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MANUFACTURING RESEARCH AND EDUCATION

TUESDAY, MAY 12, 1992

House o¥ REPRESENTATIVES,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON SCIENCE,
Washington, DC.

The subcomm:ttee met, pursuant to call, at 9:35 am., in room
2325, Rayburn Rouse Office Building, Hon. Rick Boucher (chair-
man of the subcomnittee), presiding.

Mr. BoucHER. The subcommittee will come to order.

This morning the Subcommittee on Science will address the
highly important question of how to strengthen research and edu-
cation in engineering design and manufacturing at. American uni-
versities. We will review recommendations from two separate stud-
ies of the National Research Council and address the plans and
programs of the National Science Foundation and other Federal
agencies that fund research relative to these recommendations.

From the mid-1940s until the 1960s, U.S. industry dominated
world markets in manufactured gcods. But by the 1980s, the com-
mercial success of Japanese and European consumer and high tech-
nology products caused many U.S. firms to lose significant share in
both international and domestic markets.

The success of foreign companies has been due less to their being
first to market with rew products than to offering the most reli-
able version- of a product with the features that are most in
demand and at a competitive price. Consumers, who have come to
expect products having no defects and high reliability, have re-
warded companies that excel in making incremental improvements
to products at a faster pace and at a lower cost than their rivals.

Our economic competitors have made effective uses of advances
in manufacturing and engineering design to gain an advantage in
the international marketplace, but U.S. industry has been slow to
embrace manufacturing innovations. Contributing to this problem
has been the failure of American universities adequately to pre-
pare engineers with skills in advanced manufacturing and design.
Research in these fields has also been largely neglected by univer-
sities and there has been a tendency on the part of industry to
ignore even that research which is carried out.

The studies of the National Research Council conclude that
major reforms are needed in engineering education. Both reports
stress the important interdisciplinary aspect of instruction in
design and manufacturing and the importance of closer connec-
tions between engineering schools and industry.

Q.
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To make major changes, engineering faculty will need to devote
significant time and intellectual effort to the development of cur-
ricular materials and new teaching techniques. Since the current
faculty reward system mainly values research accomplishment and
success at generating grant support, one of the questions that we
will be asking this morning is whether engineering faculty can be
expected to support the effort that will be needed to institute major
and sweeping changes in engineering education.

The NRC studies also present specific research priorities in engi-
neering design and in five critical areas of manufacturing. We have
asked the witnesses to comment on how changes in Federal plans
and programs at agencies such as the National Science Foundation
that will be needed in order appropriately to address these recom-
mendations.

The connection between cutting-edge capabilities in manufactur-
ing and societal well-being is so direct that it is difficult to imagine
a atronger candidate for Federal support than the field that we are
addressing this morning. The deficiencies in research and educa-
tion in engineering design and manufacturing that have been
birought to light argue for immediate and effective remedies. In
consequence, we will seek from our witnesses today assessments of
whether the resources currently planned for this task by the Na-
tional Science Foundation and other agencies are adequate and
whether the focus of current and planned research and education
programs is properly targeted.

e welcome our witnesses this morning. We will look forward to
your testimony on this important subject. And before calling on
this first panel, I would like now to recognize the ranking Republi-
can member of the subcommittee, the gentleman from California,
Mr. Packard.

Mr. Packarp. Thank you, Mr. Chairman.

The connection between advanced manufacturing and U.S. com-
petitiveness is undeniable. We need only to look to the successes of
our international competitors, especially the Japanese and the Eu-
ropeans, to verify this critical link.

To compete in the world market and excel as we did in the post-
World War II era, the U.S. must develop advanced manufacturing
technologies and educate the future work force that will utilize
such technologies.

There is a growing awareness of the importance of manufactur-
ing and engineering design research in the U.S. Today we will
review two recent reports by the National Research Council on the
state of research and education in this area. We will also look at
current NSF programs to improve manufacturing design education
and research as well as the new programs focusing on advanced
manufacturing which has been proposed in the fiscal year 1993
budget request.

This hearing provides an excellent opportunit{ to review the rec-
ommendations of the National Research Council and the programs
at the NSF.

I welcome the witnesses and look forward to a very productive
session.

Thank you very much, Mr. Chairman.

Mr. BoucHgR. The Chair thanks the gentleman.
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The gentleman from Oregon, Mr. Kopetski.
Mr. KoreTski. Thank you, Mr. Chairman. I do not have an open-

ing statement.
[The prepared opening statement of Mr. Costello follows:]
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MR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. i AM PLEASED
TO BE HERE TO DISCUSS THE IMPORTANT TOPIC OF MANUFACTURING
RESEARCH AND EDUCATION. I WOULD LIKE TO TAKE THIS OPPORTUNITY
TO WELCOME OUR EXPERT PANEL OF WITNESSES. I AM LOOKING FORWARD
TO HEARING THEIR TESTIMONY.

WE KNOW, FROM THE POST WORLD WAR II PERIOD UNTIL THE 1960S, U.S.

INDUSTRY DOMINATED WORLD MARKETS IN MANUFACTURED GOODS.

HOWEVER, BY THE 1930S, THE COMMERCIAL SUCCESS OF JAPANESE AND
ETJROPE?y CONSUMER AND INDUSTRIAL HIGH-TECH PRODUCTS CAUSED
NUMEROUS FIRMS IN THE UNITED STATES TO LOSE SIGNIFICART DOMESTIC
MARKET SHARE. IT IS MY UNDERSTANDING THAT A REASON FOR THIS

DECLINE IN U.S. MANUFACTURING IS INFERIOR QUALITY ENGINEERING
DESIGN.

I AM INTERESTED IN ADDRESSING TODAY THE DEFICIENCIES IN THE
TRAINING OF AMERICAN ENGINEERS. I AM INTERESTED IN HEARING THE
RECOMMENDATIONS THE PANEL HAS FOR STRENGTHENING MANUFACTURING
AND ENGINEERING DESIGN RESEARCH AND EDUCATION AT U.S.
UNIVERSITIES.

THIS STATIONERY PRIs LD ON PAPER MADE OF RECYCLID THRIAS




AGAIN, MR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. I AN

LOOKING FORWARD TO AN INSIGHTFUL DISCUSSION OF OUR NATION’S
NEEDS IN THE AREAS OF MANUFACTURING RESEARCH AND EDUCATION.
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Mr. Boucher. We would now like to welcome our first panel of
witnesses:

Dr.+J.B. Jones, the Co-Chairman of the Committee on Engineer-
ing Design Theory and Methodology for the National Research
Council and, I am pleased to say, a distinguished professor of engi-
neering at Virginia Tech, which is located in the Chair’s congres-
sional district.

Mr. Gary Markovits, member of the Panel on Rapid Product Re-
alization Process, Committee on Analysis of Research Directions
and Needs in U.S. Manufacturing, of the National Research Coun-
cil.

And Dr. George Dieter Engineering Deans’ Council of the Ameri-
can Society for Engineering Education, also Dean of Engineering at
the University of Maryland.

Without objection, your prepared statements will be made a part
of the record, and we would welcome your oral summaries.

Dr. Jones, we will begin with you this morning.

STATEMENTS OF DR. J.B. JONES, COCHAIRMAN, COMMITTEE ON
ENGINEERING DESIGN THEORY AND METHODOLOGY, NATION-
AL RESEARCH COUNCIL, AND RANDOLPH PROFESSOR EMERI-
TUS, DEPARTMENT OF MECHANICAL ENGINEERING, VIRGINIA
POLYTECHNIC INSTITUTE AND STATE UNIVERSITY, BLACKS-
BURG, VA: GARY MARKOVITS, MEMBER, PANEL ON RAPID
PRODUCT REALIZATION PROCESS, COMMITTEE ON ANALYSIS
OF RESEARCH DIRECTIONS AND NEEDS IN U.S. MANUFACTUR.
ING, NATIONAL RESEARCH COUNCIL, AND VICE PRESIDENT,
SAVANT SOLUTIONS CO, WAPPINGERS FALLS, NY; DR. GEORGE E.
DIETER, ENGINEERING DEANS’ COUNCIL, AMERICAN SOCIETY
FOR ENGINEERING EDUCATION, AND DEAN OF ENGINEERING,
UNIVERSITY OF MARYLAND, COLLEGE PARK, MD

Dr. JonEgs. Thank you, Mr. Chairman.

Mr. Chairman, members of the subcommittee, 1 appreciate
having the opportunity to testify here and to point out just some of
the key findings of this report of the NRC, “Improving Engineering
Design: or Designing for Competitive Advantage.”

It is well-known now that manufacturing competitiveness, clear-
ly a key to economic vitality of the Nation, depends on three things
in products: first, high quality; low cost; and timeliness to market.

Now, engineering design is critically important for all three of
these, and it has a very high leverage on them. You cannot manu-
facture quality inte a product or inspect it in or test it in. It has to
be designed in. Over 70 percent of the total final cost of a product
is committed-—determined-—during the design phase. And likewise,

tl}lle time to market is essertially established during the design
phase,

The best design practices, though, are not widely used in Ameri-
can industry. Those firms that do succeed very broadly, though,
always do certain things well, and one of these is to use advanced
design practices. These advanced design practices require a steady
infusion of new knowledge, and this knowledge can only be provid-
ed by research and education.




7

Design education in this country is broken. Despite the great
strengths of engineering education in many aspects, typically the
engineering design part is weak. This has been noted more and
more frequently recently in print by leaders from industry as well
as some academics. Now the initiative for improving design educa-
tion lies with the schools, no question about it, and the report does
spell out several steps that need to be taken.

The need for design research comes from this fact. Surprisingly,
we do not know how best to design for certain goals: design for
manufacturing, design for assembly, design for field repair, design
for the environment, which is becoming more important. We need
new knowledge, and it will not come fast enough as a spin-off from
ongoing design activities. Also, if you depend on the practices that
are developed by other companies, especially competitors, you are
guaranteeing that your firm will never be a leader.

Therefore, intense focused research in engineering design is
needed to develop the new knowledge, and the report presents
whatdaI think is a ratner well-thought-out, structured research
agenda.

The general reaction to the report has been quite favorable. It
has been commented on widely in the engineering literature.
Entire sessions of engineering meetings have been devoted to it.
And, in fact, there are some entire conferences that are taking as
the theme of the conference this report.

There are a number of recommendations. I am going to touch on
only three of them. One of them is a recommendation that NSF
should propose and Congress should fund an initiative in engineer-
ing design to support a large increase in design research and a
greatly increased interaction between univarsities and industries.
Although design is usually coupled with manufacturing, there are
great needs for improving the engineering design process itself.
Therefore, the 1ecommended initiative should not be subsumed
under some other heading such as “Manufacturing.”

What should be done? The research that we recommend is
spelled out in the research agenda in the report. Funding would
gtart at, initially, $6 million, increase so that in 4 or 5 miilion—4
or 5 years it would be at a level of $20 million annually. Now,
these figures were arrived at by carefully studying both the need
for design research results in industry and the design research ca-
pability in the country.

Engineering design research in this country has been neglected
for many years. At the same time, design practice, the high-lever-
age key to manufacturing productivity, urgently needs the revital-
ization that the research results can provide. So you put these two
things together and the impact of these relatively small sums of
money can be enormous. No other investment of this size has the
potential to increase competitiveness and thereby provide more
jobs across the manufacturing industries.

The design research supported by this initiative should require
two things a little bit different from the normal academic research.
One is there must close, long-term interactions with industrial
firms in defining research topics and strategies and in evaluating
results. And secondly, there must be prompt publication of these
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results where they count, in periodicals that are read by design en-
gineers in industry, not just in the scholarly journals.

Now NSF generally does a very good job, so no suggestion is
made for changing its general approach or goals. The initiative for
engineering design is intended to establish a sound basis for a new
area of research vital to the Nation’s mid-term and long-term eco-
nomic growth.

I will mention just briefly two other recommendations. One is for
a National Consortium for Engineering Design to perform several
functions. The committee studied this, conceived several models for
its organization, and decided the best thing to do is make an in-
depth evaluation before moving. So the recommendation is that the
Department of Commerce and the National Science Foundation
jointly, with the assistance of people from industry and academia,
study the possible structuring and operation of such a consortium.

The final recommendation I will mention is one for a Design
Education Clearinghouse. Although the improvement in design
education needs to come chiefly from the institutions themselves, a
good deal of help can accelerate that process. So we do recommend
the formation of a clearinghouse, not as a permanent organiza-
tion—perhaps as something that might be taken over by the con-
sortium, if it is formed—but rather something that over the next
few years would accelerate the improvement of design education.

The report makes several other recommendations, but the NSF
initiative for engineering design is the most urgent of these. It can

clearly provide the basis for improved manufacturing competitive-
ness of American industry.

I thank you very much, and I would be happy to address any
questions.

[The prepared statement of Dr. Jones follows:]
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Mr. Chairman and Members of the Subcommittes:

Thank you for the opportunity to testify on oengineering design research and
education and to highlight the findings of the National Research Councii report,
Improving Engineering Design: Designing for Competitive Adventage ‘

Manufacturing compaetitivensss, which is a key to national ecanomic vitality
requires In products (1) high quality, (2) low delivered cost, and (3) timeliness to
market.

Engineering design is critically important 1o and has & very high leverage on
all three of thess elements. Quallty cannot be manufactured In, Inspected in, or
testad in; it must be designed In. More than 70 percent of the tota! delivered cost of
& product Is committed during the design phase. Likewise, tme-to-market is largely
determined by design. Stifl, the crucial role of design as part of the tota!
manufacturing enterprise is sometimes missed because paecpie see only the readily
visible part; that is, the part that occurs an the factory floor. Most of the production
costs are incurred during the factory operations, but how much money is spent and
how efectively it is used !s determined during the engineering design.

The National Research Council report, Improving Engineering Design:
Designing for Competitive Advantege (National Academy Press, 1991), addresses the
state of enginsering design practice, education, and research in thie country.

Qverview of report, Imoroving Engineering Design

- Dusign Practice. A clesr finding of the report is that the best design practices
are nat viidely used In American industry. Those firms that are broadly successtul
always do the following four things weil: (1) They commit to continuous improvement
of products and also of design and production processes. (2) They establish a
corporate product realization process (PRF) supported by top management. (3) They
develop and/or adopt and integrate advanced design practices into the PRP. (4)
They create a supportive design environment. These stepe &l bear on design, and

daing thon-\woll requires & continual supply of new knowledge that can be provided
by ressarchiand education.

The product realization process (PRP) that is mentioned frequently in the
report is the overell process by which new and improved products are brought to
market and supported. It includes determining customer needs, designing products,

1
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Jesigning oroduction and suppart processes, and carrying out those processss.
The PRP lg the means fo- bringing the talent of all the peapie in the firm to bear on
cor'nual product improvement. The PRP is known by different names in various
£rms. Dut those that use desigr successtuily ali have some process of thie sort.

Somatimes, the term "Manufacturing® Is used 'c refer to the entire PRP,
ncluding design. . At other times, “manufacturing" refers only to that pat of the PRP
that occurs on 8 factory ficor. This double usage causes confusion. Moreover, It
can distract attention from the critical and high-leverage function of design liseit.
Design practice must be Improvad in vitrious ways, including some that are not
clossiy coupled to manufacturing.

Design Education Undergraduate and greduate enginesring education is the
foundation for.successfu! practice, effective teaching, and relevant ressarch In
engineering design. Despite great strengths in mary oreas, engineering education is
typically weak in design. Leaders in industry as well as some acxiemics are making
this point in the engineering Iterature with increasing frequency.

The Inltiative for improving design education lles clearty with educational
institutions. Such Improvement will require: recognition of the deficiencies of design
education, strong high-level leadership in establishing goals for desigr: education,
development of metrics 1o measure progrees, increased interaction between
industrial firms and scademia; and extensive tralning programs for design teachers.
The report makes severs! ecommendations for improving engineering design
education.

Design Messargh. Surprisingly, we do not know how best to design for many
needs: deeign for assembly, for manutacturing, for maintainebiilty, for fleld repair, for
the environment. We need new knewiedge. It will not come rapidly snough s a
spin-oft frein ongoing design activities, and: using design methods deveioped by
athern relegates & fem siways to. & trailing position. Intense focused ressarch is
neediec 2 develop the new knowledge. The.report presents & structured research
agenda.

The repcrt makes recommaendations In all three 'qron: practice, education,
and research. t will outline sonie of thess iater.

;e
Lo
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Responee to the report

The report has been commented on widely In the englneering literature and
has beasn the subject of numerous articies. Sesslons at enginesring meetings have
nesn devotsd tc it, and it has baen chosen as the theme of entire conferences. Two
of the series of sataliite televisicr courses presented Dy the Nationa! Technologlical
University have teen largely basad on the work. Members of the committes that
prepared the report have spoken on it at several universities and professional society
meetings.

Reactions of ndustrial rapresantatives, engineering educators, and design
researchers have been highly favorable. Many have stated their intentions to
implement various recommandations of the report. 1t is too early to judge the extent
of implementation.

Recommendations
1. Initietive for Engineering Design

NSF should propose and Congress shouid fund ar Initiative for Engineering
Design to support both & large Increase in design research and greatly increased
university-industry interaction In enginsering design.

Although design must usualiy be closely coupled with manutacturing, there
are great ngeds for research In improving the design process itself. Therefore, the
rgcommended Initiative should address those negds and not be subsumed under
some broader heading of which design is only a part.

Funding shouid start at $8 million for the first year and Increase to a level of
$20 milllon annually In five years. These figures were arrived at by carefully studying
both the needs for design research and the design research capabliity in the
country. (For comparison, although support for research in enginesring design is
net spelled out clearly in the current NSF budget, it appears that expenditures for
such research are currently less than $1.5 miillon, down from approximately $3.4
milllon three years ago.)

Engineering design research in this country has been neg'ected for many
yoars. At the same time, design practice -- the high-lsverage key to manufacturing

16
GEST COFY AVAILADLE

PAFullToxt Provided by ERIC




13

competitivensss - urgently neecls the revitalization that research resuits can provide.
Corsaquently, the impact of these rgiatively small sums of money can be great. No
sther invesiment of this size has the potentisi to inCrease competitivenees and
tereDy provide more jobs across the spectrum of manufacturing industries.

Dasign research clearly requires such an Initiative. it will be exceedingly
Jifreult, if rot impossible, for NSF, the logica! funding agency for this research, to
allccate substantial funds from its regular budgst for this purpose. various NSF
constitugncies will not willingly accept tunding cuts in their areas, und the "proposal
pressure” that drives scme reailocations s unilkely to be strong in an area having &
short history and limited past funding.

The cesign rasearch supported by thig initiative should require

(1) close, long-term interactions with industrial firms in defining research topics
and strategies and in evaluating resuits,

(2) prompt publication of resuits in periodicals widely read by design
enginasrs In indusiry, not just In gscholarly journals.

i_sadership of the engineering design program within NSF should be provided
by persornal identified with enginesring design.

NSF provides strong leadership In & number of ressarch areas, and no
guggestien is made for changing NS='s general spproach or goale. The Inltiative for
Enginearing Design is intended to establish a sound basis for & new area of research
vital to the nation’'s mid-term and long-term economic growth,

2. National Coneortium for Enginesring Design {NCED)

The NRC report discusses the creation of & Nationa! Consortium for
Eng'nesring Design for saveral purposes, Including

+ gathering and disseminating Information on intemational best engineering
design practices;

e transferring existing and new design knowiedge, especially in the form of
sohware, Into industry and scademe,

1
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* performing pre.-competitive ressarch to Improve design meizods and tools;

* promoting industry-university-government coliaboration In reecarch and
education.

The committes studied possible models of such an organization and
concluded that an in-depth evaluation of ssveral aiternatives should precede the
formation of & consortium. The Departmisnt of Commerce and: the Nationa! Science
Fourdation, with the assistance of industrial and” academic representstives, should
jointly study the possible structuring and operation of such & National Cansortium for
Enginesring Design.

3,  Design Education Clearinghouse
Although improvement in engineering-design education must be initiated by

educationa! institutione, their efforts would be much faciiitated in the short tarm by a.
design education durlnghouu that would

+ collect lnfomlﬂon on best design prnetlcn and ressarch woridwide;

* faclitate the synthesis of this material into textbooks, problem sets, case
studies, descriptions of modern design theory and practics, video tapes, computer
software. course outiines; and candidate curriculs;

* publish reviews of design ressarch, teaching methods, and software toois;
* facliitate the adoption of standards for use in design.

The Clearinghouse is not ‘envisioned s & permanent organization, and its
functions might well be absorbed by the National Consortium for Enginesring Dulgn
it the Consortium la esiablished.

The report, Improving Enginesring Design, makes.several other
recommendations, but | have outlined here only those. directed to Federal agencise.
The NSF intiative for Enginesring Design le the most urgent of thess. it clearty. can
provide thc basls for Improved manufacturing compatitivenees of Amoﬂun firms,

This concludes my statemsnt, and | would be plessed to address any
questions you mey- have,
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Mr. BoucHeR. Thank you, Dr. Jones. We will have questions.
First, we will hear from the other two panel members.

Mr. Markovits, we will be pleased to proceed with your testimo-
ny.

Mr. Marxovrts. Good morning, Mr. Chairman, and members of
the subcommittee. Thank you for the opportunity to report to you
on the resuits of the Committee on Research Directions and Needs
for U.S. Manufacturing.

The committee tried to consider four to five areas of advanced
manufacturing technology, and we had three criteria in selecting
those areas. Number one, the area had to have widespread benefit
to multiple industrial applications. Two, it had to promote funda-
mental change in the management practices and culture, because
we don’t believe that we are going to achieve the maximum bene-
fits in terms of productivity and yield without those changes ac-
companying the hard science changes. And three, any projects that
were recommended on the basis of these areas had to expand the
scientific research relevant to manufacturing processes and prob-
lems, and had to take an interdisciplinary approach and encourage
more rapport between researchers and practitioners. It had to
llqreak down the walls between academia and the manufacturing
ine,

There were four technical areas that were, and they are four
areas that we recommend that more research be done in. One is
rapid product realization, the processes and practices that will help
this country and its manufacturing companies deliver more prod-
ucts, more innovative products, higher quality products in a short-
er period of time.

The second one was intelligent manufacturing control. More and
more as we look to the future and we look at what our products
look like they have a higher and higher intellectual content. More
and more information is required to manufacture those. intelligent
manufacturing control is the sensor technology and other advanced
manufacturing technology which basically provides the autonomic
nervous system of your manufacturing line. It will provide us with
all of the information that we need to understand what it is we are
actually producing and how we are producing it.

The third area that we chose was equipment reliability and
maintenance. It is very important that if you are going to take and
transfer the factory into a learning organization that you have as
stable an organization as possible. To get those high quality yields,
to get as many learning cycles as we can out of our manufacturing
organizations, we need to have stable, reliable equipment.

And the fourth technical area that we chose was advanced engi-
neered materials. We believe that in the future advanced engineer-
ing materials will provide properties far beyond anything that we
could imagine today that will enable us to enter marketplaces that
we’ve never even dreamed of.

Finally, when we got done selecting the four technical areas we
chose one more area which we thought was really the foundation
and underpinning of all the others, and that was manufacturing
skills improvement. Our feeling today is that the work force that
we have is inadequately prepared to participate in the advanced
manufacturing technology lines of the future.

- N

3
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In fact, if we were to characterize the transformation, what we
think should happen is that manufacturing has to go from a craft
to a science as our iroducts have greater and greater intellectual
content. You can pick on any product you want to lcok at, whether
it be the Boeing 777 or if you look at something iike Intel’s I-486,
all these have much higher intellectual content than products of
the past. We have to have a better prepared work force. The impli-
cation is that they have to be skilled in multiple disciplines and at
a much higher level than they are today.

You know there was a report in the Economist that said a
sample of 20-year-olds, said 60 percent of those 20-year-olds could
not add a lunch bill. Sixty percent of themn cannot read a road map.
You can’t have that. In IBM where I've done some work what we
found was that the level of education that we needed for the tech-
nicians on a semiconductor line has risen from a high school gradu-
ate equivalent to the equivalent of a second-year degree. So the
implication is that we must raise the level of education.

And it’s important. Because if you take a look at an advanced
manufacturing technology it's going to have a tremendous impact
upon us. I think that before Mr. Boucher or Mr. Packard talked
about the comparison between our industries and the Japanese in-
dustries. If you just pick one, if you just pick metalworking, you
will find that with the advanced manufacturing :'echnolo% that
the Japanese use in metalworking that they have only one-fifth the
labnr required, one-half the number of machines required that we
require in the U.S,, they have 20 percent higher utilization of their
machines, they have almost 100 percent delivery on time, and they
have less than 2 percent unscheduled down time, and their quality
is tremendous, as you noted before.

Advanced manufacturing technology makes the difference, and it
makes the old modes of manufacturing obsolete and it makes the
old education obsolete. In fact, the paradigm shift that has to
happen is we have to look at the manufacturing line as a learning
organism. And I think that when we introduced Taylorism in the
1800s we went and actually eliminated learning for new manufac-
turing lines. We said, “We’re going to break these jobs down into
such small sections that anyone can do it,” and that was fine when
we had to integrate a lot of immigrants—we had to integrate a lot
of immigrants into our manufacturing line. But that is not the di-
rection we need for tomorrow.

Successful organizations will be total learning organizations, and
learning will occur at every step in the product life cycle from con-
ception to consumption. The factory, as well as the R&D depart-
ment, has to be involved in that learning.

Along the way, as was mentioned, measurements are very, very
key. You mentioned that the measurement system drives people in
the universities to go after grants. Well, the measurement system
that we have today in manufacturing is really a remnant from the
19th century and is aimed primarily at financial measures. We
have to do studies to understand how we put in place measure-
ments that are going to address skills, competencies, the value of a
company's technology, how it uses time, what’s the company’s
learning cycle and how rapidly can it learn. Because as quickly as
a company can leain, that's how it’s going to make those incremen-
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tal improvements that you were talking about, Mr. Packard, that
will make-—leading to higher quality, better products that custom-
ers are going to buy more frequently, and that’s the strength in the
manufacturing organization.

Steps for change: I think (1) that we have to restructure the orga-
nization to support learning and experimentation in the factory—
this is the factory es a laboratory idea; and (2) we have to develcp
new methods of performance measurements and process life-cycle
costing.

Now, in the report that the committee generated, “The Competi-
tive Edge”—it's documented in this book here—there are many
recommendations as far as detailed research to be done in things
like sensor technology and adaptive knowledge bases. I won’t go
into those in detail. You can read those in the book.

But what I would like to say is, I would like to close and talk
ahout the character of how that research has to be conducted.
There has to be both a fundamental change in the methods and not
only just the kinds of research. The typical laboratory experiment
that's concerned with absorbing a piece of the system is done in a
very controlled environment. The notion of control itself is of con-
cern in the factory, and the performance of an integrated produc-
tion system can only be evaluated by observing the system as a
whole in the factory. And so what I implore you to do is when you
fund your research the research should be such that it is deeply
intertwined with and works with the factories. It shouldn’t be re-
search that’s done somewhere in academia in isolation. It should .
support a close rapport between the academicians and between the
manufacturing practitioners.

Thank you.

{The prepared statement of Mr. Markovits follows:]
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Goals

The Committee on Research Directions and needs in U.S. Manufacturing was chaired
by Dr. Cyril M. (Sonny) Pierce of GE Aircraft Engines. The goals of the committee
were to:

o Identify and Prioritize Manufacturing-Related Technologies to Produce a
Corprehensive National Research Agenda.

o Conduct a Series of In-Depth Analyses of Some of the Technologies and
disciplines in that Agenda.

Criteria and Agenda

Te ‘ocus committee efforts, three criteria were applied to select the technologies for
in-Gepth analysis.

- The technology must have wide benefits across multiple industrial
applications and provide capabilities or experience that can lead to broad
improvements in manufacturing operations ard competitiveness.

The technologies should promote fundamental change in management
practices and culture to achieve maximum benefits.

Any recommended project should expand scientific research relevant to
manufacturing processes and problems, take an interdisciplinary approach,
and encourage closer rapport between sesearchers and practitioners.

The four advanced manufacturing technology areas selected were:

- Rapid Product Realization Process,

- Intelligent Manufacturing Control,

Committee on Scionce, Space and Technology May 12, 1992
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- Equipment Reliability and Maintenance,
- Advanced Fagineered Materials.

Because of the importance of an educated work force to manufacturing
competitiveness, a fifth special area was examined:

- Manufacturing Skills Improvement.

The five areas span the spectrum of people, processes, product, machines, organization
andinfmﬁmﬂmisaowﬁalbncanpue'sym'win;ofﬂn
problems facing American manufacturing competitiveness. A pane! of experts for each
area was asked to assess the current state of the art and research needs 10 meet
long-term objectives.

Eavircoament

Today's manufacturing environment is vastly different from that which America knew,
and dominated, only a few decades ago. Botk markets and competitors have become
global, mmqunwmmmm.mwwdm,mem
facts of life,

Pmdmandmhvebwomepmofaclowdm,wbuemdmhve
t0 be as concerned with the 3uccess of their cusiomer as with the success of their

product. mmwﬂm'm'dﬁnﬁuwﬂlbeahyhmtin
tomorrow’s competitive advantage.

Craft te Sclance

Ithinﬂisﬁ;uulhe_mmimefedsm&mwindepuﬂm
manufacturing movisg from a craft %o a science.

May 12, 1992
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Implications for Workforce

One implication is that manufacturing will require a work force possessing
multi-disciplinary skills of a much higher order. The committee is concemed that
today’s educational system is not producing sufficient numbers of graduates possessing
such skills. This was the impetus for adding the fifth special area, "Manufacturing
Skills Improvement®, and is the focus of several recommendations for NSF research.

Learning Organizations

In the last century Taylorism was introduced into the American manufacturing system
as a means of absorbing thousands of non-English-speaking immigrants from largely
agrarian societies. While highly successful at the time, its legacy has been to climinate
learning from the American factory. In the classical hierarchical American firm,
leaming is the domain of the research and development organizations. Factories are
for "doing", not leaming.

Successful organizations will be total "learning organisms®. Leaming will occur at
every step in the product life<cycle, from conception to consumption, in the factory as
well as the R&D department.

Soft and Hard Science

While the firms that succeed will be characterized by advanced manufacturing
technology that integrates their people, processes, and products, the committee wants
to emphasize that "hard” science or technology alone will not suffice. Advanced
manufacturing technology will seldom yield the anticipated flexibility and productivity,
unless corresponding changes are made in the organization. Basic changes must be
made in the processes, structure, and attitudes that are common in engineering
management. In engineering, manufacturers must strive to improve interaction among
design engineers, production engineers, and marketers. Managers need to reevaluate
common management practices and tools, such as accounting methods, investment
criteria, inter- and intra-firm cooperation, and relationsh:ps with customers, to ensure

Committec on Science, Space and Technology May 12, 1992
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that all the firm's resources, including manufacturing, constantly are driven to
improvement.

Information, Integration & Intelligence

The committee considered four specific technical domains; Rapid Product Realization,
Advanced Engincered Materials, Intelligent Manufacturing Control, and Equipment
Reliability and Maintenance. It identified an advanced manufacturing techmology
paradigm common to all four domains -- information, integrated with business
functions, achieves various forms of intelligence which are the source of competitive
advantage. ’

Intelligent manufacturing control technology establishes the “central nervous system” of

- the corporation, providing information on the state of the product, process, people, and

equipment. Combined with information on the business strategy, product design,
markets and- costs, the appropriate business functions derive the intelligence from the
relations between these data-that generate a comratitive advantage.

Bellefs, Values, Goals & Skills

The same paradigm applies to “Manufacturing Skills Improvements®. Career esteem,
basic literacy, management skills, communications, teamwork, and group dynamics are
all forms of information that, when integrated through the proper business functions,
become the foundation of a highly adaptive work force. Such a work force will be
capable of operating in the compiex human-machine cooperative systems environment
that will typify advanced manufacturing.

The commitiee believes current value systems, implicit in the measures of
performance, are inappropriate. Devised in the nineteenth century, these primarily
financial measures are incapable of assessing skills and.competence levels of a
caponﬁb\n,dnnhﬁvecﬁecﬁwoﬁnuchmhgy,ﬂnvﬂueofhowwmmd
through odntinual refinement of its products and processes, its use and conservation of
time, or the long term impact of rapid learning-cycles. Increasingly, the product of

Comenities oa Science, Spece aad Technology May 12, 1992
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manufacturing is knowledge. Advanced manufacturing technology will accelerate this
trend.

Products are no longer simply discrete physical objects; they are that and all of the
people, processes, and information that surround them from conception to
consumption. Boeing’s 777 will be designed, built, tested, marketed, and sold as
much in the form of a "product image®, in the "meta-factory” of the computer’s
information plane, as in the real physical world. Intel’s 486 micro-processor is &
product that is almost pure knowledge. In fact, its value can only be realized in the
information plane, its few grams of silicon having almost no value when separated
from the information systems it powers.

How measurement systems value such capabilities will profoundly influence the rate of
progress of American manufacturing competitiveness. If we fail to value and fund our
ability to manufacture new knowledge, to develop the “learning organization" and the
“teaching factory”, Amsrican manufacturing will almost certainly loose its competitive
edge.

Steps for Changing

The committee believes the barriers to manufacturing competitiveness are not
insurmountable. To use the enormous amount of information that is awilable to
achieve integration and intelligence in the factory, however, it will be necessary (1) to
restructure the organization to support leaming and experimentation in the factory (the
notion of the factory as laboratory), and (2) to develop new methods of performance
measurement and process/lifecycle costing that will enable management to evaluate
problems, process improvements, resource utilization, and production management in
economic terms. Some industries are already moving on these fronts.

Recommendations
The recommendations of the five panels reporting to the committes can be categorized

into domain specific research recommendations, and those related to education and
leamning for the workforce, management and the organization.

Committee on Scienoe, Space snd Technology 6 May 12, 1992
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In domain specific categories, the panels’ recommendations include research in:
Developing technique-oriented communication standards,

Sensor technology for data integration, pattern recognition, and actionable
models,

Adaptive knowledge bases of design, manufacturing, and management,

Dynamic models of manufacturing,

Use of human-machine interface to facilitate leamning

Integration of processing methods into design and development of new
materials,

Integration of materials-specific issues in manufacturing paradigms,

Definition and devclopment of standards for intelligent product images,

Requisite connections between product, process, and factory images.
Recommendations related to education and leaming include research in:

Basic literacy,

General engineering knowledge and communication, team, and group
dynamic skills,

Cultivation of apprenticable and job-specific skills in the workplace,

The factory as a laboratory,

Committee on Science, Space and Technology
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- Knowledge-based organizational structures,

- Performance measurements. .
Implicit in the research topics identified by the panels is a need for fundamental change
in both methods and kinds of research. The typical laboratory experiment is concemed
with observing a piece of a system. The notion of control, taken for granted in the
laboratory, is itself the object of experimentation in the factory. The performance of
an integrated production system can only be evaluated by observing the system as 2
whole in the factory.

The fzctory as laboratory is the new research imperative. It implies new ways of
doing research, new forms of collaboration across functions and enginecting
disciplines, and cooperation between academic scientists and industrial practitioners.
Therefore, development of an architecture for leaming is critical. How to sponsor and
promote thie needed new forms of research is 2 fundamental question that must be
addressed.

Close

I would like to thank the chairman and members of the Subcommittee on Science for
this opportunity today. I hope my explanation of the work and recommendations of
the Committee on Analysis of Research Directions and Needs in U.S. Manufacturing,
sponsored by the National Research Council, has clarified the issucs and will aid you
in making informed decisions on future research and curriculam development in
manufacturing and engineering design.

Sincerely,

Gary Markovits

Attachment: Chapter 1 - Overview, from The Competitive Edee: Research Priorities
for U.S, Manufacturing.

Commitice on Science, Space and Technology
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