










302 “ Advanced Materials by Design

many different materials and manufacturing tech-
nologies.

Total ManTech funding for the three services
plus the Defense Logistics Agency is $124 mil-
lion for fiscal year 1987, with $165 million re-
quested for fiscal year 1988. However, it is diffi-
cult to ascertain what proportion of these funds
can be considered materials-related in that indi-
vidual projects can be considered either as struc-
tures or materials processing efforts.

Option: Increase support for advanced materi-
als manufacturing research through the Man-
Tech program.

Low-cost manufacturing technologies represent
a convergence of interests between DoD and the
commercial sector that could hasten the commer-
cial utilization of advanced materials technologies
developed for the military. One alternative could
be to augment the budget for those ManTech
projects aimed at decreasing production costs
and increasing reproducibility and reliability of
advanced materials structures.

Procurement Practices

DoD constitutes a special market with unique
materials requirements. However, like other cus-
tomers for advanced materials, DoD strives to
have the widest variety of materials available at
the lowest possible cost. Therefore, it employs
regulatory means to simulate the conditions of
commercial markets. This makes the participa-
tion by materials suppliers extremely dependent
on defense regulations and policies, rather than
on conventional economic criteria. Through its
policies on dual sourcing, materials qualification,
and domestic sourcing of advanced materials,
DoD has a profound influence on the cost and
availability of a variety of high-performance ma-
terials and technologies.

Option: Provide a clear plan for implementing
domestic sourcing regulations for advanced
materials.

Carbon fibers used in advanced composites
provide a useful example of the need for a clear
plan for implementing domestic sourcing policies.
Most high-performance carbon fiber is derived
from an organic precursor material called poly-

acrylonitrile (PAN). Although there are many
companies in the United States that are capable
of manufacturing carbon fiber from PAN, 100 per-
cent of PAN precursor for composites qualified
for U.S. military use is imported. At present,
Amoco is the only domestic producer of PAN
precursor; however, Amoco’s carbon fibers are
still undergoing qualification testing.

In the Defense Appropriations Act of 1987
(Public Law 100-202) Congress specified that 50
percent of all defense requirements for PAN-
based carbon fiber be produced domestically by
1992.13 Congress has required that DoD provide
a program plan to fulfill this PAN requirement;
the plan is due to be presented in June 1988.14

A prior DoD directive on domestic sourcing of
PAN requires two or more domestic suppliers.
Such suppliers would not have to be U.S.-owned
as long as their plants are located in the United
States.

Domestic suppliers of carbon fiber made from
imported PAN welcome this legislation, but they
are uncertain about how it will be implemented,
and about which weapon systems would be in-
volved.

To make intelligent investment decisions, U.S.
carbon fiber suppliers would like DoD to provide
a comprehensive plan for implementing the pro-
posed directive. The greater the percentage of
domestic PAN precursor used in military systems,
the more attractive it will be to invest in the open-
ing of a pIant; the proposed requirement of 50
percent by 1992 is considered very appealing by
industry.

To be effective, the program plan must specify
which weapons systems will be required to use
domestically produced PAN and in what quan-
tities. In addition, industry would like assurances
that domestically produced PAN will be procured
even if foreign-produced PAN is initially less ex-
pensive. It would also be necessary for DoD to
guarantee to purchase minimum quantities of the
fiber in order for industry to establish new pro-
duction facilities.

13 Congresslona/ Record, Dec. 12, 1987, vol.  133, No. 205, Part

Ill, pp. HI 2546-7.
14 Ken Foster, U.S. Department of Defense, personal communi-

cation, May 7, 1987.
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Offsets

Offsets are a foreign policy-related marketing
device that can be detrimental to the U.S. ad-
vanced materials technology base. Technology
offsets are commonly required by foreign custom-
ers before they will consider bids from U.S. or
other systems suppliers. In recent years, little at-
tention has been paid to the effects of offsets.

It appears that the best way to prevent the dis-
tribution of U.S. advanced materials technology
through offsets is to prevent foreign nations from
requiring offsets from U.S. companies. Perhaps
this is best addressed in the context of trade ne-
gotiations on specific systems, such as military
and commercial aircraft. However, offsets are
only a small part of such trade negotiations, and
foreign policy goals may preempt this approach.
This issue is of increasing importance to materi-
als suppliers as foreign nations become more and
more interested in acquiring U.S. technology and
competing in U.S. markets.

option: Initiate a thorough study of the effects
of offsets on the competitiveness of U.S. ad-
vanced materials industries.

Build a Strong Advanced Materials
Technology Infrastructure

For U.S. advanced materials suppliers and users
to rapidly exploit materials technology develop-
ments over the long term, whether these devel-
opments occur within the United States or
abroad, a strong U.S. technology infrastructure
must be built to support the cost-effective use of
the new materials. Such an infrastructure would
include the availability of basic scientific knowl-
edge, technical data to support design and man-
ufacture, and an adequate supply of trained per-
sonnel. Infrastructure investments are generally
considered the responsibility of the Federal Gov-
ernment, since they are a public good, i.e., they
cannot be appropriated for an individual com-
pany’s benefit. There are several policy options
to be considered as a means of supporting the
development of a strong technology infrastructure.

Option 1: Increase the funding for R&D in ad-
vanced materials and their manufacturing

processes to reduce costs and increase relia-
bility and performance.

Although ceramics, polymer matrix compos-
ites, and metal matrix composites technologies
are at different stages of maturity and have differ-
ent applications, there are four R&D priorities
common to all three technologies:

1.

2.

3.

4.

Manufacturing science research is needed
to support the development of cost-effective
manufacturing processes.
The relationships between structure, me-
chanical properties, and failure mechanisms
must be understood to take advantage of the
anisotropic properties of advanced materials.
The behavior of advanced materials in se-
vere environments must be determined to
facilitate reliable design and life prediction.
The interracial region between matrix and
reinforcement in composites, which has a
critical influence on composite behavior,
must be properly understood.

These priorities are widely appreciated, and
OTA finds that current agency R&D programs are
generally consistent with them. However, greater
funding in these priority areas could accelerate
commercial use of advanced materials. Alterna-
tively, if overall funding is reduced, preservation
of funding in these areas should be a priority.

Option 2: Develop a comprehensive account of
collaborative R&D efforts in advanced mate-
rials at the Federal, regional, and State levels,
including program goals and funding.

Collaborative R&D programs promise to spread
the risks of industry investments in advanced ma-
terials. Numerous centers of excellence focusing
on various aspects of advanced materials tech-
nologies have been initiated in the past several
years, and little attention has been paid to waste-
ful overlap or the possibility of exhausting com-
mon sources of funding.

The ad hoc process by which collaborative
centers are currently established has both advan-
tages and disadvantages. The principal advantage
is that many different competing organizational
models can be explored, leading to a Darwinian
“survival of the fittest. ” This approach also fosters
more diverse solutions to technological problems,
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as well as providing broader educational oppor-
tunities for students.

One of the disadvantages is that the resulting
dispersion of talent and resources could prevent
a coalescing of all the factors necessary to create
a first class advanced materials industry.15 This
especially appears to be a problem with ad-
vanced materials, in which design, processing,
and testing are so closely integrated. The best so-
lution may be a mix of small, dispersed centers
with a limited number of larger, integrated
centers in which design, processing, and evalu-
ation are undertaken under one roof.

A comprehensive account of collaborative R&D
efforts in advanced materials would be a neces-
sary first step in drawing lessons from experience
with various collaborative models, and in mini-
mizing wasteful duplication of effort. It would not
be appropriate for the Federal Government to at-
tempt to discourage States from establishing col-
laborative centers of excellence in any technol-
ogy. However, to the extent that Federal funding
is sought by these centers, the government could
use its leverage to encourage them to work to-
gether as much as possible. New Federal centers
should only be undertaken after taking into ac-
count the existing context of State and regional
centers.

The Omnibus Trade and Competitiveness Act
of 1987 (H. R. 3) contains a provision to create
a central clearinghouse within the Department
of Commerce’s Office of Productivity, Technol-
ogy, and Innovation to keep track of State and
regional competitiveness initiatives, including col-
laborative centers. Such a clearinghouse could
be the vehicle for gathering information on ad-
vanced materials centers. Alternatively, an orga-
nization such as the National Critical Materials
Council could undertake to gather this infor-
mation.

Option 3: Gather comprehensive information
on current activities in government-funded
advanced materials R&D.

One persistent need identified by many indus-
try sources is information on the many different

government activities in advanced materials. In
general, this information exists but is rarely in a
form readily accessible to researchers. A database
could be assembled containing a listing of proj-
ects by subject and sponsoring agency, each en-
try accompanied by the name of a contact, an-
nual budget, milestones achieved, bibliography
of project reports, and technology transfer activ-
ities. Some of the specific benefits of such a data-
base would include:

●

●

●

A point of access for those interested in
perusing recent reports or those seeking in-
formation on current programs in an area of
interest.
A source for tracing trends in funding and
priorities for materials science and engineer-
ing over time.
A source for assessing the effectiveness of
government-to-industry technology transfer
efforts in materials.

The preparation of such a database would not
be difficult, as most of the information exists in
various forms in the funding agencies.16 Such a
project would be consistent with the mandate of
the National Critical Materials Council. The Coun-
cil could work with other government groups
such as the Center for the Utilization of Federal
Technologies at the National Technical informa-
tion Service (NTIS), and it could also oversee the
annual updating of the database by tapping pro-
gram managers in the various Federal agencies
involved.

Option 4: Establish a mechanism for gathering
business performance statistics for advanced
materials industries.

It is very difficult to obtain accurate, up-to-date
business statistics on advanced materials produc-
tion, imports, and exports. The Standard indus-
trial Classification categories now in use do not
distinguish these advanced materials from con-
ventional materials. For instance, advanced ce-
ramics are aggregated together with ceramic
tableware and sanitary ware. This situation con-
trasts sharply with that in Japan, where each
month the Ministry of International Trade and ln-

‘5R.M.  Latanision, “Developments in Advanced Materials in the
Industrialized Countries, ” proceedings of the Federation of Mate-
rials Societies’ Ninth Biennial Conference on National Materials Pol-
icy, Fredericksburg, VA, August 1986. p. 21.

lbsuch  a database collected on government funding of structural

ceramics in 1985 was used in table 3-11 to compare the recom-
mended R&D priorities for structural ceramics with actual agency
spending.



Ch. 12—Policy Issues and Options ● 305

dustry publishes detailed statistics on the produc-
tion and export of advanced ceramics broken out
by product type. Such statistics are extremely use-
ful in understanding production trends and in
assessing the competitive status of the U.S. ad-
vanced materials industries.

Proposals to revise SIC codes to take account
of advanced ceramics industries have been un-
der study since 1985 by the United States Ad-
vanced Ceramics Association. 17 However, this is-
sue has not received a high priority within the
industry, and no action is currently contemplated,
This may turn out to be a short-sighted decision,
As international trade in advanced materials and
components grows, these statistics could also pro-
vide the documentation required to prove dam-
age to domestic ceramics industries from unfair
trading practices abroad.18

Option 5: Increase funding for person-to-person
efforts to gather and disseminate data on
international developments in advanced ma-
terials.

The cultural and scientific parochialism of
Americans has been widely recognized, and
there have been many calls for programs to
gather technical data from abroad and to trans-
late foreign technical publications into English.19

As several countries approach and exceed U.S.
capabilities in advanced materials technologies,
it becomes imperative for U.S. companies to have
access to such information. Particularly acute is
the lack of qualified translators who also have a
technical background. The establishment of first-
class technology information networks worldwide
is one of the strengths of Japan, a principal eco-
nomic competitor of the United States.

The Federal Government currently has several
scattered programs to address this problem. In
1986, Congress passed the Japanese Technical

17A 51 ml Iar option is proposed i n “A Competitive Assessment of
the U.S. Advanced Ceramics Industry, ” NTIS PB84-1 62288, De-
partment of Commerce, March 1984.

lsMichae{  T. Kel\ey,  Department of Commerce, personal com-

munication, August 1987.
lgFor a review see “Monitoring Foreign Science and Technology

for Enhanced International Competitiveness: Defining U.S. Needs, ”
the proceedings of a workshop conducted by the Office of Naval
Research and the National Science Foundation, Washington, DC,
October 1986.

Literature Act (public Law 99-382), which real-
located $1 million within the Department of
Commerce for assessing and monitoring Japanese
technical publications. Other Federal programs
include the National Science Foundation’s (NSF)
JTECH reports, which provide an assessment of
Japanese efforts in various technical areas.20

The Federal Government’s efforts to gather
technical data are hampered by several factors.
One is that the demand for such information is
not very well defined. Not everyone has a de-
sire or need for the same data, making it difficult
to select a commonly agreed upon subset of avail-
able data for translation. Critics of translation pro-
grams argue that the most useful information is
obtained through informal discussions of ongo-
ing work, rather than through publications, which
may contain data more than a year old. Another
factor is that large companies tend to rely on their
own data-gathering mechanisms, which smaller
companies cannot afford. I n addition, many pri-
vate firms offer data-gathering and translation
services in foreign countries for sale to other par-
ties.21 Federal Government translation programs
thus risk competing with the private sector.

A policy alternative to massive government
translation of foreign technical articles would be
to recognize the importance of person-to-person
contact in technology exchange. Congress could
mandate that increased funding be provided for
exchange programs, travel to international sci-
entific meetings by U.S. scientists, language train-
ing for U.S. science graduate students, and sab-
baticals abroad for U.S. technical personnel. Such
funding is essential for U.S. visitors to Japan, for
instance, where the national laboratories do not
provide funds to cover the salaries of visiting sci-
entists, and where postdoctoral fellowships are
not available. In addition, U.S. beneficiaries of
these programs should be encouraged to pub-
lish accounts of their experiences, and to dissem-
inate this information to U.S. industry.

Zosee, for instance, Science Applications International Corp.,

“JTECH Panel Report on Advanced Materials in Japan,” JTECH-
TAR-8502, a contractor study prepared for the National Science
Foundation, May 1986.

21 0ne such firm is the Japan TechnicaI Information Service of

University Microfilms International, located in Ann Arbor, MI.
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Option 6: Increase support for the development
of standards for advanced materials.

Standardization, particularly the need for stand-
ard test methods, has long been identified as an
important priority for advanced materials (see ch.
5). The problems inherent in setting standards in
rapidly moving technologies are clear. Standards
development is a consensus process that takes
years, and it is all the slower with advanced ma-
terials because of their complex and unfamiliar
behavior. However, tackling the standards prob-
lem now rather than later could not only speed
the development of the technologies, but also en-
hance the future competitiveness of U.S. ad-
vanced materials companies.

There are already international organizations
that are pursuing advanced materials standards.
Among these are the Versailles Project on Ad-
vanced Materials and Standards (VAMAS), with
projects in 13 materials areas, and the interna-
tional Energy Agency which is focusing on char-
acterization of ceramic powders and materials.
Currently, U.S. participation in these international
standards-related activities tends to be part-time,
with funds set aside from other budgets. Provi-
sion of separate funds for VAMAS liaison and in-
ternational travel for the U.S. officials involved
could make U.S. representation more effective.

Although U.S. participation in these interna-
tional efforts is likely to be important, it will also
be essential to develop domestic standards for
advanced materials. Standards implicitly reflect
the domestic capabilities of the originators, in-
cluding specialized equipment and expertise.
Having viable domestic standards would thus not
only help U.S. industry to capitalize on domes-
tic practices and capabilities but would also serve
as a basis for negotiations on international
standards.

Among the United States’ foreign competitors,
Japan appears to be making the largest overall
effort in ceramics standards. Japan is actively
seeking to establish international standards, and
would prefer that those international standards

resemble Japan’s domestic standards as closely
as possible—just as U.S. ceramics companies
would prefer that those standards be close to U.S.
domestic standards.

The principal disadvantage stemming from U.S.
adoption of Japanese standards would be the loss
of time involved with compliance. Moreover,
Japan’s quality control standards already allow
the Japanese to produce ceramics at a lower cost.
The rejection rate for final ceramic products, a
major factor determining overall production
costs, is significantly lower in Japan than in the
United States.22

Option 7: Increase the pool of trained materi-
als scientists and engineers by providing in-
creased funding for multidisciplinary univer-
sity programs in advanced structural materials
and by providing retraining opportunities for
technical personnel in the field.

To take advantage of the opportunities pre-
sented by advanced materials, the United States
must maintain a viable population of trained ma-
terials scientists and engineers. Industrial sources
contacted by OTA were nearly unanimous in
their recommendation that more trained person-
nel are needed. Because materials science and
engineering cut across many traditional academic
disciplines, it will be essential to train students
in multidisciplinary programs. This training should
prepare them to take a systems approach in de-
signing and manufacturing with advanced mate-
rials (see ch. 5).

Another important source of manpower is likely
to result from the retraining in the field of
designers and manufacturing engineers who are
unfamiliar with the new materials. Small busi-
nesses, professional societies, universities, and
Federal laboratories could all play a role in pro-
viding such retraining services.

22steve  H~u, Chief, ceramics Division, National Bureau of Stand.
ards, personal communication, November 1987.
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TWO VIEWS OF ADVANCED MATERIALS POLICIES
Congress and the Reagan Administration have

adopted conflicting views of policymaking with
respect to advanced materials. In the congres-
sional view, the Federal Government should for-
mulate a high-level national plan for advanced
materials research, development, and technol-
ogy, whereas in the Administration’s view, such
goals and priorities should be established in a de-
centralized fashion by the principal funding agen-
cies according to their various missions.

As indicated in table 12-3, Congress has long
been concerned with materials issues, dating
back to the Strategic War Materials Act of 1939
(53 Stat. 811). Through the 1950s, congressional
legislation continued to focus on ensuring access
to reliable supplies of strategic materials in time
of national emergency. The 1970s saw congres-
sional interest broaden to include the economic
and environmental implications of the entire ma-
terials cycle, from mining to disposal. In Title II
of the Resource Recovery Act of 1970 (Public Law
91-512), Congress called upon the executive
branch to develop a comprehensive national ma-
terials policy relating to materials supply, use, re-
covery, and disposal. The Act authorized the Na-
tional Commission on Materials Policy to identify
national materials requirements and priorities, en-
hance coordination among Federal agencies’ ma-
terials activities, and assign responsibilities for the
implementation of national materials policy.

The National Materials and Minerals Policy, Re-
search, and Development Act of 1980 echoed
these themes, noting that the United States lacks
a coherent national materials and minerals pol-
icy. It called on the President to coordinate Fed-
eral efforts to identify and assess materials needs
for commerce, the economy, and national secu-
rity. It also mandated that the President submit
to Congress a program plan outlining mechanisms
for responding to these needs.

In 1984, Congress explicitly extended these
concerns to cover advanced materials with the
passage of the National Critical Materials Act

Table 12-3. -U.S. Materials and Minerals Legislation

Strategic War Materials Act–1939
53 Stat. 811

Established the National Defense Stockpile, intended
to accumulate a 5-year supply of critical materials for
use in wartime or national emergency.

Strategic and Critical Materials Stockpiling Act–1946
60 Stat. 596

Authorized appropriation of money to acquire metals,
oils, rubber, fibers, and other materials needed in
wartime.

Defense Production Act–1950
64 Stat. 798

Authorized President to allocate materials and facilities
for defense production, to make and guarantee loans
to expand defense production, and to enter into long-
term supply contracts for scarce materials.

Resource Recovery Act–1970
Public Law 91-512

Established the National Commission on Materials
Policy to develop a national materials policy, including
supply, use, recovery, and disposal of materials.

Mining and Minerals Policy Act–1970
Public Law 91-631

Encouraged the Secretary of the Interior to promote in-
volvement of private enterprise in economic develop-
ment, mining disposal, and reclamation of materials.

Strategic and Critical Stockpiling Revision Act–1979
Public Law 96-41

Changed stockpile supply period to 3 years, limited to
national defense needs only; established a stockpile
transaction fund.

National Materials Policy, Research and
Development Act– 1980

Public Law 96-479
Directed the President to assess material demand, sup-
plies, and needs for the economy and national securi-
ty, and to submit a program plan to implement the
findings of the assessment.

National Critical Materials Act—1984
Public Law 98-373

Established the National Critical Materials Council in
the Executive Office of the President; the Council was
authorized to oversee the development of policies
relating to both critical and advanced materials; and to
develop a program for implementing these policies.

SOURCE: Off Ice of Technology Assessment, 1988.

(Public Law 98-373, Title II). In this Act, Congress
established the National Critical Materials Council
(NCMC) in the Executive Office of the President
and charged it with the responsibility of oversee-
ing the formulation of policies relating to both
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critical minerals and advanced materials. The in-
tent was to establish a policy focus above the
agency level to set responsibilities for develop-
ing materials policies, and to coordinate the ma-
terials R&D programs of the relevant agencies.
The NCMC is also directed to establish a national
Federal program plan for advanced materials
R&D.

Thus, the idea of a national materials policy for
advanced materials is an extension of policy goals
already articulated for a broad class of materials
considered critical for the economy and national
defense. Implicit in the congressional view is that
national goals and priorities for advanced mate-
rials can be identified as readily as those for more
traditional critical materials. According to this
view, such goals and priorities should be estab-
lished above the agency level, and agency spend-
ing on materials programs should be made con-
sistent with them.

The United States has long had a decentralized
approach to advanced materials policy. To a great
extent, the major agencies that engage in mate-
rials R&D—DoD, DOE, NASA, and NSF—sponsor
projects according to their distinct missions. In
the congressional view, the growing technologi-
cal capabilities of overseas competitors have un-
derscored the urgency of establishing a nation-
ally coordinated approach to advanced materials
development. Advocates of a national materials
policy point to the apparent capacity of Japan to
identify key technologies for the future and pur-
sue their development in a coordinated, govern-
ment-industry effort, as has already occurred in
Japan in advanced ceramics.

In the Administration’s view, it is not appro-
priate for the Federal Government to engage in
strategic advanced materials planning. Such plan-
ning would constitute putting the government in
a position of “picking winners"—which, accord-
ing to current Administration thinking, is best left
to the private sector. Because different agencies
have different missions and requirements for ma-
terials, the determination of R&D priorities is best
made at the agency level. Administration critics
of the national materials policy concept maintain
that attempts to make materials policy above the
agency level risk the worst aspect of Japanese

policies—the creation of an overbearing bureauc-
racy—without achieving the best effect, which is
the commitment and coordination of industry.

Although the materials requirements of differ-
ent government agencies are diverse, meetings
among agency managers of programs involving
advanced materials are fairly frequent. In fact,
several government committees meet to ex-
change information about ongoing advanced ma-
terials projects. These include the Committee on
Materials (COMAT), within the White House Of-
fice of Science and Technology Policy; the inter-
agency Materials Group hosted by NSF; and the
Interagency Coordinating Committee for Struc-
tural Ceramics, which has a rotating chairman-
ship. A variety of coordinating groups also exist
within various agencies, such as the Energy and
Materials Coordinating Committee in the DOE.
In the Administration’s view, information shared
through COMAT and the other interagency ma-
terials committees is adequate to avoid excessive
duplication and waste in Federal materials R&D
programs. Therefore, the congressionally man-
dated NCMC is considered redundant.

While the Administration has resisted the con-
cept of strategic advanced materials planning for
commercial competitiveness, it has embraced it
with regard to national defense needs. DoD is
currently preparing a comprehensive policy ini-
tiative aimed at preserving the U.S. defense in-
dustrial base. This initiative will target for support
a portfolio of technologies, including machine
tools, bearings, castings, semiconductors, and ad-
vanced composites. In addition, it will address
such issues as technological obsolescence, avail-
ability of trained personnel, foreign acquisitions
of U.S. companies, international cooperation,
and government/university/industry collaboration.23

The congressional and Administration views re-
flect different philosophies regarding the appro-
priate Federal and private sector roles in tech-
nology planning and development. These two
views are not easily reconciled. However, if some

ZIRobe~  Costello,  Department of Defense, in a presentation to
the annual meeting and industry conference of the Suppliers of Ad-
vanced Composite Materials Association, Arlington, VA, May 5-8,
1987.
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of the debate can be clarified, common ground
may emerge. Much of the confusion has to do
with exactly what is meant by a “national mate-
rials policy. ”

There are several problems in defining the con-
cept of a national materials policy clearly. One
is that the scope of materials science and tech-
nology is extremely broad; even the rubric of “ad-
vanced materials” includes structural, electronic,
optical, magnetic, and superconducting materi-
als technologies. These technologies all have
different levels of maturity and applications. This
diversity cannot be fully addressed in the con-
text of a single policy.

A further problem is that the policy considera-
tions appropriate to various types of materials
may be very different. Whereas policy goals such
as conservation of scarce materials or reliable ac-
cess to strategic minerals are easily understood
in the context of conventional materials, it is
much more difficult to define national goals for
advanced materials. Advanced materials technol-
ogies tend to be application-driven, with specific
performance requirements determined by spe-
cific applications. For instance, the cost and per-
formance requirements of a ceramic tile for the
space shuttle are very different from those of a
ceramic diesel engine.

Perhaps the first steps toward a national pol-
icy would be to identify those materials (e.g., ad-
vanced ceramics) that may be regarded as espe-
cially promising, and to make the determination
that a strong domestic fabrication capability is a
national goal. The next step could be to identify
and pursue—in consultation with industry—
generic cost and performance objectives (strength,
reproducibility, etc.) that will be required for the
material to compete in a large number of prod-
ucts and processes. Japan’s Ministry of interna-
tional Trade and Industry has used this approach
successfully in its collaborative ceramics pro-
grams with Japanese industry.24 Alternatively,
large demonstration programs could be under-
taken that require major development and use

24 National Materials Advisory Board, High Technology Ceramics
in Japan, NMAB-418 (Washington, DC: National Academy Press,
1984).

of new materials. However, unless the end prod-
uct of such a demonstration program is some-
thing that industry wants to commercialize, the
program may not result in significantly greater
commercial use of the materials.

A national policy approach to advanced ma-
terials is likely to have several potential advan-
tages. First, it could provide a focus for the ef-
forts of individual agencies and collaborative
government/industry projects. Second, it could
provide continuity of funding in a given area as
fashionable R&D areas change from year to year.
Third, it could provide a rationale for commit-
ting large amounts of resources for expensive
demonstration programs. To be successful, such
a national program should be structured with
consultation and participation of academia, the
Federal laboratories, and the industry commu-
nity that will ultimately implement it.

Such a national approach also has several po-
tential disadvantages. First, it may focus on the
wrong materials and be too inflexible to capital-
ize on new opportunities that arise. Second, it
may tie up resources and manpower in long-term
projects that are better invested elsewhere. Third,
because it cannot address the actual cost and per-
formance requirements of materials in commer-
cial markets, it may fail to produce materials or
processes that are economically attractive to U.S.
industry.

An alternative approach would be to enhance
the present decentralized policy. The decen-
tralized approach permits maximum flexibility of
response to rapidly changing technologies and
applications, and support for the broadest range
of new materials technologies. One potential dis-
advantage of this approach is that the overall ef-
fort could be too fragmentary to bring together
the critical mass of talent and resources neces-
sary to solve the most difficult problems. This sit-
uation is particularly serious when investment
risks are high, when the resources required are
substantial, and when it is difficult for private
companies to appropriate the full benefits of their
investments. For instance, these conditions ap-
pear to apply to the development of more cost-
effective advanced materials manufacturing tech-
nologies.
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In such cases, collaborative efforts involving
government, university, and industry participants
are necessary to enhance the decentralized ap-
proach. Another critical requirement of this ap-
proach is continuous exchange of information
among government agencies and industries in-
volved in advanced materials R&D. This is nec-
essary to ensure against excessive duplication of
effort and to select for the highest quality re-
search. Specific policy options for promoting
more effective govern merit/university/industry
collaboration and information exchange are dis-
cussed above.

The Critical Materials Act of 1984 invests the
responsibility of developing a national materials
program plan in the NCMC. To succeed in this
task, the NCMC will need to establish a more pre-
cise definition of the goals that would motivate
such a national plan, as well as to develop high-
Ievel Administration commitment to the concept
of a national materials policy. At present, Con-
gress and the Reagan Administration remain far
apart in their views of the appropriate scope of
a national materials program plan, and of the role
of the NCMC. pending the resolution of these
differences, there are three further functions that
the

1

NCMC could perform:

Serve as a point of contact to receive and
monitor industry concerns relating to ad-
vanced materials. An organization such as
the NCMC could provide forums for inter-
action between industry and the Federal
Government on issues relating to advanced
materials, particularly those that transcend
the purview of any one agency, These forums
could promote better mutual understanding
of government and industry perspectives on

2.

3.

advanced materials development, and they
could eventually lead to the development
of a consensus on promising future di-
rections.
Serve as a source of information and refer-
ral regarding advanced materials. U.S. ad-
vanced materials programs and expertise are
widely dispersed throughout various Federal
agencies and laboratories. There is currently
no definitive source of information that
would provide an overview of ongoing ef-
forts. An organization such as the NCMC
could gather this information from the rele-
vant agencies, analyze it, and disseminate
it. Examples of the kinds of information
desired include data on advanced materials
projects in Federal laboratories, agency
budgets for advanced materials, data on col-
laborative materials R&D at both Federal and
State levels, industry performance statistics,
and foreign materials R&D developments.
Serve as a broker for resolving conflicts be-
tween military and commercial agency goals
for advanced materials. Some materials
issues transcend individual agencies and
therefore could be addressed most effec-
tively by an organization operating above
the agency level. For instance, the export
control regime for regulating advanced ma-
terials and information relating to them is
spread over the Departments of Commerce,
State, and Defense, creating a situation that
is very confusing to U.S. industry (see ch.
11). An organization such as the NCMC
could work with the National Security Coun-
cil to help simplify and clarify the three agen-
cies’ responsibilities.

ADVANCED MATERIALS POLICIES IN A BROADER CONTEXT
For U.S. industry, the risks of commercial in- have much to do with future U.S. competitive-

vestments in new structural materials technol- ness in advanced materials technologies.
ogies are great in the current business environ-
ment; however, the risks of failing to invest could In many respects, the competitive challenges
be much greater. In the near term, there is little facing advanced materials companies are a mi-
money to be made from such investments, The crocosm of the challenges facing the U.S. manu-
extent to which government and industry can co- facturing sector as a whole. Therefore, advanced
operate in reducing or spreading these risks will materials policy cannot be discussed in a vacuum.
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Objectively, there is no more justification for the they clearly must be initiated in the highest coun-
NCMC than for a national microelectronics coun- cils of government. Advanced materials policies,
cil or a national biotechnology council. More- therefore, can most effectively be addressed as
over, policy options such as tax incentives for one facet of a high-level, high-priority policy of
long-term capital investments or revising export strengthening the Nation’s entire industrial and
controls could serve to stimulate a broad range manufacturing base.
of technologies, not just advanced materials.

Such far-reaching policies cannot be initiated
at the agency level or in interagency committees;
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Abbreviations and Acronyms

ACAP

ACCP

ACerS
AIChE

AIST

AI-Li alloys
AMRF

ARALL

ASTM

BRITE

BMFT

CAD
CAFE

CAM

CAMDEC

CARE

CBC
CMC
CNC machines

CNRS

CoCom

CoGSME

COMAT
CVD
DAR

DARPA

DoD
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–Advanced Composite
Airframe Program

–Advanced Ceramics and
Composites Partnership

–American Ceramics Society
–American Institute of

Chemical Engineers
—Agency of Industrial Science

and Technology (Japan)
—aluminum-lithium alloys
–Automated Manufacturing

Research Facility
—aramid-reinforced aluminum

composite
–American Society for the

Testing of Materials
–Basic Research in Industrial

Technologies for Europe
–Ministry for Research and

Technology (West Germany)
—computer-aided design
—corporate average fleet fuel

economy
—computer-aided

manufacturing
–Ceramic Advanced

Manufacturing Development
and Engineering Center

–Ceramic Applications for
Reciprocating Engines (United
Kingdom)

—chemically-bonded ceramic
—ceramic matrix composite
—computer numerically

controlled machine tools
–Centre Nationale de la

Recherche Scientifique
(France)

—Coordinating Committee for
Multilateral Export Controls

–Composites Group of the
Society of Manufacturing
Engineers

–Committee on Materials
—chemical vapor deposition
–Defense Acquisition

Regulations
–Defense Avanced Research

Projects Agency
–U.S. Department of Defense

DOE –U.S. Department of Energy
DTI –Department of Trade and

Industry (United Kingdom)
DTIC –Defense Technical

Information Center
EAP –Experimental Aircraft Program
EAR –Export Administration

Regulations
EC –European Community
EFA –European Fighter Aircraft
EG —electrogalvanization
ELlSA –Export License Status Advisor
ERC –Engineering Research Center
EURAM, EURAM II —European Research on

Advanced Materials Programs
EUREKA —a European cooperative

research program
FAA –Federal Aviation

Administration
FAR —Federal Acquisition

Regulations
FDA –Food and Drug

Administration
FMS —Federation of Materials

Societies
FRP –fiber-reinforced plastics
GIRI –Government Industrial

Research Institutes (Japan)
GIFRP –glass fiber-reinforced plastic
GNP –Gross National Product
GPa –gigapascal (billions of

newtons per square meter)
GrFRP –graphite fiber-reinforced

plastic
HIP –hot isostatic pressing
HPC –high-performance ceramics
HSLA –high-strength, low-alloy steel
HSRTM –high-speed resin transfer

molding
IDE —investigational device

exemption
IEA –International Energy Agency
IOP-TK –innovation-Oriented Research

Program—Technical Ceramics
(Netherlands)

IR&D –Independent Research and
Development

IRSIA –Institute for the
Encouragement of Scientific
Research in Industry and
Agriculture (Belgium)
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ITAR –International Traffic in Arms
Regulations

ITPA –Industrial Technology
Promotion Association

IVL —individual validated license
JAPATIC –Japan Patent Information

Center
JDB –Japan Development Bank
JFCA –Japan Fine Ceramics

Association
JFCC –Japan Fine Ceramics Center
JITA –Japan Industrial Technology

Association
JRDC –Japan Research and

Development Corporation
ksi —thousand pounds per square

inch
LCP –liquid crystal polymer
LEFM –linear elastic fracture

mechanics
ManTech Program –Manufacturing Technologies

MAP

MDF cement
MITI

MMC
MPa

Msi

NACRA

NASA

NASP
NBS
NC machines

NCMC

NDT, NDE

NIRIM

NRDC

NSF
NTIS

Program
–Manufacturing Automation

Protocol
—macro-defect free cement
–Ministry of International

Trade and industry (Japan)
—metal matrix composite
—megapascal (millions of

newtons per square meter)
—millions of pounds per square

inch
—National Applied Ceramic

Research Association
–National Aeronautics and

Space Administration
–National Aerospace Plane
–National Bureau of Standards
—numerically controlled

machine tools
–National Critical Materials

Council
—nondestructive testing,

nondestructive evaluation
–National Institute for

Research on Inorganic
Materials (Japan)

–National Research and
Development Corporation
(United Kingdom)

–National Science Foundation
–National Technical

Information Service
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RANN Program
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SAE

SACMA

SAIC

SAMPE

SBIR Program

SDI
SIC code

SME

SMC
SPE
SPI

SPIE

SSRI

STA

STELA

USACA

VAMAS

–Office of Technology
Assessment

–polyacrylonitrile
–poly (phenylbenzo-

bisthiazole)
–polyether etherketone
—polyether sulfone
—polyethyleneterephthalate
—polymer matrix composite
–polyphenylene sulphide
—physical vapor deposition
—research and development
–Research Applied to National

Needs Program
—reaction injection molding
—rapid solidification

technology
—resin transfer molding
—Society of Automotive

Engineers
–Suppliers of Advanced

Composite Materials
Association

–Science Applications
International Corporation

—Society for the Advancement
of Material and Process
Engineering

—Small Business Innovation
Research Program

—Strategic Defense Initiative
–Standard Industrial

Classification code
–Society of Manufacturing

Engineers
—sheet molding compound
–Society of Plastics Engineers
–Society of the Plastics

Industry
–Society of Photo-Optical

Instrumentation Engineers
–Swedish Silicate Research

Institute
–Science and Technology

Agency (Japan)
–System for Tracking Export

License Applications
–United States Advanced

Ceramics Association
–Versailles Project on

Advanced Materials and
Standards
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Glossary of Terms
ablative materials: Materials that protect the structure

of aircraft or missiles from the high temperatures
generated by air friction by themselves becoming
melted or vaporized,

adiabatic: Referring to any process in which there is
no gain or loss of heat.

advanced ceramics: Ceramics made from extremely
pure starting materials and consolidated at high
temperatures to yield dense, durable structures.

advanced composites: Polymer matrix composites
reinforced with continuous fibers, usually graph-
ite, aramid, or high-stiffness glass; these composites
generally have high strength and stiffness, light
weight, and are relatively expensive.

advanced materials: Materials that are built up from
constituents and whose properties are tailored to
meet the requirements of specific end uses.

aggregate: Inert filler material such as sand or gravel
used with a cementing medium to form concrete
or mortar.

alloy: A material having metallic properties and con-
sisting of two or more elements.

anisotropic: Showing different physical or mechani-
cal properties in different directions.

aramid: Lightweight polyaromatic amide fibers hav-
ing excellent high temperature, flame, and electri-
cal properties. These fibers are used as high-
strength reinforcement in composites.

axial: In advanced composites, referring to the direc-
tion parallel to the orientation of the continuous
fiber reinforcement.

bioceramics or biomaterials: Ceramics or other ma-
terials that are compatible with biological tissues,
and that therefore can be used inside the body.

brittle fracture: A break in a brittle material due to
the propagation of cracks originating at flaws.

carbon/carbon composites: Composites consisting of
pyrolyzed carbon matrices reinforced with carbon
fibers; with appropriate coatings to prevent oxida-
tion, these composites are capable of withstand-
ing extremely high temperatures.

carbon/graphite: These fibers, which are the domi-
nant reinforcement in “advanced” composites, are
produced by pyrolysis of an organic precursor, e.g.
polyacryonitrile (PAN), or petroleum pitch, in an
inert atmosphere. Depending on the process tem-
perature, fibers having high strength or high elas-
tic modulus may be produced.

cement: A dry powder made from silica, alumina,
lime, iron oxide, and magnesia that forms a hard-
ened paste when mixed with water; it may be used
in this form as a structural material, or used as a
binder with aggregate to form concrete.

ceramic: An inorganic, nonmetallic solid.
ceramic matrix composite: A composite consisting of

a ceramic matrix reinforced with ceramic particu-
Iates, whiskers, or fibers.

charge pattern: The pattern of resins and reinforce-
ments introduced into a mold prior to the molding
process.

chemically-bonded ceramics: Used here to distin-
guish advanced cements and concretes, which are
consolidated through chemical reactions at am-
bient temperatures (generally involving uptake of
water) from high performance ceramics, such as
silicon nitride and silicon carbide, which are den-
sified at high temperatures.

coefficient of thermal expansion: The change in vol-
ume of a material associated with a 1 degree in-
crease in temperature.

composite: Any combination of particles, whiskers,
or fibers in a common matrix.

compressive stress: A stress that causes an elastic body
to shorten in the direction of the applied force.

concrete: A mixture of aggregate, water, and a binder
(usually portland cement) that hardens to a stone-
Iike condition when dry.

consolidation of parts: Integration of a number of for-
merly discrete parts into a single part that encom-
passes several functions; a key advantage of engi-
neered materials such as ceramics and composites.

continuous fiber: A reinforcing fiber in a composite
that has a length comparable to the dimensions of
the structure.

creep: A time-dependent strain of a solid, caused by
stress.

critical material: A material whose availability is con-
sidered to be extremely important in time of na-
tional emergency or for the economic well-being
of a nation.

cross-linking: The formation of chemical bonds be-
tween formerly separate polymer chains.

crystal: A homogeneous solid in which the atoms or
molecules are arranged in a regularly repeating
pattern.

curing: Process in which thermosetting resins are con-
verted by chemical reactions into solid, crosslinked
structures; usually accomplished by the application
of heat and pressure.

deflection: Deformation of a material produced with-
out fracture.

deformation, plastic deformation: Any alteration of
shape or dimensions of a body caused by stresses,
thermal expansion or contraction, chemical or
metallurgical transformations, or shrinkage and ex-
pansion due to moisture change.

delamination: Separation of a layered structure into
its constituent layers.
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dielectric: A material that is an electrical insulator or
in which an electric field can be sustained with a
minimum dissipation in power.

diffusion: The movement of mass, in the form of dis-
crete atoms or molecules, through a medium.

dispersion: Finely divided particles of one material
held in suspension in another material.

dual-use technology: A technology with both military
and commercial applications.

ductility: The ability of a material to be plastically
deformed by elongation without fracture.

E-glass: A borosilicate glass most used for glass fibers
in reinforced plastics.

elasticity: The property whereby a solid material de-
forms under stress but recovers its original config-
uration when the stress is removed.

extrusion: A process in which a hot or cold semisoft
solid material, such as metal or plastic, is forced
through the orifice of a die to produce a continu-
ously formed piece in the shape of the desired
product.

failure: Collapse, breakage, or bending of a structure
or structural element such that it can no longer ful-
fill its purpose.

fatigue: Failure of a material by cracking resulting from
repeated or cyclic stress.

fiber-reinforced plastic: An inexpensive, relatively
low-strength composite usually consisting of short
glass fibers in a polyester or vinylester matrix; to
be distinguished from an advanced composite.

filtration: A process of separating particulate matter
from a fluid, by passing the fluid carrier through
a medium that will not pass the particulates.

flexure: Any bending deformation of an elastic body
in which the points originally lying on any straight
line are displaced to form a plane curve.

fracture stress: The minimum stress that will cause
fracture, also known as fracture strength.

glass: A state of matter that is amorphous or disor-
dered like a liquid in structure, hence capable of
continuous composition variation and lacking a
true melting point, but softening gradually with in-
creasing temperature.

glass-ceramic: Solid material, partly crystalline and
partly glassy, formed by the controlled crystalliza-
tion of certain glasses.

grain: One of many crystallite comprising a poly-
crystalline material.

green state, greenware: A term for formed ceramic
articles in the unfired condition.

hardness: Resistance of a material to indentation,
scratching, abrasion, or cutting.

heat exchanger: A device that transfers heat from one
fluid to another or to the environment, e.g. an au-
tomobile radiator.

heat treatment: Heating and cooling of a material to
obtain desired properties or conditions.

high-strength low-alloy steel: Steel containing small
amounts of niobium or vanadium, and having su-
perior strength, toughness, and resistance to cor-
rosion compared with carbon steel.

holography: A technique for recording and later
reconstructing the amplitude and phase distribu-
tions of a wave disturbance.

hot isostatic pressing: A forming or compaction proc-
ess for ceramic or metal powders in which the mold
is flexible and pressure is applied hydrostatically or
pneumatically from all sides.

hot pressing: Forming a metal powder compact or a
ceramic shape by applying unidirectional pressure
and heat simultaneously at temperatures high
enough for sintering to occur.

impact strength: Ability of a material to resist shock
loading.

inclusion: A flaw in a material consisting of a trapped
impurity particle.

injection molding: Forming metal, plastic, or ceramic
shapes by injecting a measured quantity of the ma-
terial into shaped molds.

internal stress, residual stress: A stress system within
a solid (e.g. thermal stresses resulting from rapid
cooling from a high temperature) that is not depen-
dent on external forces.

interphase, interface: The boundary layer between
the matrix and reinforcement in a composite.

joining: Coupling together of two materials across the
interface between them, e.g. through application
of adhesives, welding, brazing, diffusion bonding,
etc.

lay-up: A process for fabricating composite structures
involving placement of sequential layers of matrix-
impregnated fibers on a mold surface.

load: The weight that is supported by a structure, or
mechanical force that is applied to a body.

Mach number: The ratio of the speed of a body to
the speed of sound in the surrounding fluid.

matrix: The composite constituent that binds the rein-
forcement together and transmits loads between
reinforcing fibers.

merchant market: The market for intermediate com-
ponents or materials that can be used in the man-
ufacture of a variety of finished systems.

metal: An opaque material with good electrical and
thermal conductivities, ductility, and reflectivity;
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properties are related to the structure in which the
positively charged nuclei are bonded through a
field of mobile electrons which surrounds them,
forming a close-packed structure.

metal matrix composite: Composite having a metal
matrix (often aluminum) reinforced with ceramic
particulate, whiskers, or fibers.

microstructure: The internal structure of a solid
viewed on a distance scale on the order of microm-
eters. The microstructure is controlled by process-
ing, and determines the performance characteris-
tics of the structure.

mini-mills: Steel producers using electric furnaces to
generate commodity-grade bar and rod products
from steel scrap; to be distinguished from integrated
mills, which produce steel products from basic raw
materials.

modulus of elasticity: A parameter characterizing the
stiffness of a material, or its resistance to deforma-
tion under stress. For example, steel has a relatively
high modulus, while Jello has a low modulus.

monolithic: Constructed from a single type of ma-
terial.

near-net-shape The original formation of a part to a
shape that is as close to the desired final shape as
possible, requiring as few finishing operations as
possible.

nondestructive testing, evaluation: Any testing
method that does not involve damaging or destroy-
ing the test sample; includes use of x-rays, ultra-
sonics, magnetic flux, etc.

offset: Agreement by which the seller of a high-
technology product transfers relevant production
technology to the buyer as a condition of the sale.

phase: A region of a material that is physically distinct
and is homogeneous in chemical composition.

pitch: A complex mixture of partially-polymerized aro-
matic hydrocarbons derived from heat treatment
of coal or petroleum; can be spun into a fiber and
pyrolyzed to produce graphite.

plasticity: The property of a solid body whereby it un-
dergoes a permanent change in shape or size when
subjected to a stress exceeding a particular value,
called the yield value.

polyacrylonitrile: Organic precursor that can be spun
into fibers and pyrolized to produce graphite fibers.

polymer: Substance made of giant molecules formed
by the union of simple molecules (monomers); for
example, polymerization of ethylene forms a poly-
ethylene chain.

polymer matrix composite: Composite consisting of
an organic, polymeric matrix reinforced with par-
ticulate, short fibers, or continuous fibers.

pore, porosity: Flaw involving unfilled space inside
a material that frequently limits the material
strength.

powder metallurgy: Referring to the fabrication of
metallic shapes by compressing metal powders and
applying heat without melting to produce a dense,
durable structure.

precursor: An intermediate material that can be con-
verted to the final desired material by a chemical
reaction, often at high temperatures.

preform: A compact of fibers in the shape of the final
structure that is placed in a mold and impregnated
with the matrix to form a composite.

prepreg: Fiber reinforcement form (usually tape,
woven mat, or broadgoods) that has been preim-
pregnated with a liquid thermosetting resin and
cured to a viscous second stage. Thermoplastic
prepregs are also available.

proof test: A predetermined test load, greater than the
intended service load, to which a specimen is sub-
jected before acceptance for use.

qualification: Formal series of tests by which the per-
formance and reliability of a material or system may
be evaluated prior to final approval or acceptance.

radiography: The technique of producing a photo-
graphic image of an opaque specimen by transmit-
ting a beam of x-rays or gamma rays through it onto
an adjacent photographic film; the transmitted in-
tensity reflects variations in thickness, density, and
chemical composition of the specimen.

radome: A strong, thin shell made from a dielectric
material, used to house a radar antenna.

reciprocating (engine or machinery): Having a mo-
tion that repeats itself in a cyclic fashion.

reexport controls: Requirements that foreign-based
firms wishing to export certain U.S. technologies
to third countries must apply to the United States
for a license to do so.

refractory: Capable of enduring high temperature
conditions.

resin: Organic polymer, usually a viscous liquid, that
can be processed to yield a solid plastic.

scale-up: The conversion of a low-volume laboratory
process into a high-volume process suitable for
commercial production.

S-glass: A magnesia-alumina-silicate glass that pro-
vides high stiffness fiber reinforcement. Often
regarded as the reinforcement fiber dividing “ad-
vanced” composites from reinforced plastics.

shearing stress: A stress in which the material on one
side of a surface pushes on the material on the
other side of the surface with a force that is paral-
lel to the surface.
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sheet molding compound: An inexpensive, low-
strength composite consisting of chopped glass
fibers in a polyester matrix, which is produced in
sheets that can be compression molded to give the
final shape.

sintering: Method for the consolidation and densifi-
cation of metal or ceramic powders by heating
without melting.

slip casting, slip, slurry: A forming process in the man-
ufacture of shaped refractories, cermets, and other
materials in which slip is poured into porous plas-
ter molds. Slip or slurry is a suspension of fine clay
in water with a creamy consistency.

specific strength or stiffness: The strength or stiffness
of a material divided by its density; this property
can be used to compare the structural efficiency
of various materials.

strain: Change in length of an object in response to
an applied stress, divided by undistorted length.

stress: The force acting across a unit area in a solid
material in resisting the separation, compacting, or
sliding that is induced by external forces.

structural materials: Those materials that support
most of the loading on the whole system.

substrate: Base surface on which a material adheres,
for example a surface to be coated.

systems approach (to cost or to design): Considera-
tion of product design, manufacture, testing, and
life cycle as an indivisible whole; see consolidation
of parts.

tensile strength, ultimate tensile strength: The max-
imum stress that a material subjected to a stretch-
ing load can withstand without breaking.

thermal conductivity: The rate of heat flow under
steady conditions through unit area per unit tem-
perature in the direction perpendicular to the area;
the ability of a material to conduct heat.

thermoplastic resin: A material containing discrete
polymer molecules that will repeatedly soften when
heated and harden when cooled; for example,
polyethylene, vinyls, nylons, and fluorocarbons.

thermosetting resin: An organic material initially hav-
ing low viscosity that hardens due to the formation

of chemical bonds between polymer chains. Once
cured, the material cannot be melted or remolded
without destroying its original characteristics; ex-
amples are epoxies, phenolics, and polyamides.

toughness: A parameter measuring the amount of
energy required to fracture a material in the pres-
ence of flaws.

transverse: In advanced composites, referring to the
direction perpendicular to the orientation of the
continuous fiber reinforcement.

tribology: The study of the phenomena and mecha-
nisms of friction, lubrication and wear of surfaces
in relative motion.

turbocharger: A centrifugal air compressor driven by
the flow of exhaust gases and used to increase in-
duction system pressure in an internal combustion
reciprocating engine.

ultrasonic testing: A nondestructive test method that
employs high-frequency mechanical vibration
energy to detect and locate structural discontinui-
ties and to measure the thickness of a variety of ma-
terials.

unibody: Integrated structure containing the chassis
as well as elements of the body of an automobile.

value-added: The increment by which the value of
the output of an operation exceeds the value of the
inputs.

viscoelasticity: Property of a material that is viscous
but that also exhibits certain elastic properties, such
as the ability to store energy of deformation, and
in which the application of a stress gives rise to a
strain that approaches its equilibrium value slowly.

wear: Deterioration of a surface due to material
removal caused by friction between it and another
material.

nettability: The abiIity of any solid surface to be wet-
ted when in contact with a liquid.

whisker: A short, single crystal fiber with a length-to-
diameter ratio of 10 or more, often used to improve
the fracture toughness of ceramics,

yield strength: The lowest stress at which a material
undergoes plastic deformation. Below this stress,
the material is elastic.
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projections for advanced materials, by private

industry, 58, 61, 115
See a/so Applications

Materials industries
impact of PMCs use in automotive industry on,

19, 178-179
investment attitudes of, 187, 188-189, 192-198
Japanese, 227-229
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141-142, 226, 270
advanced material technologies development by,
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recycling of, 180-181, 182
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manufacturing 4, 33, 310-311
Congressional and Administration differences
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effects of supply on, 138
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multidisciplinary approach to, 90, 125
on PMC use and processing, 15, 86, 88-89, 90,

169, 173
proprietary, in collaborative programs, 259-260

Research and Development (R&D)
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