
Manufacturing 
Thomas W. Eagar, Guest Editor 

The brhiivior of successful manufac- 
tunng companies has changed in response 
to th r  accrli~atinfi paw of technological 
development in recent years. Manufac- 
turing firm* cm- under greater pressure 
than ever to bring nrw products and proc- 
esses to market rapidly, with lower costs 
and highu q u a h ~ y  than achieved in the 
past. In addition, the establishment of a 
global rconorny no longer dominated 
solt-ty by thr  United St'ites has required 
firms to vxpind their outlooks and hori- 
zon->. SismÂ¥ssfu firms must take a multi- 
natioml vinv, understanding and serving 
local customer needs while maintaining 
the efficiency of a global enterprise.' This 
" q u i r e s  greater tlexibility in manufac- 
iirinp and distributing new products. 

As the business environment for mate- 
rial5 manufacturing changes, so too does 
our  mrasurr  ot matc-rials performance. 
Traditionally, materials scientists and  
enginwrs have emphasized processing, 
structure and properties, and the way 
they come together to produce perfor- 
mance of a product in a given application. 
However, as shown by Figure 1, there are 
several additional dimensions to perfor- 
mance. In particular, successful commer- 
cial performance depends not only on the 
physical properties of the material but 
also on our ability to shape it into a useful 
object in a n  economical and timely man- 
ner. Without shape, the product cannot 
serve its intended function, and without 
economical production, the product's use- 
fulness is limited to fewer, higher value 
applications. Achieving more rapid and 
more consistent commercial success from 
advanced materials requires emphasizing 
not only the process by which the material 
is made but the process by which the ma- 
terial achieve3 its geometry and function, 
while at the same time maintaining the 
ability to bring these materials to market 
rapidly at an economical price. Indeed, the 
cost delay in commercializing a new ma- 
terial can be the key to success or failure.' 

T o b  successful, a materials manufac- 
hiring firm must take an integrated view 
of the manufacturing enterprise. As seen 

in Figure 2, manufacturing operations lie 
at the core of the business while applied 
science and product/process engineering, 
marketing, administration, human re- 
sources, finance, and accounting must all 
work together with the customer, the gov- 
ernment, the vendors and suppliers, and 
the community in a new partnership. 

Why Manufacturing Matters 
To live well, a nation must produce ttiivll.^ 
Productivity isn't everything but in ihr Inny 
run it is almost everything.^ 

A nation which does not produce well 
will not, in the long run, lose jobs for its 
citizens; but its citizens will find that the 
quality of their jobs and their standard of 
living will deteriorate in cornpiirison to 
nations that do produce well. 

Manufacturing and productivity matter 
because 23% of our Cross National Prod- 
uct consists of manufactured goods. Ap- 
proximately 85% of our  international 
trade consists of goods; only 15',7 is SET- 

vices. Manufacturing industries account 
for about 90% of nongovcrnnwntal R&D 
funding/In total, about 407;. of all the jobs 
in the United States are involved directly 
or indirectly with manufacturing. The 
problem is that productivity growth in the 
United States has been at its lowest point 
over the past 20 years than at any other 
time during the past century. Our produc- 
tivity grcwth durins the Grc,it Di.'prt.'.ssion 
was 20 to 3W/i greater than i t  has bren 
over thr last two decadeh. As ii result, pro- 
ductivity in the United St'itei is brcom- 
ing lower than that of other countries (see 
Figure 3). and we can oxpt1ct our stiindiird 
of living in cornpiirison to the ri.'.-it of thr 

Figure 1. Diagram of how materials science, n~atzufacturing science, andfahriratinii all 
contribute to product performance. 
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Figure 2. The integrated manufacturing enterprise illustrating overlapping functions, 
disciplines, and activities. 

world to decrease in the future. 
There are many reasons for this decline. 

Table I lists the six reasons identified by 
an MIT Commission that studied this 
problem for 18 months.2~lthough technol- 
ogy is clearly part of the problem, it is 
not all of the problem, and for this reason, 
technology alone cannot solve the entire 
problem. One must take a holistic ap- 
proach that includes all the parts of the 
enterprise, as described in Figure 2. 

What is Total Quali ty 
Management? 

In 1987, the Department of Commerce 
established the Malcolm Baldrige National 
Quality Award to be given to the most 
outstanding manufacturing companies in 
the United States. The award criteria are 
broken down into 99 areas. These areas 
do not define a specific approach by the 
company, but they do outline the steps 
that must be taken to achieve Total Qual- 
ity Management (TQM). Table I1 provides 
a short list of key steps.' 

Prof. Shoji Shiba of Tsukuba University 
describes Total Quality Management as a 
"thought revolution in management which 

provides the means to achieve a higher 
quality of products and servi~es."~ He de- 
scribes the increasing levels of "fitness" of 
a product for its use. The lowest level in- 
volves conformance to a standard. This 
inspection-oriented attitude has no focus 
on the customer. The next level, fitness for 
use, is driven by marketplace needs. Next 
is fitness for explicit requirements, which 
usually combines multiple requirements, 
such as high quality with low cost. At this 
level, the use of continuous feedback from 
the customers and the process is essential, 
and tools such as statistical quality control 
are widely employed. 

On the next level, fitness for latent re- 
quirements, feedback from customers is 
irrelevant since the producer is attempt- 
ing to supply a need the customers do not 
even know they have. For example, the 
Sony Walkman fulfilled a need for port- 
able music for millions of people who 
never even knew they were missing this 
opportunity to enjoy music during other 
activities. In the future, the need to manu- 
facture products harmonious with the en- 
vironment will likely create the next level 
of "fitness." 

Articles i n  This Issue 
The articles in this issue of the MRS 

Bulletin describe this new approach to 
producing materials and components and 
the new partnerships among customers, 
suppliers, employees, and management. 
B. Barnett, H.K. Bowen, and K. Clark de- 
scribe the measures by which successful 
materials manufacturing companies will 
be judged in the future and why it is nec- 
essary for companies to risk the long de- 
velopment times and high costs associated 
with commercializing advanced materials. 

In "Materials in Electronic Manufactur- 
ing," R Pfahl illustrates several important 
principles. First, he shows that achieving 
high levels of process capability allows 
eliminating inspection and repair, thus 
achieving low cost as well as high quality. 
Second, his examples show that the high 
levels of defects tolerated only a decade 
ago were defined by the process designer. 
If the designer planned repair capacity for 
4% of the product, then the process engi- 
neers would improve the p m ' s s  to that 
level and stop. One conclusion is that the 
only way to eliminate inspection and re- 
pair is to set a process goal ot ~ e r o  defects. 

Prof. J.A. del Alamo's description of 
"GaAs Integrated Circuitry Manutxtunng 
Cost" indicates that the primary barrier to 
increased use of GaAs is cost and that 
these costs can be reduced if understand- 
ing and controlling the production proc- 
ess are emphasized. 

K.K. Wang explains how mathematical 
models of the injection molding process 
and the rheological behavior ol the p ly -  
mer can be used to improve the qualitv 
and design of plastic compon~-nts. This 
project also shows how advanced tech- 
nologies developed at '1 univrnity can be 
integrated to produce a useful industrial 
manufacturing tool. 

Source: International Productivity Center, 
U.S. Dept. of Labor 
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Table I: Reasons the United States 
Has Lost the Productive Edge in 

Manufacturing over the Past 
Two Decades2 

Outdated Strategies 
Short-Time Horizons 
Technological Weakness in Development 
and Production 

Neglect of Human Resources 
Failures of Cooperation 
Government and Industry at Cross-Purposes 

Although somewhat removed from ma- 
terials manufacturing science, the article 
by M. Choudhary is an excellent example 
of overcornins w m c  of the nontechnical 
bamers to improved production. Referring 
to  the factors described in Tables 1 and I1 
of this article, one can readily see that the 
education and commitment of the work- 
for* is a key to successful implementation 
of TOM. 

The article by h1.A. Pate from Alcoa de- 
scribes how statistical process control can 
be used in a high-volume, commodity ma- 
terial manufacturing process to achieve 

lipher quality and so obtain an edge over 
the competition. 

L. Bird and S. Frederick of Corning Inc., 
describe "Quality Architecture," a pio- 
neering concept to build quality control 
into the design of a product from the out- 
set. The quality architecture, which is set 
down in the form of a flow diagram, in- 
cludes process feedback information and 
quantitative quality specifications. 

Conclusions 
Key to the success of any product is an 

understanding of the manufacturing proc- 
ess. Indeed, in the many studies under- 
taken in recent years to define the most 
important areas of future materials re- 

Table 11: Partial List of the Critical Success Factors Used to Evaluate 
Applicants for the Malcolm Baldrige National Quality A ~ a r d . ~  

~- - -- - 

Senior executives must be personally and publicly involved, getting training on quality 
topics themselves and training others, recognizing employee contributions, and spreading 
news of the company's quality activities. 

The company's mission statement must stress its quality values through statements like 
"Be the supplier of choice by providing value to our customers; you will achieve this by 
empowering our employees, treating them with respect, and listening to customers.'' 

The right data must be chosen for collection and analysis. and then used. 
A documented quality plan must be in place. 
There must be clear evidence of employee acceptance of and involvement in quality 

activities. 
Quality control and improvement efforts must penetrate all the firm's systems and must 

involve suppliers. 
Internal measures of quality must show positive trends and document a claim to industry 

leadership. 
Inventory levels, energy use, first-time success rates. lead times. rework rates. and other 

quality-related business activities must show improvement. 
Customer satisfaction should be rising through identification and fulfillment of customer 

requirements. 

search, process understanding has been at 
or near the head of the list in every case. 
The recent report by the National Research 
Council, Materials Science and Engineering 
in  the 1990s: Maintaining Cornpctit iveness 
in  the Age of Materials, highlights mate- 
rials synthesis and processing as the most 
important area of expanded emphasis over 
the next decade. Indeed, every nation's 
success as a global manufacturer and the 
improvement of our standard of living re- 
quires that we develop manufacturing proc- 
esses capable of producing high-quality 
products rapidly, with exceeding econ- 
omy, and in an  environmentally accept- 
able manner. While materials scientists 
and engineers have much to contribute to 
this process understanding, it is important 
that they recognize the many other dimen- 
sions of successful manufacturing. The fi- 

attention to each part of the Total Enter- 
prise we call Manufacturing. 
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Sixth Materials Research Symposium 
University of California, Los Angeles May 8, 1992 

Co-Sponsors: MRS University Chapter-UCLA, UCLA Department of Materials Science and Engineering, ASM/TMS and ACerS 
Student Chapters, and the UCLA Graduate Student Association. 

The symposium will provide a forum for graduate students to present their research to scientists and engineers from local 
industries. The day-long event includes speaker sessions, a poster session, continental breakfast, lunch, and a wine and 
cheese reception. 

Students are eligible for a registration fee waiver. 

For information, contact: T.A. Faltens or M. Cooper, Department of Materials Science and Engineering, University of California, 

1 Los Angeies. CA 90024-1595; phone (310) 825-5534; fax (310) 206-7353. 
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