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mented for design and production of both military and commercial electronic
systems in common facilities;! M/A-COM, which produces both military and
commercial microwave integrated circuits using common processes and facili-
ties;> and SCI, a commercial electronic manufacturing service (EMS) company
that produces large volumes of commercial electronics assemblies and systems as
well as some military products using common processes.>

Expanded use could be made of contract manufacturers as a new source of
competition based on a new model for military electronics design and production.
Also, DOD could significantly benefit from access to short-production-cycle
capabilities inherent in these specialized manufacturers, the continuing technol-
ogy refreshment demanded by the commercial marketplace, and the benefits of
commercial-scale learning curves that provide reliable, high-quality, competi-
tively priced products.

Finally, expanded adoption of ICMM can lead to significant cost savings.
Several examples of implemented ICMM, particularly for electronic systems,
clearly demonstrate the potential for very impressive cost savings, sometimes of
50 percent or more. While the examples are not extensive, the cost savings
analyses are credible and of such magnitude that profit-on-profit* concerns re-
lated to the subcontracted work are not significant. While cost savings and the
resulting affordability of new systems provide a strong case for ICMM, the more
compelling arguments are those regarding technology superiority and access to a
flexible and responsive industrial base.

In summary, it is essential that our military be equipped with the latest
technology and that the technology be superior to that of our potential adversar-
ies. Further, the unique systems integration capability of the U.S. defense indus-
try can be enhanced through aggressive adoption of ICMM, which will be well
worth the sustained commitment of management this adoption will require.

Some military-unique products and technologies cannot be produced by the
commercial sector, and a few should not be, due to the need for assured access
and security. These exceptions are usually developed through DOD R&D activi-
ties, and the ability to acquire these products and technologies while preventing
their dissemination to our adversaries must be maintained.

Herm Reininga, Rockwell-Collins, Dual Production Experience at Rockwell-Collins, presenta-
tion to the committee on January 26, 2001.

2Jim Fallon and Joe Thomas, M/A-COM, A Common Manufacturing Base for Dual-Use Applica-
tions, presentation to the committee on January 25, 2001.

3Steve Werner and J erry Thomas, SCI Systems, Circuit Board Manufacturing, presentation to the
committee on January 25, 2001.

4Profit—on—profit refers to a prime contractor earning a percentage of profit on profit earned by a
subcontractor.
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Current Successes in the Integration of
Commercial and Military Manufacturing

Several programs have successfully integrated commercial and military
manufacturing, supporting the essential finding that ICMM can succeed and
provides worthwhile benefits. Successful ICMM implementations exist in elec-
tronics, aircraft engines, unmanned vehicle structures and guidance systems, and
others, but they represent only a small fraction of expenditures.

Some of the cases the committee studied were demonstration efforts (e.g.,
MALD! and TRW MPCL?). Others were ongoing production programs and
long-term initiatives (e.g., Rockwell-Collins,> GEAE,* and SCI Systems? ). Table
3-1 summarizes the results the various cases achieved. Winner and Griffin (1998)
detail all the cases in this table, unless otherwise specified.

Many significant lessons and conclusions can be drawn from the cases the
committee studied. The first of these is that opportunities are increasing for the
defense industry to outsource manufacturing services for both electronic and

ILTC Walter Price, USAF, Wright-Patterson Air Force Base, Miniature Air-Launched Decoy
(MALD) Program, presentation to the committee on January 25, 2001.

2Brench Boden, Wright-Patterson Air Force Base, Military Products from Commercial Lines
(MPCL), presentation to the committee on April 12, 2001.

3Herm Reininga, Rockwell-Collins, Dual Production Experience at Rockwell-Collins, presenta-
tion to the committee on January 26, 2001.

4Laurence M. Trowel, General Electric Aircraft Engines, Military and Commercial Turbine En-
gines, presentation to the committee on January 25, 2001.

5Steve Werner and Jerry Thomas, SCI Systems, Circuit Board Manufacturing at SCI Systems,
presentation to the committee on January 25, 2001.

14
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structural/mechanical assemblies. The commercial world recognizes the economic
and competitive benefits of outsourcing manufacturing to facilities capitalized to
operate at larger scale. For example, a large new sector has emerged: flexible
electronics manufacturing services (EMS) companies. These EMS companies—
for example, SCI Systems, which is mentioned in Table 3-1—are expanding from
manufacturing services into engineering design for large commercial companies.
Security clearances to permit access to classified data and designs are obtainable
where necessary, and some manufacturers are willing to get them and abide by

security rules.

TABLE 3-1 Benefits of ICMM

Performer—Project

Actions (Summary)

Results

DARPA/USAF—miniature
air-launched decoy
(MALD), overall4

DARPA/USAF—miniature
air-launched decoy
(MALD), airframe?

DARPA/USAF miniature
air-launched decoy
(MALD), engine?

General Electric Aircraft
Engines (GEAE)—COTS
enginesb

GEAE—IJ85 Propulsion
Modernization Programb

Used existing systems and
subsystems; CAIV fly-away
target cost; COTS and
GOTS equipment;
commercial practices and
standards, low-cost
manufacturing approach;
design for flexibility;
nontraditional production
industry

Automobile manufacturing
process for airframe;
commercial sheet molding
compound materials

Used nontraditional
manufacturers for engine;
design for reduced touch
labor; catalog parts

Commercial engines used
in military applications

Using commercial design
components from
CJ610/CF700: stator casting,
spooled rotor, cast
mainframe, combustion
liner assembly

Reduced payload material
costs 72%; achieved average
unit cost target of $30,000;
performance better than
predicted

Reduced development, tooling,
recurring costs; average unit
cost $4,500; simplified
assembly; light weight;
vibration dampening

Reduced from 121 detailed
parts in traditionally designed
engine to 33; 4 hours touch
labor

Costs reduced, e.g., in
KC135R, E-3, KC-10, E-4, Air
Force One, ABL, C-5

Longer life, lower unit and
maintenance costs

Table continued on next page
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Performer—Project

Actions (Summary)

Results

GEAE—shared commercial
and military practicesb

USAF—Arnold Engineering
Development Center?

Motorola Communications
Systems Division—overall

Motorola Communications
Systems Division—JSTARS
common ground station

Litton Amecom—NASA
satellite control system

Rockwell Collins—single
process initiatives

Rockwell Collins—single
process initiatives

TF39, TF34, J85, LM2500
determined commercial;
government source
inspection eliminated;
engines on performance-
based payments, spares on
delivery-based payment;
engines and spares catalogs
on price analysis

Military facilities used for
commercial turbine engine
testing; repeatable processes;
automated test facilities

Subcontracts 80% of 1997
circuit board production
to commercial suppliers
(vs. 5% in 1985)

Military parts and
production transition to
COTS parts and subsystems,
commercial production

Interactive design process
involving customers;
commercial bus-interface
standards used; design for
use of commercial space
parts

Rated and nonrated
components purchased
together

Evaluation of all military
and civilian processes

In 2000, more than 40 percent
of military sales on
commercial basis, with more
planned

21 MIL-STDs replaced with
GEAE processes

Very high fraction of U.S.
commercial and military
turbine engine altitude tests
performed in integrated
facilities

Higher quality, lower costs,
QA workforce reduced
60-70%

Cost reduced from $6 million
to about $1.4 million

Cost reduced 25% from
predecessor; next generation
reduction projected to be 33%
less than current (for total

of 50% reduction)

50% reduction in purchase
orders

All product-flow processes
Very near or same as previous
commercial processes;
operating costs reduced $30
million in first year; another
$30 million anticipated for
second year; flexible dynamic
assignment of personnel across
plants; workload balancing
raised utilization rates to over
90%
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Performer—Project

Actions (Summary)

Results

Rockwell Collins—single
process initiatives

Rockwell Collins—Army
precision lightweight GPS
receiver (PLGR)

Rockwell Collins—Navy
ARC-210 radio

Rockwell Collins—USAF
Pacer CRAG

USAF/TRW—military
products from commercial
lines (MPCL) program—
CIM

USAF/TRW MPCL—
radio frequency front-end
controller (RF/FEC)
modules for F-22 and
RAH-66 CNI

USAF/TRW MPCL—pulse
narrow-band preprocessor
(PNP)

USAF/TRW MPCL—
general

USAF/TRW MPCL—new
business model

Reinvestment of savings

Single process; commercial
parts; commercial process;
maintenance and availability
are contractor’s responsibility

Redesign for commercial
parts and processes; annual
design reviews; maintenance
and availability responsibility
with contractor

Design for commercial parts
and processes; dual-use

Developed flexible high-
volume commercial and
low-volume military CIM
and improved design-
manufacturing interface

Redesign for civilian
(automotive division)
production

Redesign for civilian
(automotive division)
production

Civil-military manufacturing
process integration and
quality improvement via
design of experiments

Developed, documented
detailed business model
acceptable to government and
many commercial contractors

Tracking state-of-the-art
process technologies while
maintaining competitive prices

Direct labor content, 3-4%
(rivals best commercial,
high-volume rate); eliminated
parts obsolescence problem

Price reduced 42%; field
reliability (MTBF) increased
from 500 flight hours to 807
(+62%); annual cost reduction
and reliability improvement;
eliminated parts obsolescence

Savings (est.) of $90 million
on award of about $235
million

Design release to production
reduced labor 90% (200
hours to less than 20)

73% cost reduction
($40,000 to $10,800)

549% cost reduction
($34,000 to $15,500)

11 of 14 (so far) critical
processes at C K> 1.33;
PWA assembly 100%
automated

Survey of 1,340 companies
estimated 68% cost

savings from military baseline
for sample modules

Table continued on next page
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Performer—Project

Actions (Summary)

Results

U.S. Army ManTech/CPI,
Northrop Grumman,
Teledyne—radars

U.S. Army ManTech—PEM
protection

USAF ManTech—C-17
horizontal stabilizer outer
torque box®

USAF Electronic Systems
Center (ESC)—generic
PWA manufacturing
process

USAF Electronic Systems
Center (ESC)/Rockwell-
Collins—test of above
PWA process

USAF ESC—North warning
system unattended radar
(AN/FPS-24) signal
processor (ground
environment)

Military and civilian radar
dual production line cost
reduction; $1.6 million
invested

Adapted commercial IC chips
for harsh environment and
long-term storage; $5.8
million invested

Combined commercial and
military production; reduced
government oversight and
reporting

Integrated civil and military
processes via evaluation of
critical control elements for
each process step

Compared military-specific,
commercial, and new dual-
use process using military
and commercial components
on digital control board
from GRC-171 radio

Substituted commercial
plastic encapsulated
microcircuits (PEM) for
military parts

$19 million PAC-3 cost
avoidance

$357 million cost avoidance
over six aviation and missile
systems

Greater than 50% cost
avoidance

Of 156 military and
commercial specs and
standards, 49 retained, 20
recommended for replacement,
87 not needed

25-35% reduction in assembly,
labor, and overhead costs for
dual-production and
commercial processes;
additional 20-30% cost
reduction predicted feasible
with commercial flat-pack
components; dual-production
and commercial processes
equal to or better than quality
of military process; production
throughput increased approx.
30%; no process-related
failures in accelerated

thermal test (17 lifetimes)

No failures in >6 million
operating hours (2/1995); still
operating (8/1998) with no
commercial PEM failures; 87%
average cost reduction for
microcircuits (range =
85-92%)
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Performer—Project

Actions (Summary)

Results

USAF ESC/Rockwell-
Collins—JTIDS receiver/
synthesizer PWA
(uninhabited fighter
environment)

USAF ESC/GEC-Marconi—
PLSR RF module

Boeing/SCI Systems—
Longbow Apache helicopter
computer and intercom?

SCI Systems—catalog partsd

USN/SCI/Eaton—Virginia
class nuclear propulsion
controls?

M/A-COM—common RF
microwave and millimeter
wave technology
manufacturing base®

Evaluated military certified
parts, commercial parts
meeting military temperature
requirements, and
commercial parts using both
military and commercial
assembly

Commercial parts and
processes substituted for
military

Built-in dual production
facilities using commercial
and military parts

Dual production and design
builds catalog of standard
products

Military subsystems built in
dual-use facilities

Designed boards, assemblies,
products, and manufacturing
processes for dual use

Military assembly costs 15%
higher; using mil-temp passive
and 10 commercial (of 33)
active components reduced
material cost by 23%;

quality as good as or better
than for commercial process;
commercial component failure
rate lower than military;
process-related failures equal,
even with more inspection in
military process

65% reduction in material
cost, 30% reduction in labor
for assembly, test; same
electrical performance

1997-2002 scheduled delivery:
2,800+ computers and 707
intercom units

Used in AAR47
microprocessor, joint tactical
terminal, flight simulators,
radar-controlled chassis, B52
pylon tester computer, Navy
databus couplers, and
Firefinder radar processor

Backplanes, module
assemblies, circuit card
assemblies built in SCI’s
integrated facility

Produce in dual-use facilities:
GaAs MMIC amplifiers, ball-
grid arrays for base station
switching and phased-array
radars, radar front-ends, radio
circuit boards, microwave
cable assemblies, millimeter-
wave transceivers, voice over
IP radio systems, etc.

Table continued on next page
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TABLE 3-1 Continued

Performer—Project Actions (Summary) Results
M/A-COM Northrop Redesign for technology 52% cost reduction
Grumman—ALQ-135¢ insertion, best-value

manufacturing, IPPD,
strategic partnership to
address commercial and
military markets

Navy/Lockheed Martin— Open system architecture—  Increased COTS products as a
FBM Program (TRIDENT) f COTS insertion to address percent of parts to 60%,
technology, obsolescence, attained a 75% parts count
supportability, and cost reduction, a 50% development
issues cycle time reduction, and
a cost avoidance of $1.2
billion

NOTE: The source of all information for unfootnoted projects is Winner and Griffin (1998).

@ LTC W. Price, U.S. Air Force, Miniature Air Launched Decoy (MALD) Program, presentation
to the committee on January 25, 2001.

b L. Trowel, General Electric Aircraft Engines, Military and Commercial Turbine Engines, pre-
sentation to the committee on January 25, 2001.

¢ S. Linder, Office of Naval Research, Overview of ManTech Program and Sponsor’s Goals,
presentation to the committee on October 13, 2000.

d S. Werner and J. Thomas, SCI Systems, Circuit Board Manufacturing at SCI Systems, presenta-
tion to the committee on January 25, 2001.

¢ J. Fallon and J. Thomas, M/A-COM, A Common Manufacturing Base for Dual-Use Applica-
tions, presentation to the committee on January 25, 2001.

f Lockheed Martin (2001).

A second observation is that ICMM promotes the exploitation of emerging
technologies and enables their rapid delivery to the customer; however, buyers,
users, and industry must cooperate closely to accomplish this. This is exemplified
by almost all of the cases in Table 3-1.

As noted above, several of the cases the committee studied were demonstra-
tions, with the associated benefits and issues. Demonstration programs, pilots,
prototypes, and the like are useful to discover what is possible, prove out new
approaches and processes, and learn lessons. However, almost every case re-
quired extraordinary contracting actions. For example, in the USAF/TRW MPCL
case, a contracting officer had to make an unprecedented determination that the
circuit boards in question were “commercial parts” in order for TRW automotive
to be willing to manufacture them on its commercial lines. The DOD needs to
capture the procedures used in these demonstrations and develop guidelines or
standard approaches for similar activities. Demonstration projects should include
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the development of results and how-to documents; their dissemination is critical
but not currently well done.

The committee observed the important point that demonstration programs
are often underfunded, causing them to take years longer than needed. They
should be funded for 2-year completion, at most.

Commercial and military design processes differ substantially, because de-
sign objectives and schedules differ. The demonstrations illustrate that to make
ICMM work, integrated product and process development (IPPD) can and must
be used to make sure that military designs are producible at reasonable cost in
commercial facilities. For example, in electronics, commercial and dual-use ca-
pacity exists, as does the willingness to make ICMM work. Low-lot-size, high-
mix facilities are available, but site-specific design rules must be followed from
concept on, an example of IPPD. One substantial problem in both electronics and
other product types is that many defense designs unnecessarily preclude commer-
cial manufacturing by specifying tolerances and traceability requirements more
stringent than those used in commercial processes rather than relying on design
for robustness and mature production processes (Winner and Griffin, 1998; GAO,
1998).

Another lesson is that appropriate incentives—such as in the ARC-210 case
in Table 3-1—can achieve substantial success for both the military customer and
the industrial supplier. In the ARC-210 program, the contractor has configuration
control within the system as long as it meets availability and form, fit, and
function interface requirements. A multiyear descending price curve was con-
tracted in advance, and the contractor has maintenance responsibility as well as
all the incentive necessary to decrease the cost and increase the reliability of the
system as rapidly as possible.

From the listed cases, the committee members’ experience, and some infor-
mal enquiries in the industry, the committee observed a trend toward defense
contractors increasing their outsourcing of electronic board manufacturing (both
fabrication and populating) and their use of commercial components. (See, for
example, Motorola and SCI in Table 3-1.) The same kinds of forces that took
defense industries out of the integrated circuit business, especially the capital cost
of keeping up with technology and competitiveness, lead to outsourcing at higher
levels of assembly. The military acquisition commands can and should accelerate
this trend.

Some of the programs reported in the table were ManTech projects. ManTech
is chartered by Congress and enjoys unique authorities that can be used to address
aspects of a transition to greater use of ICMM (see Appendix E). However, the
program is not adequately funded or tasked to implement further significant
ICMM demonstrations. Early successes highlight the potential for ManTech to
play a pivotal role, through demonstration efforts in technology, business prac-
tices, and partnerships, in realizing a more efficient ICMM industrial base.
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Opportunities for Future Integration

ICMM will increase in importance as a means for DOD to develop and
enhance the nation’s defense technological superiority. Product and production
process technology trends that are observable now will, by 2010, make ICMM
even more attractive to DOD than it is today as a means of dealing with the
significant challenges that will shape the defense acquisition climate, including
the following:

System complexity will increase, driven by rapid advances in technology,
the growing technological sophistication of potential adversaries, and a
higher dependence on technology because of the changing nature of war-
fare—for example, unmanned, network-centric warfare, monitored and
coordinated from space, and global asymmetric threats.

Defense budgets will continue to be under pressure, making it difficult to
deliver more complex systems with the limited funds available. Advanced
R&D investment in defense will compete with investments increasingly
required to modernize, upgrade, and retrofit aging defense systems.
DOD is likely to experience a serious shortage of scientists and engineers
qualified to conduct advanced R&D. This conclusion is based on current
workforce demographics and declining numbers of graduate students in
important fields of physical sciences and engineering, including physics,
chemistry, metallurgical and materials engineering, and aeronautical en-
gineering and increased competition from cutting-edge commercial in-
dustry (NRC, 2001).

22
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Given these constraints and challenges, DOD will need more options for
tapping into the strength of the commercial industrial base.

A SPECTRUM OF CHOICES FOR
MANUFACTURING INTEGRATION

The tails of the ICMM spectrum are clear: unique defense solutions on one
end and COTS on the other. Defense manufacturing is evolving. At one time,
unique solutions were the norm, but DOD is now facing the reality that such
solutions are costly, that acquisition time is excessive, and that pressure on de-
fense spending, as well as technological and business trends, necessitates more
affordable approaches. The opportunities for increased ICMM dictate consider-
ing the choices between the extremes of COTS and defense-unique manufactur-
ing.

The committee developed a commercial-military integration framework (Fig-
ure 4-1) that identifies ICMM opportunities between unique solutions and COTS.
This framework provides a structure for the options available for ICMM that the
committee found useful for developing strategy and recommendations.

The basis for this ICMM framework is to consider both the product being
purchased, i.e., the defense component or system, and the manufacturing process
to produce it. COTS represents commercial products made by commercial pro-
cesses, while the opposite end of the framework represents unique defense prod-
ucts made by unique defense processes. The opportunities between these end
points include a range of dual-use manufacturing options:

e Enhanced commercial products manufactured on commercial production
lines,

o Commercial products manufactured on enhanced commercial production
lines,

» Unique defense systems manufactured on commercial production lines,
and

» Unique defense systems manufactured on enhanced commercial produc-
tion lines.

“Enhanced” implies some improvement in product design or process capa-
bility so that the commercial source better meets defense (or dual) needs. The
ICMM framework and ICMM options form the basis for the committee’s strategy
recommendations.

INTEGRATION OPPORTUNITIES ENABLED BY TECHNOLOGY

As DOD scans the R&D horizons and industry’s technology roadmaps for
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Component
Subsystem
System
Defense-
COTS Dual-Use Manufacturing Unique
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Manufacturing | Commercial | Commercial | Commercial | Enhanced Unique
Process Commercial

FIGURE 4-1 Commercial-military integration framework.

leverage opportunities, a broad view of ICMM suggests that the answers to the
following questions may serve as leading indicators of opportunity:

In which applications will technology trends deliver commercial products
that fully satisfy defense requirements, with at most a modest enhance-
ment to the product design or the commercial production process? It
would be important for DOD to identify such opportunities early to favor-
ably influence its military systems and permit the fielding of new tech-
nologies by the United States before they are available to the nation’s
adversaries.

In which applications will technology trends deliver commercial produc-
tion processes capable of manufacturing defense-unique designs? Again,
it would be important for DOD to identify early those emerging produc-
tion technologies where no more than a modest enhancement would be
needed to fully satisfy defense requirements. It would be equally impor-
tant to identify where unique defense systems could be designed to fit the
manufacturability constraints of emerging production processes.

COMMERCIAL PRODUCT TECHNOLOGY TRENDS

The technology trends discussed here represent future possibilities by the
year 2010 but are by no means an all-inclusive forecast of the advanced commer-
cial technologies that could be leveraged by DOD over the next decade. In
general, the commercial product trends that will be most relevant to DOD as
ICMM opportunities will be in areas where the commercial product application is
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similar to that of the defense product and DOD can obtain low-volume access to
high-volume production for a variant of the product, enhanced (if necessary) for
military use. (Other ICMM opportunities will arise from process trends, rather
than products, where commercial manufacturing can be configured to run de-
fense product on the same line.)

The economics of high-volume markets enables commercial industry to ad-
vance technology and reduce costs at a pace that defense could never afford. This
has been and continues to be the case in microelectronics. It is also the case for
Global Positioning System (GPS) technology, cellular phones, and turbine en-
gines. High-volume commercial production enables a faster descent of the learn-
ing curve and a firmer statistical foundation for in-line process control, six-sigma
quality, and higher process yields of reliable parts.

Some product technology trends to consider as future ICMM opportunities
include the following:

o Wireless communications technology. At the component level, GaAs com-
ponents and assemblies for cell phones and military use are coproduced,
and the trend will continue as new wide-bandgap materials are developed.
Higher-level assemblies with advanced analog-digital conversion, signal
processors, and steerable phased-array antennas will also offer ICMM
opportunities.

» Photonics. The trend toward integration of photonics and electronics at
the chip level will open possibilities for increased ICMM, especially in
communications systems. Commercial high-powered lasers will also be
candidates for military applications in targeting, imaging, and counter-
measures.

* Night vision systems. Uncooled infrared (IR) imagers are now entering
the commercial market and will dwarf the military market by 2010. Low-
cost IR devices can revolutionize night vision, missile seekers, and other
applications. This commercial technology can also give potential adver-
saries capabilities that they could not previously afford.

* Biomedical technology. The rapid advances in human genomics,
microfluidic chips, computational drug discovery, and medical instru-
mentation will have direct COTS application to military healthcare as
well as ICMM potential for biowarfare defense products.

o Fuel cells. Commercial developments in fuel cells, from palm-size to
industrial-size generators, offer the military an important means for pow-
ering the electronics and stealthy vehicles of 2010 and beyond.

* Microprocessors. Over the next decade, microprocessors will be eco-
nomically viable as substitutes in the functions currently delivered by
integrated circuits (ICs), application-specific integrated circuits (ASICs),
and discrete electronic components. Electronic functions will be software
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reconfigured to the task at hand. This trend will reduce electronics costs,
increase system reliability by reducing the number of parts, and have the
net effect of reducing the number of unique electronics subsystems re-
quired in defense systems.

*  Micro-opto-electromechanical systems (MOEMS). This technology trend
offers such great promise as an ICMM opportunity that the committee
singled it out for further discussion in the section below.

Microscale Systems Combining Optical, Electronic,
and Mechanical Devices

For several years, MEMS technology (or MOEMS, if optics is included) has
been viewed as an important technology with the potential to affect the 21st
century as much as microelectronics technology affected the 20th century. In
fact, among the unique attributes of MEMS or MOEMS is the opportunity to
achieve low cost through semiconductor-like batch processing on wafers, where
thousands of devices can be produced essentially at the cost of producing just one
(Tang, 1999).

MEMS is an enabling technology that can be leveraged across broad product
markets. This technology represents a unique opportunity for ICMM in multiple
applications, including information and communications, health and life sciences,
automotive, aerospace, measurement and control, and power systems.

The timing is right to accomplish ICMM through MEMS technology. MEMS
is an emerging technology, and MEMS factories (also called “fabs,” just as
semiconductor chip factories are called) of the future are emerging as well. With
appropriate planning and investment, creating MEMS fabs capable of producing
defense and commercial devices on the same production line will be straight-
forward.

In the defense world, DARPA is already leading the way in exploiting MEMS
technology for military applications. For example, DARPA has already devel-
oped a MEMS-based platform stabilization system that replaces $1,000 worth of
conventional accelerometers and gyroscopes with a single chip that costs $20
(Global Information, Inc., undated).

Given the priority and R&D investment being applied to MEMS technology
in Europe and Asia, it is not clear that the United States will emerge as the global
leader, as it did in microelectronics (Detlefs, 1998). Embracing MEMS as an
ICMM opportunity, to the extent that it drives R&D investment in MEMS appli-
cations as well as the processes to manufacture them, could have significant
implications for future U.S. global competitiveness.
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Commercial Manufacturing Processes and Business Trends

The committee noted several macro trends in commercial design, manufac-
turing, and business processes that will create a climate for increased ICMM
opportunities:

E-commerce. Tools and methods for e-commerce that can drive auto-
mated manufacturing in supply chains are advancing rapidly in the com-
mercial world. They will become a ubiquitous and important enabler of
ICMM well before 2010, an easy port of entry to commercial manufactur-
ing for DOD.

DOD and defense prime contractors will be able to access and under-
stand the process capabilities of commercial suppliers rapidly, and DOD
will be able to issue solicitations and access competitive quotes online,
globally if necessary, with fast cycle times. With a clear understanding of
process capabilities and competitive costs across the commercial market-
place, DOD will be well positioned to make appropriate sourcing deci-
sions.

Electronic commerce will have important implications for DOD in the
future. For example, with the existence of digital product databases,
make-to-order spare parts could greatly reduce defense inventories and
their associated costs. In addition, the e-commerce capabilities discussed
above can be used to rapidly increase the total production capacity for
military goods in case of a crisis by using industry-accepted methods of
data exchange to enhance communications with new suppliers.

Contract manufacturing. Contract manufacturing is becoming standard
practice in commercial industry for circuit boards, for plastic molding,
and even for the manufacturing and testing of subsystems or final prod-
ucts. Contract manufacturing, as described in Chapters 2 and 3, offers
DOD and its prime contractors a significant ICMM opportunity by lever-
aging a flexible, high-volume manufacturing base with multibillion-dol-
lar assets, thereby achieving economies of scale in purchasing and pro-
duction. Use of this production base will permit application of broad,
high-volume experience to defense manufacturing, and the resulting learn-
ing curves will lead to lower cost and higher quality.

Precision engineering. Consumer products, particularly consumer elec-
tronics, are becoming more and more miniaturized, fueled to a large de-
gree by product designers in Asia. Miniaturization here leads to products
that are more portable or that incorporate more features in the same pack-
age. The trend toward miniaturization drives smaller physical dimensions
and proportionately smaller dimensional tolerances. These trends require
commercial manufacturing processes and tooling capable of higher preci-
sion than in the past. As commercial manufacturing evolves to higher
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precision capability, opportunities will open up for DOD to leverage this
capability for defense precision manufacturing needs that were once be-
yond the scope of commercial production.

o Structural and functional integration. Wherever possible, commercial
designers are making use of embedded microprocessors and integrated
analog circuits, sensors, and actuators to reduce the number of parts and
assembly operations. Clever design approaches to multifunctional inte-
gration can achieve not only substantial cost reductions but also improved
performance. In addition, parts rationalization and a reduction in the
number of fasteners are often achieved by the use of complex precision
castings, forgings, and sheet stampings that integrate structural functions
and employ integral fastening methods.

o Advanced CAD/CAM. By 2010 it will be possible to go routinely from
“art to part” in a totally automated process; that is, it will be possible to
create the three-dimensional solid model of a mechanical part, transfer the
model electronically to the supplier of choice, and automatically program
a “fixtureless” numerically controlled (NC) machine to make the part
with essentially no human intervention. Further commercial advances
could make it possible to go well beyond automated NC machining. It is
possible that the three-dimensional solid model could also drive the auto-
mated flexible assembly of parts and automated calibration and testing of
assembled products, although it is not clear how far commercial invest-
ment will drive this technology. Ultimately, with appropriate investment,
the end result would be true mass customization in which the manufacture
of a single item becomes viable. Rapid prototyping has already advanced
sufficiently to realize this goal for some classes of parts.

Despite the broad success of U.S. companies during the 1990s, there is a
steady retreat from domestic manufacturing in many fields (NRC, 1999b). This
may add risk to ICMM. While contract manufacturing is a significant trend, few
contract manufacturers of circuit boards are based in the United States. DOD will
have to assess the risks of depending on foreign suppliers to enable ICMM and
take appropriate action.

Importance of Early Visibility

Commercial markets will continue to drive technology advances where vol-
umes are high and profitability potential justifies the technology investments.
Microelectronics was a classic example of this in the 20th century. Where the
commercial technology advances result in COTS solutions, leverage by DOD is
straightforward. Otherwise, commercial technology advancements will proceed
but leverage by DOD will be difficult. Given the competitive pressures on
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commercial manufacturers today, defense needs are unlikely to be of interest,
particularly if defense volumes are low.

Therefore, DOD should engage early with applicable commercial technol-
ogy trends, particularly where product specs or process capability must be
tweaked to accommodate a defense need, so that the technology advancement
opportunity can be seized.

Special Defense Requirements

Commercial technology advances are generally targeted for use in environ-
ments that are far less hostile than many defense systems must withstand. Envi-
ronmental compatibility can prevent the adoption of commercial technology ad-
vances for defense needs and was always a common reason for specifying
military-unique components in the past. The report Defense Manufacturing in
2010 and Beyond (NRC, 1999a) identifies the qualification of commercial parts
for these harsh environments as a gap that needs to be addressed to allow making
use of commercial manufacturing capacity. These environmental considerations
include zero gravity, vacuum, radiation, temperature and humidity extremes and
cycles, vibration and shock, and electromagnetic interference.

The Defense Manufacturing report also states that DOD will have to qualify
commercial parts that are not specifically designed to withstand these environ-
ments and modify them to meet military needs or develop system designs to
compensate for their limitations. Where harsh environmental conditions are a
serious requirement for a defense application of commercial technology, early
involvement in development will be critical to assure that new commercial com-
ponents can withstand or be adapted to withstand military operating conditions.
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Barriers to Increased Integration

The desire to use more commercial products and processes in defense sys-
tems has been a significant goal of DOD for many years. Many earlier studies
underscored this need, which is motivated by concerns about system acquisition
and affordability, the dynamics of a rapidly consolidating or shrinking defense
industrial base, and real worries over diminishing sources of defense-unique
processes and products. It was not until 1994, however, that Secretary of Defense
William Perry launched initiatives to reform the acquisition process.

In these new acquisition reforms, actions needed to simultaneously enable
abolition of military-unique specifications and standards, encourage far greater
use of COTS items, and support the evolution of a common civil-military indus-
trial base became viewed almost interchangeably, without recognition of the
different steps needed to implement these reforms. Much confusion was gener-
ated at the many policy implementation levels of DOD and the military services,
especially because the reform efforts coincided with the beginning of post-Cold
War workforce downsizing. In addition, reforms involving the rewriting of Fed-
eral Acquisition Regulations (FARs), legislative reform to relieve burdensome
oversight, new contracting practices, and identification of pilot programs to test
reforms were all proceeding simultaneously. Despite the progress in issuing
policies in these areas, the goal of an integrated civil-military industrial base that
would routinely yield defense systems with measurably greater (and more cost-
effective) commercial content has remained elusive.

Sufficient time has now passed to permit planning and action to implement
new ICMM policies. Industry consolidation is largely complete, at least among
prime contractors, and workforce downsizing, while possibly incomplete, has

30
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reached a modicum of stability. Many individual examples of ICMM potential
have been demonstrated, but they remain the exception rather than the rule (usu-
ally requiring acquisition professionals to take unprecedented actions, with some
career risk). The revisions to the FAR provide potentially enabling guidance and
authorizations, although mixed interpretations are still likely across different
procurement activities.

Today, increased ICMM seems much more achievable than in the early days
of acquisition reform, but there are still longstanding barriers that must be dealt
with. Significant among these barriers are the following:

* Requirements process. Acquisition reform has made substantial advances
in emphasizing performance-based requirements—expressing the
warfighter’s need in terms of function and military utility instead of speci-
fying how to manufacture the product. However, the cycle time for
validating needs and contracting for defense product development, pro-
duction, and sustainment remains excessive. Opportunities for more ag-
gressive product/process ICMM are lost because this cycle is grossly out
of sync with the commercial life cycle of development, production, and
system support. Further, while “cost as an independent variable” (CAIV)
requirements have been embraced as an acquisition reform philosophy,
cost targets have not been sufficiently aggressive or enforceable to moti-
vate serious pursuit of ICMM trade-off alternatives.

 Definition of commercial products and services. Acquisition reform also
made significant strides in developing a new definition of a commercial
product or service in FAR 2.101. However, that redefinition is quite
narrow, particularly with respect to enabling the procurement of R&D as
a commercial activity. This is true even when the actual work closely
parallels or seeks to tap into existing commercial R&D as a forerunner to
what could become an ICMM-based acquisition. The definition problem
is fundamental. The present situation results from a definition philosophy
that seeks primarily to limit, rather than optimize, the ability to leverage
the commercial marketplace where such leverage is greatest—in the R&D
phase. Notably, in the R&D stage commercial industry (not yet having
captured the market) is usually still willing to consider defense needs.
This will be so only if the defense customer does not compromise rapid
product deployment to the commercial marketplace, jeopardize intellec-
tual property rights, or impede efficiency by using parallel, defense-unique
production lines.

o Incomplete use of FAR Part 12. The Federal Acquisition Streamlining
Act (1994) called for the executive branch to place heavy emphasis on the
acquisition of commercial products and services to the maximum practi-
cal extent, so a new section was added to the FAR. FAR Part 12, Acqui-
sition of Commercial Items, gives wide latitude to contracting officers to
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buy commercially. Despite some successes, DOD has yet to realize the
full potential of buying under FAR Part 12. Part of the reason is cultural
and part is a lack of tools (e.g., market research and pricing tools) that the
contracting workforce could use to buy commercially. These issues are
addressed in Chapter 6. An aggressive and expanded implementation of
FAR Part 12 is essential to the success of ICMM. In an ideal acquisition
system, there would be sufficient flexibility and transparency to the type
of technology used that it would be unnecessary to designate a product or
service as commercial to reduce regulatory oversight. However, in the
absence of such a system, more frequent designation of products or ser-
vices as commercial offers significant benefit.

Profit policy. This is a longstanding barrier in doing business with the
DOD. It has been the subject of numerous studies in recent years, includ-
ing a recent Defense Science Board Study (DOD, 2000b). The Under
Secretary of Defense (Acquisition, Technology and Logistics) has as one
of his five goals an initiative to improve the health of the defense indus-
trial base. Profits on DOD contracts are largely governed by the provi-
sions of the weighted guidelines in Department of Defense FAR Supple-
ment (DFARS) Section 215-404-4.! These are detailed procedures that
consider three factors in coming up with an overall profit objective:
(1) performance risk, (2) contract type risk, and (3) level of capital invest-
ment in facilities. DOD contracting officers are well trained in calculat-
ing and applying the weighted guidelines in a way that limits the profits
on DOD contracts. This practice of negotiating profit has no counterpart
in the commercial sector. The committee examined the DOD profit policy
provisions of the DFARS and considers that they are a significant barrier
to achieving an aggressive implementation of ICMM. The primary reason
is the emphasis the weighted guidelines put on facilities capital. Specifi-
cally, the provisions state that contractors are “encouraged and rewarded
for aggressive capital investment in facilities” (DFARS 215-404-71-4).
This incentive has long-term consequences because it encourages con-
tractors to bring work in-house. It also frustrates an initiative like ICMM,
the success of which depends on creative and innovative outsourcing,
primarily to commercial suppliers. DOD acquisition executives should
reexamine profit policy with an eye to dramatically stimulating outsourc-
ing, particularly to commercial suppliers, by removing disparities in al-
lowable profit rates on contracts for in-house vs. subcontracted work.
This would lead to less costly systems. In the long run, it would cause
prime contractors to reduce excess capacity and overhead (the extensive
facilities and manpower to perpetuate military-specific custom design and

IThe DFARS is available online at <http://web2.deskbook.osd.mil/htmlfiles/DBY_ dfars.asp>.
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production of many items). In December 2000, DOD added a technology
incentive to its weighted guidelines (DFARS 215.404-71-2). This incen-
tive adds as much as 4 percent profit for technology innovation. This
could be a fruitful area, particularly in the commercial sector. This new
incentive has not received widespread implementation in DOD buying
commands or in the defense industry, reinforcing the committee’s impres-
sion that cultural barriers remain a major impediment to ICMM.

o Absence of certain other incentives. Other incentives should be consid-
ered by DOD to enhance ICMM. Longer-term contracts would motivate
industry to make investments that yield savings over the product life
cycle. Award term contracts could be used for this purpose. DOD could
institute programs that give industry a share of the savings that accrue to
DOD as a result of investments and other actions by industry. Value
engineering is another tool that could be adapted to enhance ICMM and
satisfy the needs of both government and industry.

o Acquisition oversight. It is noteworthy that most motivations for relief
emanate from a desire to simplify the acquisition process, with the over-
seers dedicated to preventing abuse. The statutory warrants of both con-
tracting and financial/audit management officials are brought to bear to
prevent even the perception of wrongdoing, resulting in an acquisition
environment between military customer and supplier that is largely
adversarial. This is a totally different set of dynamics from that in the
commercial customer-supplier world. It calls for a totally new basis for
determining appropriate oversight—namely, oversight that does not unin-
tentionally prevent the adoption of commercial products, processes, and
practices, oversight that enables rather than impedes ICMM.

o Cycle times. Major defense weapon system research, development, test-
ing, and evaluation (RDT&E) plus acquisition cycle times average 7 to 15
years, depending on the type of system, and have lifetimes of 20 to 50
years. By contrast, commercial product development cycles and product
lifetimes are both shorter. The military system must be supported in the
field with technology upgrades and maintenance/overhaul actions over an
extended period that has few commercial counterparts. Yet the same
product-life-cycle actions are accomplished in the commercial arena, in-
cluding technology refreshment, only faster. This cycle time mismatch is
a barrier that will probably never be completely resolved, but it certainly
could be significantly improved. The new DOD 5000.1 policy of evolu-
tionary acquisition could have an important impact by enabling technol-
ogy upgrading using rapidly evolving commercial technology. Evolu-
tionary acquisition will necessitate the definition of requirements
incrementally over time.

o Workforce knowledge and experience base in ICMM. Modern defense
acquisition professionals are highly trained, motivated, and focused on
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meeting the needs of the warfighter. This workforce consists of func-
tional specialists, including program managers, contracting officers, fi-
nancial managers, engineers, logisticians, and other specialists. They
recognize their role as statutory and regulatory stewards who protect the
interests of the taxpayer. They have worked hard to become an integrated
product team (IPT) that executes the acquisition function. However, the
very depth of this specialized approach has inadvertently worked to frus-
trate the shift to robust ICMM. The culture, motivation, education, train-
ing, and reward system for this workforce has traditionally been driven by
a defense-unique business and program world. It is not surprising that the
few successful examples of ICMM, or even ICMM pilot demonstrations,
have resulted from heroic efforts by some acquisition professionals.
Rather than viewing ICMM as an extraordinary event, rarely to be dupli-
cated, this workforce must become, over time, expert and steeped in
commercial practice and in all aspects of commercial business. Such a
transformation is fundamental to successful ICMM and will take a sub-
stantial investment of people and funding to be realized across the
workforce. All aspects of acquisition professional development (from
recruitment to experience patterns, education/training, motivation, pro-
motion/assignment policy, and so on) will have to change. Once adopted,
changes in contract incentives will tend to drive the commercial workforce
in this direction. However, this experience base will have to be developed
in both the contractor and the government workforces.

o Low-risk demonstration. The recognized successes of acquisition reform
often stemmed from demonstration or pilot programs with special au-
thorities to waive or modify current practices. In most cases, there was an
experimental atmosphere, and program managers were not seen as risking
their careers. In spite of this, real change (and there has been some) came
slowly and was not easily transferred into general practice. DOD execu-
tives will need to execute a much more aggressive set of demonstration
programs and authorities than prevailed in the initial reform movement,
and they will need a higher level of education and training in commercial
practices to make adoption of ICMM widespread. A much more robust
level of experimentation is warranted, and significant additional tools and
methods, such as modeling and simulation of technology and business
practice variables in real and hypothetical acquisition scenarios, will have
to be devised. Personnel will need to have broad expertise in industry
business, design, and product support practices.

o Lack of institutionalized solutions. The program management teams of
even the largest acquisition actions rarely have the autonomy to develop
and implement ICMM solutions on a case-by-case basis in time to benefit
their programs. Program managers and prime contractors need a climate
of commercially oriented procedures that they can routinely draw upon
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and a workforce steeped in commercial practice that can work from the
outset of a program to increase ICMM.

Dealing with these longstanding barriers to the implementation of ICMM
will be difficult, especially given their deep roots in the culture of defense acqui-
sition. The progress to date in acquisition reform, a growing base of experience
in ICMM, the trends in technology and commercial business practices cited in
this report, and increased incentives for ICMM are all part of the solution.
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Education and Training

As DOD seeks to move toward greater reliance on the commercial sector for
its products and services, its acquisition workforce must be trained, because the
success of ICMM will largely depend on a knowledgeable and competent
workforce. This increased training effort requires the active participation of the
Under Secretary of Defense (Acquisition, Technology and Logistics)
(USD(AT&L)) and the service acquisition executives. This is particularly impor-
tant because DOD’s acquisition workforce will need to develop the requisite
skills to deal effectively in the commercial marketplace. Training should fully
support the acquisition process and allow DOD to take full advantage of the
entire marketplace. Those involved in the delivery of a training program that
emphasizes the commercial marketplace should be held accountable for results.

Hearings held on July 17, 2001, by the House Committee on Government
Reform, Subcommittee on Technology and Procurement Policy, appear to sup-
port these efforts. In those hearings, the Director of Defense Procurement (Lee,
2001) acknowledged that DOD training needs should be updated to reflect com-
mercial practices and the unique needs of the commercial sector. While the
testimony addresses the specific needs of commercial intellectual property rights,
it reflects a broader concern that the changed business environment will require
flexibility in laws and regulations for dealing with the commercial sector. This
testimony also notes DOD procurement policy makers have had a dialogue with
firms that declined to do business with DOD because of intellectual property
concerns.

36
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UNDERSTANDING THE COMMERCIAL MARKETPLACE

Despite DOD’s strong emphasis on the training and education of its military
and civilian acquisition personnel, current training does not equip DOD person-
nel to understand the commercial marketplace.

DOD has a well-trained acquisition workforce with a high level of skill in the
specialties of traditional defense acquisition, such as FAR-based procurement,
engineering, test and evaluation, and logistics. However, it is not taking full
advantage of commercial capabilities, because it does not provide training spe-
cialized in the commercial sector, most notably in commercial sourcing. It is
well positioned to develop and implement a training program that would provide
the knowledge and tools to take advantage of the technology, products, and
services that exist in the commercial sector.

The Defense Acquisition University (DAU) has the management responsi-
bility for all acquisition training within the DOD. DAU campuses are in place
across the country. It has been a leader in the development and delivery of
technology-based training through distance learning. The Defense Systems Man-
agement College (DSMC) is an important component of the DAU. Located in Ft.
Belvoir, Virginia, the DSMC is responsible for courses leading to level III certi-
fication in acquisition management and for post-level III training for program
executive officers (PEOs), program managers, and deputy program managers for
major programs in terms of military priority and cost. These major programs are
usually designated acquisition category (ACAT) 1 or 2, and the training require-
ments are rooted in law. The DAU trains in excess of 40,000 government person-
nel each year, and this level of training is expected to continue well into the
future.

The Industrial College of the Armed Forces (ICAF), located at Ft. McNair in
Washington, D.C., delivers a 1-year course for senior personnel who are expected
to be future leaders in DOD and other government agencies. About one-third of
the ICAF student body specializes in acquisition management. Keeping in touch
with industry is an important part of the ICAF mission. Each of the students
participates in an industry studies program that requires field trips to various
private sector companies. This industry studies program can be an important
resource for DOD as it seeks to expand its emphasis on ICMM and gain a greater
understanding of the commercial industrial base.

Finally, DOD has recognized that it is facing a significant challenge posed
by the demographic composition of its workforce, including those who work in
acquisition. A substantial percentage of the DOD acquisition workforce is eli-
gible to retire, and there are not enough people ready to replace them. In October
2000, DOD issued its final report of the Acquisition 2005 Task Force, “Shaping
the Civilian Acquisition Workforce of the Future” (USD(AT&L), 2000), whose
recommendations are now in the process of being implemented. The committee
strongly endorses the thrust of that report. For the purposes of ICMM, its imple-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10336.html

tegration of Commercial and Military Manufacturing in 2010 and Beyond

38 EQUIPPING TOMORROW’S MILITARY FORCE

mentation represents an opportunity to bring new blood into the workforce and to
develop in them skills that will allow DOD to take advantage of the commercial
marketplace.

USD(AT&L) and the service acquisition executives need to put in place a
comprehensive training program to develop expertise in the defense industrial
base. The training program must recognize the changing business environment
that exists for DOD and should be aimed at program managers and other acquisi-
tion personnel, including contracting officers. It should emphasize the technol-
ogy as well as the processes, products, and services of the commercial sector. It
should also give acquisition personnel new tools that they can use to buy better
value for DOD and an improved capability for its operating forces. The essential
elements of the training program are described next.

A COMMERCIAL ACQUISITION ACADEMY

The USD(A&T) could send a strong signal to the acquisition community,
and create a strong agent for change, by establishing a commercial acquisition
academy within the DAU organization to bolster training and education that
emphasize the commercial marketplace. New curricula as yet unfamiliar to DOD
will have to be developed and delivered by experts in the commercial sector,
whose help and support DOD should enlist in designing a program that meets the
needs of both. The curricula should provide tool-based knowledge so that acqui-
sition personnel can buy effectively in the commercial sector under commercial
rules while still protecting the interests of DOD and maintaining the necessary
accountability to the taxpayer. Training should emphasize commercial best prac-
tices through case studies and other practical exercises. This will require integrat-
ing courses offered by the commercial acquisition academy with other DAU
courses, including those at DSMC. Industry (including firms not doing military
business) and business schools should be solicited to help in the development of
case studies and to augment the faculty. The DAU also may be able to take
advantage of courses in place at commercial companies. Industry associations
can play a key role in curriculum development and facilitate participation by
commercial companies.

All acquisition personnel should be trained in critical thinking, problem
solving, and decision making as a prerequisite for level III certification. Post-
level III training of PEOs and program management personnel should emphasize
business acumen, critical thinking, and problem solving. Case studies, with par-
ticular emphasis on the commercial sector, should be the primary teaching tool.
Special attention should be paid to benchmarking current commercial practices
and using commercial terminology throughout the academy’s programs. Differ-
ences in terminology between defense and commercial industry complicate the
use of commercial suppliers and practices.
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The curriculum should emphasize industry tours and internships, which let
government personnel see how industry operates and bring good ideas back to
DOD. Such tours and internships can also be a two-way street where industry
people learn more about government. To the extent practicable, commercial per-
sonnel should teach DAU courses, particularly those offered at DSMC.

ATTRACTING COMMERCIAL SUPPLIERS

Program managers and contracting officers need specific training on how to
overcome the barriers that discourage commercial firms from doing business
with DOD. This training is extremely important and is likely to become more of
an issue over the next several years, because DOD lacks capabilities that the
commercial sector has to offer. A good first step would be broad-based training
on what latitude exists in current law and regulation to procure products and
services from commercial companies. This could then be augmented with tar-
geted training on subjects like intellectual property and commercial pricing. This
type of training needs to touch the whole workforce so that government deals
with private industry on a consistent basis.

RESEARCH AND TECHNOLOGY FOR COMMERCIAL BUYING

The DOD Acquisition Research Program should be used to develop addi-
tional tools to facilitate commercial buying. This program, which is already in
place, should be directed toward the commercial sector and address high-payoff
areas such as intellectual property and commercial pricing. The results of acqui-
sition research should be fed into the DAU curricula.

DOD needs to fully exploit ways of carrying out market research over the
Internet and sharing lessons learned and best practices. The latter can by itself be
an effective learning tool and become a way of doing business for all acquisition
personnel.

In summary, training focused on commercial practices is essential to achiev-
ing meaningful progress in ICMM. While training is an essential part of the
implementation of ICMM, leadership and constant management attention to the
difficult process of cultural change, including attention to clear and implementable
policies, metrics, and incentives, are necessary as well. This change requires a
somewhat radical approach, like the proposed commercial acquisition academy,
because DOD and its acquisition workforce do not understand the commercial
sector well enough to realize how it can be used to improve the capability of
DOD systems and processes.
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Findings and Recommendations

Based on the analysis in the foregoing chapters, the committee developed the
five findings and six recommendations discussed below. The recommendations
are discussed relative to the specific points in the statement of task at the end of
this chapter. The committee’s recommendations are directed primarily at the
DOD management chain above the DOD Manufacturing Technology Program
(ManTech). However, it sees an important role for the ManTech program in the
overall strategy for ICMM and has included specific recommendations for
ManTech.

The committee’s recommendations are as follows:

1. Vigorously pursue policy, incentives, and implementing guidelines for
ICMM.

2. Establish a commercial acquisition academy to augment training and edu-
cation.

3. Fund and execute additional rapid-response demonstration programs to
build a broad base of experience with ICMM.

4. Contract for life-cycle support and technology refreshment.

5. Increase DOD and defense sector awareness of planned and emerging
commercial technologies and capabilities.

6. Invest in R&D to increase the compatibility of military operating environ-
ments and commercially produced components.

The committee believes that bolstering training and education is the highest

40
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priority area. It recommends the establishment of a commercial acquisition
academy within the Defense Acquisition University, the mission of which would
be to create a knowledge base and an acquisition workforce steeped in commer-
cial practice. The committee believes that this new institution could become the
focal point for following through on the other findings and recommendations.
Further details are presented in the section on recommendations, below.

FINDINGS
Finding 1. Defense systems integrators have the pivotal role in ICMM.

With rare exceptions, major defense systems require a combination of sys-
tem integration skill and military application domain expertise that can come
only from the established defense contractor community. For this reason, the
greatest opportunity for ICMM exists at the component and subsystem level.
System integration of superior technologies into defense systems, including de-
fense-unique and commercial technologies, is the edge that the U.S. defense
industry can provide. ICMM offers defense prime contractors the same rewards
and business potentials as commercial original equipment manufacturers (OEMs),
but only if DOD changes acquisition practices identified as barriers, especially
profit policies and provisions that bias make/buy decisions.

Finding 2. Recent successes in ICMM show it can be done.

Although ICMM is not yet a routine practice, numerous experiments and
pilot programs and a few real acquisitions have demonstrated its viability. Fur-
ther efforts are needed to institutionalize successful demonstration results. When
motivated by competition, cost constraints, contract incentives, or performance
needs, defense prime contractors are willing to outsource the production of sub-
systems and components to commercial manufacturers. Experiments, pilot pro-
grams, and actual acquisitions show that commercial manufacturers are willing to
accept government contracts and subcontracts if ways are found to work through
the barriers created by acquisition practice. Successful ICMM implementations
exist in electronics, aircraft engines, submarine electronics, and aging avionics,
but they represent only a small fraction of expenditures. These implementations
show that

» Appropriate incentives can lead to substantial successes.

It is important that ICMM become part of the normal course of business
and that it not require government contracting personnel to make unprec-
edented determinations that a product or service is commercial or to take
other actions that put their careers at risk.
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e The acquisition system must become more willing to embrace changes
proven in demonstration programs and to disseminate results and how-to
documents.

e The ManTech program, with its unique statutory authorities, can be used
for demonstration efforts in technology, business practices, and partner-
ships to realize a more efficient ICMM defense industrial base. However,
the program is not now tasked or funded for this mission.

Finding 3. Longstanding barriers must be removed to take full advantage of
ICMM.

Many of the barriers to ICMM are acquisition and business practices rather
than technical incompatibilities. Recent legislative and policy changes provide
the needed tools, but implementation has been uneven across programs. Key
barriers that continue to inhibit ICMM include the following:

e Lack of a commercial knowledge base and an acquisition workforce (in-
cluding contracting officers) that is steeped in commercial practice;

» Government acquisition provisions that commercial suppliers are unwill-
ing to accept, including cost accounting, auditing, specialized specs and
standards, procurement laws and socioeconomic provisions, and logistics
practices;

» Government practices on intellectual property rights that are incompatible
with commercial practice;

e Acquisition and upgrade cycle times that are drastically misaligned with
commercial cycles, including lengthy test and evaluation and requali-
fication requirements;

* A requirements process for new systems that is often incompatible with
evolutionary commercial capabilities and development practices and that
does not set cost requirements based on ICMM opportunities;

* A definition of a commercial product or service (FAR 2.101) that signifi-
cantly constrains the ability to procure commercial R&D;

» A lack of effort on the part of DOD commands to fully implement FAR
Part 12, Acquisition of Commercial Items;

 Failure to take full advantage of DFARS profit policy provisions on tech-
nology innovation—continued emphasis on investment in new facilities
acts as a disincentive to commercial outsourcing;

e Lack of modular equipment architectures, such as modular open systems
architecture (MOSA) and of methods for scheduling and funding periodic
block upgrades throughout the product life cycle; and

e Lack of institutionalized solutions that program managers can routinely
draw on to make ICMM solutions part of the normal course of business in
DOD.
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Finding 4. Commercial trends make ICMM increasingly desirable in 2010
and beyond.

Commercial industry trends that make ICMM increasingly desirable and
feasible for 2010 and beyond include more outsourcing, more automated and
flexible production facilities, rapid changeover to manufacture a wide variety of
subsystems, and efficient utilization of facilities that make a broad mix of prod-
ucts. The envelope of technical capability in commercial manufacturing facilities
is generally large enough to allow production of defense variants of commercial
products.

The committee finds that current DOD knowledge of commercial markets
and products is inadequate for assessing emerging commercial products and ca-
pabilities and taking them into account in defense system plans and requirements.
Defense contractors can help provide improved insight into the commercial base,
but DOD needs its own (in-house or contracted) capability to be a smart buyer.

Among the significant trends that will open possibilities for increased ICMM
are the following:

» The emergence of a new $70 billion industry sector devoted to flexible
electronics manufacturing services, with capabilities suited to small-lot
custom manufacturing for defense applications involving digital, analog,
and microelectromechanical subsystems (MEMS);

e Advances in the mechanical manufacturing domain in precision auto-
mated manufacturing for small lots, with greatly improved flexibility to
accommodate on-demand manufacturing of defense items;

» Availability of technology for automated design, production, and in-line
inspection and testing that, by 2010, will offer electromechanical and
MEMS devices with a level of manufacturing flexibility and integration
comparable to the production infrastructure for today’s chips and boards;

o Commercial upgrades to aging avionics, a major opportunity for ICMM,
because upgrading using mil-spec configurations is usually unaffordable
and often impossible; and

* Advances in the ability to share digital product data and business data in
supply chains, with new efficiencies in rapid-response manufacturing of
the type needed by DOD.

Finding 5. Current training does not equip DOD personnel to understand
the commercial marketplace.

The DOD acquisition workforce, including program management staff and
contracting officers, does not have the necessary background to take full advan-
tage of commercial capabilities. While it is well trained and has a high level of
skill in the specialties of traditional defense acquisition, this workforce lacks
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training on doing business in the commercial sector. Individual program manag-
ers cannot pioneer ICMM unless the supporting acquisition establishment under-
stands how it works and actively supports its implementation. Training resources
that can be leveraged for this purpose include the following:

» The Defense Acquisition University (DAU), DOD’s primary source of
training in acquisition, including the training of contracting officers. An-
nual throughput exceeds 40,000 students and is projected to remain at this
level over the next several years.

» Private sector education and training, including government/industry per-
sonnel exchange programs.

» The Defense Systems Management College (DSMC), a component of
DAU, the primary source of program management training. Training re-
quirements for acquisition personnel are specified in law.

* DOD’s Industrial College of the Armed Forces (ICAF), which—as part of
its educational mission for DOD personnel—conducts studies to learn
about industry practices and pass on the knowledge and experience.

RECOMMENDATIONS

Recommendation 1. Vigorously pursue policy, incentives, and implementing
guidelines for ICMM.

The Under Secretary of Defense (AT&L) should issue specific policy
statements and implementing guidelines that remove barriers to the use of com-
mercial products and processes, that provide metrics for commercial content in
military systems, and that monitor implementation in milestone reviews. Imple-
menting guidelines should specifically include the following:

o Source selection factors. All source selections should include evaluation
factors for performance and cost trade-offs that explicitly assess use of
commercially produced subsystems. These factors must carry sufficient
weight to serve as a strong incentive for industry to optimize the use of
commercial technologies and manufacturing capabilities.

o Profit policies. Weighted guidelines for DOD profit policy should be
revised and/or implemented to reduce the reward for facilities investment
and increase the reward for technology innovation, including integration
of commercial technology. If these reward provisions are properly struc-
tured, DOD prime contractors will be motivated to do more commercial
outsourcing.! Changing DOD profit policy in this manner will require

IWhile issues such as those of legacy infrastructure complicate these decisions, they should not be
permitted to impact the affordability of future systems.
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the endorsement of senior leadership, an aggressive training program for
acquisition personnel, and follow-up to see that changes are implemented.

o Shared savings. For programs beyond Milestone B, contracts should
provide the contractor a generous share of any savings attributable to
design or production changes that implement ICMM.

o Intellectual property. Authority should be granted for acquisition re-
search demonstration programs to use “other transactions” authority until
legislation is available to enable commercial intellectual property and
data rights practices. Particular emphasis should be placed on the robust
implementation of the technology innovation provisions of DFARS
215.404-71-2. In addition, DOD should seek changes in intellectual prop-
erty and data rights laws to align DOD practice with commercial practice,
including negotiation of field-of-use rights and limiting technology ex-
change to specific contracts, people, and durations using commercial non-
disclosure agreements.

o Commercial item determination. Program managers and contracting of-
ficers should be given flexible guidance on how to determine if products
or services are commercial items under FAR Part 12. In parallel, DOD
should seek waivers and, ultimately, a change to broaden the FAR defini-
tion of a commercial item to include all items produced on commercial
lines, and it should launch demonstration programs to deal with the chal-
lenge of pricing commercial items.

* Metrics. Such metrics as commercial content based on bills of material
should be developed, implemented, and tracked in a variety of demonstra-
tions in each service.

* Request for Proposal (RFP) template. An RFP template should be estab-
lished for the DOD Acquisition Desk Book. This template should be
aimed at fostering a shared understanding of commercial design standards
and rules for government and industry representatives. In addition, gov-
ernment and prime contractor representatives should be encouraged to
participate in industry bodies that set design and manufacturing standards.

o Acquisition research. DOD’s Acquisition Research Program should be
used to develop additional tools to facilitate buying from the commercial
sector. Two suggested areas would be the development of commercial
pricing techniques and the harmonization of DOD and industry intellec-
tual property (IP) requirements.

Recommendation 2. Establish a commercial acquisition academy to aug-
ment training and education.

A comprehensive training program to develop expertise in the commercial

industrial base, with particular emphasis on acquisition of commercial technol-
ogy, products, and services, should be established under the sponsorship of the
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USD(AT&L) and the service acquisition executives. This program should be
directed at program managers and other acquisition personnel, including con-
tracting officers. Creating an acquisition workforce steeped in commercial prac-
tice is of such importance to ICMM that a commercial acquisition academy
should be established within the DAU and dedicated to this objective. A com-
mercial acquisition academy should:

» Use case studies and practical exercises to impart commercial best prac-
tices. Industry and industry associations, both defense and commercial, as
well as business schools should all participate in curriculum development
(including case studies) and should make staff available to augment
regular faculty. Where possible, industry personnel should attend DAU
courses, particularly those at the DSMC.

o Offer coursework that helps program managers (PMs) and contracting
officers identify latitude in the existing legal and regulatory language that
would allow procurement of products and services from the commercial
sector.

* Recruit faculty with skills in commercial industry practices, especially in
the areas of commercial pricing techniques and commercial intellectual
property issues. Industry associations, retirees, and commercial industry
should be involved in faculty recruitment.

e Train both program managers and contracting officers to overcome barri-
ers that preclude commercial firms from doing business with DOD. This
training would be aimed primarily at using existing legal and regulatory
latitude to procure products and services from the commercial sector.
Training in critical thinking and problem-solving skills should be a pre-
requisite for the level III certification of acquisition personnel. Subse-
quent training should emphasize business acumen as well as critical think-
ing and problem solving.

» Use arange of resources to carry out this training in commercial practices,
including private sector training, involvement in professional societies
that include commercial firms, and government-industry personnel ex-
change. Internet technologies should be fully exploited for sharing les-
sons learned and best practices.

» Use the industry studies program of the Industrial College of the Armed
Forces (ICAF) to broaden DOD’s knowledge of the commercial industrial
base. The key results of these studies should be made part of the curricu-
lum and should be made available to policy makers and acquisition per-
sonnel.

Recommendation 3. Fund and execute additional rapid-response demon-
stration programs to build a broad base of experience with ICMM.
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The DOD acquisition and sustainment management chain—USD(AT&L),
service acquisition executives, center commanders, and PEOs/PMs—should en-
courage demonstration programs to build the base of experience needed for in-
creased ICMM. This management chain should advocate, plan, program, budget,
and protect the necessary resources for these demonstrations. It should

» Provide waivers, as needed, to experiment with commercial practices.
* Reexamine the present roles and missions of the Defense Production Act
Titles I and III programs, including the Diminishing Manufacturing
Sources and Industrial Base Analysis programs and processes, to ascer-
tain their full potential for supporting a more robust transformation of the
defense industrial base to an ICMM base.
* Focus and fund the DOD ManTech Program (and its service/DLA com-
ponents) to exploit the full authority and latitude of ManTech’s unique
statutory mandate. ManTech should be aggressively employed to foster,
execute, and transition significant demonstration projects with major
ICMM implications to the DOD. Examples of specific projects include
— Modeling-and-simulation-based ICMM “‘acquisition war games” un-
dertaken in partnership with DAU, using authoritative experts as visit-
ing professors and research fellows, as well as active or retired PMs
and experts from industry and government. Provide early stimulus and
support to the concept and formulation of a commercial acquisition
academy;

—Demonstration programs to fully explore and validate the optimum use
of the commercial manufacturing base for military products;

—Advanced ICMM technologies, including modeling and simulation
tools and methods to faithfully represent the relationships between
product design, commercial producibility, and life-cycle supportabil-
ity;

—NMethods to achieve or approach six-sigma quality control on defense
and commercial comanufacturing lines; and

—Technologies and business and management practices that will enable
affordable production of small lot sizes, the goal being an affordable
lot size of one.

Recommendation 4. Contract for life-cycle support and technology refresh-
ment.

For systems where commercially manufactured content is significant, DOD
acquisition strategies should give total product responsibility to the system inte-
grator for design, production, product support, and system availability, including
responsibility for commercially based technology refreshment. The objective is
to assure producible designs that can be supported with readily available compo-
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nents where underlying commercial technology in systems and subsystems is
progressing rapidly. To accomplish this, the USD(AT&L) should issue the fol-
lowing implementing guidelines:

» Use only performance specifications.

» Give configuration management authority to the contractor to redesign
and replace failed products so long as DOD retains plug-and-play (i.e.,
form, fit, and function) interchangeability.

» Provide incentives for contractors to initiate technology refreshment as
required to support the product. Plan to minimize costs and time for
requalification except where necessary for safety. Use interface control
documents and functional specifications to manage the contractor.

» Use multiyear production pricing curves and award term contracts that
motivate the design and production of reliable systems and cost-effective
sustainment.

e Plan and fund functional product improvements separately from product
support. However, with configuration management authority, contractors
should be able to initiate replacement or upgrade of components when it
is less costly than continuing to repair the existing ones.

* Demonstrate and encourage lean manufacturing and just-in-time supply-
chain practices.

Recommendation 5. Increase DOD and defense sector awareness of planned
and emerging commercial technologies and capabilities.

USD(A&T) and service acqusition executives (SAEs) should develop pro-
grams to increase the insight that DOD and defense contractors have into emerg-
ing commercial products and planned technologies, to assess capabilities that will
be available in time frames of military interest, and to use this information in
defining requirements for acquisition and upgrade programs. These new insight
programs should include

» Designating and training DOD personnel who will specialize in commer-
cial market research and advising the acquisition community on emerging
commercial products and production capabilities that DOD can leverage.

» Supplementing this in-house capability with access to commercial market
research companies and their knowledge bases.

» Encouraging defense prime contractors to establish business relationships
that give them insight into the proprietary plans of commercial partners
and allow them to assess ICMM possibilities for emerging commercial
technologies and planned production capabilities.
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Recommendation 6. Invest in R&D to increase the compatibility of military
operating environments and commercially produced components.

The Director of Defense Research and Engineering should establish a pro-
gram to develop generally applicable solutions to mitigate the effects of differ-
ences between military operating environments and commercial operating envi-
ronments. Examples of solutions are designs and manufacturing methods that
harden commercial items to perform reliably in military environments (tempera-
ture, humidity, shock, vibration, and radiation) and weapons system features that
isolate or buffer commercial components from such environments. Experience
from commercial industry in applying commercial components in severe envi-
ronments should be analyzed to determine their applicability to military systems.
Implementation should include

» Analyses to identify classes of commercial subsystems and components
that offer the needed performance potential but are incompatible with
military operating environments. These analyses should identify oppor-
tunities for generally applicable solutions that would have broad impact
across new acquisitions and upgrades. Particular emphasis should be
placed on commercial components and subsystems for multifunctional
sensors, battlefield robots, missile seekers, night vision equipment, and
embedded computers.

* Funding for R&D programs to develop the needed solutions. Since the
objective is to increase the use of the commercial industrial base, this
mission could be assigned to the DOD ManTech program.

DISCUSSION OF RECOMMENDATIONS

This section briefly discusses the committee’s recommendations as they
relate to the items in the statement of task.

Task 1. Identify advances in commercial technology and best practices that
present opportunities for increased ICMM.

Based on a review of studies forecasting advances in manufacturing pro-
cesses expected by 2010, particularly the Integrated Manufacturing Technology
Roadmapping Project IMTI, 2000), the committee’s assessment is that the ad-
vances in technology and practices most important to increasing opportunities for
ICMM are in the following areas:

e Product design, definition, and data interchange;
» Systems for manufacturing planning and execution;
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» Collaborative design techniques, especially those that bring subcontrac-
tors into the process earlier;

* Enabling information infrastructure;

e Product modeling and simulation (including cost and producibility);

e Methods of assuring and improving quality;

e Test and evaluation;

e Design for product support and reduced life-cycle cost; and

» Integration planning and analysis.

To take full advantage of these advances, DOD needs to be more actively
involved in commercial standards development processes to ensure early consid-
eration of the interfaces needed for defense applications. Commercial industry
will generally not make changes to accommodate defense needs once standards
are set.

The most notable best practice is commercial industry’s efforts to seek radi-
cally new manufacturing sources for components, driven by pressure to reduce
production costs. A new industry, flexible electronic manufacturing services
(EMS) companies, is available for dual production (see Finding 4). This trend
toward flexible EMS companies appears to be continuing, along with trends in
CAD, robotics, and other technologies. It is difficult to predict the consequences
of these powerful forces in 2010 and beyond. However, it appears that two
distinct lines of evolving commercial manufacturing will be available by 2010:

» Horizontal (outsourced) manufacturing by high-tech companies, where
efficiency is achieved by specialized facilities operating in multiple shifts,
and

» Vertical (in-house) manufacturing, where competitive costs are achieved
by highly automated, flexible manufacturing that allows a wider spectrum
of assembly than specialized horizontal manufacturing.

The committee believes that both capabilities will be available to the military
once the barriers pointed out in this report have been dismantled.

Task 2. Identify technology areas where rapid commercial advances could
be leveraged.

The trend toward increased miniaturization and integration of MOEMS will,
by 2010, offer high-capital-investment facilities capable of making defense as

well as commercial subsystems (see Finding 4).

Task 3. Identify major weapon systems suitable for production by commer-
cial enterprises.
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The committee finds that major weapon systems in 2010 and beyond will
continue to be integrated, assembled into final products, and tested by defense
prime contractors. However, virtually a/l defense systems have many opportuni-
ties for subsystems and components to be bought from commercial suppliers,
either as COTS insertions or as custom-produced items (see Finding 4). While
progress has been made with COTS end items and components, the opportunities
for custom items using commercial production capabilities have not been well
capitalized on. There is also a broad range of commercial practices that can be
applied throughout the life cycle of virtually all military systems.

Task 4. Identify barriers limiting ICMM.
The committee finds that barriers were well defined in earlier studies and
that most of the needed tools are available. Further implementation action is

needed, and as described in Chapter 3, there is now a body of experience to build
on.
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Biographical Sketches of
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the Sarnoff Corporation, a leading R&D company with both commercial and
government clients. He is responsible for program development across all Sarnoff
business units to meet government needs for innovative, dual-use technologies in
networks and information systems, sensors and microelectronics, and biotechnol-
ogy. Dr. McGrath holds a B.S. in space science and applied physics, an M.S. in
aerospace engineering both from Catholic University, and a doctorate in opera-
tions research from the George Washington University. Prior to joining Sarnoff,
Dr. McGrath was the assistant deputy under secretary of defense (dual use and
commercial programs), where he was responsible for policy, strategies, and pro-
grams to help the services and defense agencies make routine use of commercial
technologies and industrial capabilities in defense systems. He directed the Com-
mercial Technology Insertion Program, the Commercial Operating and Support
Savings Initiative, and DOD’s Title III investment program to establish sources
for critical materials and technologies. Dr. McGrath also served as the assistant
director for manufacturing in DARPA’s Defense Sciences Office. He was the
agency focal point for manufacturing technology and the program manager for
three DARPA programs (Agile Manufacturing, Electronic Commerce Resource
Centers, and Affordable Multi-Missile Manufacturing). He also served in leader-
ship positions for several DOD-wide initiatives to improve manufacturing and
reduce the cost of defense systems. Before that, Dr. McGrath was the director of
the DOD CALS Office in the Pentagon, where he guided the Computer-Aided
Acquisition and Logistics Support program from its inception. He has also held
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of Engineering at Purdue University, where he has been on the faculty since
1993. His expertise in materials science and nuclear engineering includes experi-
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electroceramics, especially high-temperature superconductors and ferroelectric
ceramics. He continues his interest in nuclear materials management, including
nuclear waste management and plutonium management for nonproliferation of
nuclear weapons. Before Purdue, Bement was vice president for science and
technology and vice president for technical resources at TRW, Inc. He was
Deputy Under Secretary of Defense (Research and Engineering) and director of
the materials science office at DARPA. He has held positions at MIT, Battelle
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Dr. Bement is a member of the National Academy of Engineering and an honor-
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tion and defense acquisition. He served in the United States Navy Supply Corps
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professor of system acquisition management at the Naval Postgraduate School
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six organic depots, 25,000 people, and sales of $2 billion per year. He retired
from the Navy in February 1990 with the rank of Rear Admiral. Mr. DeMayo is
a member of the Board of Visitors of the Defense Acquisition University and the
Defense Systems Management College, the Board of Directors of the Procure-
ment Roundtable, and the Board of Advisors at the George Washington Univer-
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Company. Prior to joining GRC in March 1995, he served as deputy director and
director of the DOD’s Advanced Research Projects Agency (ARPA) for 5 years.
Prior to that, he served within the Air Force’s Wright Laboratories in various
capacities that included director of the Air Force’s Manufacturing Technology
Program and director of the Air Force Materials Laboratory. He has been on the
forefront of advanced manufacturing technology, including computer-integrated
manufacturing and manufacturing processes for electronic components, metals,
and composites. While director of ARPA, he was a project sponsor at the NRC,
where he forcefully emphasized the importance of manufacturing activities.

Joseph A. Heim is a member of the corporate materials engineering staff at
Genie Industries, an international manufacturer of man-lift and materials han-
dling equipment. He earned a Ph.D. in industrial engineering from Purdue Uni-
versity and a B.S. in mechanical engineering and an ML.E. in computer science
from the University of Louisville. Prior to joining Genie Industries, Dr. Heim
was a member of the industrial engineering faculty at the University of Washing-
ton in Seattle and held various executive positions at InfoSystems Design and
Integrated Production Systems. From 1990 to 1992 he was the J. Herbert
Hollomon Fellow at the National Academy of Engineering.

F. Suzanne Jenniches is the vice president of Northrop Grumman ESSS
Communication Systems with operating units in Baltimore, Maryland; Cincin-
nati, Ohio; Market Deeping, in England; and Oslo, in Norway. Prior responsibili-
ties included nondefense automation and information systems, B-1B offensive
radar operations, robotics, and defense electronics manufacturing and testing.
She serves as a consultant on the U.S. Army Science Board. She is also a past
president of the Society of Women Engineers.

James Mattice is director of management and organizational development
at Universal Technologies Corporation. He is responsible for ongoing govern-
ment and commercial activities in research, development, and technology transi-
tion. Previously, Mr. Mattice served as Air Force executive in residence at the
Federal Executive Institute in Charlottesville, Virginia; deputy assistant secretary
of the Air Force for research and engineering in the Office of the Secretary of the
Air Force, the Pentagon; executive director in the Office of the Commander,
Director of Development Planning; and a variety of senior management positions
in Air Force laboratories at the Aeronautical Systems Center, Wright-Patterson
Air Force Base, Ohio. These Air Force positions capped 38 years of experience
with in-house laboratory research, as well as leadership in all aspects of basic
research, exploratory, advanced development, manufacturing technology, and
executive development programs and organizations. Mr. Mattice is internation-
ally recognized for his accomplishments as a research and development organiza-
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tion leader, a corporate strategic planner, an international cooperative program
architect, and an agent for interservice, interagency collaborative policy and pro-
grams. He has served on numerous boards, special study panels, and advisory
committees in government and with industry and academia, here and abroad.

David R. Smith is director of the Production Systems Engineering and
Technology Organization at Eastman Kodak Research and Development. He
began his career with Eastman Kodak in 1965 and has worked in design engineer-
ing, technology development, process improvement, and systems engineering. A
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of Massachusetts. He is a member of the Board of Directors for Microelectronics
& Computer Technology Corporation and the Optoelectronics Industry Develop-
ment Association.

Robert I. Winner is the president of R. Winner & Associates, Hopkinton,
Massachusetts, a consulting and facilitation firm focusing on integrated develop-
ment processes, defense acquisition reform, and information technology planning
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science from the Georgia Institute of Technology, an M.S. in computer science
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graduate of Harvard University’s John F. Kennedy School of Government Senior
Executive Program in National and International Security and the ITT program
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Center for High Performance Computing, deputy director of the Computer and
Software Engineering Division of the Institute for Defense Analyses, and associ-
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author and team leader of the landmark 1988 IDA study The Role of Concurrent
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Briefings

The following individuals made presentations to the Committee on Integra-
tion of Commercial and Military Manufacturing in 2010 and Beyond:

1. Overview of ManTech Program and Sponsor’s Goals, Steve Linder,
Office of Naval Research

2. Dual Production of Military Electronics, Larry Griffin, independent con-
sultant

3. Acquisition Reform Initiatives, Stan Soloway, Deputy Under Secretary
of Defense, Acquisition Reform

4. Military Products from Commercial Lines, Brench Boden, Wright-
Patterson AFB

5. Military and Commercial Turbine Engines, Larry Trowel, General Elec-
tric Aircraft Engines

6. A Common Manufacturing Base for Dual-Use Applications, Jim Fallon
and Joe Thomas, M/A-COM

7. Miniature Air-Launch Decoy (MALD) Program, Lt. Col. Walter Price,
U.S. Air Force, Wright-Patterson AFB
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8. Circuit Board Manufacturing at SCI Systems, Steve Werner and Jerry
Thomas, SCI Systems

9. Dual Production Experience at Rockwell-Collins, Herm Reininga,
Rockwell-Collins

10. Army Experience and Opportunities for Commercial Leverage in Army
Transformation Programs, LTG Paul Kern, U.S. Army

11. Experience with Implementation of CMI in the Defense Department,
Jacques Gansler, University of Maryland

12. Reduced Total Cost of Ownership (RTOC) Pilot Projects in DOD, Spiros
Pallas, Principal Deputy Director, Strategic and Tactical Systems, Office of the
Secretary of Defense

13. Commercial and Military Interaction in U.S. Army Night Vision Tech-
nology, Fenner Milton, U.S. Army Night Vision Center
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Background and History

BACKGROUND

Integrating commercial and military manufacturing is not a new idea. Mobi-
lization of the U.S. commercial industrial base into the “arsenal of democracy”
was essential to victory in World War II.

After the war, this capacity reverted to its civilian uses. Through the 1950s,
the military became a major driver of technological change in the American
economy, spawning industries like commercial aeronautics, semiconductors, and
communications satellites (NRC, 1993).

The Cold War era saw the development of a permanent defense industrial
base and defense acquisition practices distinctly different from commercial prac-
tice. The U.S. military’s demand for weapons continued to be strong until the end
of the Cold War. The permanent armaments industry met the requirements for
military acquisition, despite periodic unease with the cost of weapons and accu-
sations of waste, fraud, and abuse. A complex business relationship evolved
between government and contractors; laws and regulations governing the pro-
curement process became increasingly complicated.

The personnel required for contractors to comply with these regulations
became a growing cost burden to companies and their government business units
(SAIC, 1999). One reaction to the regulations was the separation for accounting
purposes of commercial and government business in companies that do both
(Gansler, 1995). This separation shields commercial businesses from DOD audits
and the possibility of prosecution for irregularities. Auditability has become a
first-order driver of defense contractor development and production processes.
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History of Acquisition Reform

Since 1990, a number of trends have combined to begin the process of
change in DOD’s acquisition practices, including debate over the vision of civil-
military integration (CMI). Box D-1 provides a timeline of acquisition reform
initiatives in recent years.

The first of these trends was reduced budgets for the acquisition of new
defense systems, resulting largely from the end of the Cold War. Simultaneously,
the capabilities of commercial equipment and its application for military use have

Timeline of Acquisition Reform Since 1994

1994 Secretary Perry’s Mandate for Change

» Rapidly acquire commercial products and technology.

» Introduce reforms to minimize the use of military specifications.

» Assist in conversion of U.S. defense-unique companies to dual-use
(producing for both commercial and military) production.

» Aid in transfer of military technology to the commercial sector.

» Preserve defense-unique core capabilities.

» Adopt business practices characteristic of world-class customers and
suppliers and encourage DOD suppliers to do the same.

1994 Federal Acquisition Streamlining Act
» Permitted purchases of items below $2,500 without competitive quotes
or compliance with Buy American Act and certain small business
requirements.
+ Exempted commercial product procurements from laws, including
submission of cost or pricing data and cost accounting standards (CAS)
requirements; established preference for commercial items.

1996 Federal Acquisition Reform Act and Information Technology

Management Reform Act (Collectively Known As the Clinger-Cohen

Act)

» Required that agency heads establish a process to select, manage, and
control their IT investments.

» Authorized a test of the use of the Simplified Acquisition Procedures
(SAP) for commercial items between the simplified acquisition threshold
of $100,000 and $5 million.

1997 Rewrite of DOD 5000 Series of Acquisition Regulations
» Incorporated new laws and policies in a dramatically shorter document.

NOTE: Adapted from <www.dsmc.dsm.mil/jdam/contents/legislation.htm>.

Box D-1
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accelerated, especially in electronics. These trends, as well as changes in the
nation’s defense strategy, have caused uncertainty over which weapons to buy
and interest in broadening the existing stand-alone defense industrial base.

SUMMARY OF EARLIER STUDIES

Since the late 1980s, studies have discussed commercial-military integra-
tion, also known as civil-military integration, and described its anticipated ben-
efits (both terms are known by the acronym CML.!) The studies were prepared
by organizations such as the Defense Science Board (DOD, 1989), the Office of
Technology Assessment (OTA, 1994, 1995a, and 1995b) and the General Ac-
counting Office (GAO, 1998).

The DSB study, which focused on semiconductor devices, noted that “de-
spite overwhelming verbal support, movement towards greater use of commer-
cial products and practices has been slow.” The transmittal letter included in that
report recommended the use of open systems architecture, which would allow
increased use of commercial hardware and software and the corresponding indus-
trial base while demonstrating the ability to use commercial subsystems and
nongovernment standards as well as their benefits. It also recommended the use
of demonstration programs to test the ability to buy commercial products and
services using commercial practices.

The 1994 OTA study Assessing the Potential for Civil-Military Integration:
Technologies, Processes, and Practices noted that Congress had long been inter-
ested in CMI. This interest was evident as early as 1984, when the Defense
Procurement Reform Act mandated that DOD use “standard or commercial parts”
when developing or buying military-unique products whenever technically or
economically feasible. The 1994 OTA study also noted that the 1990, 1991, and
1993 Defense Authorization acts all contained language promoting CMI.

Based on analysis of previous studies, the 1994 study suggested that military
and commercial manufacturing had become segregated for a number of reasons:

e Acquisition laws, regulations, and culture;

» Military specifications and standards;

» Militarily unique technologies or products;

o Commercially uneconomical orders;

* Emphasis on performance rather than costs; and
» Classified technologies.

IThe committee chose to use the acronym ICMM, for integration of commercial and military
manufacturing, rather than the acronym CMI, for civil-military integration or commercial-military
integration. The committee believes that ICMM emphasizes manufacturing and the optimum use of
the commercial industrial base. However, this appendix uses the acronym CMI where it was used by
earlier studies.
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It also noted that the structure of acquisition laws and regulations and the
culture resulting from them provide few incentives to integrate. OTA also found,
however, that technological developments had reinforced the trend toward inte-
gration of the commercial and military technological and industrial bases. While
it noted that some case studies cited the potential for cost savings of 20 to 60
percent, it believed that savings were difficult to quantify and that it was unlikely
that such savings were possible across the entire industrial base. Finally, OTA
believed that the most important contribution of CMI might not be in savings, but
rather in preserving the ability to support national security objectives in the face
of spending reductions.

The OTA (1995a) study Assessing the Potential for Civil-Military Integra-
tion: Selected Case Studies stated as follows: “Despite several previous initia-
tives to promote integration, much of the DTIB [Defense Technology and Indus-
trial Base] remains isolated. Still, significant CMI [Civil-Military Integration]
currently exists.” OTA noted that it believed CMI was more likely at the lower
industrial tiers than at the prime contractor level, where components are com-
bined to produce military-unique systems. OTA stated that technology trends
had blurred differences between commercial and military technology in its three
case studies: flat-panel displays, polymeric composites, and shipbuilding. Fi-
nally, this OTA study concluded that both increased access to commercial tech-
nology and reduced system cost were likely results of CMI, but that both benefits
were difficult to quantify.

Sources outside government also recognize the potential of ICMM. The
1999 NRC study Defense Manufacturing in 2010 and Beyond: Meeting the
Changing Needs of National Defense focused on leveraging advances in com-
mercial manufacturing in its recommendations. The study identified the chal-
lenges of using commercial manufacturing capacity, including the use of and
design for commercial processes, the incorporation of COTS parts and subsystems
into military equipment, reforms in acquisition procedures to accommodate com-
mercial practices, and incentives for commercial industry to manufacture defense
parts. It identified nontechnical barriers, such as accounting practices and acqui-
sition regulations, as the most serious impediment to achieving this challenge.
The current study pursues these challenges in greater depth.

Given the limited progress in CMI despite the long interest in the area,
Gansler (1995) states that “perhaps no point . . . should be more heavily empha-
sized than the extreme difficulty that will be faced in attempting to implement the
changes required for civil/military integration.” He identified the primary causes
of this difficulty as (1) the complex nature of overcoming the status quo and the
investment of careers in working within the current system and (2) the differ-
ences between commercial and military procurement systems brought about by
an inherent distrust of defense contractor motives.
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The 1993 Defense Science Board study (DOD, 1993) addressed that diffi-
culty in attempting to implement change in defense acquisition. It emphasizes
that what needs to be done is well documented, and that the focus should be on
implementation methods. The present NRC study took a similar approach, focus-
ing on implementation.
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ACAT
ASICs

CAD/CAM
CAIV

CAS

CMI

COTS

DARPA
DAU
DFARS
DOD
DSMC
DTIB

EMS

FAR
FBM

GaAs
GAO
GEAE
GOTS
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D

Acronyms and Abbreviations

acquisition category
application-specific integrated circuits

computer-aided design/computer-aided manufacturing

cost as an independent variable

cost accounting standards

civil-military integration or commercial-military integration
commercial off-the-shelf

Defense Advanced Research Projects Agency
Defense Acquisition University

Department of Defense FAR Supplement
Department of Defense

Defense Systems Management College
defense technology and industrial base

electronic manufacturing services

Federal Acquisition Regulations
fleet ballistic missile

gallium arsenide

General Accounting Office
General Electric Aircraft Engines
government off-the-shelf
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GPS global positioning system

IC integrated circuit

ICAF Industrial College of the Armed Forces
ICMM integration of commercial and military manufacturing
IMTI integrated manufacturing technology initiative
1P intellectual property

IPPD integrated product and process development
IPT integrated product team

IR infrared

MALD miniature air-launched decoy

ManTech DOD Manufacturing Technology Program
MEMS microelectromechanical systems

MIL-STD military standard

MOEMS micro-opto-electromechanical systems
MOSA modular open systems architecture

MPCL military products from commercial lines
NC numerically controlled

NRC National Research Council

OEMs original equipment manufacturers

OTA Office of Technology Assessment

PEM plastic encapsulated microcircuit

PEOs program executive officers

PLGR precision lightweight GPS receiver

PNP pulse narrow-band preprocessor

PWA printed wiring assembly

R&D research and development

RDT&E research, development, test, and evaluation
RFP request for proposal

RTOC reduced total cost of ownership

SAEs service acquisition executives

SAP Simplified Acquisition Procedures

USAF ESC U.S. Air Force Electronic Systems Center

USD(AT&L) Undersecretary of Defense (Acquisition, Technology and
Logistics)

USN U.S. Navy
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ManTech Statute

UNITED STATES CODE
TITLE 10—ARMED FORCES
Subtitle A—General Military Law
PART IV—SERVICE, SUPPLY, AND PROCUREMENT
CHAPTER 148-NATIONAL DEFENSE TECHNOLOGY AND
INDUSTRIAL BASE, DEFENSE REINVESTMENT, AND
DEFENSE CONVERSION

SUBCHAPTER IV—MANUFACTURING TECHNOLOGY

§ Sec. 2521. - Manufacturing Technology Program

(a) Establishment.—

The Secretary of Defense shall establish a Manufacturing Technology Pro-
gram to further the national security objectives of section 2501(a) of this title
through the development and application of advanced manufacturing tech-
nologies and processes that will reduce the acquisition and supportability
costs of defense weapon systems and reduce manufacturing and repair cycle
times across the life cycles of such systems. The Secretary shall use the joint
planning process of the directors of the Department of Defense laboratories
in establishing the program. The Under Secretary of Defense for Acquisi-
tion, Technology, and Logistics shall administer the program.

(b) Purpose of Program. —
The Secretary of Defense shall use the program -

(1) to provide centralized guidance and direction (including goals, mile-
stones, and priorities) to the military departments and the Defense Agencies
on all matters relating to manufacturing technology;

(2) to direct the development and implementation of Department of Defense
plans, programs, projects, activities, and policies that promote the develop-

ment and application of advanced technologies to manufacturing processes,
tools, and equipment;
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(3) to improve the manufacturing quality, productivity, technology, and prac-
tices of businesses and workers providing goods and services to the Depart-
ment of Defense;

(4) to focus Department of Defense support for the development and applica-
tion of advanced manufacturing technologies and processes for use to meet
manufacturing requirements that are essential to the national defense, as well
as for repair and remanufacturing in support of the operations of systems
commands, depots, air logistics centers, and shipyards;

(5) to disseminate information concerning improved manufacturing improve-
ment concepts, including information on such matters as best manufacturing
practices, product data exchange specifications, computer-aided acquisition
and logistics support, and rapid acquisition of manufactured parts;

(6) to sustain and enhance the skills and capabilities of the manufacturing
work force;

(7) to promote high-performance work systems (with development and dis-
semination of production technologies that build upon the skills and capa-
bilities of the work force), high levels of worker education and training; and

(8) to ensure appropriate coordination between the manufacturing technol-
ogy programs and industrial preparedness programs of the Department of
Defense and similar programs undertaken by other departments and agencies
of the Federal Government or by the private sector.

(c) Execution. —

(1) The Secretary may carry out projects under the program through the
Secretaries of the military departments and the heads of the Defense Agen-
cies.

(2) In the establishment and review of requirements for an advanced manu-
facturing technology or process, the Secretary shall ensure the participation
of those prospective technology users that are expected to be the users of that
technology or process.

(3) The Secretary shall ensure that each project under the program for the
development of an advanced manufacturing technology or process includes
an implementation plan for the transition of that technology or process to the
prospective technology users that will be the users of that technology or
process.
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(4) In the periodic review of a project under the program, the Secretary shall
ensure participation by those prospective technology users that are the ex-
pected users for the technology or process being developed under the project.

(5) In order to promote increased dissemination and use of manufacturing
technology throughout the national defense technology and industrial base,
the Secretary shall seek, to the maximum extent practicable, the participation
of manufacturers of manufacturing equipment in the projects under the pro-
gram.

(6) In this subsection, the term “’prospective technology users’’ means the
following officials and elements of the Department of Defense:

(A) Program and project managers for defense weapon systems.

(B) Systems commands.

(C) Depots.

(D) Air logistics centers.

(E) Shipyards.

(d) Competition and Cost Sharing. —

(1) In accordance with the policy stated in section 2374 of this title, competi-
tive procedures shall be used for awarding all grants and entering into all
contracts, cooperative agreements, and other transactions under the program.

(2) Under the competitive procedures used, the factors to be considered in
the evaluation of each proposed grant, contract, cooperative agreement, or
other transaction for a project under the program shall include the extent to
which that proposed transaction provides for the proposed recipient to share
in the cost of the project. For a project for which the Government receives an
offer from only one offeror, the contracting officer shall negotiate the ratio of
contract recipient cost to Government cost that represents the best value to
the Government.

(e) Five-Year Plan. —

(1) The Secretary of Defense shall prepare a five-year plan for the program
which establishes —

(A) the overall manufacturing technology goals, milestones, priori-
ties, and investment strategy for the program; and

(B) for each of the five fiscal years covered by the plan, the objec-

tives of, and funding for the program by, each military department and each
Defense Agency participating in the program.
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(2) The plan shall include the following:

(A) An assessment of the effectiveness of the program, including a de-
scription of all completed projects and status of implementation.

(B) An assessment of the extent to which the costs of projects are being
shared by the following:

(i) Commercial enterprises in the private sector.

(ii) Department of Defense program offices, including weapon sys-
tem program offices.

(iii) Departments and agencies of the Federal Government outside
the Department of Defense.

(iv) Institutions of higher education.
(v) Other institutions not operated for profit.
(vi) Other sources.

(C) Plans for the implementation of the advanced manufacturing tech-
nologies and processes being developed under the program.

(3) The plan shall be updated annually and shall be included in the budget
justification documents submitted in support of the budget of the Department
of Defense for a fiscal year (as included in the budget of the President
submitted to Congress under section 1105 of title 31).
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