Integrating

Pr

hapter 4 examined opportunities for increased use of com-

mercial goods and services to meet defense needs. Some

defense requirements, however, are so highly specialized

that they cannot be met by the commercial marketplace. It
may nevertheless be possible for the Department of Defense
(DOD) to obtain many benefits of the commercial market through
a procurement environment that encourages integration of com-
mercia and defense R& D, manufacturing, and maintenance at al
levels: industrial sector, firm, and facility.

An integrated process is one in which common assets—
technology, people, facilities, and administrative organization—
are used to produce both defense and commercial goods and
services. At the industrial sector level, examples of integrated
processes might include joint industrial and government stan-
dards bodies, shared national test facilities, and the use of com-
mon technologies. At the firm level, integrated processes might
include common corporate functions (e.g., planning, personnel,
training, and possibly R&D) but separate defense production fa-
cilities. At the facility level, integrated processes might entail
commercial and defense products being developed, manufac-
tured, or maintained side-by-side by the same personnel.

Many of the processes used to design, develop, produce, and
maintain military and commercial equipment are technically
identical or very similar. But current acquisition policy often
makes military processes substantially more costly and time con-
suming. Eliminating process integration barriers might lower ac-
quisition and life-cycle costs, provide both sectors with greater
access to innovative technologies, reduce acquisition time, ex-

ocesses for
Goods and
Services
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pand the potential defense technology and indus-
trial base (DTIB), and even enhance U.S. com-
mercial competitiveness.'

This chapter opens with a survey of the current
level of process integration and estimates of the
potential for further growth. The chapter then
builds on the analyses in chapters 3 and 4 in as-
sessing the barriers to process integration. It con-
cludes with a discussion of policy options for
increasing integration across all levels and ana-
lyzes potentia implications of such policies.

THE CURRENT AND POTENTIAL USE OF
INTEGRATED PROCESSES

Estimates of the current and potential use of inte-
grated processes are even harder to obtain than es-
timates of commercial purchases. In large part,
this is because DOD has not collected relevant
data.

The lack of estimates is also due to the inherent
ambiguities in defining process integration. These
ambiguities stem from the wide variety of proc-
esses that may or may not be integrated. At the fa-
cility level, a manufacturing plant may include a
number of general processes (e.g., receiving,
stocking, internal transport, manufacturing, pack-
aging, shipping, cost accounting, maintenance,
and R&D) and specific processes (e.g., use of a
particular stamping press, touch labor by a partic-
ular employee, and quality inspection), any of

which may be divided along commercial and de-
fense lines.

Commercia businesses with no connections to
DOD do nat, in fact, necessarily integrate al simi-
lar processes. While they commonly separate
many of their processes along product lines, busi-
nesses base their decisions to integrate on a variety
of factors (e.g., proximity to sources of supply or
transportation nodes, differing equipment re-
qguirements, differing production volumes, and
special labor skills). (See box 5-1.)

Determining which processes have been segre-
gated for economic reasons, as opposed to those
segregated primarily because of the DOD pro-
curement environment, is extremely difficult, and
often the results are subjective.

While data on integration are scarce, a 1992
Center for Strategic and International Studies
(CSIS) survey of 206 government prime contrac-
tors asked specifically about current levels of in-
tegration.’The survey found that 15 percent of
those surveyed did no commercial business, while
13 percent sold only off-the-shelf commercial
items to the government. Thirty-nine percent of
the respondents segregated their commercial and
federal business operations. Twenty-one percent
set up unified management systems within a
single operation to comply with government re-
quirements. Only 12 percent conducted both gov-
ernment and commercial business in the same

I Certainly, many of the technologies and industrial sectors of interest to DOD-including aircraft, aircraft engines, electronics, commu-
nications, and avionics—have significant commercial, as well as defense, value. U.S. aerospace firms, for example, exported over $43 hillion
worth of aerospace products in 1991, over 80 percent of which was civil aerospace products. Firms have long argued that better integration of
their R& D, manufacturing, and maintenance processes not only could lower the cost of aerospace goods purchased and maintained by the U.S.
military but also would help make U.S. producers even more competitive abroad. U.S. Department of Commerce, “Aerospace,” U.S. Industrial
Outlook 1993 (Washington, DC: U.S. Government Printing Office, January 1993), pp. 20-25. In that same year, the aerospace industry ac-
counted for more than 25 percent of the Nation's R& D expenditures, while DOD ordered $22.7 billion in aircraft engines and parts, and funded
more than $6 billion in aeronautics R&D. This market has declined, with 1993 exports of $39.6 billion, and 1994 exports estimated at less than

$34 hillion.

’Debravan Opstal, Integrating Civilian and Military Technologies: An Industry Survey (Washington, DC: The Center for Strategic and

International Studies, April 1993), p. 5.
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BOX 5-1: The AMRAAM, Part lI: Integrated Processes

At the systems-integration level of production, the Advanced Medium-Range Air-to-Air Missile
(AMRAAM) is a militarily unique item. The missile is built by Integrated firms (Raytheon and Hughes), but
prospects that the missile could be assembled on an Integrated production line in an Integrated facility
alongside commercial items appear practically nil. At the subcomponent level, in the lower production
tiers, some manufacturing processes are Integrated. There appears to be room for further Integration in the
future For example, a current ARPA-funded project involving Hughes and a smaller firm seeks to use com-
mercial gyros in the AMRAAM. Research is ongoing to upgrade the AMRAAM's computers, computer soft-
ware, sensors microelectronics Circuits, and advanced composite materials These technologies overlap
the defense and nondefense sectors Therefore, R&D might be accomplished by Integrated firms, possibly
in Integrated facilities, and the resulting products might be dual-use

Estimates on the amount of Integration possible for R&D, manufacturing and maintenance, or from sys-
tem Integrator to the lowest hers, are difficult to make Industry representatives interviewed for this report
were optimistic that much more Integration could occur, but they noted that Incentives for Integration were
lacking.

One way to judge Integration potential is to compare the technologies embedded in the missile with the
technologies in commercial products. The AMRAAM and other guided missiles draw from a number of ad-
vanced technologies, including

microelectronic  circuits fiber optics sensors and components radar

photonics explosives advanced composites

computers software rocket motors and propulsion

Of the 10, only two (rocket motors and pro- Concentration of AMRAAM Vendors in

pulsion, and explosives) primarily serve de-

Military/Government Business
fense The remaining technologies have sig-

nificant commercial applications 70 - First tier (Hughes&. Raytheon)
The figure shows that while th? first tier of 60 D Second tier (Raytheon Only)

suppliers to the two AMRAAM prime contrac-

tors depends heavily on military and govern- g 50

ment business, vendors in the next tier are far g

less dependent on government sales About 2 40

44 percent of the vendors in the first tier de- g

pend on the military/government for more than ‘g) 30

75 percent of their business volume, and 45 of 5

the 135 first-tier vendors produce more than 20

90 percent of their output for defense.

Second-her vendors have a much more com- 10

mercial orientation." It is not difficult to under- o

stand why software, optical sensors, and
microelectronics are among the driving forces

0<25 25 <50 50<75 75-100

Percent of military/government sales
of modern electronic products for industry,

business and the home SOURCE lIvars Gutmanis Analysis of the Civil-Military Integration Fea-
sibility for Selected U S Industry Sectors Washington, DC

iItisimportant t. remember however, that while a firm may perform both commercial and defense work the work they do for eac”
Is not necessarily related

SOURCE Ivars Gutmanis *Analysis of the Civil-Military Integration Feas:bility for Selected U S Industry Sectors Report for the OTA
Assessment on Civii-Military Integration Washington DC, 1993
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FIGURE 5-1: OTA Estimates of Current and Potential National Defense Spending on

Goods and Services Produced: A Focus on Integrated Processes
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SOURCE Industrial survey conducted by the Off Ice of Technology Assessment, 1994

facilities. The amount of segregation observed in
the CSIS sample is noteworthy because the firms
surveyed were concentrated in three industria
sectors that appear to be amenable to integration
of processes:’aircraft, aircraft and missile en-
gines, and radio and TV communications
equipment.

I OTA Estimates

The responses to OTA’s industrial survey (out-
lined in chapter 4, box 4-2) suggested that approx-
imately 46 percent of the value added to goods and
services in the private DTIB is from integrated

processes. (See figure 5-1.) These estimates in-
clude both direct and indirect purchases.*

While the pie charts depicting current and po-
tential degrees of integrated processes seem to
suggest a reduction in the “integrated processes’
wedge, this change reflects what actualy are ma-
jor shifts from “integrated processes’ to “com-
mercial buy” (discussed in the previous chapter)
and from “segregated processes’ to “integrated
processes.”

Previous studies and OTA’s own analysis of
additional selected industrial sectors’indicate
that lower tiers of industry are more integrated

3The OTA definition of integration is mor,expansive than that used by the CSIS study team. As noted in chapter 3, OTA considers integra-

tion at various levels from sector, to firm, to facility and workbench or assembly line. OTA was given access to the CSIS data and could therefore
apply its definition to CSIS data. OTA's assessment of the CSIS data would show a somewhat higher level of overall integration than would the
CSIS’s interpretation of the same data, but still shows considerable segregation.

4The expansive QTA definition of integration attempts to identify and estimate integration at discrete points in the development, produc-

tion, and maintenance process, and OTA’s estimates of current integration therefore may be higher than other estimates.

51,addition t. the OTA survey of randomly selected sectors and its case studies, OTA earlier examined 11 industrial sectors and conducted
extensive interviews with personnel in firms that produced products ranging from large weapons systems to basic raw materias. The sectors
were: shipbuilding, aircraft, communications equipment, portable laptop computers, flat-panel display technologies, apparel industry, muni-
tions, circuit breakers, fluid power products, gear manufacturing sector, and composite materials. Also see Office of the Under Secretary of
Defense for Acquisition, Defense Science Board Task Force Report, Engineering inthe Manufacturing Process, Aug. 21, 1992.
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than are the prime-contractor system integrators.
Opportunities for increasing integrated manufac-
turing are greater at the lower industrial tiers, but
the lowest tiers are aready extensively integrated.

The policy options considered in this chapter
are designed to foster the shift from segregated
processes to integrated processes. The OTA in-
dustrial sector survey estimated that this shift will
affect about 15 percent of private DTIB value add-
ed. After accounting for those goods and services
estimated to shift to the commercial category, the
OTA industrial survey produced an estimate that
about 30 percent of the future value added will
come from integrated processes. The policies
principally affect the 15 percent of goods and ser-
vices moving from the segregated base, but may
also produce savings and enhance technology
transfer even in those operations that do not shift
categories.

Many DOD efforts to increase the use of inte-
grated processes have occurred at the industrial
sector and facility level. The policy options dis-
cussion later in this chapter considers measures of
effectiveness of current DOD programs.

BARRIERS TO INTEGRATING
PROCESSES

There are many well-documented barriers to proc-
€ess integration. Some are inherent in the technolo-
gy—a technology may have no immediate
commercial value. Technology barriers limit the
amount of process integration that can take place,
how rapidly such integration can occur, and, ulti-
mately, the amount of money that might be saved.
Other barriers, such as unique acquisition poli-
cies, are imposed by DOD and could be quickly
lowered to promote DTIB process integration
with the commercial technology and industrial
base (CTIB).

1 Inherent Barriers

Many defense technologies are not amenable to
process integration for a number of reasons, in-
cluding the absence of a commercial market, un-
economic production rates, or classification.
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Weapons and other military systems meant to
perform and support combat missions, for exam-
ple, are often complex and expensive, incorpo-
rating unique technologies with few, if any,
commercial counterparts. The electronics for
fighter aircraft and precision-guided munitions
often require greater miniaturization and the abil-
ity to withstand more extreme stresses than the
electronics aboard commercial aircraft. And al-
though the polymer composite material in stealth
aircraft may be the same basic material used in a
commercia airliner. the precision construction of
a radar-evading aircraft is far more demanding
than is the construction of acommercial aircraft.

Such differences extend to manufacturing it-
self. Many of the skills and technologies involved
in the construction of a nuclear submarine, for ex-
ample, are unique to the military. Similarly, the
ammunition sector is estimated to be more than
90-percent segregated. Much of this separation is
likely to continue in the future. Unique product re-
guirements, coupled with the absence of a com-
mercial counterpart, make it difficult to envision
profitable civilian and defense R&D or manufac-
turing of ammunition.

These inherent barriers are exacerbated by the
low rates of production characteristic of military
items. Over the past decade, for example, modern
fighter aircraft have been produced at a rate of
about two to five per month. Aircraft carriers are
produced at the rate of about one every five years.
Attack submarines have been produced at the rate
of three per year. Other products, such as small-
arms ammunition, clothing, and rations, may in-
volve highly varied production rates that change
with little notice. Such fluctuation in production.
combined with the military character of the prod-
ucts, promotes the growth of specialization in
which contractors are dependent on defense
business.

Finally, some technologies are deliberately
kept off the commercia market. The nuclear
weapons industry is a case in point. Much of the
industry involved in the fabrication of weapons
and in the processing and reprocessing of nuclear
materials remains highly restricted.
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I Imposed Barriers

There are, however, many defense goods and ser-
vices that might be appropriate for commercial
processes, even if the final product is not itself
commercialy viable. Further, some rapidly
evolving commercial technologies may offer
DOD more advanced capabilities than are avail-
able from purely defense sponsored R&D efforts.
Computers, for example, share much of their
hardware and production techniques with their
commercial counterparts. Commercial computers
may not need to be as rugged as military ones, but
some civilian uses are nearly as demanding, such
as oil exploration and field research of various
sorts. Many of these computers could be devel-
oped in acommon R& D program, produced on a
single line, and maintained by a common labor
force using common procedures.

But just as many goods and services that might
be purchased commercially currently are not,
many of the goods and services that are amenable
to integration continue to be produced in segre-
gated facilities or production lines. While the total
amount that is needlessly segregated due to laws,
regulations, and current procurement culture is
unclear, OTA’s survey estimated that at least an
additional 15 percent of goods and services might
be moved from the segregated into the integrated
process category.

Most of the barriers to the use of commercial
products discussed in chapter 4 also impede proc-
ess integration, abeit within a different context.

The primary barriers are:

.government cost-accounting requirements;
. procurement process, culture, and skills;
.military specifications and standards;
.rights in technical data; and

.unigue contract reguirements.

These barriers are listed roughly in the order of
their overall effect as reported in the CSIS indus-
try survey and in OTA’sinterviews.’

Government Cost Accounting Requirements

Specia cost accounting and oversight requirements
may be an even greater barrier to integrating proc-
esses than they are to purchasing commercid items.
Indeed, the Defense Science Board Task Force on
Defense Acquisition Reform called the current
cost-based contracting system, with its unique cost
accounting, “the most important single intrusive
element of the current process.”’

A principal part of the problem, as noted in
chapter 4, is that government accounting stan-
dards do not conform to modem commercial ac-
counting practices. Government contracts reguire
far more detail in alocating costs than do com-
mercial management information systems. Firms
doing defense work must carefully track al hard-
ware and components, not only to ensure the reli-
ability of the parts but also to verify their cost.
They must also track personnel billing against
specific contracts and monitor the use of govern-
ment furnished equipment. In addition, prime
contractors are required to collect cost and pricing
data from suppliers, athough the suppliers are not
required by law to supply such data to the prime
contractors.

The risk of crimina penalties for errors com-
pounds the burden, discouraging some business
executives from seeking defense work. Industry
representatives report that government account-
ing requirements increase the amount of over-
sight, which, in turn, raises the cost of the goods
and services supplied to the government.

Industry observers think that the Federal Ac-
quisition Streamlining Act (FASA) of 1994 may

6 As noted elsewhere, ranking either [he most important barrier, or the most important response is difficult. There are differences among
industria sectors and among tiers. Lower tier firms, for example, are often more concerned about rights in technical data than are weapon sys-
tems assemblers. Firms responding to the CSIS industry survey placed provision of cost and pricing data and accounting requirements as num-
ber one, followed by unique government contract requirements, protection of proprietary data, pendties for certification errors, and technical
requirements and quality control standards (military specifications and standards).

7Office of the Under Secretary of Defense for Acquisition, Report of the Defense Science Board Tusk Force on Defense Acquisition Reform,

July 1993, p. 6.
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have little effect on these issues for firms making
militarily unique items.

The problems imposed by government cost ac-
counting extend to R&D as well as manufactur-
ing. The 1993 CSIS industry survey, for example,
reported that firms ranked cost and pricing data re-
guirements as a primary reason for segregating
their R& D activities. An earlier CSIS CMI study
reported that some firms' reluctance to engage in
defense R& D could be traced to past experience
with government cost-accounting rules.’

The precise costs associated with the govern-
ment cost-accounting system are difficult to mea-
sure and may differ across industrial sectors. Both
Genera Electric and Pratt & Whitney, the two
principal U.S. producers of jet aircraft engines,
have reported several million dollars a year in
additional costs associated with meeting defense
orders. Much of this is attributed to cost account-
ing requirements. Intel Corp. reportedly spent $2
million in a failed attempt to put an acceptable
government cost accounting system in place.”’

Government cost accounting was introduced to
maintain oversight on tax dollars. Supporters of
these procedures argue that they remain necessary
to control waste, fraud, and abuse. As proof, they
cite continuing reports of inappropriate charges by
defense contractors.

A lack of data on the relative costs and benefits
of the current government oversight regime fore-
stalls anaysis of the utility of government cost ac-
counting. Reports by the Defense Contracts Audit
Agency (DCAA) and the General Accounting Of-
fice stress the problems found and largely ignore
the costs of oversight itself.

Some studies suggest, however, that the pres-
ent system for preventing waste, fraud, and abuse

isineffective at holding down government costs.
A recent study by the Defense Science Board Task
Force on Defense Acquisition Reform, for exam-
ple, argued that “the public protection offered by
the current system is not a very high standard.””
It characterized the current system as one that "en-
courages increases in the price of goods and ser-
vices, discourages investments in efficient
production, and creates a regime of contention be-
tween the government and its suppliers.”]

Procurement Process, Culture, and Skills

The acquisition workforce poses somewhat dif-
ferent challenges for process integration than for
commercial purchases. Commercia purchases
raised questions about: the workforce's knowl-
edge of available goods and services, the defini-
tion of what constitutes a commercial product,
and reguirements for cost and pricing data on
commercia goods and services. While process in-
tegration also raises some of these issues, they
must now be considered within the context of pro-
gram management, plant oversight, and quality
control. What is at issue here is the ability of the
acquisition workforce to adopt commercial
manufacturing standards and quality controlsin
place of existing defense operating methods.

The estimated acquisition workforce, as de-
fined by the Packard Commission and according
to dataasof December3l, 1993, is approximately
178,000, 94 percent of whom are civilians. This
includes 23,000 contracting personnel and 4,500
contract auditors in DCAA. (Seetable 5-1. ) Many
observers argue that the 23,000 contracting per-
sonnel are hard-pressed to keep up with current
contracting requirements and that this situation
will continue even with legislative changes.

* Jeff Bingaman et al., Integrating Commercial and Military Technologies for National Security: An Agenda for Change (Washington, DC:

The Center for Strategic and International Studies, 1991 ), p. 18.

Y Defense Science Board Task Force on Defense Acquisition Reform, op. cit., footnote 7.

10 See for Example. Inside the pentagon. «petence Contractors Still Abusing Overhead Cost Guidelines,” Oct. 12,1993,
1 Defense Science Board Task Force on Defense Acquisition Reform, op. cit.. footnote 7, p. 13.

2 1bid.
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Army Navy Air Force DLA DOD totals
Civilian 40,479 73,610 30,638 22,366 167,093
Military 1,356 2,836 7,012 - 11,204
Total 41,835 76,446 37,650 22,366 178,297

SOURCE Defense Manpower Data Center, 1993

Changes might include far less onsite govern-
ment presence and fewer industry reports. The
government workforce could adopt techniques
such as statistical process control. They might, for
example, conduct periodic inspections rather than
be onsite. Some changes are already occurring.
The government is examining and accepting new
process control techniques—including accepting
the use of commercial manufacturing standards in
place of military standards.

The Army has aso instituted a program to
eliminate many program management tools that
had been designed, in turn, to prevent a repeat of
earlier acquisition failures and are frequently in-
cluded as contract deliverables. These include: de-
velopment of integrated logistics plans,; risk
management plans, and the numerous meetings
between government and contractor personnel to
discuss these plans.

Such costly government requirements have not
been a focus of private sector concern, since con-
tractors were paid for them. In some cases they
have added millions of dollars to a contract. The
Army has concluded that since these activities are
inherent in good program management the Army
does not need to check the plan-just the results.

Differences in the manufacturing standards
adopted by each Service have led firms to make
similar items for different Services in separate fa-
cilities. Integrated firms producing militarily
unique and commercia items till face severa dif-

13 Average provided by the office of the DOD Comptroller.

ferent government oversight requirements. De-
veloping a common DOD standard would
improve prospects for integration with commer-
cia operations too.

Facility exemptions have also been advanced
for streamlining direct government oversight.
Past efforts have included: the Exemplary Facility
Program; the Army’s Continuous Process Im-
provement Program; and the Defense Contracts
Auditing Agency’s Corporate Risk Assessment
Guide (CRAG). These have often been viewed as
unsuccessful by industry. They involve upfront
costs paid by participating firms, with few guaran-
tees of recouping those costs. The Office of the
Secretary of Defense (OSD) discontinued the Ex-
emplary Facility Program, for example, after little
discussion with the companies involved. Firms
also argue that relief from oversight in one area
merely invites oversight in another area.

Overall savings from changes in the culture and
skills of the acquisition workforce maybe partial -
ly quantified by considering the potential reduc-
tions in oversight workforce. The Defense
Science Board Task Force on Defense Acquisition
Reform estimated that a 30-percent reduction in
the acquisition workforce might be possible,
which could trandate into a $4 billion annual sav-
ing. OTA’s own estimate of potential savings is
about $2.1 hillion. This estimate is based on a
178,000 person acquisition workforce earning an
average of $40,000 per person. ] *
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BOX 5-2: Reliability of Electronic Equipment

The complexity and difficulty of changing and applying specifications and standards are evident in the
argument over alternates for predicting reliability in electronic equipment, MIL-HDBK-217, the “Reliability
Prediction of Electronic Equipment Handbook” currently used to estimate the reliability of military electron-
ics, has been criticized as being out-of-date and inaccurate, Critics argue that it does not reflect emerging
technologies, leads to costly overdesign, and prevents higher reliability from being achieved. For example,
they point out that the Handbook has a

bias toward MIL-SPEC screened ceramic parts that essentially precludes consideration of modern plastic-en-
capsulated parts that can be more reliable than more costly ceramic-packaged chips in many military and aerospace

applications.’

Supporters of the Handbook counter that it provides “a@ necessary standardized medium for assessing
reliability and comparing designs, ” based on careful analysis. They maintain that any problems result from
misuse or misinterpretation of the Handbook. Moreover, they argue that the Handbook is a flexible analytic |
tool, designed to provide a database for comparing design options, Identifying over-stressed parts, and
providing input for analysis. They further hold that very little money is spent to keep the Handbook current

In June 1992, the Army authorized $1 million to pursue an initiative aimed at providing alternatives to

the Handbook The Air Force and Navy are both reportedly Interested in the Army project.

' George Watson “"MIL Reliability A New Approach, ” IEEE Spectrum August 1992, pp 46-49

Military Specifications and Standards

As discussed in chapter 4, military specifications
and standards have been used to define not only
the physical characteristics and expected perfor-
mance of the product, but also-most importantly
from the perspective of issues addressed in this
chapter—many of the manufacturing processes to
be followed. Standards that describe, among other
things, how the system is to be built and tested and
how the work is to be managed are cited as major
cost drivers and impediments to process integra-
tion. The Defense Science Board Task Force on
Defense Acquisition Reform, for example, esti-
mated a “20 percent to more than 50 percent” addi-
tional cost to a product when compared with best
commercial practices. *

According to the Advisory Panel on Acquisi-
t ion Law Reform, military standards often require

commercial companies to depart not only from
commercia practices but also from a company’s
individual processes that often lie behind the
firm’s commercial success.

Debates over the appropriateness of particular
military specifications and standards can be con-
tentious. Box 5-2 looks at one example from elec-
tronics. Critics argue that thisis an areain which
acceptance of commercial standards and integra-
tion of processes might be particular y appropriate
for DOD.

The flowdown of specifications and standards
to lower tier contractors makes it more difficult to
acquire dual-use materials, components, and sub-
systems for major systems. There have been few
incentives for prime contractors or suppliers to
seek alternatives to militarily specified compo-
nents, or to propose changes in process standards

14 Defense Science Board Task Force on Defense Acquisition Reform, op. cit., footnote 7. p. 6.

15 The De fense Sy stems Management College, “Streamlining Defense Acquisition Law, " Executive Summary: Report of the Acquisition

Law Advisory Panel to the United States Congress, 1993, p. 14.
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The Pratt & Whitney Canada JT15D turbofan engine is
designed for small executive, commuter and military training
jets.

used. That situation is changing with Secretary of
Defense William J. Perry’s June Memorandum on
Military Specifications and Standards, which en-
dorsed the recommendations of DOD’s Process
Action Team for Specifications and Standards and
directed the Service Secretaries and other Service
personnel to implement changes. “The Team rec-
ommended that:

» Manufacturing and management standards be
canceled or converted to performance or non-
government standards.

s Future contracts provide incentives to contrac-
tors to propose dternative solutions to military
specifications and standards.

- The use of military specifications and standards
be prohibited except where required for truly
militarily unique needs.

= Process control of nongovernment standards be
used in place of quality control testing and in-
spection, and militarily unique quality assur-
ance systems.

DOD had aready begun to act on some of the
recommendations even before Secretary Perry’s
memorandum. For example, in February 1994,
Under Secretary of Defense John M. Deutch au-
thorized program offices to use ANSI/ASQC Q90
and the SO 9000 service standards in contracts
for new programs. The offices could aso use these
standards for follow-on efforts to existing pro-
grams instead of MIL-Q-9858A (Quality
Program Requirements) and MIL-1-45208A (In-
spection System Requirements). Under Secretary
of Defense Deutch stated that the purpose was to
improve process capability, control, and quality
“by endorsing a single quality system in any con-
tractor facility.” *

Case studies have attempted to document the
costs associated with the inappropriate use of’ mil-
itary specification and standards when commer-
cial standards would do, but the cases available,
while providing insights on the costs, do not pro-
vide a basis for generalization. The Defense Sci-
ence Board Task Force on Acquisition Reform
estimated savings from 10 to 25 percent or more
from integrating the production of transport air-
craft, jet engines, electronics and software, and
similar items. ** Such savings are difficult to docu-
ment across the budget. But in individual cases it
is clear that adoption of commercia standards
sometimes offers dramatic savings. DOD can
make many, if not all, of these necessary changes
under its current authority.

Rights In Technical Data

Almost half of the respondents to the CSIS Indus-
try Survey listed protection of proprietary data as
areason for segregating operations. While there is

16 Secretary of Defense William J. Perry, Memorandum for the Secretaries of the Military Departments, Subject: Specifications and Stan-

dards—A New Way of Doing Business, June 29, 1994.

17Briefing: Process Action Team for Specifications and Standards Final Report, Nov. 19.1993.

18 Under Secretary of Defense. JohnM.Deutch, Memorandum for Secretaries of rthe Military Departments, ubject: Use of Commercial
Quality System Standards in the Department of Defense (DOD), Feb. 14,1994,

19 Defense Science Board Task Force on Defense Acquisition Reform, op. cit., footnote 7, p. 8. Estimates of savings on some individual items
were far greater-examples of gloves and radar provided an estimated 60-percent savings and some communications equipment was estimated

to cost only one-tenth that of similar militarily specified items.
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general agreement between government and in-
dustry that the government should have access to
the data it needs to install, operate, and maintain
its systems, tension arises concerning other uses
of data that could compromise commercial pro-
prietary information.

Chapter 4 noted that the government’s ability to
distribute a contractor’s technical data can have
the advantage of creating new producers in the
supplier base (theoretically driving down costs)
and/or ensuring continued capability. Since the
government maintains many of its systems in ser-
vice for decades, the cost and risk of dependence
on a single supplier can be significant. From the
contractor’s viewpoint, however, this approach
can put at risk the very technologies and processes
that convey competitive advantage in the com-
mercial marketplace.

There are three categories of rights the govern-
ment can acquire;

.limited rights—which allow the government to
use al delivered data for government purposes.
government purpose license rights—which al-
low the government to distribute the data to
others under alimited use restriction (e.g., the
third party promises not to use the knowledge
acquired in other activities); and
.unlimited rights-which grant the government
the right to distribute the data without restric-
tion.

Under any of these arrangements the govern-
ment may receive and use internally any data de-
livered under the contract. But there is
disagreement over the government’s require-
ments for unlimited rights to the manufacturing
and process data needed to reproduce an item
(e.g., to distribute the technical package to other
contractors; to order, redesign, or manufacture an
identical product or system).

Under current regulations, the government
may require unlimited rights in data when the
technology was specified by, developed during, or
required for the performance of a government

contract or subcontract. This gives the govern-
ment wide latitude to demand unlimited rights in
data or software for products or technologies used
in or modified for DOD systems and presents
problems for a competitive firm.

An example illustrates the problem: The gov-
ernment fully funds the development of a part or
system and the item is then built in a privately fi-
nanced manufacturing facility. The government
clearly has a right to data pertaining to the opera-
tion, installation, maintenance, and repair of that
part or system, but in requiring the data that would
permit it to second source the item, the govern-
ment also obtains de facto rights to the privately
funded process technology. Industry argues that
the government merely exercises the contractor’s
manufacturing capability and expertise; it does
not own the process, only the product to which
that process was applied.

While the provision in FASA that provides the
presumption that technical data under contracts
for commercial items are developed exclusively at
private expense may have a positive effect on com-
mercial purchases, it does not appear to address
many of the problems facing those attempting to in-
tegrate processes (e.g., potential requests for a com-
mercially developed manufacturing process used to
make a militarily unique item).

These technical data rights rules are grave dis-
incentives for commercial firmsto employ state-
of-the-art products or processes in DOD systems.
Under the current system, any producer willing to
integrate facilities risks compromise of propri-
etary process information. The Defense Science
Board noted: “the unique DOD demand for data
rights beyond normal commercia practice . . . re-
sults in separate processes being developed for
DOD and commercial work.””During inter-
views, the OTA assessment team found a number
of cases that supported this conclusion. Disputes
over rights to data are likely to escalate with any
increase in the use of commercia products and in-
creased integration of processes.

20De fense SCIENCE Board Task Force ON Defense Acquisition Reform, Op. Cit., footnote 7. p. 5.



112 | Assessing the Potential for Civil-Military Integration

Whatever the costs of duplicating production
facilities, the rea cost of this barrier is probably its
negative impact on DOD’s ability to access cut-
ting-edge process technology.

Unique Contract Requirements

A host of unique requirements appear in govern-
ment contracts. Five categories are said to create
serious barriers: affirmative action laws, procure-
ment integrity statutes, small business subcon-
tracting plans, domestic sourcing requirements,
and contractor responsibility laws. All are in-
tended to achieve important national goals be-
yond government procurement.” Some specific
examples were outlined and discussed in more de-
tail in chapter 4.

The effect of these unique contract require-
ments on processes is to disrupt long-term suppli-
er relationships by requiring alternative suppliers,
and disrupt norma business processes by requir-
ing tracking and reporting of compliance. Critics
argue that attachment of these conditions as spe-
cific contractual obligations adds incremental
cost to the procurement process for possibly small
socia benefit (in the case of the existence of other
relevant law).

The negative effects of these contract require-
ments on integration of processes are concentrated
at the firm and facility level. Tracking and report-
ing on compliance adds to the operating costs.
Full compliance may undermine the development
of long-term business relationships with suppli-
ers. This may be a particular problem asthe baseis
down-sized. FASA isviewed as providing no re-
lief in this area for the bulk of DOD funds (e.g., in
the case of contract actions greater than $100,000
for militarily unique items).

POLICIES FOR INCREASED
PROCESS INTEGRATION

A number of approachesto reducing or eliminat-
ing the imposed barriers that impede process in-
tegration have been suggested. To succeed, they
must be tailored to the three broad activities
(R&D, manufacturing, and maintenance) that
govern the life-cycle of military goods and ser-
vices. Furthermore, although integration is usual-
ly discussed with regard to the facility level
(manufacturing line or R&D lab bench), it might
also occur at the industrial sector and firm levels.
To be effective, policies must be tailored for the
level or levels at which they might have positive
effects. Table 5-2 provides some examples.

A truly integrated approach would address al
commercial and defense technology and indus-
trial processes from R&D, to manufacturing and
services, to maintenance.

1 The Impact of Technology

Modem technology may be facilitating a shift to-
ward integrated processes. (See box 5-3.) A recent
example of process integration from the outset is a
new modular avionics radar designed by Westing-
house to detect wind shear. The basic designs of
both the defense and commercial versions share
many common characteristics and can be modi-
fied to fit on avariety of aircraft.” An often cited
example of earlier integration is the Air Force's
KC-135 tanker and the commercial Boeing 707.
Both aircraft were spawned from a common jet
transport prototype developed by Boeing.”

In the past, integration has often involved
“spin-off,” i.e., the transfer of technology from the
military to the commercia sector. Radar, computers,

21 Debra van Opstal, *White Paper on Barriers to Commercial-Military Manufacturing Process Integration” (Washington, DC: Center for

Srrategicand International Studies, Dec. 10, 1992).

22 James j Hughes, Making Dual-Use Technologies Work (Baltimore, MD: Westinghouse Electronic Systems), 1 993.
23 John A. Alic et al., Beyond Spinoff: Military and Commercial Technologies in a Changing World (Boston, MA: Harvard Business School

Press, 1992), p. 69.
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TABLE 5-2: Process Integration at Three Levels

Level of
integration

M/hat might be
integrated

Examples of
integration at
this level

Examples of
barriers to
further process
integration

Rationale for
benefits of
further process
integration

Policies for
increasing
process
integration

Industrial sector All activities in a

Firm

Facility

particular indus-
trial sector, in-
cluding compa-
nies, industry
groups, stan-
dards bodies,
government labs,
defense acquisi-
tion officials, and
academia.

Senior manage-
ment, divisions,
branches, and
assets of an indi-
vidual company
or corporation.

R&D, production,
maintenance,
and/or adminis-
trative processes
within a single
facility,

Use of common
technologies,
processes, and
specialized as-
sets (e. g., unique
test stands, wind
tunnels, and in-
industrial research
centers) within an
Industrial sector.

Sharing of corpo-
rate vision and
resources, includ-
ing management,
workers, research
centers, account-
ing and data sys-
tems, equipment,
stocks, and fa-
cilities.

Sharing of per-
sonnel, equip-
ment, stocks, and
administrative
processes within
a single facility;
joint defense and
commercial activ-
ity on a produc-
tion line, in a
work group cell,
or at an R&D lab
bench.

SOURCE Oftfice of Technology Assessment, 1994

Differing com-
mercial and mili-
tary product and
process require-
ments, separate
specification and
standard sys-
tems, go-it-alone
attitude in busi-
nesses or DOD;
classification of
technologies, ab-
sence of measure
of long-term ef-
fectiveness, op-
position by Ser-
vices and parts
of the govern-
ment.

Need to shield
commercial work
from DOD over-
sight and added
overhead costs,
different account-
ing/data systems;
different manage-
ment and market-
ing environments,
classification.

Need to shield
commercial work
from DOD over-
sight and added
overhead costs;
different account-
ing/data/supply
systems, military
uniqueness; use
of military specifi-
cations and stan-
dards; limits on
uses of govern-
ment equipment,
classification.

Increase process
technology trans-
fer; reduce costs
by avoiding du-
plication, in-
crease interna-
tional competi-
tiveness; lever-
age limited R&D
funds.

Internal technol-
ogy transfer,;
maintenance of
capabilities in
commercial or
defense down-
turns; economies
of scale; in-
increased long-term
stability due to
diversification,
capital availability
Cost savings;
economies of
scale, reduction
of redundancies,
reduction in capi-
tal investments;
less worker re-
training; lower
overhead costs,
direct process
technology trans-
fer; job retention,

Foster DOD partic-
ipation in commer-
cial consortia and
standards-setting
bodies, open
unique govern-
ment facilities to
commercial use;
rationalize the
DTIB and increase
reliance on the
commercial sec-
tor; promote joint
development of
manufacturing
technologies,
accept common
technologies.

Change require-
ments for rights in
technical data,
modify the use of
military  specifica-
tions and stan-
dards; design for
dual-use, create
more predictability
in defense budg-
ets through multi-
year contracts.

Streamline ac-
quisition rules and
reduce direct over-
sight; promote
commercial stan-
dards; develop
function-based
standard data
packages, design
for dual-use; fund
technology areas
rather than individ-
ual technologies.
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BOX 5-3: Technology Trends Facilitating Process Integration

The Defense Science Board and others have noted that many important technologies are converging in
products with both military and civilian applications.' These developments may enhance the ability to inte-
grate CTIB and DTIB processes, Convergence is especially prevalent in the electronic industrial sectors,
where commercial technologies often lead their defense counterparts and where commercial firms empha-
size consistent quality and durability.

In addition, advances in computers, manufacturing, and communications technology hold the promise
of more flexible or agile manufacturing. Many believe these advances will cause a fundamental change in
mass production to “mass customization. ” Several benefits could follow from this shift:*

the flexibility to produce at low rates, with cost and quality similar to that in high-volume production,

» the capability to mix production—converting rapidly from one product to another with minimal retooling
costs or delays—in cases where products are procured in small quantities; and

» the ability to adapt and rapidly Incorporate new product and manufacturing technologies in existing or
new products,

Simulation and modeling techniques are increasingly useful in testing designs. Reportedly, “the adop-
tion of rapid prototyping technologies has reduced by 50 to 80 percent the time Involved in getting proto-
type parts.” These techniques can help validate manufacturing, maintenance, and management proc-
esses, While some of these tools are becoming available even at the smallest firms, the more complex
tools still require expensive computing equipment. Firms or facilities might benefit from the capacity to
easily share the costs of such equipment across defense and commercial product lines. DOD would bene-
fit from this cost sharing, as well as from the direct benefits of modeling, such as rapid prototyping.

Meanwhile, various testing and quality control methods or philosophies, such as statistical process con-
trol or ‘(zero defects, " have improved the reliability of commercial products, often to the point that they are
more reliable than defense items produced on assembly lines run according to military standards. Studies
have argued that many of the military manufacturing standards developed in the past may be both unnec-
essary and detrimental to production (e. g., visual testing of electronic parts).

These developments may provide new opportunities to manufacture specialized military products on
the same assembly line as similar, or related, commercial products, employing the same tools, stocks, and
labor, Even if process Integration is more applicable in components and subcomponents than in final as-
sembly, it could still have a major impact on overall weapon systems costs and the size of the potential
base. DOD might especially benefit from manufacturing flexibility, since peacetime production rates are
often relatively low—essentially batch production—while wartime production rates might be much higher.*
The Defense Logistics Agency (DLA) has been experimenting with harnessing technical developments to
hedge against wartime needs using contractual agreements that take advantage of such flexibility. The
DLA, for example, has negotiated and exercised standby agreements with commercial firms and sup-
ported the Introduction of new technology to ramp up production of military clothing in the event of a na-
tional crisis

1 Defense Science Board 1986 and 1989 Studies on The Use of Cormmercial Components in Military Equipment Aiso see John A
Alic et al Beyond Spinoff Military and Commercial Technologies ina Changing Worl/d (Boston, MA Harvard Business School Press
1992), p 47

2Manufacturing Systems Committee, DOD MANTECH Advisory Committee, Manufacturing Systems Strategic Plan March 1993
p 59

30ffice of the Under Secretary of Defense for Acquisition, Defense Science Board Task Force Report, Engineering in the Manufac-
turing Process, Aug 21 1992, p F9

4Analysts Note, however, that the total capacity of a fiexible ine might be relatively inflexible, because such a line would be plannea
for use at near full capacity during peacetime The ability to Increase defense products, therefore, will depend on displacing nonde-
fense products on demand
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and composites are examples of spin-off technolo-
gies. But technological changes and the shrinking
defense base suggest that in the future there may
be more “spin-on” of commercia product and
process technologies. applied to defense needs.
Raytheon’s MILVAX computers, manufactured
under license by the Digital Equipment Corp., are
military versions of Digital VAX computers and
can use commercial software .24

Some technology, however, will undoubtedly
till be transferred from the military to the com-
mercial sector. A recent example involves Ray-
theon Corp. 's design of its first gallium arsenide
monolithic microwave integrated circuit (MMIC)
chip for commercial use. The commercia chip
was produced in the same facility that produces
chips for Raytheon’s Missile Systems Division.
Raytheon reports that the chip is of high quality
and meets the commercial market demand for
high-performance devices, without the use of
DOD testing and documentation.”

Policy changes should seek to take advantage
of technology trends, to facilitate technology
transfer both into and out of the DTIB, and to re-
duce duplication of effort.

1 Process Integration at the
Industrial Sector Level

Government policies affecting process integra-
tion may be easiest to institute and least contro-
versial at the industrial sector level. Recent broad
policy initiatives, such as the Technology Rein-
vestment Project (TRP), will affect integration at
all three levels, but the important technology de-
velopment effort will have immediate, and possi-
bly greatest, effect at the industrial sector level.
As noted in table 5-2, at the industrial sector
level, process integration may involve coopera-
tion in the development and distribution of proc-
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ess and product technology. It may also involve
rationalization of specialized technical or indus-
trial assets to meet defense and nondefense needs.
Sector-level integration alows the DTIB and
CTIB to work from the same base of knowledge
and make better use of resources. While all
technologies in a sector might not be relevant to
both defense and commerce, many technologies
might be---especially if efforts are made to exploit
dual-use opportunities.”

Commercia participants in the integration of a
particular industrial sector might include busi-
ness, labor, professional organizations, and stan-
dards and testing bodies. Defense participants
might include defense firms and representatives
from the public sector (DOE and DOD laborato-
ries, depots and other maintenance facilities,
manufacturing arsenas, and test centers). The de-
gree of overlap in private sector representatives
from the DTIB and CTIB might provide an indica-
tion of current integration.

Industrial sector integration might involve de-
veloping common manufacturing or maintenance
techniques, participating in standards and testing
bodies; establishing joint centers for R&D; con-
ducting common trade conferences and exhibi-
tions; and sharing assets, such as wind tunnels,
launch pads, and test stands. Sharing resources
can help ensure that an industry is not permanent-
ly divided into aDTIB and a CTIB. The aircraft
engine industry, for one, has had a long-term, Air
Force-sponsored engine development program in
which the results are shared by military and com-
mercial participants.

DOD and DTIB involvement may influence
decisions (e.g., on research emphasis, test proto-
cols, and maintenance techniques) in directions
that benefit DOD needs, but decisions also must
be commercialy sound. For this reason, propo-

241bid..p. 73. Chapter 4 discusses the option of buying many commercia items directly. thus taking full advantage of the commercial R&D

embedded in thoseitems.

:5“Ra) theon Designs MMIC Chip for Commercia Use,” Aviation Week and Space Technology, July 20, 1992, p. 50.

26Such integration doesnot imply centralized industrial planning, but rather a concerted effort to take advantage of available resources and

developments.
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nents of integration argue that a fundamental prin-
ciple for successful integration is the design of
defense equipment to make optimum use of dual-
use items.

The SEMATECH consortium, for example,
uses government funding to develop manufactur-
ing technology for future generations of micro-
chips—a development that may be more critical to
international industrial competitiveness than to
defense. The recent DOD initiative on flat-panel
displaysis designed to support the devel opment
of a commercia industry that might also meet the
needs of a more limited defense market. Underly-
ing assumptions in both efforts include that civil-
ian developments in these fast-moving sectors
drive technology and that future defense needs can
be ensured at lower cost through a strong commer-
cia industry.

But critics of such efforts argue that govern-
ment initiatives are unlikely to be as efficient as
the market in supplying defense needs. Such ef-
forts, they allege, will “waste money, fal prey to
political pressure and distort competition.”*
Still, most critics do not deny that there is a role for
government in technol ogies of importance to de-
fense—what they question is the size and charac-
ter of that role. (See box 5-4, pp. 119-120.)

Three key objectives of a industrial sector-level
process integration effort are: 1) leveraging funds,
2) increasing the level of knowledge in the sector,
and 3) diffusing new technology.

Leveraging funds is especialy important
given the downward trend in defense spending.
Increasing industrial sector-level process integra-
tion might allow DOD to eliminate redundancies
that exist between the public and private sectors of
the base and focus future DOD efforts on militari-
ly unique technologies that have no commercial
market, rather than duplicating commercial ef-
forts.

Limited government funds might be directed at
these militarily unique areas, with some continued
spending in commercia sectors such as micro-
electronics, where government seed money may
be important.

The ability to leverage funds depends on
DOD’s readiness to exploit technologies with
both defense and commercia application. This is
not always possible, since the military may have
specific performance requirements (stealth air-
craft) that do not exist in the commercial sector.

But even where differences in the final applica-
tion exist, it may be possible to identify processes
applicable to both defense and commercia prod-
ucts. Software and design technologies, for exam-
ple, are important to both the commercial and
defense composites industry. Both markets are de-
manding increasingly sophisticated product de-
signs. An Army Research Office effort to develop
design software that will reduce the time from
product concept to delivery has both defense and
private-sector applications.”

Rationalization of public and private R&D,
production, and maintenance activities will also
leverage funds. One of the principal R&D integra-
tion challenges, for example, is to identify proper
public and private roles and to effectively rational-
ize the activities. In the past, 30 to 40 percent of
defense R& D was conducted in military service
laboratories or in Department of Energy (DOE)
weapons laboratories. These public-sector facili-
ties generally focus on technologies with high
military potential, and pursue research with a po-
tential for long-term payoff. Future research will
have to take maximum advantage of commercial
developments, while maintaining some militarily
unique research.

Cooperative Research and Development
Agreements (CRADAS) can aso help leverage
funds by transferring technology from federal lab-

27Robert 5. Samuelson, “Flat Screens and Subsidies,” The Washington Posr, May 19,1994, p. A23.
28 OTA Composite Materials Case Study, forthcoming background paper supporting this assessment.
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TABLE 5-3: Funding for Defense Related Economic Adjustment (dollars in millions)

FY 1995
FY 1993 FY 1994 Authorization
Awards Appropriations conference bill

Technology reinvestment project
ARPA Dual-Use Partnerships 82 150 245
Commercial-Military  Integration ~Partnerships 42 100 96
Advanced Manufacturing Technology 23 30 30
Regional Technology Alliances 91 100 80
Manufacturing Engineering Education Program 28 24 24
Manufacturing Extension Program 87 0 25
Dual-Use Technology Assistance Extension 91 0 0
TRP-related Small Business Innovative Research 7 NA NA

Subtotal 451 404 500
Reprogrammed funding — 120
MARITECH — 30 50
Other dual-use technology programs
Agile Manufacturing and Enterprise Integration 29 35 35
Advanced Materials Synthesis and Processing 29 30 30
U S -Japan Management Training 9 5 10

Subtotal 67 70 75
Small Business Innovative Research (SBIR) 85a 145a 161°
Nonpartnership dual-use technology programs
High Definition Systems 92 85 68
Optoelectronics 23 32 26
Multi Chip Modules 22 29 25
Advanced Lithography 71 58 60
Advanced Simulation — 59 21
Other Materials and Electronics Programs 32 64 32
New Navy Initiative - — 50

Subtotal 240 327 282
Grand total 758+85 951 +145 907+161

*SBIR funding 1s an estimate no specific amount mandated by law

SOURCE Off Ice of Technology Assessment, using Defense Budget Project, CBO, and DOD data, 1994

oratories to the private sector. The use of CRA-
DAs has expanded as a result of changes in the
law. There aso appears to be more real interest at
government laboratories in the face of budget cuts
and mission changes, and greater interest by
business.

The Technology Reinvestment Project (TRP)
can also leverage government and private-sector

funding. (Seetable 5-3.) The TRPis divided into
several broad areas. Technology Deployment,
Technology Development, and Manufacturing
Education and Training. Its goas include diversi-
fication from defense to commercia products, in-
tegration of defense and commercia production
facilities, deployment of technology to and from
commercia industries, and development of dual-
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Demonstrations Center offers commercial companies
expertise and demonstration equipment m a variety of

manufacturing technologles, including multiaxis and

nontraditional machining.

use technologies, It can potentially leverage in-
vestment through the commercial-military
technology partnerships, defense dual-use control
technology partnerships, and defense advanced
manufacturing partnerships.

TRP received $404 million in fiscal year 1994,
of atotal of about $1.7 billion for defense conver-
sion and dual-use technology programs gov-
ernment-wide. This effort centered more on
technology development and less on deployment,
with priority given to developing dual-market
items for the defense and commercial markets.”

The project may have its most immediate im-
pact at the sector level. In the long run, however, it
can affect integration at the firm and facility levels
too, by creating dual-use technologies.

Although TRP has received significant support
from Congress, the program has raised concerns
about how technical research areas are selected,

29 Advanced Research Project Agency Briefing, Apr. 6.1993.
30 | pid.

whether DOD and ARPA should be managing the
project, and how the success of the project is ulti-
mately to be determined.

Finaly, the government is attempting to lever-
age past investments by making available the
unique capabilities of government R&D facilities.
The naval ship design facility at the David Taylor
Model Basin has been touted for new commercial
ship designs. Other facilities under discussion in-
clude the Arnold Engineering Center aerospace
test facilities and supercomputer facilities at Los
Alamos and Lawrence Livermore. The Oak Ridge
Y-12 Production Facility has organized 15 Cen-
ters for Manufacturing Technology and is apply-
ing expertise developed during the Cold War to
commercial manufacturing problems.

Increasing the level of knowledge in an in-
dustrial sector is asecond key industrial sector-
level goa. Achieving this goa will require an
understanding of defense and civilian technology
needs.

While the military Services have long had sci-
ence and technology plans aimed at pursuing use-
ful technologies, a comprehensive DOD-wide
plan has only recently begun to emerge. In re-
sponse to congressional requests to develop a
process for evauating the alocation of resources
in the late 1980s, DOD developed a “critical
technology plan.”* The yearly submissions of
this plan, however, were criticized as being a list-
ing of interesting technologies rather than a guide
to resource alocation. The DOD Key Technolo-
gies Plan, released in July 1992 and tied to the De-
partment Science and Technology Strategy, was
thought by some to be nearer the mark.* The S& T
strategy contained seven research thrusts directed
at military forces and operational reguirements.

31PL.101.1891 03Stat.| 512 Paragraph 2508(a) directed the Secretary of Defense, working with the Secretary of Energy, to submit annual-
ly to the Armed Services Committees of the House and Senate a plan for developing the technologies considered most critical to ensuring the

long-term qualitative superiority of U.S. weapons systems.

32y g Department of Defense, Director of Defense Research and Engineering, DOD Key Technologies Plan, July1992.
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BOX 5-4: The Role for the Government in Integrated R&D

R&D Funding by Source, 1993

Federal
government
42%

Industry
52%

Other
60/0

Total $160.7 billion

The government will undoubtedly continue to play an Important role in both commercial and defense
R&D. The figure below-left shows total estimated R&D spending by source for 1993 The federal govern-
ment provided $69.7 billion, about 42 percent of the total, Twenty-five federal agencies were engaged in
funding R&D But 93 percent of the funding comes from the six shown in the figure below-right DODs
share has dropped from a peak of 64 percent in 1986, to an estimated 52 percent in 1993, This Is expected
to drop to about 51 percent in 1994.1 Increased Integration of commercial and defense efforts might
streamline the national R&D effort by eliminating personnel and avoiding unnecessary duplication

There are a number of initiatives, aimed at better coordination of the government R&D effort, that can
potentially have a positive effect on the Integrated base. The development of a National Science and
Technology Council (NSTC) raises coordination of government science and technology to a Cabinet-level
group with the authority to establish budgets and resolve conflicts.”

Estimated Federal Obligation, 1993

HHS 16% DoD 52%

NASA 12%¢

DOA 2%

DCE 10%

DOC 1%
Other 7%

Total $69.7 billion

ment Printing Off Ice 1993) (NSB93-1) pp 92 and 111

Printing Off Ice 1993) pp 104-111

SOURCE National Science Board, Scienceand Engineering Indicators, National Science Foundation (Washington DC U S Govern-

*National Science Board Science and Engineering Indicators, National Science Foundation (Washington, DC U S Government

2"Where N. Policy Has Gone Before , « Washington Technology, Mar 10, 1994

(continued)
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BOX 5-4 continued: The Role for the Government in Integrated R&D

DOD initiatives to promote R&D integration include Project Reliance, a program designed to streamline
Service activities, improve coordination, and avoid unnecessary duplication. Reliance could result in sub-
stantial savings. Second, the Off Ice of the Secretary of Defense and the Services are all examining oppor-
tunities for using civilian R&D in place of DOD-funded efforts. But efforts to identify specific civilian scientif-
ic activities of interest to defense are only just beginning. Third, the Services plan to direct more research
effort to projects with potential commercial application. The Air Force, for example, plans to spend from 10
to 20 percent of its research funds on such projects. Both the Navy and Army plan to improve coordination
of research involving Service laboratories, industry, and universities in order to leverage their limited re-
search funds. Fourth, all the defense laboratories have increased their participation in technology transfer,
The National Science Foundation notes that technology transfer activities can run the “gamut from the infor-
mal exchange of ideas between visiting researchers to contractually structured research collaborations in-
volving the joint use of facilities and equipment.”They include Cooperative R&D Agreements (CRADAS),
Patent License Agreements (PLAs), and technical outreach programs. The government, for example, ex-
pects to have more than 3,200 CRADAs in effect in 1995, many with defense-oriented laboratories—espe-
cially the DOE weapons laboratories, CRADAs are designed to allow transfer of technology to the private
sector. Under these agreements, federal laboratories and the private-sector collaborators share resources
in collaborative R&D. The laboratories also assist industry, both on a reimbursable basis and in an informal
manner by responding to requests for information Oak Ridge National Laboratory, for example, provides
support on technology development in materials forming and processing, and researchers at Los Alamos
National Laboratory provide technical advice to small business, The government can thus assist industry
Informally, provide more formal consulting help on a reimbursable basis, and grant licenses of technology
developed within the government,

Government organizations also support and participate in a number of R&D consortia with defense and
commercial applications, including the Great Lakes Composites Consortium, SEMATECH, and the Ad-
vanced Battery Consortium. DOD also provides support for activities led by other government agencies,
such as the Automated Manufacturing Research Facility at the National Institute of Standards and Tech-
nology

The Advanced Research Project Agency is supporting several integration activities under its Technolo-
gy Reinvestment Project (TRP). TRP is a mix of eight individual programs whose goal is to bolster the eco-
nomic competitiveness of defense-dependent resources and increase the availability of dual-use technolo-
gies for national security purposes, TRP involves competitive awards, participation of a wide range of
Industry, universities, nonprofit organizations, and state and local governments; and cost-sharing,

But government Involvement in many of these activities is not universally supported. While many in
business welcome government activities, others in the business and academic communities complain that
federal laboratories are competing directly with the private sector—and doing so unfairly because of U.S.
government backing, These concerns have resulted in moves in Congress to bar federal laboratories from
conducting research and services that “conflict with existing capabilities in the private sector.” The divid -
ing line between government activities viewed as helpful and those viewed as threatening differs by firm,
Drawing that line will be difficult.

°1 bid p 119
4"Competition from Department of Energy Laboratories Gets Capitol Hill Attention,” Technology Transfer News, p 8
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One—Technology for Affordability—was specif-
ically intended to promote technologies that
would result in more affordable defense
systems .33

But DOD has never made a strong link with
commercialy relevant technologies. A 1991 re-
port by the National Critical Technologies Panel
compared DOD critical technologies, the Depart-
ment of Commerce “’Emerging Technologies,”
and the Panel’s “Nationa Critical Technologies.”
There were to be sure many areas of overlap, but
little evidence that DOD has sought to systemati-
cally exploit civilian technology investments.
This may be changing. The Director of Defense
Research and Engineering (DDR&E) is reported-
ly reviewing Department R&D efforts to identify
research needs and determine those that can be
met in the civil sector.

DOD and defense industry involvement in
standards-making bodies can supply insight into
developments of interest in the commercial sector.
But a conscientious effort to incorporate commer-
cial technology into defense systems is ultimately
the most important step for the Department. Such
a commitment, if enforced, will force military
equipment designers and the Services to maintain
an up-to-date understanding of commercial devel-
opments in their sectors.

Diffusing new technology is the third key as-
pect of integration at the industrial sector level.
Many observers argue that the U.S. government
can play a mgjor role in diffusing technology.
They argue that America's international economic
competitors owe part of their success to a govern-
ment role in developing critical manufacturing
technology and in diffusing that technology
throughout industry.

According to a 1988 Defense Science Board re-
port, for example, the Japanese Ministry of Indus-

trial Trade and Industry (MITI) “engages in
effective, long-range planning for development of
both the defense and civil sectors. This broad in-
dustrial planning effectively transfers technolo-
gies and products originally developed for civilian
goods to the defense sector and vice versa.” *Al-
though there is a growing recognition that MITI
has been neither all-powerful nor infalible in
selecting and supporting technology, it has fa-
cilitated the development of government-com-
mercial partnerships and has championed the
growth of key industries.

CRADAS are one means of diffusing technolo-
gy. DOD has developed a number of other mecha-
nisms to help diffuse technologies. One involves
government-commercial consortiato perform re-
search in areas of mutual interest such as the Great
Lakes Composites Consortium and the Great
Lakes Industrial Technology Center, both of
which conduct research on matters of interest to
DOD and act as conduits for technology between
the defense and commercial sectors.

The Army’s National Automotive Center
(NAC) at the Army’s Tank-Automotive Com-
mand also appears to address sector-level capabil-
ities. NAC promotes collaborative R&D in
dual-use technology in the automotive sector. It
has CRADASs with Chrysler, Ford, and General
Motors. NAC is also working with the Advanced
Research Projects Agency, DOE, and the U.S.
Council for Automotive Research on the clean car
initiative that seeks to produce high-performance,
fuel-efficient vehicles. The Army hopes to save
millions in development costs through such coop-
eration and believes that the research has commer-
cia benefits.”

Program-specific actions can help diffuse
technology at the sector-level, but less wide] y than

33 The thrusts w ere Global Surveillance and communications, Precision Strike, Air Superiority and Defense, Sea Control and Undersea

Superiority, Advanced land Combat, Synthetic Environments, and Technology for Affordability.
3 Office of the Under Secretary of Defense for Acquisition. Final Report of the Defense Science Board 1988 Summer Study on the Defense

Industrial and Technology>' Base. October 1988, p. 18.

35 Stacey Ever\, “Lockheed Charts Course Through Defense Cuts,” Aviation Week & Space Technology}, Jan. 3, 1994, p. 60.
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The government and industry are forming consortia to
develop new dual-use technologies. Here, the Great Lakes
Composites Consortium applies advanced robotics to
composite fiber placement.

broader efforts. The DOD Manufacturing Tech-
nology program (MANTECH) often funded
manufacturing technology efforts directed at a
specific program problem and made solutions
available to industry. Another interesting example
is the Manufacturing Operations Devel opment
and Integration Laboratories (MODILSs) Program
developed by the Strategic Defense Initiative Of-
fice (SDIO). The program promoted process in-
tegration at the industrial sector level, as well as at
the firm and facility levels. (See box 5-5.)
Developments in integrating manufacturing
technology can potentially benefit both the de-
fense and commercia sector. The DOD Manufac-

turing Technology Advisory Group on Materials
Processing, for example, argued that:

The most immediate and obvious spin-off
benefit of [its processing and fabrication] plan
will go to the U.S. commercia aircraft industry.
These same manufacturing technologies devel-
oped for military systems are directly scaleable
and transferable to commercial airplane
systems .36

A DOD advisory group on manufacturing strat-
egy argued that:

The most important government roles in ad-
vancing the technologies of manufacturing sys-
tems are to provide seed money for promising
technical opportunities that would not otherwise
be pursued and to bring individua companies
together for mutual leveraging in areas of com-
mon need.”

The group concluded that a broad-based strate-
gy—rather than programs aimed at a particular
weapon system or company—was essential. The
payback period on technology is far too long, the
risks are too high, and the development costs are
too great for individual companies or even entire
industrial sectors to handle alone. Rather, the
group argued, DOD and its contractors must join
with the commercial sector in stimulating the de-
velopment of manufacturing systems technolo-
gies and commercial products based on those
technol ogies in advancing appropriate standards,
and in sharing implementation experiences.”
The NIST manufacturing extension centers,
partially funded through TRP, provide help to
smaller manufacturers in adopting new manufac-
turing technology. There are other avenues,
though, that DOD might explore in diffusing
knowledge across sectors, including supporting
standards-setting bodies. With reductions in mili-
tary standards and specifications, and greater
reliance on commercial specifications and stan-

36pOD Manu facturing Te€chnology Advisory Group, Materials processing & Fabrication Committee, Marerials Processing & Fabrication

Technical Committee Srategic Plan, Apr. 21.1993, p. 11.

37 Manufacturing Systems Committee, DOD MANTECH Advisory Committee, Manufacturing Systems Strategic Plan, March 1993, p. 3.
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BOX 5-5: MODILs

Manufacturing Operations Development and Integration Laboratories (MODILs) were designed by the
Strategic Defense Initiative Off Ice (SDIO) to bring unique government capabilities together with industry
and university participants to develop and demonstrate new production and automation processes for spe-
cific technologies SDIO’s objective was to ensure that an industry would exist to produce items that might
be developed through its R&D program. With a relatively small budget of $5 million to $7 million per year,
SDIO used a combination of focused workshops, joint projects, and equipment testing in its MODILs.

The Optics MODIL at Oak Ridge National Laboratory, for example, uses state-of-the-art precision-
machining equipment to support collaborate experiments, Other MODILs Included the Advanced Infrared
Sensors MODIL and the Signal Processing MODIL, both at Sandia National Laboratories, the Software
MODIL at the National Institute for Standards and Technology; and the Space Fabrication and Test MODIL
at Lawrence Livermore Laboratory Cuts in funding for strategic defense resulted in a loss of funding for the
MODILs Only the Optics MODIL at the Oak Ridge Center for Manufacturing Technology will continue The
other MODILs are being terminated.

Although the original purpose of the MODILs was to ensure that a future capability would be available to
support weapons production, and not dual-use technology per se, the efforts developed technology in pre-

cision finishing and coatings and diffused that technology to firms for both defense and commercial ap-
plications.

dards, DOD might reasonably contribute to
setting standards in sectors that serve both com-
mercial and defense needs.

A recent example is areport by the Air Force
Commercial Acquisition Streamlining Team urg-
ing electronic firms to adopt certain military
specifications and standards as commercial speci-
fications and standards. The report aso urged
DOD to use Qualified Manufacturing Liststo al-
low increased integration.”

1 The Maintenance Base

At the industrial-sector level the maintenance
base will benefit from acceptance of common de-
fense and commercia technologies. But the most
important civil-military integration maintenance
policy issue is rationaizing the public and private
bases and eliminating redundancies. If defense
and commercial activities use common technolo-
gies and equipment, then the preservation of a
unique government maintenance base may no

longer be necessary, and in an era of much reduced
spending, it is surely less affordable.

The Benefits anti Costs of Sector-Level
Process Integration Policies

The potential benefits of industrial sector-level in-
tegration, outlined earlier, include: 1) leveraging
limited R&D investment funds, thus lowering
costs to both defense and commerce; 2) increasing
the potential defense suppliers by diffusing
technology; and 3) providing access to new
technology through increased involvement in
consortium.

The potential savings in the rationalization of
the public and private maintenance and overhaul
base are substantial. But getting savings from ra-
tionalizing this portion of the base will require
closing facilities and elimination of many govern-
ment jobs. Current legislation strictly limiting the
amount of maintenance that can be performed by
the commercial sector would have to be revised or

39 Pat Cooper, “"DOD Study Touts Military Standards for Microelectronics,” Defense News, June 6, 1994.
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Many armored vehicles, originally manufactured by private
companies, are maintained and upgraded at army depots

repealed. Thereis also resistance to closing gov-
ernment R& D facilities.

Deciding how much time, money, and energy
to invest in policies aimed at sector-level integra-
tion is a challenge. Past studies have illustrated the
difficulty of linking specific research funding
with ultimate results.” Current initiatives may be
even more difficult to evaluate. But, both TRP and
CRADA raise questions on how to evaluate pro-
gram effectiveness. If such activities are not to be
viewed simply as jobs programs, then some met-
rics will need to be developed to judge their
Success.

A number of possible benefits in addition to
new technology developments have been sug-
gested for TRP. Deputy Secretary of Defense John
Deutch has argued that the teaming of defense and
nondefense firms is itself a measure of success. So
too, he said, is the increased cooperation within
the government. He has advised waiting until
1996 before making a broad judgment on the suc-
cess of the project.”

But any benefits have to be weighed against the
fact that TRP costs the U.S. government several
hundred million dollars per year in direct funding
and some tens of millions more in reimbursable

development. Neither was very successful in doing so.

independent research and development (IR&D)
funds for proposal writing. Additional sums, per-
haps tens of millions in nonreimbursable R&D
funds, are spent by business on associated re-
search and matching funds.

CRADASs can aso transfer technology from
laboratories to business, and introduce technolo-
gy to the laboratories. But again, long-term pro-
gram effects may be difficult to measure.
Supporters envision the results of billions of dol-
lars in federa research being transferred to U.S.
business to promote international competitive-
ness and solve other nondefense problems. But
skeptics argue that much past research has had
little commercial potentia. Further, some argue
that CRADAS constitute a “mining of U.S. R&D
investment.” Without continued long-term in-
vestment in fundamental research, there will be
eventualy little new knowledge to transfer.

The most commonly suggested metrics for
measuring TRP, CRADA, and other industrial
sector-level activities, unfortunately, are al short-
term, input metrics. dollars spent, TRP projects
proposed, number of CRADAS, consortium es-
tablished, and other input-oriented activities.
While such measures may be of some initial use,
they are insufficient in the longer term.

An effort to measure both short-term effects
and long-term economic benefits of projects has
been undertaken as part of the Advanced Technol-
ogy Program at NIST. (See box 5-6.)

Several metrics that focus on measuring long-
term effects of the TRP and other DOD programs
have been suggested. These include: the number
of patents granted or products developed over a
given period of time; the amount of technology
transferred from the public sector to the commer-
cial and vice versa; and the relative success of
industry in comparison with America's interna-
tional competitors. (See box 5-7.)

40Inthe1960s and1970s, two studies, Operation Hindsight and Project Traces, attempted to link DOD research investment to product

41*Deutch: TRP Unites Industry Bases,” Defense Conversion, May 23, 1994.
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BOX 5-6: Evaluating NIST's Advanced Technology Program (ATP) Projects

The ATP, begun in 1990, invests in projects that support technologies with strong potential for economic
benefit The ATP evaluation plan stresses measurable goals whenever possible.l The program has tracked
and reported input data on nearly 1,000 applications and awards to nearly 90 projects, The ATP also spon-
sors third-party studies to track project results.

Tracking the short-term and intermediate project results provides an indication of ATP’s Immediate effect
on participating companies. ATP tracks how well businesses follow through on the business and commer-
cialization strategies outlined in their ATP proposals Project managers collect the information during quar-
terly. year-end, and end-of-project reviews ATP s field testing a new, customizable questionnaire designed
to gather more detailed data than are now available A key goal is to gather data in a form that allows for
easy updating and minimizes the reporting burden Several measurable short-term effects are thought to
also provide Indicators of long-term economic success So, in addition to straightforward tracking of tech-
nical milestones, other Indicators are examined, including:

«Increased R&D Investment and R&D in new areas leveraged by ATP funds,
increased Industrial collaborations and strategic alliances,

strengthened technological Infrastructure,
«shortened R&D cycles,

; . Investment in production capacity, and

« productivity Improvements.

N Long-term economic impact is the bottom line for ATP. Program goals include Increased U S economic
growth, Increased Industrial competitiveness, and creation of high-value jobs, Measures of the long-run
N success of ATP include:

* creation of new industries or industrial capabilities,

‘ « Improvements in manufacturing costs, product quality, and time-to-market;
n increased worldwide market share;

. job creation, and

« private and social rates of return on investment.

At present, NIST says it is too early to measure long-term effects. Several products Incorporating the
results of ATP-supported research have been Introduced or are near commercialization In addition, one
company has Introduced ATP technology into a manufacturing process on a pilot scale, In general, how-
ever, almost all ATP projects are still in R&D. In most cases, it will take several years before a long-term
effects study can be undertaken.

The planned approach to these long-term studies 1sto use macroeconomics case studies to estimate
specific benefits and costs of new technologies developed under ATP. Statistical sampling techniques will
be used in selecting specific projects and programs for detailed study.

NIST reports that the measurement of long-term economic impacts of ATP requires three major efforts

= development of quantitative measures of the influence or effect that ATP has on the introduction and
diffusion of each new technology it supports,

« development of quantitative and qualitative measures of the Influence or effect of each ATP-funded
technology on the economy, and

« estimates of private and social aggregate economic benefits and costs from each new technology de-
veloped under ATP funds.

NIST u s Department of Commerce Setting Priorities and Measuring Results at the National Institute of Standards and Technol-
ogy U S Department of Commerce, Jan 31, 1994, p 13
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BOX 5-7: Evaluating the Technology Reinvestment Project

Any evaluation of TRP would be more extensive and difficult than that of ATP, since its eight programs
Involve several different goals education and training, technology development, and technology deploy-
ment

Possible measures for manufacturing education and training include:

« Number of students trained and placed per year.
. Client satisfaction with trained personnel.

The outcomes of technology development and deployment activities are more directly traceable to the
mission of TRP. Several measures might be employed to evaluate technology development activities:

« Number of technical successes.

« Number of technologies adopted by military programs,

- Number of patents and citation of patents.

- Number of organizations that form joint research ventures as a result of their experience in TRP.?
= Number of reapplications to the TRP.

To some extent, these same metrics may also apply to TRP’s technology deployment activities. Since
the deployment activities include both the creation of technologies and the provision of extension services,
the following supplementary metrics might be considered

. Changes in defense dependence-defense sales/total sales—attributable to deployment services or
technologies.

. Increases in produchvity—increase in output per worker attributable to deployment services or tech-
nologies.

«Increases in market share attributable to deployment services or technologies,

« Customer satisfaction.

Assessing synergies across program activities would be a valuable way of measuring TRP’s overall im-
pact This will take time.

"Numerous studies have shown that citation-weighted patents are highly correlated with other measures of technological ancl
economic Importance See, for example, F Narin et al, “Patents As Indicators of Corporate Technological Strength, "Research Policy
(16) 1987, pp 143-155, M Albert et al , “Direct Validation of Citation Counts as Indicators of Industrially Important Patents, Research
Policy (20) 1991, pp 251-259, A FJ Van Raan (ed ), Handbook of Quantitative Studies o/Science and Technology, (North-Holland
1988), M Trajtenberg, "A Penney for Your Quotes, ” Rand Journal of Economics, No 1, 1990, pp 172-187

2aLink and L Bauer, Cooperative Researchin U S. Manufacturing (Boston, MA D C Heath, 1989), suggests that firms coopera-
tively engagedin research not only revest more in R&D than they would have donein the absence of the relationship, but also thatheir
other R&D 1s more productive owing to the transferability of basic technical knowledge and related research skills

3 Firms applying to the Baldridge Award process report that they learn something useful about their Organ ization every time they
apply In fact, many companies go through the process several times without any hopes of winning The same phenomenon might
apply to TRP Also, if the activities undertaken by awardees would not have been undertaken in the absence of TRP money and it
awardees reapply, this may indicate that know-how markets are being created by the award process

Technology development efforts are by nature ture. For these reasons, any evaluation process
risky. The industry sector-level efforts are rela- should be ongoing and designed to assess the
tively long-term. Some will succeed and some progress of each major effort rather than a few
will inevitably fail. Their primary impacts are in- high-profile projects.
tended to come to fruition at some time in the fu-
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Costs and Risks

The policies directed at integrating processes at
the sector level have a number of potential costs
and risks. CRADAsS, for example. have been criti-
cized as potentially detrimental to the laborato-
ries defense mission, diverting critical personnel
to short-term problem-solving rather than longer
term scientific discovery. If the government has
only limited R&D dollars, some argue that they
should go exclusively toward technologies that
the commercial sector cannot provide.

Some of the government personnel interviewed
for this assessment expressed the concern that if
process integration is too extensive, the govern-
ment may lose all of its inhouse capabilities. It
might lack sufficient technical expertiseto be ei-
ther a “smart buyer” or an “intelligent manager” of
the technology it needs to support the nation’s
Security.

Such concerns may be overdrawn. Other coun-
tries (e.g., Japan) do not have comparable public
sector defense capabilities,“ Still it would appear
prudent to ensure that sufficient inhouse defense
capability continues to exist to buy and maintain
new technologies.

A concern raised in Congress, DOD, and indus-
try is the amount of money earmarked by Con-
gress for integration. Representative George
Brown has noted that $103.8 million of the $474
million appropriated for dual-use technology for
fiscal year 1994 (22 percent) was earmarked.”
Representative Brown stated that $145.6 million
of the $377-million conversion fund appropriated
in the Operations and Maintenance accounts was
earmarked as well. Those concerned about ear-
marking claim that the loss of financial flexibility
will make development of a coherent integration
progran much more difficult, Certainly, such
mandates have sometimes limited DOD flexibil-
ity to make economically sound choices. Repre-
sentative Brown pointed out that earmarks make it

difficult to follow the law mandating competition
in spending of government funds for TRP.

Final] y, the government does not a ways appear
to be of one mind about various measures aimed at
increasing industrial sector-level process integra-
tion. Rationalization and consolidation between
the private and public elements of DTIB are im-
portant. Yet the Services disagree about the extent
to which commercia firms can meet maintenance
needs. While the Navy is reportedly willing to
make maximum use of industry’s production ca-
pabilities and capacity for aviation depot-level
maintenance, the Air Force has been far less en-
thusiastic about reducing the size of its depot
system.

Given the large numbers of high-paying jobs at
government facilities, Congress has been reluc-
tant to rationalize R& D and maintenance bases,
Retaining some inhouse capability is extremely
important to guide technology developments in
ways that are most helpful to operational com-
manders. These issues are discussed in more detail
in chapter 6.

0 Process Integration at the Firm Level
Firm-level integration—the sharing of corporate
resources (management, finances, possibly R&D)
across divisional lines—is primarily a private-
sector issue. There are public-sector organizations
that engage in both defense and commercia acti-
vities (e.g., the DOE weapons laboratories): these
were discussed under industrial sector-level in-
tegration. In the context of this discussion, an inte-
grated firm is one that continues to do both
defense unique and commercial business—but
chooses to use separate divisions and facilities.

It maybe to the government interest for firms
to integrate internally (e.g., go to facility-level in-
tegration). in order to reap the maximum benefit
from shared resources. But the government cannot
mandate such integration, nor. except in crisis and

32 supporten\ of inhouse capabilities note. howev er, that the Japanese have not yet had to battle test their equipment.

3 Pey Projects Endure at Defense Despite Opposition byBrown. « Eederal Technology Repot-t, Nov, 251993, TRP supporters hay cargued
that despite attempted carmarking, competition has governed project selection.
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war, can it compel the use of private capabilities to
perform defense work. It can, however, influence
integration by removing some of the acquisition
barriers outlined in this chapter. Still, as long as
businesses fear that their commercial activities
may be forced to carry burdens from defense
work, they will choose to separate their activities.
Retention of special government cost accounting,
for example, even with the elimination of the use
of many military specifications and standards and
the elimination of rights in technical data require-
ments, islikely to result in retention of separated
facilities.

Integration at the firm level, however, offers
benefits to the government. Most importantly, it
may allow the government to retain world class
commercial firms in defense business--even if
these firms separate those defense divisions from
their commercial operations. Firms doing both de-
fense and commercial business have access to,
and might continue to develop, dual-use technolo-
gy. The past view that integration at the firm level
is a problem, and unacceptable, appears less vaid
now than during the Cold War. In the future, it will
be a challenge to keep internationally competitive
commercia firms involved in defense work. Cer-
tainly, the trends are toward consolidation and
specialization—potentialy increasing technolog-
ical and industria segregation just when access to
commercia technology is most critical.

An integrated firm has advantages over a segre-
gated defense producer. A recent study on dual-
use technology indicated that firms doing both
defense and commercia work may facilitate
technology transfer through a policy of transfer-
ring personnel between their defense and nonde-
fense operations, or at least not prohibiting such
movement. The study found indications that be-
tween 1982 and 1986, about 24 percent of the sci-
entists and engineers working on defense moved
from defense to nondefense work, and about 27
percent moved in the opposite direction.” Per-

sonnel movement can increase the flow of in-
formation and technology, even if facilities
themselves are segregated.

The main benefits of process integration at the
firm level are: 1) preservation of a viable base, 2)
stronger and more competitive firmsinvolved in
defense work, and 3) greater technology trans-
fer—both spin-off and spin-on.

The elimination or reduction of current pro-
curement barriers might persuade firms to adopt,
or continue to pursue, a firm-level integrated
strategy. Changing the rules on rights in technical
data would eliminate the disincentives to incorpo-
rate commercial, company-developed technology
(product or process) into defense products. Elimi-
nating the use of many military specification and
standards will move more components into the
commercia category. Dropping the requirement
for costs and pricing information on commercial
products will promote the use of components from
a firm's commercia division.

While firm-level integration may produce few-
er directly measurable benefits than might facil-
ity-level integration (e.g., savings on individual
products), it appears preferable to relying on total-
ly segregated firms to conduct defense manufac-
turing, since the latter may have less access to
commercial technology. Profitability and access
to technology are incentives for integration. Gov-
ernment policies to promote firm-level integra-
tion will have to address these incentives. Even in
the absence of radical acquisition reform that
would promote facility-level integration, firms
might still undertake defense work if such work
allows them to leverage their technology, person-
nel, and assets; acquire new technology; and di-
versify into other areas.

Defense work will have to be profitable, or, if
access to novel technology is available, at least not
lose money. A strong advanced technology devel-
opment program may entice some firms, particu-
larly in sectors amenable to integration, such as

4 Alicetal., Beyond Spinoff.op.cit.. footnote 23, p.112-113. According to the report, indirect evidence indicated that most of this move

ment occurred within firms with both defense and nondefense divisions.
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aviation and electronics. In more mundane pro-
duction sectors, contracts will have to be of suffi-
cient size to attract the interest of afirm that also
engages in commercial operations. Multiyear
contracting and government use of more commer-
cia buying practices may also provide incentives
for engaging in defense activity at the firm level.
DOD use of commercia specifications and stan-
dards, or military performance specifications,
may provide some incentives to pursue defense
work even if acquisition rules continue to result in
segregated activities.

Leveraging technology is especialy attractive
to firms in technologically intensive industrial
sectors. Indeed, a Harvard study indicated that
some firms have actively sought both defense and
commercial business in order to fully exploit their
competitive advantages. Thus, in the aerospace
industry, many firms “(notably Boeing in aircraft,
GE and Pratt & Whitney in engines, Hughes in
satellites) have been able to speciaize their de-
sign, marketing, and management for each market
[commercial and defense] while leveraging a sub-
stantially common technology base.”

Similarly, communications satellite producers
have leveraged technology. Westinghouse Corp.
has reported leveraging the technology and exper-
tise gained from decades of defense work to devel-
op products such as a Modular Avionics Radar
(MODAR), a dua-use product designed for look-
ahead detection and avoidance of wind shear.”

Studies indicate that the incentives for sharing
technology, labor, and equipment within a firm
vary. Firms with large commercial sales relative to
their defense sales may have little interest in in-
creasing defense sales, especidly if defense sales
volume is uncertain, profit is low, and there are
few if any potential technology benefits. In the ab-
sence of changes in the government’s approach to
rights in technical data, integrated firms will be
cautious about sharing technologies between divi-
sions. The OTA assessment team found a number

45 Alic et al., Beyond Spinoff, op. cit.. footnote 23, p.188.
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Firm-level integration allows Hughes to leverage corporate
resources, benefiting both its defense and commercial
satellites.

of instances in which a firm's commercial division
refused to supply technology to its defense divi-
sion because of government demands for rights in
technical data and for cost and pricing data.

One firm, for example, reported a case in which
its corporate parent decided it could not risk dis-
closing the results of millions of dollars of com-
mercial, company-financed research for a
relatively small government development con-
tract whose terms included a demand for the
technology used in the item. Therefore, instead of
using the advanced technology available in the
parent corporation, the division searched out a
small firm with similar, but less advanced,
technology to support its research effort. The cor-
porate parent of that defense division is now con-
sidering getting out of defense work altogether.

Acquiring new technologies and processes toO
alow afirm to better meet current or future needs
has been another reason for corporations to inte-
grate. The General Motors Corp. 's purchase of
Hughes Aerospace might fall under this category.
Firms might still stay in defense work if they deem
the work to have sufficient overlap with other cor-
porate objectives. A strong DOD research empha-
sis on dual-use products might attract such firms.

*Hughes, op. cit., Making Dual-Use Technologies Work, footnote 22
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Finaly, firms may integrate to diversify the
portfolio of their capabilities and subsidiaries.
Corporate diversification was a magjor business
strategy during the sixties, seventies, and early
eighties, but was called into question during the
mid- to late- 1980s as U.S. firmslost global market
share-partly because of loss of quality in many
firms' critical core areas. Studies indicate that suc-
cessful corporate diversification involves an ef-
fort to retain and use a common core of interests
and cgoabiliti% rather than develop entirely new
ones. “1f DOD is going to retain high-quality
firms as defense suppliers, it will need to seek syn-
ergistic ways to exploit and enhance the core capa-
bilities of these firms.

The Benefits and Costs of Firm-Level
Process Integration Policies

As discussed earlier, during the Cold War when
U.S. defense budgets were high, concern over civ-
il-military integration largely focused on integrat-
ing facilities. Integrated firms-those with both
civilian and defense divisions—were common.
Proponents of integration sought to reduce the ac-
quisition barriers that they identified as contribut-
ing to segregation within a firm and subsequent
increased costs resulting from redundancies in fa-
cilities, workforce, etc. Yet there were benefits
derived from integration at the firm level, internal
transfer of technology probably being one of the
most important.

The future defense situation is likely to be even
more fiscally challenging than CMI proponents
have previously anticipated. Under these circum-
stances, the government may well lose the ser-
vices of many firms. The principal benefit to be
derived from retaining integrated firms (e.g., re-
taining as much of the segregated portion of the
future DTIB as possible within commercia firms)
may not be cost savings, but the potential for

shared technology between divisions within
firms. Firms may transfer personnel (or allow the
transfer of personnel) between defense and nonde-
fense work and thus promote both spin-on and
spin-off technology transfer. This is critical if
DOD isto rely more on commercia technology in
the future. Such firms may aso integrate some
critical activities—possibly having a combined
R& D facility—while separating the remainder.

While the chief benefit is the potential retention
of quality firms doing defense business, there are
also risks. One risk is that specidized defense ca-
pabilities might atrophy if too much emphasisis
placed on shared (i.e., commercial) technologies.
Electronic warfare systems, for example, may use
many technologies similar to other commercial
electronic systems, but still require a set of spe-
cialized skills (an up-to-date understanding of the
electronic threat) that demands full-time attention
and does not overlap with the commercial base.

An integrated firm also faces risks to critical
commercially developed technology if reforms
dealing with rights in technical data have not been
achieved. Indeed, retention of any acquisition
rules that make the defense divisions of firms op-
erate differently than the commercia division is
likely to increase costs and reduce the benefits of
firm-level integration.

0 Process Integration at the Facility Level

Almost al previous studies on CMI have focused
on integration at the facility level .48 Facility-level
processintegration is a special case of firm-level
integration, in which the integration occurs within
asingle facility (e.g., on the same factory floor, on
a single assembly line). Such integration involves
the sharing of personnel, equipment, facilities,
and material to research, design, produce, and
maintain defense and commercial goods, or to
provide defense and commercia services. While

47David Leech Patterns of Diversification: An Annex to the Report of the Defense Conversion Commission, February 1993.See also Alicet

al., Beyond Spinoff. op. cit., footnote 23, pp. 174-186.

48 The Report Of the DSB Task FOICe on Acquisition Reformis an exception in including the potential impact Of rationalization of the private

and public sectors.
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the greatest benefits of process integration, in
terms of savings and potential for technology
transfer, may be found at the facility level, the ac-
quisition changes required to achieve such in-
tegration may be among the most difficult to
achieve. There are technica barriers to facility
level integration (unique products and processes,
classified technologies), but the principa barriers
appear to be the acquisition laws and regulations
that have been constructed to protect public funds.
It is at the facility level that military operations
and standards, government cost-accounting rules,
rights in technical data, and other roles have had
their full effect.”

Process integration at the facility level is ex-
pected to eliminate redundancies in equipment
and personnel. Machinery, tools, personnel, man-
agement resources, buildings, etc., can al be used
more efficiently if they can be employed for both
commercial and defense ends.

The fungibility of a firm’'s assets and the simi-
larity of its defense and commercia products and/
or services affect the company ability to conduct
defense and commercial work side-by-side. The
case studies examined for this assessment, as well
as OTA’s industry interviews, confirm that the
flexibility to work in both the commercial and the
defense sectors is currently more prevalent among
firms at lower tiers, among firms producing com-
ponents and materials, and where the process and
product technologies are largely common and
government regulations are often felt only in-
directly.”

OTA found that many facilities manufacturing
military parts, subcomponents, and materials, for
example, operate within more or less integrated
manufacturing facilities. Such facilities include
those that supply metal sealing material, silicone,
dopants and wiring for defense electronics, glass

Atlas Headware has completely integrated its production of
military and commercial caps

for optical systems, chemicals for explosives, and
certain resins for plastics.

“Higher order” defense-related components
and systems, such as hydraulic systems, various
valve assemblies, hoist systems, certain aircraft
engines, computers, fiber optics components, and
gyros and other navigation devices, may be
manufactured in integrated facilities. That they
are not, however, appears to be due at least in part
to the imposition of the specia accounting re-
guirements, unique contract requirements, de-
mands for technical data rights, etc., that have
been so often identified as barriers to integration.
As a result, the firms interviewed reported that
there are often substantial inefficiencies. due to
the need to maintain additional workers and
resources in order to comply with these re-
quirements.

B Current Facility-Level
Integration Efforts

Many of the ongoing efforts to increase facility-
level process integration have been discussed ear-

4 The conclusion that acquisition barriers rather than technical barriers are the problem has been aconsistent conclusion of studies such as

the199 | CSIS Study on Civil-Mititary Integration, the subsequent CSIS survey of 206 firms, and a study by the Electronic Industries Associa-
tion, “Dual-Use in Government Electronics: Outlook for Commercial/Military Integration,” which surveyed 33 firms in1993.
5(1 The data base for this conclusion includes the assessment case studies, interviews with firms in | 0 differentindustrial sectors. discussions

at the manufacturing workshop, and analysis of the findings of previous CMI studies.
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lier in this chapter. Changesin the law that allow
companies to use IR&D funds to conduct R&D
with commercia (as well as defense) potential, for
example, have enhanced the ability of defense
firms to perform dual-use R&D. Severa of the
firms visited by OTA were actively pursuing com-
mercia possibilities using technologies originaly
developed for military application. Some of the
firms visited by OTA combined their R&D opera-
tions, even though they maintained separate
manufacturing processes. The Honeywell Corp.,
for example, maintains an integrated R&D Center
of Excellence for its avionics work, but separates
the defense and commercial manufacturing activi-
ties of these items. The changes in the use of mili-
tary specifications and standards announced by
Secretary of Defense Perry will surely affect facil-
ity-level process integration as well as increase the
purchase of commercial items.”

Several firms interviewed were also involved
in TRP projects. Some of the work is being donein
integrated facilities, but in some cases the firms
were planning to separate future commercia and
defense operations.

Despite the changes being implemented, con-
cerns over government oversight, the possible
loss of proprietary data, and cost-accounting re-
guirements continue to pose real barriers to inte-
grating defense and commercial activities in a
single facility. According to industry, the most im-
portant changes are eliminating the unique
government cost-accounting requirements that re-
sult in separate cost accounting systems and layers
of oversight, and the supporting certification
process.

Concern over the rights in technical data re-
mains very important not only in R&D but in
manufacturing, where there is particular concern
about the potential for loss of process technology
should the government ask for that technology.

The changes in military specifications and
standards recently proposed by DOD are critical,

because they will promote the ability to design for
dua use. It has repeatedly been argued that taking
better advantage of commercia specifications and
standards could save money and result in better
products. The 60 percent savings that Westing-
house Corp. reported for its dual-use Modular
Avionics Radar, compared to the militarily unique
version is said to have come partly from waivers
on military specifications and partly from initially
designing for dua-use.

1 Future Efforts

Acquisition reform that addresses government ac-
counting rules for integrated facilities may be dif-
ficult to implement. Executives attending the
OTA manufacturing workshop stated that ac-
counting procedures explain 90 percent of the rea-
son for separation within their firms. The
respondents to the CSIS industry survey also
placed government cost accounting high on the
list of reasons for segregating their defense opera-
tions. Many firms in the CSIS survey, principaly
aerospace and electronics manufacturing firms,
had integrated portions of their operations but
maintained two administrative systems for ac-
counting purposes. The costs of such partia in-
tegration cannot be inconsequential.

One possible alternative would be facility ex-
emptions from special government cost account-
ing requirements. Otherwise, firms producing
both militarily unique and commercial products
will have to retain an accounting system for its
militarily unique items and spread the cost of that
system over its commercia products, and thus be-
come noncompetitive. Some firms believe that ac-
tivity-based accounting holds the promise of
providing a solution to this seeming impasse.

Secretary of Defense Perry has begun the
changes on military specifications and standards,
but these changes must be implemented by a
sometimes reluctant acquisition workforce. To

51Secretary of Defense William Perry, Memorandum for rhe Secretaries of the Military Departments, or. cit., footnote 16.
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promote integrated facilities, DOD must ensure
that the three Services reconcile their own individ-
ual standards so that industry does not continue to
be faced with special, and often conflicting, Ser-
vice requirements for similar items.

Revision of the acquisition laws and regula
tions is necessary but insufficient to implement-
ing acquisition reform that will allow integrated
facilities. There must also be changes in the pro-
curement culture—for example, eliminating out-
moded government quality control procedures in
favor of those used in the commercia world; elim-
inating the adversarial relationship that has char-
acterized some contract and plant oversight; and
retraining the government workforce so that they
are able to effectively operate in this new environ-
ment. Integrated circuits or advanced materials,
for example, may be differentiated by additional
qudity control checks, rather than different mate-
rials. The Hughes satellite system, with its modu-
lar design, embodies another possible approach to
the problem, alowing different satellites, with
different capabilities, to be built on a single
“chassis.” (See box 5-8.)

The requirement that a facility be able to pro-
duce at a specified surge and mobilization level,
combined with the extreme variation of defense
contracts, has resulted in an overcapacity main-
tained by firms. This added overhead inhibits fa-
cility integration. Companies making private
investments in commercial facilities that have
payback periods of several years are unlikely to
put defense and commercial work in the same fa-
cility and risk transferring underfunded govern-
ment overhead costs to commercial production.

Multiyear defense contracting can help reduce
the uncertainty of government funding, but the
greatest potentia benefits might come from a rec-
ognition on the part of government that DOD must
pay to maintain surge capability for defense
manufacturing. This now occurs with govern-

ment-owned and contractor-operated (GOCO)
ammunition facilities and is more of a problem at
the prime contract level than at the lower tiers.

Some small firms trying to integrate commer-
cial and defense work have raised the issue of in-
sufficient financial support for commercia work.
Many firms traditionally dependent on defense
progress payments have not devel oped sufficient
commercial lines-of-credit to finance investment
in commercia programs. Banks are reluctant to
loan money to small defense firms. One sugges-
tion is that government funds be made available in
the form of loan guarantees to support the com-
mercia operations of small firms. However, while
there is evidence that lack of fundsis a problem
with some firms and possibly some locations
(e.g., Long Island, southern California), a recent
survey by the Logistics Management Institute
found that lack of capital isnot auniversal prob-
lem.*More data need to be collected to inform
policy development here.

The opportunities for process integration in the
maintenance base parallel those found in
manufacturing, since items built on the same line
should lend themselves to common maintenance
procedures. But government procurement rules—
especially cost accounting requirements—are a
critical barrier. Facility exemptions would be
helpful. But even more important might be the ra-
tionalization of the public and private mainte-
nance bases. Thisis discussed in chapter 6.

Finally, services other than R&D (e.g., engi-
neering, telecommunications, construction, and
private security) may be the easiest segment to in-
tegrate if the defense and commercial work are re-
lated sufficiently and the problems of dealing with
DOD regulations (including security) do not pre-
vent the workforce from working on both defense
and commercial projects. But chapter 4 noted that
services appear relatively easy to commercialize,

52 The LMI survey Went to 1,217 randomly selected small contractors (chosen from among businesses having aprime DOD contract be-

tweenfiscal years 1980 and 1992). LMI qualifiestheir results by noting that thetotal number of firms doing only subcontracting could be large
compared to those with a prime contract. Still, 72 percent reported that lack of capital had not hindered con ersion.
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BOX 5-8: Designing for Dual-Use

Advocates of greater CMI argue that the real “key to commercial-military integration s designing for
dual-use.”Weapons and other DOD equipment would be designed from the outset to incorporate com-
mercial rather than militarily unique technologies.”Cost and manufacturability would be included in the
design process as critical considerations. Advocates have argued that a dual-use strategy would require
that “the DOD product will fit the parameters established by the supplier for flexible manufacturing, The
products must have similar processes, use standard parts, employ identical Information systems, and re-
quire consistent manufacturing administrative practices.” Thus, the concept of designing for process in-
tegration from the start is essential.

When establishing requirements, DOD should take into account commercial developments in the rele-
vant technological sectors. This would exploit not only the latest technologies, but also technologies that
appear to be in the mainstream--rather than developing entirely new technologies.

Implementing such a strategy will require that DOD have trained personnel who keep abreast of techno-
logical developments, Moreover, DOD will need to consider the manufacturability of components in the
process of setting requirements. It will also require more dialogue with industry in developing industry
specifications and standards, as well as its own performance specifications.

Designing for dual-use may ease the integration of maintenance facilities significantly, since they will
essentially be supporting the same goods.

Hughes Aircraft has reportedly followed a successful dual-use, or multi-use, design strategy in its satellite
communications business using many common components on both its defense and commercial satellites.*
The Hughes strategy was facilitated by the fact that defense and commercial communications satellites have
many similar requirements. A critical aspect to the success of Hughes’ communications satellites revolved
not only the ability to design for dual use, but the ability to develop a “product line” of satellites that can ac-
commodate several needs with minor modifications, rather than to focus on an individual program for each
satellite, as has characterized much of past DOD acquisition strategy.’Advocates of a dual-use strategy
argue that a “product line” approach is mandatory. But pursuing this type of strategy will require changes in
the program specific way in which DOD organizes its funding and Congress oversees it.

1 Richard Engwall, briefing on Designing for Dual-Use Electronics, Westinghouse Electric Corp
2nid The Electronics industries Association dual-use technology study estimates that “85 PerCent of product !ife cycle cost is

‘locked inin the original systems engineering design approach “
30 ffice of the Under Secretary of Defense for Acquisition, Defense Science Board Task Force Report, Engineering in (he Manufac-

turing Process, Aug 21, 1992, ch 3, p 7
4John A Aicetal, Beyond SPI noff Military and Commercial Technologies in a Changing World (Boston, MA Harvard Business

School Press, 1992), pp 179-180
SEngwall, Op cit, footnote *

perhaps leading to a situation where services are
bought from either commercial or segregated enti-
ties, but not those in between.

Benefits and Costs of Facility-Level Process
Integration Policies

There have been numerous attempts to quantify
the potential benefits of facility-level integration.

There is considerable evidence that there are cost
savings to be derived from facility-level integra-
tion and that such integration will probably en-
hance technology transfer. But estimates of the
amount of potential savings are largely based on
extrapolation from findings of individual case
studies.
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Previous case studies reviewed for this assess-
ment, for example, provided estimates of savings
on individual items of equipment resulting from
integrating R&D and manufacturing processes
ranging from 20 percent to as high as 60 percent .”
Case studies reported in the 1991 CSIS study on
CMI provided estimates of about 25 percent sav-
ings from integration of the production process.
The Process Action Team on Military Specifica-
tions and Standards estimated that some $550 mil-
lion might be saved over a period of two years if
many of the military specifications and standards
were eliminated.

Most previous estimates are made on the basis
of examination of portions of the DTIB. The 1994
DSB Task Force on Defense Acquisition Reform
looked at the entire base and estimated that in gen-
eral, savings from integrating the production
processes of defense systems might range from 10
to 25 percent. Further, the Task Force attempted to
estimate the amount of savings that would occur
after a five-year implementation period.*

Table 5-4 illustrates a range of potential cost
savings in the private portion of the DTIB derived
from implementing the process integration policy
options discussed in this chapter. These estimates
are based on data from OTA’ s industry survey, and
include only facility-level integration, excluding
any savings from sector- or firm-level integration.

Because the policy options for increasing proc-
ess integration affect a relatively small portion of
national defense spending—a 15-percent increase
estimated in our survey-the net savings from
process integration will be relatively small. Cost
savings derived from potential savings of O to 30
percent might range from O to 5 percent of total na-
tional defense spending in the private sector. Al-
though smaller than sometimes considered. these
savings are still significant.

Additional savings might, of course, accrue
from industrial sector-level integration that in-
volved reduction of any duplication between the

TABLE 5-4: Budgetary Impact of Increased
Facility-Level Process Integration?

Estimated Impact on
average total private
savings DTIB budget

0% 0%

5% 1%
10% 2%
15% 2%
20% 3%
25% 4 %
30% 5%

“Based on OTA's industrial sector survey and a shift of 15 percent from
segregated to Integrated for a total of about 30 percent in the integrated
category

private and public sectors, and closing redundant
facilities. These savings have been estimated to be
several bill ion per year, depending on the amount
of estimated reduction.

While savings are important, in the longer
term, increased technology transfer between the
defense and commercia bases may be the greatest
benefit derived from integration of processes. The
increase in technology transfer may occur within a
single facility—but it will also come from the acti-
vities, such as consortium and TRP research acti-
vities, at the sector and firm level described in this
chapter. Developing a method to track projects
and their results is an important step necessary to
support government initiatives at these levels. The
metrics outlined in this chapter might be con-
sidered.

The benefits of these policy changes will not be
immediate. Actual savings from changesin mili-
tary specifications and standards depend not on
changing the rules but on making new purchases
of commodities, components, or new systems.
Savings from changes in cost accounting require-
ments will come from oversight jobs eliminated.

53 The Modular Avionics Radar developed b, Westinghouse uses all commercial parts but w as built in facilities primarily used 1o support

DOD. The radar costs 60 percent less than a comparable defense radar. and w asdeveloped in 50 percent of thetime.
54 Defense Science Board Task Force. Defense Acquisition Reform, Op. cit.. footnote 7. p. C-8.
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facilities consolidated, etc. Significant savings
might begin appearing in three to five years. Ac-
cess to new technology is unlikely to be any
quicker. The possible time phasing of benefitsis
considered in the discussion of alternative integra-
tion strategies in chapter 2.

Costs of increasing process integration in-
clude: training of government and private sector
personnel to operate in a new quality environ-
ment, training in examining alternative technolo-
gies, and costs of implementing different cost
accounting procedures. There would also be ex-
penses associated with closing any government
facilities and eliminating jobs.

There are also risks involved in implementing
policies that enhance facility-level integration.
One of the most often mentioned is concern over
the possibility of increased waste, fraud, and
abuse, as aresult of any change in cost accounting
requirements at a facility.”

Concerns include the possibility of unfair al-
location of costs towards the government. The
R&D necessary for a dual-use product, for exam-
ple, could be charged against the government’s ac-
counts, rather than against a corporation’s
commercia activities (although fixed-price R&D
contracts may well resolve that issue). Similarly,
costs associated with the construction of produc-
tion facilities, tooling, etc. might also be allocated
against DOD, rather than against the commercial
consumers. In particular, in the absence of current,
relatively strict accounting requirements, and
without a commercial market for the militarily
unique products produced in a facility, there are
questions raised about how actual costs would be
determined.

Government agencies report the overal
amount of questionable contractor billing, but the
OTA assessment team could find no good studies
on the costs of the current regulatory system, nor
comparative studies of alternative oversight struc-
tures. It has been suggested that the amounts saved
by the current U.S. system may well be less than

the costs generated in the system as a result of ac-
tions to prevent and prosecute identified abuses.
Critics do not advocate overlooking abuses, but
rather argue that most of these abuses can be iden-
tified in other, less intrusive ways.

Quality control is another concern. Critics note
that as a result of the elimination of military speci-
fications and standards, knowingly or unknow-
ingly, substandard parts and components may be
used, possibly due to lower quality control stan-
dards imposed by the commercial sector. There
have been several reports in recent years, for ex-
ample, of the proliferation of counterfeit, substan-
dard fasteners in various commercial processes,
including those within the aircraft industry. Proc-
ess integration and the use of commercial items
might make DOD more susceptible to these
problems.

There is also the possibility of proliferation of
advanced weapons technologies to other nations.
To the extent that integration and commercializa-
tion are successful, American exports of manufac-
turing processes and technologies common to
both commercial and military products may
spread military technologies to other parties.

SUMMARY

There is potential for increased process integra-
tion with potential cost savings and increased
technology transfer. Savings resulting from in-
tegration in the private sector ranging from 1 to 5
percent of future DTIB spending do not appear un-
reasonable. The full impact of these savings will
not be realized for several years.

The greatest potential benefit of increased
process integration may not be cost savings, how-
ever, but rather the potential for technology trans-
fer. Future defense design and engineering teams
will be more dependent on developments in fast
moving commercial sectors, such as software and
electronics. Integration at all three levels might
enhance defense access to technology,

55 For example, “Congress To Consider Acquisition Pilot Efforts Next Month,” Defense Duaily, Dec.9,1993,p.353.
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Congress has played a critical role in develop-
ing the current process integration policies aimed
at technology development and diffusion. These
policies may be extremely important in the long
term, but Congress may want to consider the de-
velopment of measures to evaluate and compare
the returns on investments for efforts such asthe
TRP, CRADAS, and other activities. Future met-
rics need to be output-oriented, rather than mea-
suring input activities, as is often done today.

At the industrial sector level, process integra-
tion also requires rationalization of public and pri-
vate capabilities, and increased defense access to
commercial technology. Rationalization of the
public and private R& D and maintenance facili-
ties, discussed in more detail in chapter 6, might
provide the most significant near-term returns, but
is aso likely to face the greatest opposition. Con-
gress will need to consider the rationalization of
the DTIB and the closing of facilities, if signifi-
cant savings are to be achieved.

Process integration at the firm-level is designed
to retain world class product development and

manufacturing firms in defense work. This is im-
portant, even if the defense operations in those
firms remain separated. Defense work will have to
be made sufficiently attractive, either by profit-
ability or by research, development, and testing in
new technologies and ideas. Advanced Technol-
ogy Demonstrators may provide a means to keep
firms technologically engaged. Congress will
need to be supportive of long-term technology
programs that may produce few immediate
results.

Process integration at the facility level depends
not only on actions directed at the sector and firm
that produce common technologies, but also on
substantial acquisition reform. Only by altering
the current government cost accounting require-
ments, modifying demands for rights in technical
data, and minimizing the use of military specifica-
tions and unique contracting requirements will the
full benefits of designing for dual-use be likely to
accrue.



