
Manufacturers and educators must be amenable to change if they are to keep 
pace with advances in technology and shifts in the marketplace 

BY THOMAS W. EAGAR 

he world i s  changing. That truism is  especially perplexing 
today because the pace of change is accelerating. Changes 

around us require us to change or to accommodate change as 
individuals, as institutions, as a society. Yet change can hurt. It 
upsets the way we view the world, as well as the way the world 
views us. In the short term, change can create confusion, inef- 
ficiency and loss of morale; but in the long term, it is the only 
way to improve, progress and learn. Most people resist change 
to avoid short-term pain. But, if we never pay the price of 
change, we will never reap the good that comes from it. Change 
is inescapable, but it hurts less if we understand what is chang- 
ing and why. 

Changing Markets 
'To live well, a nation must produce 

well" (Ref. 1 ). 
"Productivity isn't everything, but in the 

long run i t  is nearly everything" (Ref. 2). 

A nation that does not produce well may 
not, in the long run, lose jobs for its citizens, 
but its citizens will find that the quality of 
their jobs and standard of living will deteri- 

facturingemployment in the United States i s  declining, it is also 
declining in Japan and Germany. "America is ... one of the in- 
dustrial world's cheapest producers of many goods ... Even in 
manufacturing, America's output per man-hour (is) roughly the 
same as Japan's; it i s  50% higher than Germany's" (Ref. 4). 

As seen in Table 1, productivity gains in U.S. manufacturing 
from 1979 to 1988 were the highest of any decade since 1950. 
When we hear about a decline in U.S. productivity growth, the 
complaint i s  about the service sector, not the manufacturing 
sector, and most certainly not the durable goods sector of man- 
ufacturing, of which welding is  a part. 

Consider the steel industry. Figure 1 

orate'in comparison to those o f  nations that 
do produce well. Over the past 50 years, international trade has 
expanded over fifteenfold. Although trade still represents only 
10% of the U.S. economy, there is intense interest and concern 
over the persistence of our trade imbalance over the past ten 
years (Ref. 3). To many, the U.S. i s  no longer competitive in 
world markets and some believe that we have lost our manu- 
facturing leadership. This simply is not true. Although manu- 
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shows the tonnage of steel produced in the 
United States during the 1980s along with 
the industry's total employment and pro- 
ductivity. Although there are significant 
changes in steel production tonnage from 
year to year (with a marked dip during the 
1982 recession), production in a good year 
i s  generally around 75-million tons. With 
20-25-million tons of net imports, the con- 
sumption of steel in the U.S. i s  just under 
100-million tons per year. This consump- 
tion level has been relatively constant for 
the past 25 years. 

if we look at employment, it is clear that the steel industry 
cut its work force by 50% from 1980 to 1990. Most people look 
at this rapid decline in employment as a sign that the steel in- 
dustry in the United States is dying. Nothing could be further 
from the truth. If consumption remains constant (as it has), and 
employment has been cut by a factor of two (which it has), it 
must mean that productivity has doubled - and it has! A dou- 
bling in ten years represents a 7% annual growth rate. Thus, the 
productivity gains inthe steel industry during the 1980s were 
double the average of U.S. manufacturing and seven times 
greater than the productivity gains of the nation as a whole. The 
U.S. steel industry of the 1980s was not dying, it was charging 
forward in a major restructuring that made it more competitive 
in the world market. It was changing in a most dramatic way. 

WELDING JOURNAL I 63 



Table 1 - U.S. Productivity Changes by Industry Group. Annual Rates of Change (Output per Hour) 

Goods-Producing Industries 
1950-1 959 1960-1 969 1970-1 979 1979-1 988 

Total (Farm, 
Mining, Manufacturing) 

Manufacturing (All) 
Durable (Manufacturing) 
Nondurable (Manufacturing) 

Source: Bureau of Labor Statistics, 1991. 

Nonetheless, the change did not come without serious pain. 
Over 200,000 workers lost their jobs. Change hurts, especially 
in the short run. In the long run, the jobs in the new steel in- 
dustry are better, safer and more demanding technically. The 
tasks performed by the average steelworker are vastly different 
than 20 years ago. Modern companies hire employees for their 
brains, not for their muscles. 

Figure 2 tracks the changing employment sectors of the U.S. 
over the past two centuries. We see that the productivity gains 
with declining employment observed in the steel industry are 
not new. In agriculture, consumption per person has remained 
relatively constant while mechanization gave farmers roughly 
a 100-fold improvement in productivity. As a result, employ- 
ment in agriculture dropped from over 80% of the work force 
in 1800 to just 3% today, and it continues to decline. 

Although Fig. 2 shows relatively steady manufacturing em- 
ployment for the past 150 years, the slight reduction in 1990 is 
the start of a trend. Manufacturing productivity gains are ex- 
ceeding increases in consumption; hence, we can expect to see 
a continuing decline in the percentage of the work force in- 
volved in manufacturing. Where will all these displaced work- 
ers go? They are going to the trade and service sectors, since 
the new manufacturing machines need software and mainte- 
nance to keep them going. Thus, many people are still involved 
in manufacturing, but the Bureau of Labor Statistics does not 
count them as direct manufacturing labor. 

The increase in international trade has created global mar- 
kets. In the first half of this century, most nations produced 
nearly all of their own wealth. Trade was a small fraction of a 
nation's gross domestic product (GDP). At the present time, al- 

though trade is  only about 10% of the U.S. economy, it is 30% 
of Germany's and about 20% of japan's economy (Ref. 3). 
Goods produced in one country might be used anywhere in the 
world. This increased trade has created two changes. First, the 
size of markets have rapidly increased, since the market is now 
global rather than national; but even more importantly, the 
number of competitors has expanded. A company now com- 
petes against nearly every other similar company in the world, 
rather than just its rivals in its home country. 

Increased competition means that firms must bring out new 
models more often and more rapidly. An example of this is the 
number of Nissan automobile models and body styles over the 
past quarter century. When the market was only Japan, fewer 
than ten body types would do. Now that Nissan markets around 
the world, 50 body styles are needed to meet the varied de- 
mands of people in each country and to keep up with the in- 
creased variety of styles its competitors produce. 

The order history of Hewlett-Packard i s  even more dramatic 
-Fig. 3. In 1980, a new product took several years to reach its 
maximum market size of $500 million, and the product had a 
market life of ten years. In 1990, the market size peaks at $2 
billion in one year's time and i s  replaced within three to four 
years by a new product. This rapid product life cycle is a major 
change that i s  causing great concern at most companies today. 

"Speed is really the driver that everyone is after. Fasterprod- 
acts, faster product cycles to market. Better response time to 
customers. . . . These are all the characteristics one needs in a 
fast-moving global environment. "Ã Jack Welch, CEO, Gen- 
eral Electric 

Some companies have had very painful experiences trying 
to respond to these new rules of competition - 

I Steel Industry Shipments, Employment and Productivity, 1980-90 

Pounds per 
Millions of Metric Tons Employment man-hour 

Sources: American Iron and Steel Institute and the 
U.S. Department of Labor. Bureau of Labor Statisitics 

Fig. 1 - Steel industry shipments, employment and productivity from 1980 to 1990. 

change hurts. Figure 4 lists some of the chang- 
ing realities for today's manufacturing firms. 

Changing Research and 
Development 

Even as world markets for manufactured 
goods are changing, many of the institutions 
that have brought us the new technologies and 
products are changing. The rules of research at 
universities, and in industry and government 
are changing. 

The baby boom created after World War I1 is 
over. University enrollments are declining and 
budgets are seriously out of balance. Among 
the research universities (of which there were 
only a few dozen 30 years ago, but some 300 
now claim the title), fewer domestic students 
want doctoral degrees and the best students 
want something broader than science and en- 
gineering. It is harder to find positions for doc- 
toral students since the national laboratories are 
not growing, the universities are not hiring as 



many faculty, and industry is closing central lab- 
oratories. As seen in Fig. 5, the fraction of univer- 
sity research funds from the federal government is 
declining. Unfortunately, most faculty have not 
perceived the change that is occurring. They are 
acting as if it is "business as usual." 

In industry, research budgets are reduced, cen- 
tral laboratories are being dispersed to the oper- 
ating plants, and developments are more focused 
and shorter term. A number of companies are re- 
ducing the number of their suppliers so they can 
work more effectively with the remaining ones. In 
some cases, this includes universities as suppliers. 
Companies are making internal decisions as to 
which universities they will support, but seem 
willing to support the selected universities more 
heavily. In return, the companies want more input 
in the university curriculum and research direc- 
tions. There is less demand for doctoral-level stu- 
dents and more demand for students with a mas- 
ter's degree. These closer university-industry 
relationships create a number of problems as the 
university and industry cultures collide. The fac- 
ulty are used to great freedom and independence, 
while most of the upper-level managers from in- 
dustry who are visiting the universities got their 
promotions by "beating up on their suppliers." 
The industry managers are used to the person with 
the money bossing everyone else, whereas the 
faculty will not be bossed by anyone. Both sides 
must change their attitudes. 

The old attitude of the federal government that 
research at universities is in the public interest, 
since it supports students and professional devel- 
opment, as well as creating new technology, has 
also changed. Most government research is  given 
to the lowest bidder, or a national laboratory. 
Funds are earmarked for specific "pork" projects. 
Many Congressmen disdain peer review in favor 
of geographic or demographic distribution of re- 
sources. The increasing number of research per- " 
formers at universities, national labora- 
tories and in industry has reduced the 
success rate of research proposals from 
above 25 to less than 10% over the past 
two decades in spite of the fact that the 
amount of research dollars available 
has increased. The rules have changed 
and no one is very happy. 

The good news is  that industry needs 
the universities more than ever before. 
As industry becomes leaner, it must sup- 
plement its short-term research by 
working more closely with suppliers, 
contractors, consultants or universities. 
Thus, as the governmental research 
funds become ever harder to obtain for 
the universities, they can decide either 
to work with industry or go back into 
the primary business of education. The 
resources from industry in both educa- 
tion and research are considerable. Fig- 
ure 6 shows that the university fraction 
of industry research dollars i s  small. 
There is ample room to grow. Industry 
spends as much (or more) on continu- 
ing education of its work force as it does 
on research and development (approx- 

Histomap: U.S. Labor Force, by Industry: 

Fig. 2 - A  histomap of the U.S. labor force, by industry, from I800 to 1900. 

Order History - Hewlett Packard 
Vintage Years 1979 - 1990 

Revenues 
($Billions) 

Years 

Fig. 3 - The order history at Hewleft Packard from 1979 to 1990. 



Today's Reality for Manufacturing Firms 
Â Fiercer global competition 
Â Shrinking product life cycles 
Â Rapidly increasing technological knowledge 
Â Changing criteria for business stability 
+ Fluctuating international currencies 
Â Changing product distribution channels 
Â More-demanding customers 

imately $1 50 billion). There are tremendous opportunities for 
universities to become suppliers of both research and educa- 
tion for industry, but the universities must listen to the voice of 
the customer. This really means that a "Renaissance of Engi- 
neering" i s  about to occur at some universities. Faculty will not 
perform scientific research only for the sake of knowledge, but 
they will learn to address real problems and solve them, even 
as an engineer does. This will change the way we educate stu- 
dents. This change is  essential if we are to provide an improved 
productivity and standard of living for the future. 

The People Factor 

Changing Education 
"We think that the origins of the problem lie in the institu- 

tions that educate Americans for work. Without major changes 
in the ways schools and firms train workers over the course of 
a lifetime, no amount of macroeconomic fine-tuning or tech- 
nological innovation will be able to produce significant im- 
proved economic performance and a rising standard of living" 
(Ref. 7). 

Just as improved productivity has changed the tasks required 

Sources of Academic R&D Funding 
1971-1991 

take a holistic view of the enterprise. The eight factors that are 
driving the changes at companies include: globalization; part- 
nerships; business/process integration; asset utilization; time to 
market; quality; flexibility; continuous learning; and environ- 
ment. Every function must create an advantage and every per- 
son must add value. 

of the work force, new competition is changing the view of the 
best manufacturers. As shown in Fig. 7, attitudes are changing. 
Today, not only must a company think globally, but it must also 
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The three primary enablers of a world-class manufacturer 
are people, technology and equipment (or facilities). Each are 
necessary. If any one is  missing, one cannot compete globally. 

Even though each i s  essential, there is one that i s  preemi- 
nent. As Andrew Carnegie said: 

"Leave my factories but take away my people, and soon 
grass will grow on my factory floors. Take away my factories, 
but leave my people, and soon we will have new and better 
plants. " 

There are numerous examples of firms with great technol- 
ogy and outstanding equipment falling flat on their faces be- 
cause they didn't use all of their people to their advantage. As 
Vaughn Seals, chief executive officer of Harley-Davidson, said: 

"We were being wiped out by the Japanese because they 
were better managers. It wasn't robotics or culture or morning 
calisthenics and company songs - it was professional man- 
agers who understood their business and paid attention to de- 
tail" (Ref. 5). 

Part of the detail is training the work force so that each per- 
son understands his job well enough to not only do it but im- 
prove on it. This is what continuous improvement is all about. 
Educating the workers to perform and improve their jobs takes 
effort. When he was chief executive officer of Motorola, George 
Fisher (now at Kodak) said, 

"In our vision of the future, every employee.. . will spend 
one full month (each year) in education and training." 

Industry R&D Expenditures 
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60 
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Fig. 6 - Industry R&D expenditures from 1980 to 1990. 



1 Today's World-Class Manufacturer: 
I 

Â Takes a global view 
Â Employs a holistic strategy. Every corporate func- 

I tion creates an advantage 
Â Differs in terms of its leaders and organizational 

structures 

1 Â L e a s  from and understands its competitors 
Â Uses factories as places of learning for 

I product/process improvements 
Â Recognizes the value of knowledge and people 

relative to physical assets 
1 Â Recognizes the need to upgrade the work force 

Fig. 7 

Among the three enablers mentioned previously, technology 
is the least of our worries. The United States is  significantly un- 
derinvesting in both people and in equipment- Figs. 8,9. Un- 
less we reverse these trends, technology wil l  be our only 
strength among the three enabling factors. It i s  essential that the 
people responsible for welding research and development be- 
come involved in education and training. We can no longer 
wait for the knowledge produced by R&D to diffuse into the 
work force. We already know that new knowledge can take 
decades to move to the production floor (if we wait for diffu- 
sion to occur). It is no longer acceptable just to perform good 
R&D; the results must be implemented or else the investment 
in technology has been wasted. 

In order to implement these new technologies, an engineer 
must have a broader view of the world. Figure 10 i s  a list of 
qualities that a modern engineer should have as described by 
leaders at the Boeing Co. Current engineering education does 
a good job on the first item and sometimes addresses the sec- 
ond, but the other five qualities are hardly ever touched by our 
current university educational system. This must change. What- 
ever we do, we must change the attitudes that we instill in our 
students of technology. They must have breadth as well as 
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Fig. 9 - Real growth in U.S. industrial investment. 
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Fig. 8 - Public expenditures in training. 

depth. They must be able to address issues ranging from finan- 
cial to human resources to marketing, or whatever else may pre- 
sent itself. It is not enough to do excellent science and engi- 
neering. We must translate this technology into a form that can 
be used and understood by nontechnologists. 

"There is with scientific men, a general awakening to the fact 
that the highest destiny of science is not to accumulate the 
truths of nature in a form no one but the select few can utilize, 
but that the search for truth can be combined with a judicious 
attempt to make the truth serve the public good." - William 
H. Walker, professor of chemical engineering, Massachusetts 
Institute of Technology, 7 9 1 1. 

Seven Qualities All Engineers Should Have 
1) A good grasp of engineering science fundamentals 

Â Mathematics 
Â Physical and life sciences 

2) A good understanding of the design process, i.e., 
understand engineering 
3 )  A basic understanding of the context in which 
engineering is practiced 

Â Economics 

Â Manufacturing 
Â Customer Needs 

4) Good communication skills 
Â Written 
Â Verbal 
Â Graphic 
Â Listening 

5 )  An ability to think both critically and creatively - 
independently and cooperatively 
6) Flexibility: An ability and the self-confidence to adapt 
to rapid/major change 
7) A profound understanding of the importance of 
teamwork 

Fig. 10 



Conclusions 
"It must be considered that there is nothing more difficult to 

carry out, nor more doubtful of  success, nor more dangerous to 
handle, than to initiate a new order of  things. "Ã Machiavelli. 

A new order i s  needed and in time it will come, but the jour- 
ney is  difficult. The more rapid the change, the more painful the 
transition. The sooner it is over, however, the sooner we reap 
the benefits. Perhaps the biggest problem in effecting change is 
getting a unified vision of what change must occur. The first re- 
quirement is agreement on a need to change. Many describe 
this as the need for a crisis to unify everyone on the reason for 
the changes. It is harder to change when a crisis i s  not appar- 
ent. Welding technology and education are not in crisis, but 
there is  a need for change. More research and education like 
what we have had in the pastwill not bring the needed change. 
As Albert Einstein said: 

"The significant problems we face cannot be solved with the 
same level of  thinking we were at when we created them." 

If we are to respond in unison, we don't need a crisis, but 
instead a common understanding of what has caused the 
changes we see. We need to understand that loss of direct labor 
jobs in manufacturing is a result of our success in improving 
productivity. We need to agree that higher productivity can be 
good for everyone. We need to help everyone - not just the 
managers - benefit from higher productivity. Advances in 

technology can improve our productivity, but only advances in 
education and training can make these benefits available to 
everyone. If we are to continue our technological progress, we 
must accelerate our educational progress. + 
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Approach 1 
Robotic Weld 
Cell Uptime! 

Studies show 90% of  robotic welding downtime comes 
between the wire drive and the arc. Slash costly down- 
time by using BinzeP RoboTM torches and eripherals. r Adaptable to any robotic system, they inc ude: 

1. Air- & Water-cooled RoboTM MIG Torches 
2. RoboTM WH Neck-Change Torches 
3. RoboTM WHPP Push-Pull Neck-Change Torches 
4. ATS-CATM Collision-Sensing Safety Torch Mount 
5. TCS-C Automatic Reamer Cleaner Station 
6. WWSM Tool Change System for ATS-CAT 
7. Anti-Spatter Injector and Airblast Unit 
8. WCSTM Automatic Wire-Cutting Station 
9. B W Y  Rotor Automatic Torch Neck Changer 

To find out how to maximize YOUR robotic welding 
uptime, please call: 

Circle No. 5 on Reader Info-Card 


