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FOOTWEAR TECHNOLOGY SYMPOSIUM —
MANUFACTURING A COMPETITIVE ADVANTAGE

PREFACE

In response to a directive from President Carter to "provide
an expanded and more effective program of assistance" to those
segments of the U.S. footwear industry that have been seriously
harmed by imports, the Department of Commerce is administering a

special program to help revitalize the domestic footwear industry.
Several of the Department's agencies are working together to ensure
that the Footwear Industry Program will be successful in manufactur-
ing a competitive advantage for the industry.

The Department of Commerce is actively pursuing a variety of
approaches for assisting the domestic industry. This effort combines
the capabilities and special expertise of the Industry and Trade
Administration, the Economic Development Administration, and the
Office of Science and Technology. The total effort, encompasses a

"streamlined" trade adjustment assistance program, an export promo-
tion campaign, a domestic retailer-manufacturer cooperation program,
and a new technology utilization program.

This Symposium- -Manufacturing a Competitive Advantage-- was one
of the critical steps in the Office of Science and Technology's inno-
vative program to create new technologies for the footwear industry.
This program is a unique government undertaking to assist a domestic
manufacturing industry in that it is

o the first cooperative government - industry program to

develop a new generation of technology in a non-defense
industry, and

o the first government -aided technology development program
specifically designed to improve the ability of an
American industry to meet foreign competition.

The design for this Symposium was based on three fundamental con-
cepts which underlie all Commerce Department efforts.

o Full and active cooperation between government and industry.
Industry must be relied on to understand the best prospect,
key constraints, and necessary market/production interfaces
involved in opportunities for assistance. Government must
be relied on for the objective analyses, encouragement of
creativity, and support which will locate and specify these
opportunities

.

Ill



o Rational analysis of industry problems and structure as a

prerequisite for action. It is necessary to involve all
segments of the industry; from the retailer who makes
buying decisions, through the manufacturing executive who
defines market positioning, to the supplier who seeks out
new techniques; in a systematic effort to understand
industry's problems in their full historical perspective,

o Creative thinking from well-qualified sources outside
the industry. There is a need for new ideas on problems,
strategies, and solutions. Such innovative thinking must
be sought at the leading universities, research institutes,
and advanced technology firms in the United States,

The initial steps are taken; the future directions depend on the
constructive ideas which emerge from this Symposium,
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ABSTRACT

The Footwear Technology Symposium, hosted by the

National Bureau of Standards, was held in Gaithersburg

,

Maryland on June 1 and 2, 1978. Approximately 220 people
participated representing the manufacturing, supplier, and
retailing segments of the footwear industry, as well as

federal officials concerned with assistance to the industry.
The objective of this symposium was to assess manufacturing
technologies which could be adapted or developed to provide
a competitive advantage for the U.S. footwear industry,
and to develop a specific plan for activities that would
be appropriate for government and industry cooperation.
The meeting was part of a three-year Department of Commerce
Program to help restore the growth and vitality of the dom-
estic footwear industry. Initial sessions presented tech-
nical and evaluative information as an input to the subse-
quent working group discussions of footwear industry repre-
sentatives. Government staff described the results of their
assessment of the problems and opportunities of the industry.
To stimulate constructive dialogue, five private research
organizations presented ideas and recommendations for future
footwear technological development resulting from Commerce
Department sponsored studies. The major new technologies
and processes presented addressed materials development,
leather technologies, customf itting and computer assistance
in shoe design and manufacture (CAD/CAM) . In other presen-
tations, the President of the American Footwear Industry
Association shared his concerns, a leading footwear designer
explored design, marketing and the technology interfaces,
and representatives of technologically advanced industries,
(aerospace, automobiles, communications) shared their views
on manufacturing technologies and applications to footwear
industry problems. Preliminary symposium results were
evidence of industry enthusiam and support for government-
industry cooperative activities, interest in establishing
a footwear center to provide industry-wide technical assis-
tance, and a desire to assess computer-aided design and
manufacture (CAD/CAM) . Reports by the consulting firms on
new technologies and business strategies for the footwear
industry are included as appendices.

KEY WORDS: Computer-aided design and manufacture ( CAD/ CAM)

;

footwear industry; fragmented industries; government- industry
cooperation; imports; innovation; leather; materials development;
manufacturing technology; shoes; technology transfer.
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OPENING REMARKS: THURSDAY, JUNE 1, 19 7 8

Dr. Frank Wolek

Deputy Assistant Secretary for Science and Technology
Department of Commerce

It is my pleasant task to serve as host of this symposium and
to welcome you. We are gratified that so many of you from so many organ-
izations in the footwear industry accepted our invitation to jointly
explore the special problems and solution of this important U.S.
industry - we have almost 220 people from the private and public
sectors registered here today.

As the title indicates - Manufacturing a Competitive Advantage -

this symposium is concerned with identifying and creating new
technologies that will help restore the competitive position of the
domestic footwear industry. But this activity is only a part of a

broader Department of Commerce program to provide effective assistance
to industries seriously hurt by imports. Footwear was the first indus-
try we tackled. Several of the Department's agencies are working
together to assist footwear under the leadership of a steering commit-
tee headed by Under Secretary Sidney Harman. Although this symposium
originated as part of the program of the Office of Science and Tech-
nology, its preparation has benefited directly from assistance of
the other footwear program components. This includes the Industry and
Trade Administration, represented here today by Deputy Assistant
Secretary Robert Shepherd. That agency includes the Footwear Indus-
try Team which provides technical and management assistance directly
to individual firms affected. by imports. Also active is the Economic
Development Administration, represented by Deputy Assistant Secretary
Harold Williams, which has provided not only funds but also guid-
ance policy on economic assistance.

Appropriately, we are assembled here at the National Bureau of
Standards, one of the finest research laboratories in the world.
Themissionof the Bureau is to provide the information- -the infra-
structure of analysis, measurements, standards, and basic data--that
underlies the contributions of technology to our society. In this
symposium we are also presenting to the industry the infrastructure
of information that we will all need to determine the development of
new technologies to assist your industry during the next several
years. Technology is admittedly only one part of the footwear manage-
ment and strategy, but we here must ask how important that slice is.



What is the future of technology in footwear, and how can we maximize
its role both by contributing to the development of new technologies
and by assisting with the knowledge needed to effectively implement
those technologies?

Three points which characterize our approach to these subjects
will recur throughout these two days. The first is analysis . This
is a management symposium. Rather than presenting new technical
ideas, we are reviewing this industry's problems as a manager might
assess them. What are the corporate strategies for coping with those
problems, and what technologies contribute to those strategies? That
approach must be based on a systematic analysis of existing data on
the economic structure and history of the footwear industry.

The second point is creativity . Much of that has already been
contributed by the people here. We are adding the ideas of selected
outsiders to the industry, some of the best intellects in the research
institutes and universities of this country, some of the most crea-
tive independent inventors, and representatives from successful firms
in other industries that are leaders in the adoption of new technology.
Perhaps this information will further stimulate your thinking in
footwear

.

The third point is cooperation . The decisions to be made here
are industry decisions. Our role is to provide the information and
assistance that you need to carry out those decisions. The industry
must tell us which technologies should be developed and promoted
and what is needed for their development.
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MANUFACTURING A COMPETITIVE ADVANTAGE

Dr. Jordan Baruch

Assistant Secretary for Science and Technology
Department of Commerce

We are here today as part of an effort to do something. We
are here to discuss manufacturing a competitive advantage for the
U.S. shoe industry, a long, difficult effort. Why, one might ask,
are we, trying to do this job? What is so important about the shoe
industry? The shoe industry consists of firms, which in turn are
combinations of individual people. There is a huge difference be-
tween government statistics and plant closings, where real men who
have worked all their lives to build a company see their market
position destroyed by foreign competition. Government statistics
on unemployment are numbers, but the actual people forced out of
jobs represent personal economic tragedies.

The United States could, of course, solve the problems of
foreign competition and prevent closings, but by building a wall around
ourselves, setting up a tariff barrier, and having extensive mar-
keting agreements. Unfortunately, buyers of shoes are also people.
Every time we propose new barriers that increase cost we, in

fact, tax all members of society in order to protect one segment.

There is one way that we might resolve that dilemma with no
cost to society- -by making the American shoe industry effectively
competitive with foreign suppliers and, thus, insuring the domestic
market an adequate share of the growth. As a matter of fact, I

would like to see them become effectively competitive to a degree
that would pay the high cost of getting there. However, there are many
bright people trying to solve these problems and I do not know if
we can do better. One thing that I can absolutely guarantee, how-
ever, is that we in this Department will certainly try.

The shoe industry cannot depend on border protection alone.
It would be a losing gamble. Not only is this administration
determined to encourage free trade, but I know that the hidden
tarrifs and inflation associated with border protection are well
understood now by our fellow Americans, who are not willing to

pay them. There are many more shoe buyers than shoe suppliers,
and there are a lot more buying states and districts than there
are states and districts with shoe manufacturers. Nonetheless,
there is an interest in the shoe industry, and we will have some
forms of border protection.

3



We will have other forms of border protection because other
countries subsidize their industry and exports and we do have
countervailing tariff rules. We will have them to counteract
against unfair governmental participation in the competitive act,
but not against cheap labor, better management, or economies of
scale. The government and the American people want to ensure a

fair fight for the shoe industry.

Another interesting choice is to give up. It's the course
that some of your peers have already taken. It is an alternative,
but as I look at this audience, not one you have accepted.

Clearly, we have one alternative, giving up, that you reject,
another border protection, that the government and people seem
to reject, and a third one that will require cooperation, brains,
money, and luck. We have the capacity for the first two, coopera-
tion and brains, and we know where to get the third, the money.
Our efforts today will be designed to minimize the need for luck.

How will we tackle this problem? We are here to discuss the
shoe business and the changes that technology can make in the
effectiveness of that business. This can be broken down into
five tasks.

The first is defining the problem. Where is the problem
occurring, why is it occurring, and who is involved? The where
is difficult. The shoe business is not homogeneous. Children's
shoes are different from women's, salon shoes from men's, and
welted shoes from cemented and injection molded. One can also
break the shoe industry down into segments: by price, by style,
and by the kind of manufacturing process, for example. In each
of those cells we can ask, "Where are we hurting from foreign
impact, and who's doing the hurting?" One answer is the rational
shoe buyer. Thus, we have to identify the buyers that choose to

buy foreign, rather than American shoes, and we can segment those
too. Lastly, we have to ask, "Why are they buying foreign shoes?"

One problem involved in asking that question is the variety
of answers. From the manufacturer, you may get the answer,
price. From the buyer, you may get the answer, quality. We get
very different answers. We must be aware that groups have their
grievances. Buyers want to keep their own channels open through
multiple sourcing. Sellers want to accentuate a problem they
think the government can solve.

To make progress in this area, we must sort out some of these
conflicting data. I hope some of you from the shoe industry will
tackle that problem in your work sessions or during the coming weeks

4



To design a great solution to the wrong problem is a sure waste
of time and money. Therefore, part of today's job is to identify
the information we can use.

The second task is to characterize the advantages of the foreign
competitor. Is it just cheap labor that they have? Is it economies
of scale? Is it marketing? Some foreign companies are using very
skilled American-style marketing techniques, and they have invented
some of their own. Is their advantage price, and if so, why? Lastly,
what are their weaknesses -- transport time, the availability of new
materials, the ability to maintain complex equipment? If we know
their weaknesses and if we have a choice among technologies to help
the American shoe industry, we might be able to choose those that
are least transferable to foreign countries.

Our third task is to analyze the existing U.S. industry, its
management, marketing, and production. There is an interesting
characteristic of the U.S. manufacturing industries. There are,
on the same continent and using similar materials, industries that
are very high in technology and others that are very low in tech-
nology. One of the enormous problems is transferring technologies
across industries. Rockwell International had a great idea. They
had this "high level" electronic organization that decided to go
into the printing business. They bought a printing company and
a loom company and put in electronics. When those two industries
were modern.' zed, Rockwell found the people in the companies did
not understand the new way. A major trauma resulted, requiring
a major turnover of people. The transfer of technology across
industries is difficult. However, I find it exciting that we
have representatives here from the automotive, electronics, and
aircraft industries who are willing to try to help you.

The next task is designed invention or the development of
new technologies that fit the corporate strategies of the foot-
wear manufacturer. Technology and corporate strategy are insep-
arable. If you're aiming for a market niche of high-style
expensive shoes, and all that technology has to offer you is a cost
reduction system that operates on mass production, the fit is

wrong. Any attempt to measure the potential of a new technology is

dependent on the initial analysis of the industry.

Even if we find a good fit, it may still be the wrong scale
for an individual company. If a large effort is needed, there
are some interesting approaches that we can take, utilizing other
parts of the Department. We've been looking at an industry in

Providence, Rhode Island which needs some help and may require a

consolidation of many small electroplating activities. The indi-
vidual companies can't do that, but the Department does have access

5



to resources to finance that type of effort by providing aid to

the state or city. Thus, we are not ignoring the fifth task,
the implementation question, because until we get through with
implementation, the new program has not really become part of
your corporate structure.

Therefore, our tasks are problem identification, the analy-
sis of our foreign competition, the assessment of our own tech-
nologies, the development of technologies fitting the needs and
corporate strategies of our firms, and implementation. If we can
achieve this, I think we have a good chance of helping the U.S.
shoe industry.

6



GENERAL ACCOUNTING OFFICE PERSPECTIVE

Frederick L. Haynes

Assistant Director, U.S. General Accounting Office

Before discussing the shoe industry, I would like to explain
why the General Accounting Office selected this area for review.
Some years ago we were involved in a world-wide evaluation of man-
ufacturing technology and its impact on productivity. As a result,
we became very concerned that the world situation had sufficiently
changed to put the small to medium labor intensive manufacturers
in the United States in an adverse competitive position. Coinci-
dentally, the shoe industry, one of those labor intensive industries,
was symptomatic of problems occurring as a result of the world-wide
spread of industrialization, particularly to those less developed
countries which have an obvious comparative labor advantage. Be-

cause of this, we decided to take a preliminary look at the shoe
industry. Our full report will be out later this year.

I would like to give you a brief overview of our perspective.
From what we have seen the less developed nations have been able
to uniquely capitalize on their labor wage advantage, government
cooperation, and support from Western technologies to the point
where their products are competitive with the best industrialized
nation products. This situation proposes severe problems and
challenges for the innovative capabilities of existing industrialized
nations. The United States has a more aggravating problem, having
just begun what appears to be a secular decline in our world-wide
competitive position. One of the major effects or components of
this decline has been the absence of aggressive productivity growth
in the United States economy. And of all the industries on which
the United States has manufacturing statistics, the shoe industry
has exhibited the lowest rate of productivity growth for at least
the last 15 years. With that observation one would expect that
the shoe industry might not be as strong as we would like.

More specifically, the industry appears to have been caught
between the emerging low cost manufacturing capability of the
less developed countries, the "high-style" capability in Europe,
a changing and highly competitive level of merchandising, and,
quite frankly, an unprecedented level of manufacturing compla-
cency. When the shoe industry is usually discussed, the emphasis
is on the domestic manufacturing segment. It is, however, more
relevant to view this segment in the world-wide context. In

7



this setting, almost every nation in the world has its own
capability and each nation's retailers, which are for the most
part divorced from manufacturers, select the styles, quantities,
and prices for their consumers, from a world-wide inventory.
Obviously, other things being equal, the retailers make their
purchases from the manufacturers offering the most attractive
quality and price. Complicating this situation for the United
States is the fact that many large American manufacturers are
also large retailers. Here again, even those engaged in manu-
facturing buy not only from their own captive manufacturing
base, but also from the world-wide inventory. While merchan-
dising methods and distribution channels have been tailored
to the changing demographic and disposable income patterns, in

general, the U.S. domestic manufacturing capability has not
kept pace with the technologies which would enable them to be
low cost quality producers. However, we all recognize that there
are some very forward looking and innovative companies in the
industry. Unfortunately, their productivity is insufficient to

create a comparative advantage for the entire industry.

Let us look at some of the demographic and disposable in-

come patterns, starting with the consumer and moving back to

the manufacturing operation. In our discussions with many of
the U.S. manufacturers, we were surprised at their unfamiliarity
with the growth and demographic changes and disposable income
changes in the United States market. In contrast, manufacturers
in Asia and Europe were much more conversive with what was
going on in our domestic market than were our own manufacturers.
I think that says something about the complacency I mentioned
earlier. It is important to recognize that, in the last two
decades, there has been a significant shift in the demographic
composition of the consumer universe in this country, accom-
panied by similar shifts in disposable incomes. This can be
simply characterized by a pyramid representing the population.
The vertical height indicates the age groupings from one year
old at the base to 100 years old at the top, and the breadth
of the pyramid represents the numbers in each age group. Over
the last two decades, there has been a significant shift upwards
without a refilling at the base. The base is now smaller and
there are bulges which are working into the age groupings
which traditionally represent America's buying power. A similar
pyramid can be constructed representing disposable income, and
a like bulge is again apparent.

The U.S. shoe industry must examine its market as carefully
as its overseas competitors do, studying^the changing demographic
patterns and the effects of disposable income, recognizing that
traditionally the greater the amount of disposable income, the

8



greater the propensity to purchase imported goods. A careful look
at these patterns in the United States coupled with the technology
innovation that we will discuss during this meeting will provide a

better understanding of how our shoe industry must be postured
and what manufacturers need to do to make domestic products more
competitive. American retailers, on the other hand, appear to have
anticipated these changes, along with the population movement to

suburbia, and began 20 years ago creating merchandising mechanisms
and retail outlets to service this specific change in demography
and disposable income. This has been repeatedly confirmed not
only with footwear people but also those in the general merchandising
area

.

These merchandising changes will continue. We can recognize
this if we just look at the full-service drug stores that sell
shoes, drugs, clothes, and fireplace equipment, as well as hard-
ware. About ten years ago these retailers wanted to capture the
10- to 20-year-old market, and then carry and upgrade it through
their growth periods. There are similar opportunities for the
footwear industry and for America, because the United States market
is the greatest, largest, and most profitable market in all the
free world, in fact everybody in the world is targeting on your
market. Thus, you should at least equip yourself with those tools
that others are using, including an understanding of our market-

-

past and future.

There is another trend in the United States which suggests
that, as the disposable income increases, there is going to be
more and more interest in a world horizon of goods. This means
that the manufacturers will be producing a greater variety in
fewer quantities for smaller and smaller sectors of the market.
They will have to target more precisely in coupling the consumer
with the manufacturing base. This suggests some very specific
things for your technology, in order to, for example, become
more flexible and control your in-process inventory much more
effectively than in the past. How are you going to integrate in-
process inventory control with your purchasing and with the
actual construction of whatever types of shoes you desire?

The United States" technological capabilities and our
innovative strength in terms of being able to couple that
technology with the shoe industry offers some very unique chal-
lenges. Currently, the high cost of new technology makes it
more attractive for an average plant to add either a second
shift or to work overtime, rather than spend over $4,500 for a

new piece of equipment. Instead of looking at an individual
machine, the shoe manufacturing industry should be viewed from
beginning to end, as a system. That system should be defined

9



and redesigned to produce at competitive world-wide costs. We
have in our audience people who have already done this. Today,
you have an outstanding opportunity to look ahead at what is

available. In fact, today is a unique opportunity not only for
the shoe industry, but also for our country. The model we use
to solve the shoe industry situation will serve as a precursor for
about 165 other industries. How we handle the problem will tell
us whether we are going to be able to help the other industries
survive the problems now facing you. Thank you.

Questions and Answers

Q: Is there a blind spot among American industries in general
in their ability to understand the marketplace:

Haynes: In my opinion, yes. Our country does not have a long-
standing tradition for exporting or a need to export. During
the industrial revolution, we survived on our own basic
resources for so long, we seem to regard our domestic market
as ours. We generally fail to recognize that we are emerging
into an interdependent world. The world, however, is not
looking at our domestic market as ours, but as a part of the
world market. This is a cultural problem, but it is a very
dangerous blind spot that we Americans appear to have.

Q: What is the importance of mergers and acquisitions in the
growth of large companies and are there any differences in the
breakdown of times and the flexibility of large versus small
companies?

King: According to my understanding of what I have read, you are a

large company because you may have 10, 15, or 20 factories.
Factory sizes are about the same if you are a small company.
In the large companies, there have been some mergers but not
many recently because of some antitrust cases 10 to 20 years
ago.

As to the change in the times from concept to delivery, of
course, you can do it more quickly if you only have five or
six employees. The average size of the Italian firm is 17

people. The Italians have been much smaller and more respon-
sive but they are also dealing with a smaller, more responsive
supplier industry too. However, in America the order of a small

customer to a large material supplier waits until they get
enough orders in to justify the run or preparation of that
color. Some domestic manufacturers are now greatly conden-
sing that time. They are smaller and considered reasonably
innovative. They are out on the West Coast.
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Baruch: A lot of design turnaround time, the time that it takes to

go from design to something out on the market, does make large
companies stiffer, because the set-up cost and set-up times
grow. The discussions so far suggest this may be an opportunity
not necessarily a problem, because, for example, there are
technologies for shortening set-up time.

11



:



FITTING TECHNOLOGY INTO THE PICTURE

Margery H, King, Program Manager

NBS Shoe Team
National Bureau of Standards, U,S, Department of Commerce

Good morning. First, let me say what a pleasure it is to see
so many of you here. You may have noticed in the agenda that this
presentation is entitled, "Fitting Technology into the Picture",
That picture, which I am going to describe as briefly and succinctly
as possible, was originally drawn for me by a number of individuals
whose faces I see before me. Thus, if you discern any errors of
either omission or commission, I beg your indulgence and faithfully
oromise that there will be time for your comments at the end of my
talk.

The preceeding two speakers this morning spoke with great elo-
quence and conviction about both your industry and the potential
for technology. I think Dr. Baruch's point about the interrelation-
ship of technology and business strategy is worth reiterating. An
old Broadway show tune says, "love and marriage go together like a

horse and carriage". So is business strategy and technology an
equally interdependent concept. Technology may exist, but can never
function within a vacuum.

The Department of Commerce has purchased, for a finite period
of time, a number of creative minds to consider both technologies
and business strategies for the footwear industry. These considera-
tions have, to a certain extent, been conducted within a vacuum.
It will be your job over the next day and a half to remove that vacuum
and evaluate all potential technologies within the context of your
industry picture.

I said "your" industry picture because one thing I am well
aware of, after an intense eight month indoctrination into the foot-
wear industry, is that each of us has a unique picture of the indus-
try. This seems only natural, given our different perspectives.
However, we should define that part of the picture which is common
to all our perspectives so that we will begin with the same under-
standing of the environment for technology.

Before addressing that common portion of the picture, let me
note that my resources for this picture are many. We visited 14
different manufacturers . . . from coast to coast ... including plants
that were on the verge of closing the doors and other operations
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that were flourishing, We met with the suppliers of both synthetic
and natural materials, We also visited with most of the major machinery
suppliers, We talked to retailers ,,, the volume operations, the small
independents and the department stores. Finally, we sought informa-
tion from others including trade associations, consultants, resource
documents, and academicians.

Our inquiries began with a look at the bottom line: How much
does it cost? Although there is no such thing as an "average"
shoe, the typical factory cost breakdown is fairly constant. Our
investigations indicated these costs to be: materials, 451; machinery,
4%; direct labor, 25%; and indirect expenses, 261.

As expected, the largest single cost is production materials.
Hidden within this cost is the availability of raw material, the
labor rate for finishing and the productivity of manufacturing of
the material. Certainly materials is a cost that is amenable to

shrinkage through new technologies and better management. The cost
element that is perhaps the best known, and most often lamented, is

that for direct labor. The production of footwear today follows
essentially the same process of a hundred years ago. The only change
has been in the development of machinery to duplicate hands. Direct
labor costs represent the "hands" which perform between 80 and 240
specific and different operations. The largest percentage .. .nearly
501... of the labor costs is in the fitting room.

Machinery costs are only about 41 of factory costs. The obvious
6:1 labor to machinery cost ratio is a vivid indicator of the labor
intensiveness of the footwear manufacturing process. In the fitting
room, the labor to machinery ratio becomes a mammoth 25:1, clearly
supporting what many of you said: "The fitting room is a real
problem .

"

Another way to measure cost is to measure time, With a product
that is so closely allied to market demand, one unit of time may
be worth multiple units of money. Frequently, we seek and may even
mandate technologies that save time. The success of such technology
hinges on our ability to quantify and subsequently exploit the

saved time.

In measuring time for the footwear production process, we

ended up with two pictures-the big and the little. The first is

the macro or larger picture of the total process, from design to

delivery. To examine this picture, I think it is easiest to begin
with the 'hands-on' part, that time when the shoe is actually being
worked on. That accounts for about 30 to 90 minutes, However,
adding the process time in between each of the 'hands-on' opera-
tions, results in a total in-process time of two to five weeks.
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In addition, the shoe must also be designed, engineered, materials
and parts ordered and received, executive decisions made and the
final product delivered. So the full operation from design to
delivery may take 10 to 11 months.

Consequently, any reduction of time for an individual 'hands-
on' operation is not likely to have any substantial effect on the
big picture. It might, however, if we could identify that operation,
which, if addressed by the right technology, would have a lever or
domino effect on the whole process.

After looking at that 10-11 month process, we decided to exa-
mine more closely the design to sample sequence, which takes 3-4

months. In the ordering of parts and materials, cutting of patterns,
estimating of costs, conducting of fit trials, and others, there is

a great deal of "soft" time ... decision making and/or waiting time.
There appear to be significant possibilities for improving and
condensing this preproduction turnaround time. Again, however, we
must identify that lever operation that will enable us to evaluate
which technology.

As we began to dig deeper into a definition of the footwear
industry, we realized that to look at industry trends we had to look
at specific market segments by specific product categories. Foot-
wear is not a neat, clean industry of homogeneous products. We
wanted to know the "what's" of your current situation. What market
segments have the highest dollar value? What market segments - have
been hardest hit by imports?

If we divide the market into nine segments, women's shoes and
men's shoes account for approximately 801 of the total market value.
To chronicle domestic impact on these two markets, we know that
in 1966 U.S. manufacturers produced nearly 127 million pairs of
men's shoes and 284 million pairs of women's shoes. By 1977, U.S.
production of men's shoes had fallen to 103 million while women's
had literally plummeted to 141.5 million. In 1977, the net effect
was that 57.6% of women's shoes, and 401 of men's shoes consumed by
the American public were made off shore.

The general picture is still too gross for definitive analysis.
We wanted to see the level of import penetration by price level
within specified market segments. In the women's category, 80%
of the lowest price level, 37% of the middle price level, and 55%
of the top price level were imported shoes. In the case of men's,
the relationship between the three price levels, as to degree of
importation, was a similar curve although the actual percentages
were lower.
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Five countries account for 86% of all the imported footwear
in the United States, and the source country matches very closely
the price levels we were discussing. Taiwan and Korea hit us hard
in the low price levels, while Italy, Spain and Brazil have their
hardest impact on the top price level.

The points we must remember are that the import share of the
lowest price level is greater than the import share of the aggre-
gate market for each market segment. In the middle price level,
domestic manufacturers have met the competition with relative suc-
cess. Finally, in the top price level, the pattern is mixed, but
imports still hold the lion's share of the highest value market
segments

.

Thus, having seen imports grow by more than 100% over the
past ten years, do we acknowledge the strength and pervasiveness
of the adversary. To complete this examination, we must also
look at domestic production and domestic consumption during the
same time period. In 1968, domestic production hit an all time
high with 642 million pairs of shoes, which was nearly 80% of the
shoes consumed in the U.S. By last year that number had fallen to
385 million pairs, which represented only 511 of the total U.S.
market- -a nearly reverse image of import performance. That rise
and fall, although graphic, does not tell the whole story. Another
element is the apparent domestic consumption of footwear. In

1968, we consumed 815 million pairs of shoes, while this past
year we consumed slightly less than 747 million pairs. But in
more critical terms, the average American bought 3.4 pairs of
shoes in 1977, but ten years ago he or she bought 4.1 pairs of
shoes. This fact strikes me as an anomaly in light of America's
increased affluence and the seeming transition of shoes from an
item of necessity to an item of luxury influenced by the whims
of fashion.

Regardless of that fact, however, the effect of decreased
consumption and increased imports has had a marked impact on
domestic manufacturers of footwear. In 1967, there were 675
producers of footwear in the United States. By 1975, that number
had failed to 378. Similarly, the number of employees in the

industry had fallen from 230 thousand to 163 thousand.

Despite these grim figures, some companies have withstood
the onslaught better than others. Just as we have maintained
our hold on medium-priced footwear, certain segments of domestic
manufacturers have remained healthy. Let's look quickly at the

number of manufacturers according to annual production figures.
The number of firms producing 4 million pairs of shoes, or more,
per year, has actually increased from 16 to 21 firms. That's a

371 growth rate. Furthermore, while those 16 firms accounted
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for 31% of all domestic production in 1967, in 1975 the 21

firms accounted for 50% of all U.S, production, The trends
seem to indicate that within this highly disaggregated indus-
try there is a natural evolution towards concentration.

I said earlier that the bottom line was cost, or money,
or in this case, profits. Is anybody making money? Looking again
at the companies according to yearly production, we find that in
the first six months of 1976, those firms producing more than 4

million pairs of shoes showed profits of 8.2% before taxes. As for
the other producers, their profits before taxes in the same six
month period increased in direct proportion to the production
levels. It would appear that profitability is directly related
to firm size.

There are some signs of health in this industry. There are
some signs of strength. There must, then, be some key factors
to the maintenance of that health. We can look at both the compe-
titive process that is generic to the total industry and a few
specific management strategies. The key that opens every door
is cost, which may make you think of low-priced shoes from the
Far East. Let me ask you to think back ten to twelve years.
Think back to the first shoes that landed from Italy. They were
brought in because they were less expensive and also looked nice.
The beginning element to get, if you'll pardon the pun, your foot
in the door is cost.

If you can be sure of always having the lowest cost, while
still passing the threshold of market acceptance, cost may remain
the primary element. As we all know, however, many of the shoes
from Italy today are not low in cost. It's cost balanced against
value. It's responsiveness, flexibility and creativity. In 1975,
footwear was the number one export out of Italy. There are more
than 7,000 factories in that country. The supplier industry is

equally broad. There is a willingness to take risks, to invest
capital, to develop specialized equipment and to change quickly.

Cost and value are only two elements in the competitive pro-
cess. A third element is marketing. The Far East has been an
aggressive marketeer of its products. In many cases, the actual
marketeer may be U.S. originated. It has been a successful mer-
ger of capital, labor and management skills. Furthermore, we
have yet to see what Taiwan and Korea are capable of if they decide
to trade off cost for improved value and quality.

Therefore, cost may open the door, but it's not the only
element, fortunately. If cost were the sole determinant, things
would indeed look very grim for the United States. There are a

lot of developing countries left where supplies of cheap labor will
be abundant. Perhaps, we must recognize that we may never be able
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to compete on a cost-only basis. We must continue to strive
for cost compression, but we must develop increased strengths
in the areas of value and marketing.

We mold and modify these three competitive elements, no matter
what our geographic location, through the formation of business
strategies ... strategies which must be dynamic, not static.
Dr. Wolek likes to think of these strategies in the context of
the ancient Oriental concept: the Yin and the Yang, which stands
for the constantly shifting, but always balancing, positive and
negative elements within all beings.

In the case of footwear, it is the equalization, or balancing
of cost against value on the scale of market demand. It is the
fact that for every action taken with respect to one element, there
is a corresponding reaction that will occur within the other element.
On some occasions, although we may make no overt change in either
element, the market or environment in which we operate may change,
thereby skewing the absolute values of the elements. It is a balance
that requires both active and reactive strategy on our part.

As we look at cost, we seek means to minimize it, We con*-

sider economies of scale through volume production, realizing
that it is a risk to go with a limited number of styles. We
consider lower overhead through subcontracting specialized tasks,
recognizing administrative control of such actions is more diffi-
cult. We consider management skills such as humanizing the work
force, acknowledging that an improper step could drive up over-
head instead of productivity. We consider the efficiency of a

unique piece of equipment or process, recognizing the increased
possibility of obsolesce. Thus, as we seek technologies to com-
press costs, they must be evaluated in terms of total impact to

business strategy.

What of the other element, value? We seek to maximize this
element through numerous strategies. We recognize the value of
brand identification although we risk stagnation as market values
shift. We may seek to be first with a creative design although
there is increased uncertainty of market acceptance. We seek to

improve service to our respective retailers, despite the fact
that we may be forfeiting certain flexibilities. Or we may seek
to create or find a market niche knowing that is maybe of short
duration. Again, technologies can be developed to maximize our
value, but the success of the technology will depend upon the

accompanying business strategy.

18



From our point of view, a number of domestic producers have
been successful in the competition. They have developed strate-
gies which have included such factors as vertical integration,
style leadership, product identification, service to retailer,
market niche, exploitation of materials, not to mention importa-
tion of products to augment and complement their domestic lines.
They have successfully balanced the cost and value elements on
the market scale.

No matter what your level of business performance, many
of you have come to this symposium with two images: one, of your
current corporate environment, and second, your particular desires
for new technologies. So where does technology fit in the picture?
No matter what your perspective, technology fits in two ways.
Technology may be considered in and of itself, in that vacuum I

mentioned earlier. It may be developed to expand creativity of
designs or to increase efficiencies. Furthermore, it may be a

revolutionary development of some new product that will cover,
protect and beautify our feet.

This is the part of technology that we have tried to bring
to this symposium. We have five technology contractors with a

lot of ideas including ways to: produce new raw materials from
waste; apply computer-aided design; produce fully automated
uppers; join leather and fabric through the impregnation of
thermoplastics; and assure better fit.

We stand ready to help with the technology. We want to help
put U.S. manufacturers back on their feet and consumers back in
American-made shoes, but that is not the whole picture. The
second, and less obvious way technology fits in is what I have been
alluding to throughout this presentation. The technology which
we buy today may be available to our competitor tomorrow. What
can you buy with a new technology a day ahead of the rest of the
world? Perhaps even more germane, what do you buy with a new
technology on any day?

For technology to exist is no trick. Scientists are always
pushing back the realm of possibility. For technology to function
is a little more difficult. It must be integrated into the cor-
porate environment. For technology to provide a preferential bene-
fit, you must be able to exploit it. There must be a market, a

public, a consumer demanding the results that technology makes
possible

.

Thus, to assure the necessary level of exploitation, the
technology must be in firm harness with the management of your
organization and the marketing of your product.
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Knowledge of your organization and your market is what will be
needed to evaluate the technologies to be presented. Perhaps your
individual picture is crystal clear, with but one blank spot, where
you want a technology to "drop in". That is rarely the way it works.
The better your understanding of that three-way interdependency be-
tween technology, management and marketing, the higher the potential
for any technology success.

Where does technology fit into the picture? We hope you'll
tell us where it fits into your individual picture tomorrow afternoon
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TECHNOLOGY REVIEWS

CONTRACTORS FOR MANUFACTURING TECHNOLOGIES STUDIES

Arthur D. Little, Incorporated
Battelle-Columbus Laboratories

Illinois Institute of Technology Research Institute
Denver Research Institute

Massachusetts Institute of Technology

Wolek: Seven small studies dealing with new technology for
footwear production have been conducted by private organizations.
The conclusions and recommendations from these studies were intended
to provide stimulating resource material for the Symposium. Five of
the studies explore manufacturing technologies explicitly and the
other two studies investigate business strategies for improving com-
petitiveness and the utilization of new technology with these
strategies

.

The specific objectives of the manufacturing technologies
studies were:

o to identify current and/or advanced manufacuturing tech-
nologies which could have positive impact on the produc-
tion process,

o to quantitatively evaluate the benefit these technologies
could provide domestic manufacturers relative to foreign
manufacturers, and

o to identify areas where cooperative efforts between govern-
ment and industry are appropriate for developing or facil-
itating the use of improved manufacturing technologies.

These studies were performed by:

o Arthur D. Little, Inc.,

o Battelle-Columbus Laboratories,

o Denver Research Institute,

o Illinois Institute of Technology Research Institute, and

o Massachusetts Institute of Technology Laboratory for Manufac-
turing and Productivity.
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The specific objectives of the business strategies studies

were

:

o to identify business operating strategies that would enhance
the competitive position of the domestic footwear industry,
and

o to define conditions necessary for the successful utilization
of technological improvements under these business strategies

These studies were performed by:

o Charles W. O'Connor and Associates, and

o Zinder Energy Management, Inc.

Presentations of the five manufacturing technologies studies
follows

.
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TECHNOLOGY REVIEW- - ARTHUR D. LITTLE, INC.

I'm Robert Bode from Arthur D. Little. We would like to present
the findings from our brief investigation of the transfer of techno-
logy from four industries to the shoe industry. We examined the
technology used in the manufacture of nonwoven fabrics, pulp and
paper, electronic circuit boards, and plastics. With me are members
of the ADL core team on this program; Louis Ashley, a senior staff
member of our Product Technology Section which includes product and
process development, materials, and chemistry; and Dick Tschirch,
a senior staff member from the same area. I spent nine years in the
research division of United Shoe Machinery. That was 21 years ago,
but I have had exposure to the industry since then quite a number
of times.

We started our investigation by meeting with our ADL technical
staff who work in these four indutries. We asked them to describe
the technology, and what techniques, materials, or processes could
impact from that technology to the shoe industry. To each of these
panels were presented a picture of the cost of manufacturing the
shoe today. These are the same costs that Margery King discussed
earlier. For an average cost shoe, the material is 45%, direct labor
25%, and machinery 4% of total cost. That direct labor cost can be
broken down into cutting 12%, fitting 44%, stock fitting 4%, lasting
20%, and soling and finishing 10% each. Our interest therefore was
to find, using a transfer of technology, those new approaches which
would result in a sizeable reduction in cost. Therefore, we were
concentrating our efforts on new approaches which could impact the
45% of materials cost and which could impact the 80% of direct
labor. We opted not to concern ourselves with machinery, because
of its insignificance.

We judged that in order to impact these costs, the industry
should seek the capability of producing a nearly finished shoe
upper directly from a semi-processed material. One of the reasons
we felt that the research concentration (and the need) should be
on the upper was because the use of injection molded unit soles
in place of leather bottoms has reduced considerably the cost of
that operation. Injection molded unit soles have already captured
almost 35% of the bottoming operation today.
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We also felt that if at all possible the upper should' be a
poromeric or porous type material, should be comfortable, exhibiting
the proper yielding so that the upper expands on the order of 3%
throughout the day matching the variation in foot size. In this way,
the problems associated with the Corfam and other existing poromerics
would be avoided.

After identifying these concepts of need, we held interviews
with two shoe machinery manufacturers. We found that the technology
for producing advanced uppers almost directly from a semi-processed
material was at the stage where for certain styles a satisfactory
product was almost available. As an example we would cite the USM
process which produced a polymeric upper close to quality, which we
had perceived to be desirable from our in-house discussions. The
upper developed using the USM process included stiffeners both in
the toe and in the heel.

The USM process is a major breakthrough. However, although it
is 90% of the way towards the development of a suitable upper directly
from a semi-processed material, additional advances must be made. The
next 101 necessary to take the process the rest of the way will prob-
ably necessitate an investment of close to 90% of whatever has gone
before. In the USM process, the complete upper was made by one shot
injection molding of urethane material at very low pressures. The
cured urethane was porous because it had an extractable element
removed during the reaction.

As previously noted, we concentrated our attention to the prob-
lem of shoe upper manufacturing processes and upper materials, hope-
fully going from the semi-processed material directly to a completed
upper. Following are some of the results and conclusions that
resulted from our investigations. Mr. Louis Ashley of Arthur D. Little
will describe some of the processes which we examined from other
technologies and which we felt would be applicable to the shoe industry.

ASHLEY: As previously mentioned, we concentrated our examina-
tion of suitable technologies on the following industries: nonwoven
fabrics, pulp and paper, electronic circuit board, and plastics
fabrication/molding. We identified certain processes and principles,
among them those which resulted in poromeric properties, which we
felt could be applied to the making of a shoe upper in three dimen-
sions. From the pulp and paper industries we identified processes
such as hydraulic needling (a current DuPont process) , vacuum deposi-
tion for forming substrates on a three-dimensional glass, electro-
static spraying for concentrating and laying the fibers with optimun
distribution and dispersion on such a last, and dipping processes
(which are currently used in nonwoven pulp and paper industries)
for preparing the continuous matrix that would form the shoe upper.
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We also examined electronic circuit board manufacturing techni-
ques. Although this latter technology provided little that would be
directly applicable to the formation of the uppers, we did find that
the detail usually associated with these techniques would be useful
in the forming of molds (or at least their finishing surfaces)

.

From the plastic industries we examined the following techniques:
reaction injection molding, liquid injection molding, and high fre-
quency heating techniques; the latter which are already used by
industry for joining pieces of the upper. Electron-beam laser
holing is a technique that we thought would be useful for making
holes in the complete shells that would be part of the upper. Mater-
ial fibrillation using blowing agents we examined as a way of forming
fabrics from a sheet of plastic. This process could be useful for
forming substrates. Shrink wrapping is another technique that could
be used for forming the finished surface on an upper. The dilatancy
principle which utilizes a bag of metal particles to replicate an
irregular shape such as a last, could be used to make quick and low
cost molds for uppers. This approach was used right after the Second
World War for making rather precise copies of feet having orthopedic
problems and then making molds for shoes.

The innovative approaches to making complete uppers which we
identified were of two major categories. One involved a dip, spray,
gel and fuse technique and the other a direct molding process.

For the dip, spray, gel and fuse technique we proposed use of
a knitted lining (which would be slipped over the last) , or a non-
woven substrate which could be deposited on a screen last by one
of the methods previously mentioned. The next step would be to apply
powders and any other strengthener required by spraying techniques.
The entire composite mass would then be dipped in vinyl plastisol
for whatever number of dips would be necessary to build up the thick-
ness required. This plastisol could result in either a porous or
nonporous upper. Finally, the outer surface would be molded, perhaps
using some of the flow molding techniques that are now being used
by the industry.

For the direct molding process, one method would be to mold the
complete shoe upper directly on the last (or over a fibrous substrate)

.

A second method would involve the molding of two separate pieces
which could then be joined using nonsewing thermal techniques such
as dielectrics. In this approach either a bare last or knitted liner
could be used, depending upon whether or not you wanted a substrate.
Reaction injection molding (RIM) or liquid injection molding techni-
ques are recommended using either polyurethane or vinyl plastisol.
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As previously pointed out by Bob Bode these are currently
used techniques; USM's technique of molding the upper in three
dimensions uses a liquid injection molding with polyurethane

.

The molds would be low pressure and low cost; they could be made
from epoxies, or epoxies plus a metal shell. With the principle
of dilatancy approach, mold size would be variable so that the
number of molds necessary to provide the range of widths and
sizes could be reduced significantly. Substrates useful in
this process include three-dimensional nonwoven substrates;
either knit socks or fabricated structures made from solid plas-
tic sheets by either fibrillation or slit sheet techniques.

We next looked at the impact of such innovative processes
on the shoe industry. It was clear that one of the significant
benefits of the direct molded shoe uppers would be the elimination
of the cutting

,
fitting, and lasting room and the pattern making

function. Another impact of such a process would be the natural
evolution of equipment in soling and heeling which should improve
significantly; therefore the cost and the techniques would be
improved. Such a process would also permit the automation of
proper finishing. These are some of the benefits that we would
see emerging out of such a technique.

One other factor would be that a labor intensive process would
not become capital intensive. We would expect to see increased pro-
ductivity from increasing production with a decrease in labor. In

terms of cost advantages, we felt that the molded porous upper and
the molded bottom would decrease the cost. Although this technology
could be licensed abroad, the relative capital intensity of this
process would still favor the U.S. domestic industry.

The barrier, however, is obviously a need for development of
process equipment. Although 90 percent of the development has been
done, in many cases it would take perhaps another 90 percent of the
effort to get the last 10 percent of the problems solved. There
may also be certain limitations in style that have to be dealt
with, although we do not see this as something that cannot be handled.
The high capital costs might limit the initial use of such processes
to large or rich manufacturers. I also see an overall reluctance
of the shoe industry, as in most industries, to accept such innovative
approaches

.

We looked at ways of getting around some of these barriers and
carrying some of these concepts to fruition. We see a cooperative
effort that must be made between government and industry. The first
two of these are 1) technology development programs that would be

aimed towards molded porous shoe uppers and 2) some sort of a finan-
cial arrangement for applied research and machine development would
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also be necessary. The third item is probably another way of going
about carrying out the first two; forming a footwear industry insti-
tute'which would manage these two processes. Talking with shoe
machine and shoe manufacturers revealed a high degree of cooperation
and expectancy in terms of what one could do if a lot more people
became involved. There should be a recommendation for a footwear
industry institute which would serve as a repository and dissemina-
tor of data in marketing, manufacturing, research and development,
as well as sponsor joint technology development programs and applied
research activities.

Questions And Answers

Bode: While we answer questions, I would like to just pass
around two experimental shoes made by USM using this molding pro-
cess. They are breathable urethane shoes made from conventional
shoe models, the upper thickened at the toe and heel to increase
stiffness. It's molded out of metal male molds, spray finished
after molding, and has a slab ruled sole and heel added after
molding. The shoe is light in weight and has been wear tested
for several months. I would like to point out this shoe was made
in 1972.

Q: Have you done any marketing work to see whether you could
sell that type of product to anybody and, if so, what type
of price it would carry?

Bode: No, but since it is a very high quality upper, I person-
ally cannot see why it would not sell as well as anything
else

.

Comment: I think you are confusing some problems. There are some
very satisfactory poromerics on the market, and there have
been for several years, which have very good breathability

.

However, there has been very limited public acceptance just
because they are not leather. That's the big strike against
them, whether they work or not, is immaterial.

Q: Are you advocating elimination of leather in the manufacturing
business?

Bode: No, not at all. What we advocate is to look at every process
and every style of shoes to find some sort of proper niche, one
which grows as styles change. There are already millions of
pairs of footwear sold made out of synthetics.
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Q: You are eliminating leather in shoes. Why don't we apply
chemistry and do things to leather to eliminate procedures in
the fitting room? We have the technology to learn to fit
leather shoes efficiently and give the look you want.

Bode: That is definitely another approach. We are not saying
here that this is going to replace all leather shoes.

Q: Do you assume that this technology would fit in the low end
of the market?

Bode: It would probably be a medium-priced shoe since it doesn't
yield throughout the day to exhibit the comfortable fit of a

leather shoe. However, we want to be able to introduce that
characteristic into the final product by development of a

poromeric yieldable material.

Q: What kind of time frame are you looking at for accomplishing
the last 101 of the development task?

Bode: We figure it will take a minimum of 3 years. We have not
worked out the program yet.

Q: Why did USM stop working on this development?

Bode: If it hadn't been for the antitrust suit against them, USM
would probably be spending $20 million a year on shoe machinery
research. As any company proceeds, it has only so much funding
available, and it has to look at development activities as a

commercial activity. USM can't look out today and conduct 5 or
10-year research and development programs as it did at one time
It's looking at a shorter range, because it doesn't have the
resources

!

Q: What is the status of the patent of the shoe you are passing
around the room?

Bode: It was patented by USM in 1972.
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TECHNOLOGY REVIEW -- BATTELLE - COLUMBUS LABORATORIES

I am Herb Kleiman from the Battelle - Columbus Laboratories.
Gordon Pickett will be talking about some of the technical aspects
of our suggestions, but I would like to give some introductory com-
ments. First, we are emphasizing three particular technologies
which we think are particularly fertile. Improved adhesive bonding
relates to the whole bonding process, particularly synthetics to

synthetics, but also the possibility of synthetic to leather, and
leather- to- leather bonding -- a wide open field. The bonding area
is a major one that relates critically to the industry.

The second technology is leather finishing by the shoe manu-
facturer, rather than by the tanner. The last one is really sever-
al. Waste relates to a number of different possibilities in which
mainly the leather wastes can be recycled to come up with a number
of benefits which might be very worthwhile.

We tried to develop a few criteria that we think make sense
as far as choosing technologies. This is particularly true for
bonding, a fundamental area of increasing importance to the industry.
It is practically universal because if you could go leather-to-
synthetic and leather-to-leather, it becomes almost completely
universal. The potential is there, but certainly anywhere you have
synthetic- to-synthetic bonding, this technique cited could apply.

Much of what we talked about, particularly in the other two
areas, recycling and leather finishing, is important in men's
shoes the second largest segment of the industry after women's
shoes. It also has been "relatively" successful in fending off
imports. I emphasize relative, because its imports are now two
out of five while for women's shoes the figure is three out of
five. That is better than most of the other segments as far as
import penetration.

Basically all three technologies are not affected by the
major culprit in the industry, style changes. Therefore, we
believe these three make an important target for attack by the
industry, in cooperation with the government.

Let me just emphasize one other thing. Bonding is the most
fertile area we are going to suggest and also the most universal,
There are always problems associated with the bonding process and,
thus, many possibilities for adapting new technologies. Here we
think there is a potential to do a lot more that simply is not
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done today, Gordon Pickett will talk about some of the more
technical aspects of our presentation.

Pickett: For each of the technologies, I will briefly
describe the technology, tell how it might be used in the shoe
industry, and try to make an educated guess as to what efforts,
how much funding, and finally, how much equipment investment
would be required.

The first technology is the improved bonding area. Primarily
there are two technologies involved here. One, microwave or dielec-
tric heating can be used to dry the adhesives faster. The second
technology is a magnetic induction bonding process which uses
specialized adhesives incorporating a magnetic iron oxide, a magne-
tic induction field, and the capability of generating heat inter-
nally in the adhesive. You make a heat seal from the inside out,
to avoid damaging the substrate on the outside by trying to get
the heat into the bonding area.

Use of these techniques in the shoe industry involves speeding
up the bonding process. Microwave could be used to dry adhesive
systems, rather than letting them air dry, as is done in many
factories today. We can also increase the bonding options. Most
bonding today is done synthetic- to-synthetic

; however, some of the
processes mentioned here offer the potential of going synthetic-
to-leather and leather-to-leather.

Finally, the induction process provides a potential for "super
bonds". In other words, you could use chemically reactive materials
to develop, high strength bonds that could replace the stitching
and sewing operations.

Both technologies would require adhesive development simply
because the adhesives available today are probably not adaptable
to either of these processes. In microwave dielectric heating,
for example, the materials used in present-day adhesives are not
receptive to microwave or dielectric energy and, of course, in
the induction bonding area, you would have to develop an off-the-
shelf type item for the super bond. In the induction bonding
area also, there is some question as to how to best implement
this technology into the shoe manufacturing process. Once the
shoe manufacturing process has been studied to determine how
induction bonding might be best utilized, coil design should
be optimized so that the magnetic field can be applied in the
most effective manner.

Equipment costs for microwave or dielectric heating will
range anywhere from $25,000 to $100,000, depending on the size
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and complexity of the production lines. The induction generators
used in the induction bonding process are commercial entities.
They cost about $50,000, but are capable of operating multiple
lines

.

The second area I would like to cover is leather finishing
by the shoe manufacturer. This primarily relates to the applica-
tion of color, abrasion, and other finishes that are normally used
on leather.

Possible systems include present finishing systems as done by
the tannery today or the use of high technology materials, such
as ultraviolet or electron beam cure systems. The finishing might
be done at the input stages, when the leather comes into the factory.
Here you would save the damage done to the finishes during shipping.
However, the biggest savings seems to be in the finishing of the
final product, the shoe. In other words, you would work with the
crust leather, go through the entire shoe manufacturing process, and
then after the sole is attached, or at some intermediate point near
there, apply the finishing materials. This offers the advantage of
saving coating materials presently being thrown out during cutting
and trimming operations.

One of the key areas that needs to be considered here is the
attitude of the tanners. I doubt they would be receptive to the
shoe manufacturer taking over this process.

Secondly, we need to determine what sort of economics can
really be achieved. We could not get detailed information on how
much the finishing costs impact the total price of the shoe.
Regarding the research and development efforts that are required,
use of present finishing systems just necessitates a technology
transfer from the tanning operation into the shoe manufacturing
operation. However, application of the high technology systems
would require a materials development program because presently-
available materials are not directed to the shoe industry, and
shoe finishes have certain characteristics that these materials
do not provide in their present form.

Equipment required would be highly variable depending on the
options chosen. The use of the present solvent- or water-dilutable
finishing systems, hot air dryers and associated spray equipment,
for example, might cost around $50,000. However, in the high
technology system, an electron beam curing unit alone can run up
to $250,000.

The final area to discuss is the recycling of leather waste.
Some leather waste is now used to make inserts for heels, belts,

31



and leather- trimmed articles. One emerging technology uses cryo-
genics and hammermilling techniques to grind up the leather wastes
into a fibrous form which can then be processed into other articles
One concept being developed at Battelle involves a further proces-
sing of the hammermilled waste materials if you want shorter fibers
or a powdered leather material.

Once the leather waste is reprocessed, then comes the question
of what can be done with it. First of all, it could be dispersed
in water and deposited on a screen form to make a finished product.
In other words, if you had a last made out of a screen and put a

vacuum on the inside of that, you could deposit the fibers and
actually make a shoe upper. Shoe insoles could also be made by
this same technique. You might produce a continuous web of the
material such as is done in the paper industry operations. That
might serve as a base for synthetic materials to replace the pre-
sent cloth backing materials. You might take the dry fibers and
deposit them electrostatically on a last to make a shoe of them.
You might also, at the same point in the process deposit powdered
resins, perhaps also electrostatically, to bind fibers together
or to apply a finish coat. Incorporating very short fibers or may-
be even a powder into the coating used to finish the shoes would
impart breathability and other characteristics unique to leather.
The waste fibers might also be made into a leather cloth. Thread
spun from the small fibers might in turn, be woven into a cloth.
This again could be used as an integral part of the shoe itself
or as a base for the synthetic.

Primarily, we need to determine what type of new product
and end use possibilities for the wastes would be made available.
These new opportunities would not necessarily be limited to the
shoe industry. Determination of these end use products will dic-
tate the recycled form needed and that in turn suggests the pro-
cessing needed.

Of the three areas discussed, this technology requires much
higher risk. As an emerging technology, much more development
is required. We estimate several hundreds of thousands of dollars
probably would be needed to develop the whole range of possibili-
ties. However, it also offers a large potential payoff, because
since 45% of the shoe cost is in the materials area, recovery of
part of this expensive raw material would represent a definite
economic gain. Finally, it is difficult to estimate the equip-
ment required because there are many options here.

Concerning the impact of some of these technologies, the
largest payoff we think is in the bonding area, which applies
across the whole shoe product line. The long-term opportunity
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is the recycling area, where economic gain is recovered from a

high cost raw material, but this is also the most risky area.
The least demanding research and development efforts will be
in the finishing and bonding areas. These are presently avail-
able technologies, which just need to be adapted by the shoe
manufacturer. Conversely, the most demanding or most costly
is the recycling area.

Questions And Answers

Q: Have you actually tried the adhesive with the iron oxide
powder you mentioned under the induction bonding? If so,
is it of commercial quality?

Pickett: Yes, we have used it. Here are some bonded strips
here that you can evaluate. However, its value depends on
its use. If you use it to replace stitching, I am not sure
it is the best quality. However, the curing time is essen-
tially instantaneous. The bond is formed in a matter of
seconds. It is only a fraction of a second in the coil
but since you have a heat seal, the pressure must be main-
tained for a second, while it cools.

Q: Don't microwaves and dielectric heating dry the basic
product itself as much as the bond?

Pickett: It depends on the moisture content. Most of these
are self limiting. For example, dielectric will cut off
at about six percent moisture content. In other words,
below six or eight percent in a dielectric field, it does
not heat up. If you get above that, it does.
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TECHNOLOGY REVIEW -- ILLINOIS INSTITUTE
OF TECHNOLGY RESEARCH INSTITUTE

Good morning. I am Jack Williams from the Manufacturing
Productivity Center of the Illinois Institute of Technology Re-
search Institute. We are a non-profit organization, engaged in
the applied research of all the engineering disciplines, plastics,
composites, electronics, computer sciences, and numerous others.

We have recently been involved in the area of technology
transfer, particularly innovative technology transfer. As a

result, we have learned never to start developing or designing a

product without first looking at what is already available in

some other field that might, by minor innovation, be used to

evolve the new product.

We visited seven midwestern shoe manufacturing plants and
one tannery. Using those seven plants, we developed a profile of
a plant that has 350 employees, producing a million pairs of men's
and women's footwear a year. It would be one of two plants owned
by a single company. In addition to this composite profile there
is a listing of composite findings that were common across all
seven on those plants. I will mention just one. Eighty percent
of the product life span in a shoe manufacturer's plant is spent
with nothing happening to it. It is standing and waiting to be
moved or worked on or it is being moved. Less than 20 percent of
its life span in the plant actually involves being worked on.

That creates significant in-process inventory problems.

Today, it is technically possible to build a totally auto-
matic factory today, but it is not economically justifiable to

do it. In time it may be. However, there are many opportunities
in the shoe industry for the long-range development of high
technology. I will talk about a few of them at the conclusion
of this presentation, but the general thrust of our study is the
turnaround right now in the shoe industry. Business cannot pre-
sently afford to enter long-range high technology efforts without
getting some immediate quick turnaround to keep them alive.

I want to discuss four areas, and please forgive me if my
language does not agree with that of the shoe industry. The
four areas are the incentive pay system of the shop floor reportin
for production information; technology in the area of joining
of components, whether leather or man-made materials; marking
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of components; and the entire process of grading, pattern layout,
and cutting of the leather.

Let's talk first about shop floor reporting, I refer to
the ticket pulling operation used throughout the industries. We
spent quite a significant time monitoring lost product hours from
this operation and found, on an average of those seven plants we
looked at, a cost of $40,000 a year of direct labor time. This
does not include the time of the shop foreman or that of the time
clerk who accumulates and totals all that information. In the
end, you have nothing of any use to you other than the payroll.
A simple technology to solve this problem is bar coding. It is

simple, well proven, well established, and easy to move. If you
put a bar code tag preparation device which is nothing more than
a simple typewriter device, at the beginning of your plant where
the pallets or carts are assembled you could put a bar code on
there which would identify that pallet and what is on it. A
bar code reader at the exit of each work station would result
in an immediate accumulation of who did the work, what they did,
what operations were performed, what products were on that cart,
what status of production they are in, and what was the reduction
in inventory as a result of that pallet passing there. All
that information would be available by pushing the cart past the
reader. We visualize 30 readers and one type preparation device,
costing about $45,000, a small mini-computer for about $25,000,
and about $10,000 worth of insignificant software, giving you
a total investment cost to install of $80,000. Assuming that you
get back only 901 of the time that worker spends pulling tickets,
you are still going to save $36,000 a year, giving you a payoff
in 2.2 years in direct labor cost.

Next, I will discuss the component joining area, including
leather stitching and both leather and man-made cementing.
I have little to say about cementing except for the area of high
frequency heating. Microwaves have proven to be very energy
efficient and a low cost, quick method of achieving heat, partic-
ularly when compared to some methods presently used in the shoe
plants we visited. It would be very easy for shoe manufacturers
to obtain such devices and use them in lieu of the current methods
of creating heat for cementing operations, and would be a signi-
ficant savings.

Concerning leather stitching, at the seven plants we looked
at the average cost of sewing was 27 cents of direct labor time
per pair of footwear. Using a one million production figure per
year, that yields a cost of $270,000 annually for stitching and
sewing. A number of things can be done about this; liquid stitch
plastic thread, and impregnated leather.
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Liquid stitch was developed about four years ago at a cost
of about $25,000 of internal research and development funds at our
research institute. Four perforator needles are backed up by four
injector needles. It does not have to be four. The needles come
down and punch holes in the material, it moves out of the way and
the injectors drop down into the same holes and inject a thermo-
plastic material. We used a nylon material which eventually worked
fairly well. It keeps moving down the stitch line in that fashion.
I would strongly recommend it only for straight line sewing of the
kind found in the long zippers on the side of boots. That kind of
an operation would profit from this kind of technology. Strength
tests of the thread and the nylon liquid stitch were absolutely
comparable

.

Plastic thread was developed to solve the problems resulting
when bobbins run out of thread. In this process normal thread is

coated with a thermoplastic material and used to sew with a chain
stitch, rather than a lock stitch, eliminating the bobbin. Normally,
if you break that chain stitch, it will pull out. However, if a

small ultrasonic sewing head is placed behind the sewing head, every
place that thread goes through and comes in contact with itself,
that thermoplastic material on the surface will fuse together. It

is a- very simple solution to what must be a very trying problem.

The third idea is really the only one that is yet untested.
Our chemists and chemical engineers, all say there is no reason
one cannot impregnate leather with thermoplastic materials and
adjust the thermoplastic material so you do not have any effect
on the textures or quality of the leather. It may discolor slightly,
but it will be dyed eventually anyway. Fundamentally, the idea is

to take two pieces of thermoplastically impregnated material, put
them together, and simply ultrasonically heat them. The thermoplas-
tics in that material will fuse together and produce a very good
liquid seal. It is not a thread, but where you only want a good
solid joint, it seems to be a good application.

For these methods of component joining, the average payback
period is about 2.5 years. The exception, impregnated leather, will
run 2 to Zk years before that investment is paid back.

The next subject, the marking of components and shoes, is an
expensive area in those seven plants we visited. This includes
the alphanumeric characters that are permanently applied to the
shoes, the identification marking of component parts as they move
through the shop, the stitch marks and join or match marks on com-
ponents to guide the assembly. Those three areas of marking cost
about five cents a pair. That is $50,000 a year for a million
pairs of shoes. A marker could be built right into the cutting die
so that as the component part is cut out, it is marked with the
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necessary stitch mark or match mark. The cutting die will cost
more but in the end the savings more than pay for it. By doing
it in one operation, you are actually eliminating two or three
operations now done singularly.

Alphanumerics is more difficult, but perhaps a fairly common
device, the impact matrix type printing head could be used. Funda-
mentally, this is a block of little metal sticks with an impact
movement to it and an alphanumeric character located on the end
of it. Interconnected to a typewriter keyboard, it can be operated
directly by keyboard or by punch card input. Following a command
for a letter, the block moves up to put that letter in line with
and properly spaced from the previous letter. A system such as this
could be readily installed in a normal punch press or a press kind
of operation where you could bring the head in contact with the
shoe, feed the card in, and simply go ahead and run the identifica-
tion number in the shoe. This could be achieved with a much higher
speed than is currently available.

The system would cost $50,000 to put in place. The payback
is actually $44,000 a year, but cutting dies will cost at least
$25,000 a year more. Thus, putting that marker in the die is going
to reduce the annual payback to $19,000, resulting in a payoff of
2.6 years.

The driving force in the next area, grading, nesting and
cutting, is the high cost of material. Why do materials run from
40 to 50 percent of the cost of the shoe? The primary reason
is poor utilization resulting in excess scrap. The grading of the
raw leather itself is done manually and not always consistently.
I think you would gain efficiency by going to an automated pro-
cess for grading.

The second element that drives up that cost is material waste
due to pattern layout. Once the useable portions of that leather
have been identified and graded, the pattern layout, also done
manually, does not provide the best layout of patterns for opti-
mum use of material. Even if the pattern layout is done properly,
the third element, inaccurate cutting, leads to further material
loss

.

Let us see what a grading system could look like. Once a

hide is chosen and locating holes and an identification number
are put on it, it could be scanned with a sensing array of
photosensitive cells. These are basically photo cells that read
reflectivity. You could scan the hide with that light-sensitive
array and read the surface reflectivity in order to identify the
"map" of the portion of the hide with the appropriate surface
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finish. The next step is to look at the texture, a factor of
thickness and density. By penetrating the hide with airborne
sound waves, the thickness and the density of the material
could be determined. This density map would be overlaid on
the reflectivity map and stored in a computer for future use.

After this rawhide grading, the computer can be used to

determine optimum pattern layout. The die cutters are identified
with particular textures and surface finishes of the material.
This information is put into the computer which then selects
the best location and orientation for each die on a given hide.
It will store this information in terms of where the die cutter
is and what its orientation is according to its center location.
Center location is important because a center post should be
put on each die to give the subsequent cutting operation some-
thing to grasp. The hide can be mounted on a pallet which is

put on a machine. A rotating drum contains up to 64 tools, brings
the proper tool to bear at the appropriate location, and punches
whatever is needed. The machine moves at 1,500 inches a minute
between hits and is capable of hitting well over 200 hits a

minute, yielding a high production rate. At this stage, all the
operator needs to do is to identify the number of the hide presently
on the table. The system would then go back in its memory, recall
up the map of that hide, the pattern layout, and the necessary
tools to punch it, hold those tools up in the right locations, and
punch out the parts, simultaneously giving you the marking opera-
tion if you use the marking die built into the cutting die.

This system would cost $550,000 to put it in place, and the
payoff would be $225,000 a year. It is still a very large initial
investment. My suggestion is to move it back to the tannery,
which has many customers and has the large volumes needed to justify
that kind of investment.

Now I would like to talk briefly about other areas suscepti-
ble to long-range technology. One is group technology which is

based on the similarities between parts that require the same
processes. This can yield a data base of parts which a designer
can use when considering a new shoe. If he designs a new compon-
ent part, he simply puts a coding and classification number on
it that describes the attributes of that component and checks his
system for similar parts. If there are any, he has precluded the
need to redesign. He also has all the necessary production data,
tool identification, and tool locations to produce the component
part

.
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Robots could serve the shoe industry well. They can be used
to read bar code labels on shoe last and return that shoe last
to its proper location by reading the size and style number. Other
areas are discussed in our report. That concludes the presentation
Thank you very much.
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TECHNOLOGY REVIEW -- DENVER RESEARCH INSTITUTE

I am James Kottenstette and I want to discuss the idea of
bringing custom- fitting to conventional footwear. I would like
to first bring three ideas together that we fould deeply troubling
when we undertook this work. First, we found, for example, that
people often talked about the need to lengthen the manufacturing
run. Next, we encountered bits of information about people with
general shoe fit problems not special fit problems. Third was
the need for our concepts of technology to produce, we thought,
greater demand for American manufactured shoes. During our
initial discussions someone raised the possibility of custom
fitting shoes at the retail point of sale. A custom fit concept
would be an innovation in footwear manufacture and retailing,
designed finally to increase the demand for American-made shoes.
It would have to be done in such a way as to limit the inter-
national transferability of the technologies involved while
ensuring broad access for American industries to the technology.
Perhaps the relationship between the retailer and the manufac-
turer would also be strengthened as part of this process.

The stimulus for the idea in part came from the fact that
ski boots are custom fitted at the point of retail sales. We
felt that insert materials could be added to the lining of the
shoe upper and/or to the insole in such a way that the insert
becomes an integral part of the shoe after the fit is assured.
Three different approaches could be used to achieve this custom
fit in ski boots. The first, called Flow Pack, is a material
that will deform under foot pressure and essentially conform
to the inside of the boot shell and to the skier's foot. The
second material could be inserted and uses polyurethane or a

thermo-setting wax, formed into a blotter with essentially
the same results. Lastly, a material called memory foam is
essentially shaped by. custom cutting and adding the material to
the liner in the boot, thereby delivering the fit.

Using one or more of these methods the retailer might be
able to offer custom fit footwear from a smaller size width
inventory. If they choose not to reduce the inventory, they
might, increase the number of styles available for the consum-
er to select from. The manufacturers could produce more shoes
in a single size-width shell and, as a result, have a longer
style run. All of this will work only if in the end the custo-
mer is enjoying greater satisfaction from the custom fit.
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Kottenstette : That is an important point, The problem is that
the use of current insert materials creates a closed surface.
There are, however, at least potential materials that have a

desirable absorption, flexibility, and that can be put in a
matrix form and essentially stabilized.

Q: What about reliability when a shoe is worn more frequently
than a ski boot?

Kottenstette: This is where a cooperative effort between industry
and government to develop materials that have the right char-
acteristics could develop. I expect there is little data on
how well the boots do hold up. I think the secret might depend
on whether or not one could actually make the insert material
an integral part of the shoe.

Q: Is there a capital investment requirement by the retailer to
accomplish this?

Kottenstette: There is some amount, perhaps an investment in the
fitting socks and a stabilizing device such as a microwave
oven

Comment: One suspects that there is a market niche of those people
who have difficulty getting fitted, and we must avoid cutting
off ideas too soon. If we are going to increase shoe industry
progress, we must look not only at overall solutions but also
suggestions that do satisfy some sort of a market niche.

Kottenstette: I can only see this working from the point of view
of retailers who see it to their competitive advantage to be
able to advertize that they are delivering custom fit in addi-
tion to their service, their styles, and the brands that might
be there. As far as time is concerned, I have heard stories
from women who spend one half hour to an hour and a half trying
to get fitted in a pair of shoes. Sometimes they also have
some custom fitting, for example, lifts are often used in

fitting women's shoes. We already have a market response from
people who have a problem in getting fit. Therefore, when we
can do this at a profit, we might find a modest shift in the
number of American shoes as a percentage of all shoes sold in

this country. I would like to see it go to 55 percent.

Comment: If an importer wants to bring in shoes which can also be
used this way, he will do it.

Kottenstette: I recognize the truth behind this, but patent protec
tion can be established for the insert.
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Comment: We are talking about the realities of it. By protecting
the development of these materials and the standard systems
that deliver the insert in an integral fashion, you will put
your competition off for several years, but if it is a good
idea, they will build their own system.

Kottenstette : My point is this is the one technology we would
refuse to export.

Comment: This would not be in the public domain; it would be devel-
oped jointly by government and the footwear industry. The
licensing could be very carefully restricted on the use of this.
One of the interesting things about patent licensing and sale of
patented goods is that the manufacturer could restrict its use.
Therefore, if the manufacturer were making shoes under the
licensing for this kind of insert, it would be illegal to import
other shoes to be used for the same kind of thing. Those are
enforceable restrictions. It is the kind of barrier allowed
in the European Community Treaty.
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Comment: We are talking about the realities of it. By protecting
the development of these materials and the standard systems
that deliver the insert in an integral fashion, you will put
your competition off for several years, but if it is a good
idea, they will build their own system.

Kottenstette : My point is this is the one technology we would
refuse to export.
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One of the interesting things about patent licensing and sale of
patented goods is that the manufacturer could restrict its use.
Therefore, if the manufacturer were making shoes under the
licensing for this kind of insert, it would be illegal to import
other shoes to be used for the same kind of thing, Those are
enforceable restrictions. It is the kind of barrier allowed
in the European Community Treaty.
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TECHNOLOGY REVIEW -- MASSACHUSETTS INSTITUTE OF TECHNOLOGY

I am Dr. Frans Van Dyck, Assistant Director of MIT's Labora-
tory for Manufacturing and Productivity. Our presentation today
is divided into four sections. First, we have developed evalua-
tion criteria for judging technologies. To do this, we visited
18 organizations including 8 footwear manufacturers, a die
manufacturer, a last manufacturer, retailers, tanneries, and trade
associations. The second part of the ,talk will deal with techno-
logies with short-term benefits. The third one concerns technolo-
gies and research offering long-term benefits which might make the
United States a leader in footwear. Fourth, we will discuss the
development of a cooperative research program.

We have five basic criteria with which to evaluate footwear
manufacturing technologies. The first one is the effect of the
technology on the product cost. The second is the effect of the
new manufacturing technology on the style reaction time. The
third one is the quality of materials in stitches and their ef-
fect on the quality of the product. The fourth one is the effect
of the technology on style perception and style inventiveness.
The last criterion is the anticipated time lag between the imple-
mentation of the new technology or the decision to implement it

and the moment we sense its effect on the market. This criterion
has been used here to subdivide the technologies into those with
short-term and long-term benefits.

Not one single technology can solve all the problems by
itself. There has to be research done in many different fields.
On the short term, a lot can be done in savings of materials,
perhaps by giving better equipment to the cutter. If he were
given a larger table, equipped, for instance, with a system
that projects a well-nested pattern on it, he would be able
to shift a piece of leather for maximizing the number of flaws
in the waste and for maximizing his materials utilization.' This
might decrease productivity because it will take him more time
to do that search. However, the table is large enough to cut
simultaneously, so we could consider new equipment to use for
simultaneous cutting. Roller die cutting, rolling a big cylinder
over a set of dies, gives a significant reduction of the total
cutting force, yet your local concentration of force can be
high if you also adapt the design of the dies. We might need
a leading and a following roller so the dies stay where they
are placed.
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A second, short-term effort is the use of appropriate on-the-
spot materials testing in the plant. After lasting bursts may-

occur in the upper. This can be solved by very simple testing
techniques. A lot of work has been invested in that part when
it goes to the lasting machine, so if we can prevent such things
by proper testing, we can save a lot of productivity and waste.

The third thing we have investigated is the use of manufac-
turing axiomatics, a new way of looking at manufacturing processes.
In the Laboratory for Manufacturing Productivity, we are investi-
gating whether axioms exist which govern the productivity of manu-
facturing operations.

One of these axioms is to minimize the information content.
The information content of manufacturing is the amount of descrip-
tions necessary to describe a complete manufacturing process. A
consequence of this axiom would be to try to combine as many op-
erations as possible, but at the same time making sure that each
of the functional requirements of the manufacturing process can
still be satisfied independently. For example, why can't one
operator do both sole trimming and heel trimming. Very often in

factories it is a different operator and a different machine.
Every time an operator picks up a part and examines it, he gathers
information which is lost when he lays it down again.

On the longer term we have been looking especially at the
use of computers, new processes, and new materials. The whole
problem of reaction time was discussed today. How much time
does it take before a new style can come on the market and can
be manufactured? Computer-aided designing and computer-aided
manufacturing, increasingly used in the metal working industry,
might be of great help. First of all, we must be able to intro-
duce the whole complex geometry of a last into a computer. We
might then come up with computer-aided manufacturing systems for
making the lasts. Model lasts, made out of hardwood with rein-
forcements at the edges will not be needed anymore when we
work with the computer. Fewer lasts would be needed if we can
find ways to optimize the memory storage of the whole geometry
of the last. The same system can be used, for instance, by a

designer fitting patterns around soft model lasts. He could
put the three dimensions of his parts into the computer. The
computer can be used later to develop the three dimensions
in two dimensions and then to do the grading. The computer sys-
tem could also immediately put out on paper tapes, on magnetic
tapes or on disks which would drive the last manufacturing sys-
tem, the die manufacturing system and computer-controlled stitchers
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Another way of quickly putting three-dimensional information
from the design process into the computer would be to use a sensi-
tive last. It would be a last filled with wires and interfaced
to the computer. When we activate one of the sensitive points,
it would be immediately stored in the computer and could be shown
on a video screen. With this three dimensional information in
the computer, we can do grading or get computer output to drive
an automatic die manufacturing machine, cutting machine, or last
manufacturing machine. Here is a videotape on work done at MIT as

an example of what could be done in this whole design process by
computer graphics. By representing data on tape, cassette, or
disk, and giving a presentation on the cathode ray tube, we can
edit very quickly whatever errors might be on that tape. This
whole system was developed by MIT's Professor Dave Gossard, an
expert in computer graphics. He would be one of the people on the
team that would develop such systems for the footwear industry.

The cost of such systems has dropped tremendously the last
five years. It would have been completely uneconomical for the
footwear industry five or ten years ago.

Professor Gossard is involved in another project at the
Laboratory for Manufacturing and Productivity. It is a system for
computer-controlled bending. At a cutting die manufacturer
there is a lot of work involved in the bending of cutting dies.
After every bend the operator has to check his part with a model
or a drawing, perhaps several times. This machine would allow us
to put data from the computer-aided design systems into a

computer-aided manufacturing system to obtain properly bent dies.
This would shorten the whole process of manufacturing dies signifi-
cantly, possibly resulting in cost savings also.

Simultaneously, we have to do research in processes, because
computers by themselves are not going to solve all the problems.
We need new ideas, for instance, for stitching. Now the problem
of stitching of leather is that the penetration force for a needle
through leather, and the flexibility are all high, making the
stitching operation difficult to execute. We have some ideas on
reducing that force.

New ways of stitching might be developed. One example is the
use of a consumable needle with a thread through it. It would show
us a thread as a normal stitch and would still have the flexibility
of a stitch, but on the other side would be rivets.

Materials is another area of research. There is a large
amount of raw materials from the United States exported to other
countries, including Japan, Mexico, Korea, Rumania, and the Soviet
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Union. Twenty-one million hides, 50 percent of the production, are
exported annually to these other countries from the United States.
We should try to use this resource more efficiently in this country.
Research is needed to improve the quality of the raw materials
through automatic detection of flaws, as is research on recycling
materials. This has to go together with research on computers and
on processes.

The fourth part of my presentation deals with cooperative re-
search. How could we work together to get some of these technologies
into practice? By itself, an institution like MIT cannot do the
kind of research most useful for industry. It is impossible because
we need a very close working relationship between the companies and
MIT. On the other hand, if you take the companies themselves, there
is not one company that can do the needed research. Few have the
capital to do the research, we must establish a close working rela-
tionship among industries research centers, and government.
Presently at 1IT there is such a program on polymer processing.
More than 20 researchers are involved, and funding comes from 12

major U.S. companies. It was begun with support from the National
Science Foundation. A similar program could be very beneficial to

the footwear industry. If it does not happen in this country, it

will elsewhere so we must do it to remain competitive. Government,
industry, and major research organizations should all be involved.
Thank you.

Questions And Answers

Q: What is the present day cost of a computer that can scan a

hide and decide where to put the pattern?

Van Dyck: I do not know the exact figure, but I know about return
on investment. A system under development is expecting a return
on investment of two and a half years.
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THE POTENTIAL OF NEW TECHNOLOGY

Frank Daley

Director of Manufacturing Development
General Motors Corporation

In early April, when I told my wife that I had received a

call asking me to participate in this footwear technology sym-
posium, she said, "Why should somebody from the car business
be helping the competition?" That just about floored me. I

do hope that I can contribute effectively today, but I must
admit to some prejudice in saying that I consider wheels a

preferred mode of transportation.

My particular experience has been in designing automobiles
and in developing the manufacturing technology to produce them
better. My only hint of qualifications in footwear is that my
grandfather learned his first trade as a shoemaker. I remember
well the tools of his trade that occupied a favorite corner of
his workshop.

Remembering those tools makes me think of how in many
areas of the manufacturing industry we tend to become static
in our approach to production technology. In much the same way
in my business, we have stuck with the tried and true and some-
times have been slow to realize how rapidly new technology is

developing all around us, and the opportunities it can offer.

This is a time of great opportunities as well as great chal-
lenges. In 1973, the automobile industry in the United States
was dealt a sudden sobering blow -- the oil embargo dropped on us
at a time when complex product decisions relating to regulatory
requirements were already straining our capabilities -- things
looked dark.

Today, I plan to tell you how new technology and a lot of
other resources were applied to help our industry recover from
that setback.

Since that time, General Motors' 1978 automobiles have at-
tained an improvement in fleet average fuel economy of 58% by
reason of tremendously improved designs. We have been able to

produce products that fully meet greatly changed demands of the
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consumer and the government ... and I'm pleased to report sales
are great.

In 1973, the decision to redesign our cars to smaller
and lighter vehicles was already made. This Corporate project
was a massive effort and was accomplished in record time with
the help of the computer technology. Computer aided design --

CAD -- has proven itself at General Motors. Thousands of man-hours
are saved by being able to take profile measurements electronically,
directly from design models, and have the computer prepare precise
"blueprints". Skilled designers and draftsmen can then revise and
refine drawings on a graphic design console which resembles a TV
monitor. They simply "talk" to the computer with an electronic
stylus by "writing" on the screen. Line smoothing and surface
blending as well as other finishing details can be done in literal-
ly seconds. Another time-saving benefit is that the computer sys-
tem allows designers and engineers miles apart to access the same
information and make their contributions.

.The result of our first downsize project were unveiled with
our 1977 full-size models which were several hundred pounds lighter
yet interior roominess and passenger comfort were preserved.

Our goals were accomplished without the use of radical new
structures or expensive new materials. We made a big first step
with our first cycle of creating smaller, more efficient,
automobiles

.

Meeting the 1985 fuel economy requirements will require another
strong dose of technology to advance our use of lightweight struc-
tures and materials which will continue to satisfy our customers as

well as meet government standards.

In doing my homework on the footwear industry, I find that we
both depend on three major inputs to make our product: Style and
design ... suitable materials ... and the manufacturing technology that
puts them together and sends them to market. I will leave the first
item to those who are better qualified to sense market and design
needs, and focus my attention on the second and third items... and
the promise that they offer.

You might be interested to know that I took a recent lesson
from the footwear business. About five years ago, as my activity
looked to the future, we judged that some form of resilient bumper
system or header panels might be highly desirable in automotive
products. We learned that polyurethane was being used in Europe
to make footwear, especially ski boots, by a process called Reac-
tion Injection Modling -- RIM. This process offered the potential
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of making plastic parts in a machine which could operate at considerably
lower pressures than those required for conventional injection
molding. This kind of system, scaled up to a much larger size and
fully automated, could let us make flexible, tough, lightweight
parts competitive in cost with conventional materials. Poly-
urethane components from this complex program are currently in
successful production and used on approximately 30 percent of
General Motors cars.

There were lively discussions about spending a large amount
of money to determine appropriate press size, cycle time, and
the like. People who tended to rely on traditional methods kept
saying the cost of such a system might be prohibitive. But, before
we had been in l

r

} 7 7 production very long, we had already hit our
targets on cost i.nd could be competitive with conventional structures.

Further development of the reactive chemical materials used in

this process is allowing the production to be speeded up to a con-
siderable degree. For example, Motorcross and ski boots made in this
country by Scott-USA using RIM technology are molded in two separate

1 parts and then assembled. The mold closed time is only five seconds.
Total cycle time- - including spraying with mold release, cleaning,
and removal of the part--is 28 seconds! The boots are molded in

an array of automatic machines from which they are taken as fast as

an operator can pack them.

Because RIM component materials are the consistency of light
oils and easily flowed compared to the peanut butter consistency
of conventional plastic materials, the machinery required for RIM
products is significantly less costly than the heavy presses re-
quired for conventional molding. In addition, the parts only need
to remain in the clamped mold for a relatively short time before
they can be removed. Continuing development of reaction molding
materials, particularly urethanes, is bringing forth a wide spec-
trum of properties of strength, toughness, and flexibility to suit
many potential uses. Controllability of reaction time, including
some very fast reactive proerties, makes productive capacity very

;

large compared to conventional molding procedures.

Many molds are required for such a process, and they are needed
quickly and at low cost. In making tooling for prototype parts for

1 cars, we have made good progress in the development of epoxy and
kirksite molds at much lower cost than conventional steel molds.
Such materials may be suitable for production runs of low volume
and are made by well established techniques.
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General Motors is not in the toy business, but we often look
at other areas of technology to see what potential they may offer.
In a recent effort, our computer design people undertook to examine
the possible application of interactive computer consoles in design-
ing tools to make sculptured objects. In this particular case, we
found the utilization of technology available to us from our own
developments, and methods derived from the aerospace industry, made
it possible to rapidly digitize contours of a sculptured model.

This was done by scanning an actual model to record a large
number of points on the surface in mathematical form within a com-
puter. The sculptured surface was referenced to a mounting plane
which was the common surface of two halves of the object. The data
bank of surface coordinates was then set up to drive a computer
controlled milling machine that can produce replicas of the surface
sufficiently accurate in shape that a relatively small amount of
finishing work will make the contours into a smooth surface. All
of the technology and methods applied in this effort are commer-
cially available today. The process offers precise replication,
exact opposites for lefts and rights and could be applied to making
of lasts or other tooling as well as molds for shoes or soles.

Where in even recent times computers were expensive and often
skittish, requiring a large number of specially trained attendants,
these devices have dropped in cost and have risen in simplicity and
reliability to a point where they can be reasonably considered for
almost any manufacturing operation.

In General Motors we anticipate that the use of computers in

manufacturing may increase by as much as 400 percent in the five-
year period between now and 1982. Pete Estes, President of General
Motors, has recently stated that it is entirely possible within ten
years, computers will control in one way or another about 90 percent
of all new machines in General Motors manufacturing and assembly
plants

.

At our development facilities at the General Motors Technical
Center the computer is found everywhere. Uses include computer-
aided design of tools and products, heat transfer models, multiple
machine numerical cqntrol systems, tolerance charting, plant layout,
and machine loading, to name a few.

Computer technology has been used to provide product design
and dynamic analysis that has permitted the design of improved
machines. In fact, in many cases a computer in some form is hard
at work inside the machine itself doing many of the control jobs
previously dependent on human operators with varying dexterity and
skill levels.
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Rapidly declining costs of computer services give small manu-
facturing organizations the ability to utilize computer techniques
to solve manufacturing problems with time-sharing service bureaus
which have access to remote computers over phone lines through a

relatively low cost terminal. Anyone can now choose from a variety
of small business computer systems for his facility. Prepackaged
systems cover many areas of manufacturing which can optimize actual
day-to-day operations and get more effective results from present
facilities. '

The use of interactive graphics has much potential for the
footwear industry, I believe. A computer aided design system has
ability to project differing views allowing examination of all
angles. Designs can be translated readily into digital dimensions
suitable for making models or tools. This method produces fast
results to permit rapid response to changing markets.

Operation of such a system does not require the ability to
walk on the water. The manipulation of a design console can be
taught to a resonably skilled person in two or three weeks time.
After seeing our people digitize the components of a plastic
sculptured cow, I believe it is reasonable to undertake the task
of designing articles of footwear.

For many years in our business, the idea of doing assembly
work with automatic devices has been given serious consideration.
Many advances have been made, especially in the area of robot
welding. It has only been in the last 18 months or so that we
have been convinced that using robots for general assembly could
soon be feasible and cost effective. We decided to look at small
bench- type assembly jobs, of which there are a great many within
General Motors. These include assembly of instrument panels and
other small mechanical or electrical units.

Ninety-five percent of the parts in an automobile weigh
three pounds or less, according to our recent checks. So many
of the manufacturing robots in the catalogs were too large and
expensive for the small bench type jobs. We needed a unit that
could be produced at significantly lower cost and have several
levels of capability which could be chosen tinker-toy fashion
to bridge the gap between manual assembly and complex, expensive
special purpose hard automation. The first GM designed proto-
type of this small machine is currently undergoing tests at
our shop in Warren, Michigan, to verify its ability to be taught
by leading it through the intended motions. It will then repeat
its teaching with an accuracy of one-tenth of a millimeter.
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In another joint effort with an established robot equipment
manufacturer, we undertook development to produce a higher level
of programming software. The investment will pay off because
laboratory demonstrations of this new machine with its "advanced
education" show that the ability to optimize and smooth the
programmed path of a paint spray, from both tracking and speed,
has produced the ability to program this machine far better than
the previous mode in which an operator would manually track the
machine through its task. At times the combinations of motions
and speed needed to paint the interior of a van would exceed the
capability of the most powerful operator leaving the programmed
path response considerably less than optimum. The newly enhanced
programming capability, which results in more precise tracking,
lets the machine produce a higher quality pattern of distribution.

More sophisticated capability is needed in some operations
and we are developing various sensors for use with robots, includ-
ing computer vision. This has been an ongoing joint venture with
our GM researchers who have pioneered much of the theory in the
field. The ability of robots and other automatic machinery to
follow preset

.

programs is now judged by many authorities to be
sufficient for programmable and flexible assembly.

Last December, I saw movies of a computer-driven machine for
assembling and stitching of footwear. There is no doubt in my
mind that the capability of machines like that could greatly in-

crease output. In GM, we currently utilize vision capability
robots driven by computers which direct the positioning and assem-
bly of electronic microcircuits . We are using computer-directed
devices to follow digitized information or lines on a drawing
or template 'to cut out materials for the manufacture of developed
sheet metal shapes. Capability to do the same in other materials
used in the footwear industry is clear.

The application of new technology which I have described are
in place and functioning beneficially in my industry. To date
many of the applications have met or exceeded our estimates, and
difficulties caused by delay or failure of technology to materia-
lize have been small. It appears that results have been well worth
the risks.

One final concern, however. Technology is available to every-
one, except where we come up with innovations that can be kept to

ourselves. The race will probably go to those who take the risks
of development. In this case we probably should go back and listen
to the old general, Nathan Bedford Forest, who said, "The way to

win the high ground is to get there fustest with the mostest."
I think the possibilities for advancement of the footwear industry
by mounting a concerted effort toward developing new technology are

tremendous

.
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Questions And Answers

Q: What period of time is needed to have a payoff using your
technique?

Daley: Tom Murphy, the Chairman of the Board of General Motors,
has pointed out that it is desirable that our returns should
be at least as good as if you put your money in a savings bank.
That is a very good test in terms of how your return should go.

As a general rule, we ordinarily consider a return of two to

three years to be highly desirable. If it is less than two,
you have a pretty good case, assuming the money is available,
which turns out to be a problem these days. If it is going
to be much longer than that, you should be prepared to show
ongoing long-term benefits as a need for transition to justi-
fy the expenditure.

Q: Do you drive your machine tools with separate computers or in
combination?

Daley: This varies, and it depends on the mission that is intended
or its complexity. We have one system that we are working on
which integrates the operations of 17 machines in a sequential
way; they backstop one another in the event of a falldown failure
so that the system does not stop. In other cases, equipment may
be independently controlled by distributed computers, which are
directed by an overall architectural computer (and then they
redirect the jobs). In far and away the majority of cases,
machines have individual controls.

In some cases these systems will be teachable robots. There
are fantastic and ingenious ways of teaching a robot, but if
you want to change models, you have to laboriously reteach it.

What we try to do now is to figure out how we can psychoanalyze
it and switch programs in a flash. That sounds like it ought
to be easy, but it has not been. We are almost at the point
where we can run through a sequence of different steps and the
machine tell itself this is a speedometer, I do this; and this
is an instrument cluster, I do that.

Q. To what extent do you have an interchange of information between
your research department and people at the Ford Motor Company
research department?

Daley: This is an area where we experience extreme difficulty, ex-

cept in sessions that are of a technical or professional associa-
tion nature. In many areas we in fact have consent decrees and
formal constraints, particularly in areas of safety and emissions,

57



that prevent us from exchanging information with some very
serious penalties. Thus, exchange of information within the
auto industry is often a difficult thing. This is sort of
against nature as far as I am concerned, but we have learned
to live with it.

Q: Is there adequate training of manpower and engineers by the
universities for the type of manufacturing you are describing?

Daley: I think they are doing a very good job. It is a paradox
in many ways. Even though the educational requirements are
quite sophisticated, whether you like it or not, the auto
industry does not provide a lot of high-level jobs for doc-
torates in manufacturing engineering. We should figure out
how to get out of that one before we lay it all on the educa-
tor's doorstep.

I think the current generation of engineering people is very
good in the area of computer technology. They have learned
to use it the right way, as a tool, not as a mission in

itself. The sooner that we can all decide to use computers
with the same ease that that we use the telephone, the faster
I think we will get where we are going. We keep setting the
computer up as some kind of an icon. It was at first, but
now it has become a means to a lot of other missions, and we
should get on with those.

Q: There are many reasons why an industry will develop modern
technology. One reason that I have not heard mentioned here
is the declining availability of the craftsman in that indus-
try, this is certainly true in the area of shoemaking. To
what degree does General Motors, and I would also add the
footwear industry, feel that that is an important factor?

Daley: I think it is a very important factor, and I have gone
around and around with Tony Canole, a well-spoken advocate
of labor's position. The United Automobile Workers (UAW) in

our particular instance maintains that there is no shortage
of skilled people at present. I guess that is substantially
so, except in certain specific areas. Certainly skill shortag
would be a compelling item in adopting modern technology. I

think there are other compelling forces, and again I would
mention what we did in 1973. I think our management was about
to recognize the need for computer-aided design, but OPEC
forced immediate action. An economic incentive is always
a strong one.

58



We have, as a written part of our present agreement with the
United Automobile Workers, a statement which clearly defines
that the ingestion of new technology is an important part of
our mutual contract for mutual benefits. The only place where
we ever get into any discussions is what do we do in order to

manage the transitional displacements that may occur once some
of this is done. Who is going to get jurisdiction over what?
What are we going to do afterward? You cannot answer those
questions in advance; they have to be discussed and handled
as they take place. I am sure that they can be managed if we
look at it intelligently. Certainly anybody who is considering
the adoption of new technology has got to recognize that you
are going to change the hierarchical authority systems and dis-
rupt all kinds of things. People are not sure where they will
be after everything is done, so it is a delicate situation
and has to be considered accordingly.

Q: You mentioned that over the past two years General Motors has
adopted a lot of new technology, specifically CAD-CAM and that
this has saved many labor hours. Yet over the same period there
have been major price increases for the cars. Can you comment
on how the new technology has affected your costs?

Daley: In most cases it has helped keep cost down. If you examine
those price increases, vis-a-vis the content and functions of
the product that you buy compared to the price of footwear, food,
or other things, you will find that the rate of price increase
of our automobiles has been very conservative by comparison.
Technology has certainly helped in this regard. It has provided
the ability to simplify designs and the ability to control fac-
tory management, as well as the technological design and conduct
of operations. For example, a lot of our people were concerned
that all the time and money that we had spent on development
of interactive computers probably was going to take 100 years to
pay off. I asked our staff to go back 17 years ago when this
thing first budded in General Motors and add up all of the
cash flow out and then measure what we have gained so far. I

can submit we have done pretty good with CAD, as far as product
design is concerned. We have only made a stab at CAM so far,
and that is what is coming next. We have not really done a

CAD-CAM job all the way through, but th^savings to date have
already turned the cash flow positive about three years ago.
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MANUFACTURING TECHNOLOGY PRACTICUM

MODERATOR

Dr. Frank Wolek

Deputy Assistant Secretary for Science and Technology
U.S. Department of Commerce

PANELISTS

Frank Daley, General Motors Corporation
Dr. Eugene Merchant, Cincinnati Milacron

Daniel Heidt, Lockheed Aircraft Corporation
Harry Heilig, Western Electric Corporation

Dennis E. Wisnosky, Department of the Air Force
Captain L.C. Dittmar, Department of the Navy

(The discussion was recorded, transcribed and edited for smoothness.
The speakers have not reviewed the comments attributed to them.)

Wolek: We now have an array of talent. Let me introduce those
who will answer questions -- Eugene Merchant, Director of Research
Planning from Cincinnati Milacron Corporation; Mr. Daniel Heidt,
Director of Manufacturing from Lockheed Aircraft Corporation;'
Mr. Harry Heilig, General Manager of Research and Development, Western
Electric Corporation; and Mr. Frank Daley. The Department of Defense,
which has an active program of encouraging manufacturing technology
developments, has sent Mr. Dennis Wisnosky, Manager of the Integrated
Computer-Aided Manufacturing Program for the Air Force Materials
Laboratory, and Captain L. C. Dittmar, Chief of Naval Materiel for
the Navy Department. Are there any questions regarding the techniques
that are being used elsewhere, particularly concentrating on any manag-
ment lessons learned from the introduction of these techniques.

Q: Please describe some of the activities in the overseas
countries using advanced technologies for manufacturing footwear?

Merchant: I will try to summarize the general approach in Japan
and in the European countries, of which Germany is perhaps the best
example. Virtually all of the industrialized countries have recognized
the fact that the major wealth-producing activity of a country is its
manufacturing industry which produces, on the average, about two- thirds
of the new wealth in those countries.
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Thus, most industrialized countries have coordinated programs
to assist their manufacturing industry in developing and implementing
advanced manufacturing technology as the major factor that keeps
their industry healthy and makes their manufactured goods competi-
tive on the world market, giving them a greater share of the world
market. They have focused particularly on developing a generic
manufacturing technology that can be used as widely across the manu-
facturing industry as possible. In recent years by far the most
generic and most effective in reducing costs, increasing quality,
and providing flexibility to manufacturing is computer-aided manu-
facturing coupled with computer-aided design. That is the area in
which these governments have concentrated.

The strategy used by most of these countries is two-pronged.
To do effective research, development, and implementation of advanced
manufacturing technology requires both a systems approach to manufac-
turing and an overall cooperative activity, involving government,
industry, and universities. They have set up excellent mechanisms
for each of those three to contribute to overall advancement in this
area. Each has their understood role, and in each case there is a

strong coordinating mechanism which varies from country to country,
but still provides a basis for coordination, usually through commit-
tees made up of representatives from government, industry and
univers ities

.

In Japan, for example, there is a cooperative national program
to develop computer-controlled prototype factory in about the next
six years, which has received $50 million of government funding and
a lot from industry too.

There are many such projects, and hundreds of millions of dollars
are being spent by these governments and by industry.

Wisnosky: Last year I went with Dr. Merchant to look at Japan,
Germany, and some other countries. I have a report which is available
to any American Company.

Q: Have you experienced any restrictions in your use of compu-

ters for fabrication or assembly of your product, that is restrictions
that might affect your marketing of the final product?
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Daley: If we had anything that the use of computer aids
restricted our ability to do, that would be the first reason that
I could think of to do something else. In other words, we would
not accept any restriction based on something that was introduced
by the technology of the system.

Heidt: We do not have any restrictions in terms of the pro-
duct because that is controlled by various government agencies for
export. However, in terms of the technology being transported out
of the country, there are certain restrictions there.

Wisnosky: The contention seems to be just the opposite for
the use of computer-aided design and computer-aided management.
The use of this technology enables one to respond more quickly to
engineering design changes brought about by changes in styling
requirements, aimed at a new market or at a change in an existing
market

.

Wolek: William Abernathy, Harvard Business School, is a

student of manufacturing technology and the management process for
that. After studying the implementation of these technologies, he
has found that the general lesson that the technology must be incor-
porated into the administrative structure of the organization and
have a package of benefits, including reduced costs, marketing
advantages, and an administrative structure simplification, is an
important concept. Otherwise, the technology has great difficulty
making progress. I am wondering about the effect of computer-
aided manufacturing on the work force and any problems in obtaining
the cooperation of labor in the adoption of these technologies.

Heilig: I will comment on that. In the electronics business,
without the use of high speed data processing equipment today, it

would be very difficult to even manufacture the product. Design
information from our design agency, Bell Laboratories, comes to us
in a variety of forms, but is almost always machine readable. We
put the information through automatic equipment which does the
processing and creates that design. Because the testing of our
product is also done automatically with a computer, it has to be
a part of the design consideration by the physical designer when
he starts out. He has to transmit that information to an engineer
in some way so that he can go through the process of manufacturing.
Thus, we in the electronics industry have long since passed the

stage where it is possible to live without some form of automated
data processing capability.

63



Wolek: Since we have some people from the government who are
trying to help introduce manufacturing technology, I wonder if any
lessons have been learned in the Department of Defense programs
about working with small as opposed to large companies.

Dittmar: The Navy has been rather late in getting involved in
this program. We only have 57 projects funded right now, and only
two of those are completed. One thing that is evident so far is

the transfer of technology from one company to another. There is

a reluctance to share with their competitors what they develop on
our money. Actually, the firm that develops it is still ahead for
a couple of years anyway.

Wisnosky: The Air Force has been in the manufacturing techno-
logy business since they needed to learn how to make better fabric
to put on airplanes. The whole aerospace industry is interwoven
with some big companies as primes, others as subcontractors, and
then small companies which may manufacture critical components.
We use small companies in procurement as second sources and for
satisfying critical needs. We actively encourage small companies
to participate in the manufacturing technology program directly.
My opinion is that we do not need new institutions, but rather a

better way of managing the introduction of technology within the
institutions that exist. We do that in the Air Force by doing
technology development where the problems really are. If a company
is having a problem, we will try to solve it in that company by
bringing in help from other parts of the industry, with the stipu-
lation, they share the results with their competitors.

Q: What is the extent of the financial resources needed to get
into this type of technology?

Daley: Without being facetious, the answer is that it depends
on how far you want to go. The initial foray of determining what
you can do and putting it into a frame of reference for your company
would probably cost about $10,000.

Heilig: Because of the size of a typical company in your
industry, you have a serious problem here. Computer-aided design
or computer aids to manufacturing are not inexpensive and must be

upgraded all the time. You will need a software specialist to write
the programs for what you want done. You might discuss this with
the Department of Commerce which is looking for areas in which they
might be of assistance to the industry. You need a sharing arrange-
ment, either of a terminal, software packages, or time, for example.
If you can use this powerful tool by pooling your resources in some

way, you will be very impressed and pleased with the results.
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Heidt: There is one comment I would like to make about devel-
oping and implementing these new technology systems. Implementing
these technologies into a productive atmosphere requires a firm
commitment by the executives of the company. You will encounter
massive resistance from management and your labor force. In many
cases I found that in order to make a unit use a technology that
has been developed, I had to completely remove the capability of
doing it the old way. The only way they could get the job done was
to use the new technology. Therefore, when you look at these new
technologies, also look at the alternatives that will be available
at the time to either subvert or change technologies and thereby
not realize the benefits to be gained.

Baruch: As you are probably aware, Dr. Wolek, myself, and
others in the office have been working on the concept of some form
of institutionalization of basic technology development for various
industries. The shoe industry is a classic example. When we look
at the problems of CAD-CAM, it may not only be necessary to have
a cooperative center that develops such equipment and facilities,
but also to have some form of cooperative that uses them opera-
tionally. One of the intriguing things about being able to work
with an industry that's in a little bit of difficulty is that it

catches the attention of the Economic Development Administration.
They are interested in technologies whose size make them inappro-
priate for the small firm but appropriate for the whole " industry

.

CAD-CAM could clearly be one of these technologies. It does not
generate a comparative advantage for a single company but in fact
can do so for the entire industry, elevating the productivity
and competitiveness of each firm in the industry. Ask the question,
is this something which a group of firms in my industry could share?
Let us worry about the Justice Department and about the basic
capital needs, at least for a while.
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FOOTWEAR TECHNOLOGY PANEL

MODERATOR

Dr. Frank Wolek
Deputy Assistant Secretary for Science and Technology

U.S. Department of Commerce

PANELISTS

Robert H. Bode, Arthur D. Little, Incorporated
Gordon E. Pickett, Battelle-Columbus Laboratories

John C. Williams, Illinois Institute of Technology Research Institute
James P. Kottenstette , Denver Research Institute

Dr. Nam P. Suh, Massachusetts Institute of Technology
Dr. Jordan J. Baruch, U.S. Department of Commerce

Wolek: Bob Bode from Arthur D. Little, Gordon Pickett
from Battelle-Columbus Laboratories, Jim Kottenstette from Denver
Research Institute, Jack Williams from ITTRI, Dr. Nam Suh from MIT,
and Jordan Baruch from the Department of Commerce will now respond to
questions

.

Comment: In our session there was general agreement that most
of the papers presented missed the mark, possibly because of a lack
of specific knowledge about our industry, our real problems, and
the limitations that would have to be imposed on any solution. What
could be done next time to get more input from the industry?

Williams: Give us more time, not money. Let us spend some
time in your plant with your people. We need more time to make
that initial intelligence grasp.

Suh: In my experience in working with a large number of
companies, the identification of the real problem only comes after
a long period of group discussion. What will eventually end up
being the problem is not the same as what any one person in the
room originally conceived to be the problem. As I see it, this
is essentially the problem with this particular industry. We
have to have a fresh viewpoint, try to define what the problem
is jointly, and then we see where we go from there.
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Q: I have a couple of questions. One is a definite industry
problem- - the need to rough all leather before cementing
soles. Can someone develop a technique to force the cement
into the leather so that we would not have to rough it. We
damage a lot of shoes doing this, and the wear of the shoe
is not as good. Next, any breakthrough on stitching would
certainly help this industry because 45 to 50 percent of
our labor is in the stitching room. Last, what help will
be given to small- and medium-sized companies in financing
these innovations?

Bode: Our approach was directed at going from bulk semiprocessed
material to a nearly finished upper and eliminating any pro-
blems associated with roughing, cutting, the fitting room,
or lasting. You have demonstrated this ^approach beautifully \

the industry in your modern bottoming techniques, but you
have done almost nothing for a quality upper.

Pickett: At Battelle we also came up with a couple of concepts
of improved adhesive bonding involving some induction heating
techniques. Whether these would get around the problem of
roughing the leather or would eliminate stitching has yet
to be proved. However, I think it is a technology that
deserves consideration.

Wolek: A number of the technologies presented by the contractors
are already being worked on some place in the industry. There
is also concern about the general innovativeness of the indus-
try or the extent to which it is likely to respond to the
challenges that are before it. By merely coming to this pro-
gram, you have already indicated that you are innovative and
open to moving on the changes that are reasonable for your
industry. Now, where is the money, resources, and talent
going to come from to move faster on these technologies so the
industry gets the benefits? What we also need is your sense
of the priorities from our limited resources.

Butlin: One of the quickest places that new technology can get
into is the Far East, Middle East, and Eastern Europe. How
is your thinking going to affect the competitiveness of the
industry and its survival?

Bode: One of the principal problems with this industry is labor
intensity. By developing automation and processes that are
capital intensive, you remove the labor intensive aspect.
Then it does not matter where that technology moves through-
out the world because the United States will always be competi
tive. You are competitive worldwide if you only do one thing-
remove labor content and transfer it to the service industries
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Baruch: One of the disadvantages the United States shoe indus-
try works with is the fact that finished leather is cheaper
overseas. They buy raw hides here, ship them over there, and
finish them, because that segment of the industry is also
highly labor intensive- - tanning and finishing.

Comment: Your assumption is not valid. We are competitive in
Korea, Taiwan, and Hong Kong, in fact with everyone except
the Japanese, who sell cheaper outside Japan than they do in
Japan. Pressed leather from Argentina is a lot cheaper, but
to make a good full grain piece of leather you have to make
it from American hides generally tanned here. Western European
leather prices are higher than ever. The differences that come
from finished leather goods made in the Orient I think are
engineered somewhat by their governments rather than in any
lower labor costs.

Baruch: If that is true, it gives us data to seek the kind of
countervailing duties that such engineered support activities
recommend

.

Comment: We have asked for it.

Baruch: There are other methods than asking for them, and one is

to sue for them.

Comment: Due to section 301 that's been filed about 8

months ....

Baruch: Customs court?

Comment: But with the Special Trade Representative in the trade
procedure in section 301. It is not resolved yet.

Comment: We've been fighting the same battle for Zenith.

Comment: Zenith lost a similar case which shows that if you have
the data, it has to be clean and presented because the courts,
particularly the Court of Customs and Patent Appeals, are really
very tough on it.

Comment: The AFIA set up a committee to consider the industry,
and they submitted the needs of the industry to the Department
of Commerce. Was that paper considered during the study of
this industry?
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Wolek: Because we were looking for creativity, we did keep the
report temporarily from other people that we would be working
with outside of the industry itself. That report has been
discussed though. The footwear center, for example, which
we were told was the number one priority on the industry's
list, is moving ahead rather rapidly. I will be able to re-
port a little bit more about that tomorrow.

Comment: What is the amount of added cost which the American indus-
try experiences from regulations, reports, and other red tape
that we are compelled to follow to comply with existing laws
that our foreign competitors do not have? This is an area
that could be a real help to us if we had some way to reduce
those costs. This is a cost that the government is imposing
on us. It might be well for the Commerce Department to make
a study in this area and see what can be done. It appears in
every part of our business- -in our factories, our accounting
department, our insurance department, our tax department,
right down the line. When you total it and then compare our
cost to foreign cost, there is a tremendous difference.

Baruch: According to Margery King, that category called other,
which I suspect covers these costs, amounts to about 26 per-
cent of the cost of the shoe. If that is so and labor amounts
to 25 percent, we ought to tackle both of these areas. If

the shoe industry does have any data on what the government-
imposed costs on a pair of shoes are, I would appreciate
seeing it. The government as a whole has started a paperwork
reduction program. If we can get from the industry some
indication of cost, this is an enormous lever that we can use.
We are indeed part of the problem.

Wolek: Existing units of the Department of Commerce make that
type of study. It is not impossible to incorporate them in

our overall effort. The Industry and Trade Administration
and our own Office of Environmental Affairs do exactly this
type of thing.

Kleiman: As one of the contractors working on this, I would have
preferred not to have seen the AFIA paper. I think we lose
objectivity. However let me address another aspect. You
keep coming back to the fragmented heterogeneous nature of
this industry, and lots of the probems are attributable to

that condition. Other highly concentrated industries such
as consumer electronics, steel, and automobiles, have exper-
ienced almost identical problems. Obviously, there are other
things going but, I think, much has to do with the basic
nature of how American industry looks at itself. I think it
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is much more fundamental and possibly relates to what I

suggested before--this blind spot that the U.S. has had,
even in analyzing our own marketplace. That the Japanese
and Europeans do this better than we have seems to be a

common thread that runs through a lot of these industrial
problems

.

Wolek: There is a general approach of trying to make sure that
the competitiveness between countires is on an equivalent
avenue. We are looking at various tax treatments, financial
benefits, non-tariff barriers, etc., that are provided be-
tween different countries. The Department is attempting to
reduce them as much as possible, or to get countervailing
duties charged for those that cannot be reduced. I assure
you that effort is going on.
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A MATTER OF TRUST

Dr. Sidney Harman

Under Secretary, Department of Commerce

Thank you all for coming. I spoke to the President about
our progress in the shoe program a couple days ago. As a conse-
quence of that, I have a message which I would like to read to

you

:

Fourteen months ago when I rejected the tariff
rate quota on shoes recommended by the International
Trade Commission, I said that over the long haul, the
solutions to difficulties in the shoe industry lies
not in the restriction of imports but in innovation
and modernization of our own production facilities and
the financing to make these possible. This Footwear
Technology Symposium is a critically important step
toward the strategy for the shoe industry to gain a

competitive advantage through technological develop-
ment and utilization.

It is also a pioneering effort in public/private
cooperation to advance technological capabilities in

civilian industry. I want to express my deep gratitude
for your participation and my confidence that these pro-
ceedings will advance the national interest by helping
to preserve jobs and improve profitability in a vital
American industry. /Signed/Jimmy Carter.

I like that message for a number of reasons. In the first place,
it does speak to an element of our experience which I regard as his-
toric. For the very first time ever in our history, not in time of
war, government and an industry have engaged in cooperation on a truly
collegial level. There is no precedent for what we together have
been doing in the shoe industry. Although we may from time to time
have our differences, we have come through 14 months of significant
times based very substantially on a growing mutual respect and funda-
mental trust. Almost everything that I want to say tonight is con-
cerned with that matter of trust. I must share with you my very
favorite story with respect to trust. It has to do with the intrepid
mountain climber who lost his footing -- I will not tell you what
shoes he was wearing -- slipped, and was tumbling head over foot to
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his certain death at the bottom of an enormous chasm. At the
very last moment he managed to seize the last remaining limb
of the last remaining tree. Clinging to it for dear life, he
turned his face heavenward and implored, "Is there anyone up
there?" A deep, sepulchral voice boomed through that canyon,
"I am here, my son. Let go of that branch, and I will take care
of you." Then, the climber said, "Is there anyone else up there?"

I suspect that fourteen months ago many of you were asking
the same question as you approached government. As I reflect on
what we together have done, that word trust keeps coming to mind.
It is my recollection that the shoe industry of fourteen months
ago held a rather strong conviction that nothing except import
relief was going to help. There was also serious skepticism that
there would be genuine support for that point of view at the Depart-
ment of Commerce, or that the Department would produce anything worth-
while in terms of revitalization of the shoe industry. We had
our difficult beginnings, we forged through these difficult begin-
nings a relationship which I believe is still growing and which
will, in the end, give us precisely that vital self -nourishing

,

self-sustaining, growing shoe industry.

Let me tell you something about that by referring to the
Orderly Marketing Agreements (OMA's). Fourteen months ago I

was not a vigorous supporter of any form of import relief for the
shoe industry, and I never deceived anyone with respect to my
point of view. Indeed, in my very first conversations with
Ron Ansin and others, I asked whether the time being sought would
be used in a sufficiently constructive way so that at the end of
that spell, an industry would exist which could be self-sustaining.
I did not think that a program that provided only protection would
do anything except delay the inevitable, and as a businessman, I

saw no sense in that at all. OMA's are, however, one of the tools
available to the Department of Commerce as we work with you. If.

I am not now the great poet of OMA's, I am quite likely its most
earnest advocate because it is an instrument that can be used
effectively while we are working together.

As an example of this, my associates and I are regularly in

communication with the President's Special Trade Representative,
Robert Straus. He is a very important component of our program,
as are the OMA's. Due to the close working relationship between
the Department of Commerce and the Special Trade Representative,
we are ever alert to new efforts to escape the meaning of OMA's,
wherever that may occur. The situation in Hong Kong is one example.
Mr. Straus has assured me that should the evidence indicate that
the spirit of OMA's is being circumvented in Hong Kong, OMA's will
be pursued there. The same will be true for other places, such as
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the Philippines if the need for vigorous action is determined.
I am no less convinced, however, of the importance of a program
designed ultimately to strengthen the industry domestically so
that it can stand on its own. The whole meaning, purpose, and
spirit of this symposium, is directed to innovation. However,
innovation is not limited exclusively to technology and its
application. Frankly, I am disappointed that the attendance
at this symposium is essentailly limited to officers and produc-
tion or technical people of the shoe manufacturing companies.
If I were running a shoe business today and I knew that there
was a symposium on new technology taking place, I would send my
marketing people to that symposium. Indeed, if I knew that there
were a significant merchandising symposium taking place, I would
send my design and manufacturing people to that marketing symposium.

One of the difficulties in industry, whatever the product,
has been this curious separation of operations. In every company
that I know that is truly vibrant and growing, there is integra-
tion of styling and design with production procedure, personnel
relationships, and costing processing. For example, every one of
those successful companies has always had for its controller a

person who became very interested in how the product was made.
Every successful company that I know has done that interesting
job of integration at every level.

In my pre-government days, I was actively involved in develop-
ing new forms of worker-management collaboration and participation.
I learned a great deal in the seven years of that program. This
evening I was talking to Mrs. Haynes, herself an industrial engin-
eer, and the wife of Fred Haynes who spoke today. I commented
that in the Harmon companies no industrial engineer would go down
to a production line without talking to the people on the job.
Their knowledge could then be used to revise the way in which the
work was being done. In the early days of our efforts I would
talk to somebody on the line in one of our plants. The colloquy
would go something like this: Hi, how long have you been with us?
Twelve years. How \ong have you been on this job? Ten years.
Do you do the job any differently now from the way you did it

five, six, or ten years ago? No. Do you know a better way to do
it? Yes. Why haven't you spoken of that better way? Nobody ever
asked me. There is something so fundamental in that experience
which was repeated every time I went to one of our plants. It

did not take me terribly long to realize that we were passing up
one of the profoundly important resources in our company. Much of
my later efforts were a consequence of that experience.

That realization that the people who do the work, especially
in labor-intensive manufacturing concerns, carry with them such a
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valuable store of information and experience demands that when
we look to the most effective application of new technology we
should talk to them. When we think in terms of how better to use
our present machinery, we must talk to them. I offer you that
because it seems to me that in the shoe industry there is room
for that kind of innovative address to the people who. do the work.
It is innovative in terms of setting an atmosphere which encour-
ages their participation in the decision making process that de-
signs their lives at work. If this then is a symposium on innova-
tion, there is one that I would identify.

If this is a symposium on innovation, I need not talk long
about the opportunities in technology. If it is a symposium
on innovation, I urge that the experience I have had with the
shoe industry has taught me that there are many companies which
really do not need money, technological assistance, or new com-
puterized equipment at all. There is many a company that knows
perfectly well how to turn out a superb product and nothing about
how to market it. If there is to be innovation, we ought to see
it in that same integrated fashion I was talking about before.
Learning how to market that product should be part of that innova-
tive process.

Altogether then, as I reflect on my total experience in this
shoe effort, I conclude that the good things that we have been
doing are to recognize that we must use every tool available to

us. The Department of Commerce is no one's automatic advocate.
We serve industry poorly if we are their messenger boys. I think
that what we have to do is to bring to all industry a sense of

our own competence, our own professionalism, and our dedication.
We should work with a particular industry about their problem and
ultimately synthesize a point of view between us of which we can
then become the full, unqualified competent advocates. That is

what we are doing in the shoe industry.

While I was not the great OMA advocate at the beginning -- and
I am really changing my mind about that - - I am more to be trusted
in terms of how forcefully I will use those OMA's and how hard I

will work for their extension as we work together. I am more to

be trusted in that respect than if I had not from the very begin-
ning set myself before the industry in terms of what I am, what
my experience has been, what I believe in, and what I know can be

done. Thus, (a) we use the tools that are available to us and
we use them to the very maximum., (b) we explore in every way pos-
sible the differences that exist from one shoe firm to another, and
we deal almost in a cultural sense with the managers of those shoe
firms entirely in the role of a facilitator. The government should
play no role beyond that; the ultimate responsibility for the shoe
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industry jrs the shoe industry. We can be very useful in that
role as facilitator. We can also be very useful in recognizing
the instruments of government and their applicability and in re-
tooling them where necessary. We might speed up the process of
certification or the step that follows the diagnostic studies, in
fact, speed up every activity in which we engage with you. All
this is aimed at the ultimate consequence of a truly vital,
vigorous, self-sustaining shoe industry. We want very much for
that to happen, and we want very much to do that job well. We
have devoted ourselves with enthusiasm and professionalism to
doing it, and we intend to continue to do that.

Let me close by suggesting that somehow through my observation
tonight there has been a implicit theme. It is that this world is

an infinitely more complex one than the one we came into and that
this industry is an infinitely more complex one than the one you
first encountered. Some years ago, H. L. Mencken observed that for
every inordin tely complex problem there is one single simple solu-
tion, and it is wrong. I think that you can agree with me as you
reflect on your own times in this industry that never was a wiser
aphorism offered about the shoe industry than that. I add to it the
thought that the time has come to end that curious separation that I

was talking about before. In more general terms it is those people
who are concerned only with the technical and mechanical aspects of
things as distinguished from those who are concerned with the human
aspect of things. It is the way industry and, in many respects,
government and other institutions have operated for far too long.

I argue that the day has come when there has to be a merger of
the mind and heart in industry and that that merging brings with
it ultimately the best results -- the best spirit, the best marketing,
the best sales, the best productivity, the best profitability, the
best return on investment. Probably this view was never better ex-
pressed than it was 3,000 years ago by Mencius who, as I remember,
put it something like this: The men of old wishing to clarify and
diffuse throughout the empire, that light which comes from looking
straight into the heart and acting first set up good government in

their own states. Desiring good government in their own states,
they first organized their families. Wishing., to reorganize their
families, they first disciplined themselves, and desiring to disci-
pline themselves, they rectified their hearts. Thank you very much.
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INDUSTRY RESPONSE

Ronald M. Ansin

Chairman, Anwelt Corporation

It is my pleasurable task to respond to Dr. Harman's presen-
tation on behalf of the American footwear industry. I also had
the earlier pleasure of working with Dr. Harman in the development
of this original program on behalf of the American footwear industry.

First, on behalf of the American footwear industry, "Thank you."
Thank you, very, very much. Thank you for the help you have person-
ally given to this industry and the dedication you have brought to

it. You've personally been accessible. You have personally been
a friend to this industry: a friend when this industry needed a

friend. This industry deeply appreciates that help. In the past,
we have not had that sort of help any place in government. It's
been much like the story - "Is there anybody else up there?" I think
today we have somebody else up there.

We don't always agree on things. We sometimes see things in
different lights. Some of those disagreements are real and some of
them are imagined, and, I suppose it will always continue that way.
Personally, I've always been hopeful that if we could just increase
communications through these sort of discussions, we could get even
greater cooperation in the doing of the task which we all adovcate.

I particularly appreciate your remarks today with respect to

the OMA's. I too was not an original advocate of the OMA's. I

changed my position about a year ago, after I studied the statistics
and realized that the problem we faced three years ago was not the
same problem we faced a year and a half ago. And so I became an
enthusiastic supporter for the OMA's. Today, I think these agree-
ments are vital to the continuation and growth of the American
footwear industry.

I think a specific action with respect to Hong Kong is most
significant. Hong Kong represents an undercutting of the Orderly
Marketing Agreements for which we worked for so diligently. If

the cutback from Taiwan is simply to move across the straits
to Hong Kong, obviously we did not accomplish a thing. Thus, I

think this action is significant in its own right. I think it is

also significant as an indicator of the teeth in our verbal under-
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standing that there would be a "cap" on the rest of the world.

For all these reasons, I deeply appreciate the support which
you conveyed to us tonight, Dr. Harman. While you have previously
indicated to me and leaders of the industry the kind of reservations
you have very forthrightly described tonight, you have also told me
to consider you and the Department of Commerce a champion of this
industry

.

I have no doubt about that! I've worked with Dr. Harman. I

trust him. I assure you of that. I think our industry can trust
this man. I think he means exactly what he says.

Two things Dr. Harman referred to in his comments this evening
rang a bell with me. First is the need to integrate production and
marketing, which we, along with many other industries, too often
keep separate. Marketing is the ability to sell the product, there-
fore the ability to design a product that people are going to want.
We must keep in mind the integration of marketing and production,
not jus-t marketing in the sense of selling, but marketing in the
sense of developing the products people are going to want.

Second, I personally have had some experience in the footwear
industry, similar to that of Dr. Harman, in terms of the participa-
tion of the people who do the jobs. I could not agree with him more.
There is no one ever who knows more about how to do a job or know
how to do that job better than the guy who does it. The greatest
untapped natural resource I know, the greatest energy source I know,
are the people in the factory who do the jobs. That's the secret
weapon of the labor intensive industries. I hope we will take that
to heart and will begin to tap that resource to an even greater ex-

tent than we ever have.

In conclusion, and on behalf of the industry, I convey to you,
Dr. Harman, our deep appreciation, our continuing trust, and
our thanks.
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OPENING REMARKS, FRIDAY, JUNE 2, 1978

Dr. Frank Wolek

Deputy Assistant Secretary for Science and Technology
Department of Commerce

At this point, I would like to talk briefly about something
which I know concerns many of you -the establishment of a footwear
center. It also concerns the Department of Commerce because we,
like you, believe that we need not only specific new technology,
but also a permanent institutional structure within the industry
for generating and implementing that new technology. This struc-
ture should also be capable of providing the assistance you need
for utilizing existing technology, as well as developing new
processes and products.

Those beliefs were incorporated in the AFIA proposal to the
Department of Commerce for a Footwear Technology Center, to provide
technical and managerial assistance to the industry. We in the
Department of Commerce agree on the need for such a center and the
value that a properly established center would have. We are now
actively working with the industry to determine what the specifics
of "properly established" means. Both the industry and the Depart-
ment agrees that a properly established center will be one that
represents a sound business investment for the membership fees that
will be required. It will provide benefits in terms of the returns
on the funds that you in the industry provide for the continuing
operation of such a center. Everyone involved is looking forward
to a date early next year when we can announce a commitment to a

specific location and structure for such an organization.

When that organization is established, it will fit nicely
into some plans that we are also working on in the Department of
Commerce to provide research and devlopment support on an ongoing
basis to industries like the footwear industry. This would include
support on the kinds of projects discussed during this symposium.
A research board representing the retailing, manufacturing, and
supplier communities will hopefully be in operation by fall of this
year. It will process the reports of the contractors and other
ideas that will be canvassed from the industry and present a pro-
ject priority list for support by the Department of Commerce.
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Therefore, I think with the structure of research and develop
ment activity on a project specific basis, coupled with an ongoing
Footwear Technology Center, we will be able to provide the kind of
assistance that you in the industry are asking for and that we in

the Department are committed to providing.
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INDUSTRY VIEW

Frederick A. Meister

President, American Footwear Industries Association

It is a pleasure to be here this morning. I have been in
the footwear industry for only the past four months. Before
that I was in the airline industry, which is supposed to be
technologically advanced. Let me tell you that the same debate
is going on within that industry as the one I have heard during
my brief time in the footwear industry. Before that I was
associated with railroads and mass transit. From my experience
dealing with these kinds of things, I think the footwear indus-
try is advanced. The people in this room are progressive, intel-
ligent, capable people.

For the Department of Commerce, as well as for the footwear
industry, this particular type of session takes a lot of courage.
It was very difficult because there is a fine line between sug-
gesting and demanding on all of our parts and between negative
versus constructive criticism. It is also difficult for govern-
ment and industry to relate and to deal with one another; I think
it can be done on the basis of an equal partnership with the
government. We are well along toward establishing that with the
Department of Commerce.

It will not work as a boss - subordinate relationship or
without advocacy for the viewpoints of both sides. Some comments
yesterday suggested that advocacy on either side is inappropri-
ate. I do not think that is true. The industry has every right
to ask, to push, to shove, to argue, and to advocate our posi-
tions, and the government has a responsibility and obligation
to do the same with us. Good, open debate is useful for finding
some solutions and some new ways of doing business. I have not
met anyone in the industry who is not willing to adapt themselves
and to adopt new technologies in order to do the job better.
The presence of so many people at this conference is a tribute to

that fact. So, as a representative of AFIA I would like to thank
all those in the Department of Commerce who have worked very hard
with us.

My topic this morning, is "Industry Review," but first I

would like to provide a few facts regarding imports. One rea-
son for this industry's problems is that import penetration for
the past five years has been between 46 and 52%, mainly from
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Korea and Taiwan. We were quite successful in working with the
Department of Commerce and special trade representatives in the
Congress to get some form of import relief. Import Controls are
the critical framework within which these new industry programs
can develop and be successful. Without continued strong enforce-
ment of the orderly marketing agreements and import controls by
the government, we will not have the opportunity to adopt many
of the things that will come out of this conference and subse-
quent work with the Department of Commerce. This is an important
framework for us to operate in.

Turning to the issue of technology, I would like to present
the ideas that the industry has submitted to the Department of
Commerce. There are five areas- -the Footwear Center for Educa-
tion and Technical Service, improved market information and mar-
ket research, special applied research projects, technical assis-
tance projects for individual companies, and increased exporting
assistance

.

In the first area, educational courses for top management
in marketing and manufacturing would increase the educational
base needed to keep our industry up to date. Training courses
for supervisors, technicians, and designers are a way to get
more design capability into our industry. The evaluation of
new technologies and their potential application to our indus-
try, as well as the dissemination of technical information
touches on a' problem mentioned several times here. A facility
for developing product reliability and manufacturing standards
should also be considered. The main idea again, however, is to

establish a center that can contribute educational and technical
services to the U.S. footwear industry and that would be oriented
to our problems, not the problems of other countries. Firms
would pay dues and would receive benefits in excess of the costs.

In the marketing area, our specific proposals included
an assessment of government -collected data to make it more useful
to the footwear industry. The second proposal, the development
of market research models, recognizes both the importance and the
cost of market research. We have asked the Department of Commerce
to help us develop some software packages for different sized
companies that could do much of the basic work and eliminate much of
the high costs of market research methodologies for the industry.
Consumer research is needed to understand the needs of the

American consumer better.

Special applied research projects mean the evaluation of ideas

that have not been pursued by suppliers or have been pursued at one

point in time and then dropped for one reason or another. Some

examples include the role of the computer in our industry, fitting



room productivity, development of inexpensive molds for injec-
tion molding, and the development of non-rough upper leather.
This last area relates to problems on the part of the consumer
which yield costs additional to the direct costs in the factory.
The return of footwear by the consumer is not the way we increase
profitability. Those are four areas where we think something could
be done and cost efficiencies achieved.

In the next category of technical assistance to individual
companies, the Department of Commerce was asked to disseminate
to the entire industry information that comes from the Footwear
Industry Team. I understand they have done this. A number of
individual companies are receiving benefits from the so-called
"FIT Diagnostic Program" and the subsequent adjustment plan, but
we felt there would probably be a wealth of information in these
particular efforts. First, it must be desensitized to remove
individual company data and proprietary secrets and then summarized
to provide a useful document. Thus, the industry could benefit
from the examination of different types of companies and operations
by many experts. The Department of Commerce has taken the first
step with the consultants to do that.

Another effort under this category is audit for the noncerti-
ficated companies. Many, if not all, companies have been injured
by imports. Thus, Department of Commerce-funded audits should be
the means by which companies not certificated under the Trade
Adjustment Assistance Program could receive some share of the
government program. There would be cost-sharing on a 25/75 basis
for those firms who were not certificated and yet wanted to avail
themselves of assistance.

Grants for improving manufacturing methods would allow indi-
vidual companies to apply for technical and economic assistance
from the Department of Commerce. This could involve the purchase

'and modification of existing manufacturing of equipment. These
grants would be made to companies having ideas for improving
productivity. Funding would allow them to implement those proposals.

Investment incentive provisions would supplement limited
technical assistance programs. The government should explore the
possibility of providing accelerated depreciation, more substan-
tial capital investment tax credits, and dispensing of various
regulatory expenses, such as OSHA, for the industry. This longer
term process is important if our industry is to achieve funda-
mental and long-term stability. That the short-term technical
assistance is insufficient for this purpose and that we need some
assistance in this area, is not unique; other industries such as

airline and housing have it.
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We are working actively in our industry to promote the
fifth area, exports. The Department of Commerce has been most
cooperative in setting up an export program with us and this
September a number of firms will go to Dusseldorf to show their
products to try to get into the European market. This will be
followed by trade missions to other countries, such as Sweden,
where there may be a substantial market potential.

This five-part program, submitted to the Department of
Commerce in February, tries to reflect the thinking of some
if not all of the members of our industry. We hope that all
of these in some form will survive the government - industry pro-
cess and that in sum they will be useful to all of us. Thank you.
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RELATING TECHNOLOGIES TO THE MARKETPLACE*

Beth Levine

Footwear Designer

Relating technology to the marketplace. I do like the sub-
ject given to me for making any contribution I can to the sympo-
sium. To me, it means that a designer is constructive, practical,
aware of the facts of marketing life, does not work in a vacuum,
and even possesses common sense. I am really thankful for that
profound understanding.

Let me define, as I see it, the problem and then the planned
strategy. The U.S. gave the world the idea of mass production; the
idea of shoes in pairs; and the idea that more sizes means more
satisfaction and greater sales. Stimulating desire by more variety
in style and design opened new avenues of appropriate use and func-
tion. We encouraged freedom of choice as part of our democratic

v

blessing. We gave the world corn, tobacco, potatoes, and the
American native moccasin, patent leather and the cowboy boot.

We brought with us from the Old World the respect and the love
of the well-crafted shoe, and we developed a remarkable industry
that made us the best shod nation in the world. We had leather,
wood, cotton and steel, among other things. In addition, we had
technologists for developing rubber, new concepts in weaving and
fabrication, and tanning developed to a fine art. We employed a

lot of people. Do you know that, only a few short years ago, the
shoe industry in our country was the 12th largest employer? At
that time, it was a matter of great concern to President Kennedy
that we needed young people to become valuable workers in a much-
respected trade. He knew then what we are facing now, and saw
that more jobs might lead to less crime in the streets, too.

History may be defined as the art of trying to understand
and control the future. Whether the past stays alive depends
largely upon the lessons we draw from it and utilize in the pre-
sent. So, we were great, smart, and fat in the pocket, and we
could be nice people and enjoy playing Lady Bountiful. Don't
mistake me; I am glad I am on this side of the Marshall Plan.

*Beth Levine started her presentation by showing a 5-minute
film which chronicled new fashion trends and materials in

footwear she pioneered during her many years as a footwear
designer, all still current in fashion and the industry today.
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Yes, it was cheap labor we were seeking, but while this was
happening, we were cheapening ourselves. We were cheapening
our goals, our abilities, and our integrity to the consumer.
We forgot that we were supposed to be ingenious, pioneering,
daring and decent, with taste and judgment. We forgot that
productivity combined with creative design and technology
countered cheap labor.

Before the tanners had the excuse of protecting our envi-
ronment, by and large they gave up trying to develop quality
leathers. A lessening of standards, having nothing to do with
price, permeated the market. We had a Hubschman, a Lowenstein,
an Agoos, and Davis to the north in Canada. They still refer
to Davis in Paris for nobody made colors and finishes as well.
Incidentally, does anybody use leather insoles in your shoes?
The inside of the shoe is what touches you; the insole is the
foundation of the shoe, but I know of no shoes left in this
country with leather insoles, except for some men's shoes. The
outsole is one thing, and there are things we can do about it

with leather and good synthetics, but I suggest the tanners do
something about the insole. Forgive me for emphasizing that
so strongly, but it is a very important point.

Blending technology and design is a must! This story
illustrates another point about leather. We wanted leather some
years back that was noncrack for soft boots. That was asking
too much, so we found it in France. After that, I wanted to make
a leg-fitting boot. Vamos had something that almost worked, but
the company that made it would not even try to make it workable.
I found stretch vinyl from Cohn-Hall -Marx . We struggled with
it, and found that within their own company they had another
type used for upholstery. I wanted the two wedded to get the
desired result, and that was not easy either. I wanted colors
for our business, and they would not make brown. They had
discontinued it. I found some at a jobbers.

Things changed when the stretch boot became a resounding
success, of course. Still, I wanted it smoother to slide more
easily over the stockinged leg. The original vinyl had a

fuzzy back. I found stretch urethane, made with nylon, in

Italy. The maker tried to dissuade us from using it, because
it was not strong-enough and scuff -proof - enough for shoes. We

asked him to make it better, and the whole world enjoyed
those results.
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Let me mention one other example. I thought it would be
nice if we had the comfort in our leather dress shoes that was
enjoyed in sneakers. So we put crepe soles on patent leather,
kid and calf. We did it first on a wedge pump and a moccasin,
then a sandal, and then a boot. To ask for something special
and finished was fruitless for us. We cut plantation crepe and
then experimented with making chemical mixtures and adhesives,
so that the soles would not peel like a banana. At one time,
it was an innovation just to put a crepe sole on a leather
shoe, but they thought you were trying to save money. Once
a tough, conservative and important retailer said to me: "I

don't understand you, Beth. You fight harder for one pair
than anybody else would for a 100,000 pairs. Why do you do
it?" I answered "if one pair of the new idea gets on the feet
of the right person at the right time and place, it could
mean millions of pairs." It has happened. I can prove it.

Thinking big often means starting small.

Once we got through the buyer to the consumer, both the
stretch boot and the crepe sole wedge spread like a grass fire.
The stretch boot was difficult, and I remember trying to get
some in one important Store in New York. They finally allowed
me to send a few trial pairs up; but they sent them back. One
pair got lost. A lady found them, put them on, and would not
take them off. That pair spread the news like wildfire through
the city. The other day I said to Herb, "I have an idea that
I think would be as big as the boot for the shoe industry."
He asked me quietly, "Are you sure you want to go through that
again?" That is the way it still is in the U.S. Ask any design-
er about cooperation from the industry before an idea becomes
an accepted fact, I asked a few before I came, and it seems
it is even worse. They all say, "We just have to work around
it. We do not even bother asking for the development of materials
we need any more."

I have cited a few illustrations of the way a designer works.
A designer cannot work in the abstract. The designer must anti-
cipate the future needs of the consumer, of society itself, and
of the marketplace. The designer needs the technician for the
implementation of an idea to make it practical and workable.

Let us uncover our Achilles' heel and learn how to work
together. We must face facts. Some of our shoes are marvelous,
and some are terrible. We should adjust our standards, and stop
the excuses. How can our technologists help? As you sow, so

shall you reap. In the timing of style and design changes for
manufacturing and delivery, you will have to adjust your thinking
to modern times and be able to change directions quickly. If
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open shoes are desirable, make them good and stop complaining.
Establish a factory attitude that flexes with the times. It
is just as easy and takes the same time to do something well
as half well. Isn't it a shame that our country practically
gave up on the sneaker just when it was becoming the greatest?
The jogging shoe, the basketball shoe, the working dentist
shoe, and the shoe cutter's shoe are some examples. To be
big is fine; to become obese so you cannot move is another
thing

.

I keep thinking of the brilliant shoe engineer working for
one of the machine companies who told me, "A manufacturer calls
me and asks 'What's new?' I say, 'I have something.' They say,
'Come right over.' I do, and they say, 'Who are you making it

for?' I say, 'No one yet. That is why I am showing it to you'.
They say, 'Come back when you are making it for somebody else.'"
That's a true story.

The United States is really the biggest common market in
the world. We are the biggest exporter of shoe ideas in the
world because we have the capacity of our voracious market to

buy the pairs. Don't all shoes, except sports and athletic
shoes, look outmoded to you? In this nation of the Moon Walk,
Edison, the Wright Brothers, the computer, and the automobile,
don't our shoes look like the 1940's and 50's?

Computer stitching is brilliant and exciting, but the needle
must still be threaded in the old-fashioned way. Flow molding
can make soles and uppers, but our thinking is only to put the
process into the cheapest form of footwear without developing
it as a superior technology. Do you remember when cemented
shoes were considered the bottom of the barrel, and not to be
used by anyone except the cheapest? Now it is the method.

I would also like to remind you that there are fine leathers
that technologists could be working with in conjunction with new
processes and molds. If you are trying to do something that has
the feel and look of leather, why not have a frame of reference
of good leather so that your technicians can understand what it

is. Why not have a frame of reference of anything good? Quiana
was great because they tried to make it the best way, not the
cheapest way. Do you remember when cotton was supposed to be
cheap, and now pure cotton is as expensive as silk and more
desirable

.

A classic current case is the injection-molded fisherman
sandal. It can be produced profitably for $2.00, and can
shod the world. But we did not respect it, until it was copied
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as a high fashion sandal from Paris. You wear the shoes in our
mobile world; you do not wear the machine or the label. But
our industry is so slow to react.

New products and new habits make new markets. The time is

now for a new beginning, before it is too late. The manufacturer
and the technologist must close ranks. Where injection molding
or flow molding machinery is too costly for one, perhaps there
can be some kind of contracting. Where the idea is new and
the retailer is wary, there must be some ingenious method devised
to reach the consumer to test the new idea. The little guy who
thinks and acts creatively must know where to go for technological
knowledge. He is the one who introduced the automatic transmis-
sion and bakelite for example, the accepted advances in our
society today. The successful creation of a Footwear Technology
and Education Center in the United States is of the highest priority,
and I am glad to see this being pursued as an important ingredient
in the revitalization of the domestic footwear industry.

We must learn to give the consumer shoes for a myriad of
activities; shoes at prices the consumer can afford to pay; and
shoes that ai e comfortable, so that even Los Angeles may learn
to walk again, and save energy, too. We must give the American
manufacturer trained workers. We must give the workers trained
foremen who can teach them to make it better.

For the technologists, I would like to leave you with this
story. You know there is a glass that is stronger than steel.
A Corning Glass scientist was called in by the company head who
said, "You know we make glass?" Bewildered, the scientist
responded "Yes." The head man said, "Glass has certain properties.
It is inert, it is translucent, it can be colored, shaped, tex-
tured, and now it even withstands thermal shock." "Yes." "But,
there is one thing wrong with it. It breaks. Now fix that."

Questions And Answers

Q: You say that the industry is not very receptive to your ideas.
Can you tell us why this is so?

Levine: A new idea shakes everyone up. Some people get nervous,
and some love the idea. As a country we are so fat, and we
think that because we made it, they have to buy it. Others
have proved that while we were sitting saying how smart we
are, they could do it better. I know some of those markets.
I was there, I helped. I sent patent leather to custom makers
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in Europe, American patent leather was the best. They did not
even make it any place else. They finally made it well in
Mexico too, because they would not even make the colors here
if you wanted a color. They brought the machinery to clean
the air in Mexico City to make it good.

Comment: You talk about the industry being fat. Domestic indus-
try has not been fat for some time, and it has been very upset
by imports and other problems. I am the only independent shoe
retailer in this room, and I think more should have been here.
It is our fault. I also think there are a lot of manufacturers
who should have been here. I am proud of the people who are
here. I know what a great service you and your husband have
done to the industry, and I only wish that there were more of
you. However I do not think that the problem now is fatness.

Levine: I am sorry if I made that point upside down. I said
we were fat. Right now our industry is a little better in
certain parts but only because of the tremendous inflation
in Europe; that has become the factory filler here. I am
here only to face facts. I am not asking for signs of the
closing of business, as you know, but I ask you, as an
American retailer, would you accept newness easily? I hope
so. Well, I think we here in America owe it to the world
to do something new in shoes.

Q: What new ideas do you see on the horizon?

Levine: If we're interested in real, real newness, and something
that has not yet been tried and proven, why don't we do
this - develop a shoe that we can just step into and have
lock around the foot? I think there is much yet to be done,
especially with the flexibility of soles and with body move-
ment. Why not try?

Q: Would you care to comment on how we might train young people
who come into the shoe industry to be more fashion conscious?

Levine: If you want them in the shoe business, then make it
attractive and self-respecting. A lot of people love the
shoe business. A lot of young people are attracted to it,
and if you make it available to them, they will be there.
Also, shoe companies should take advantage of the natural
resource in women's shoes by employing women someplace.
That would be a very practical beginning. When I was
hammering on the business of the leather insole, I think
that most of you did not know what I was talking about,
but a women would.
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Q: Is there a danger that some of the new fashions only cater
to a whim, that are very extreme fads, and are extremely
unfunctional?

Levine: Although there are some extreme fashions today, they
won't always be considered that way. Some of the shoes that
are accepted weren't accepted 30 years ago. Open-toed shoes
used to be called hooker shoes in the 1940' s. Open- toed
shoes were a revolution. They were in bad taste, but today
they are top fashion. There have been more revolutions in

shoes than any other part of apparel. Diana Vreeland, the
head of the Costume Institute of New York and the high
priestess of fashion, says that the two most important
fashion innovations in this generation are the blue jean
and the boot. But you asked about function. To me function
is comfort. The shoe is what the foot is most sensitive to.

To the industry, that's a blind spot, but not to the con-
sumer. The shoe can cause discomfort and unexplained dis-
tress. Shoes should feel beautiful on the inside as well
as the outside. This point has been proven by the success
of the boot.

The boot is interesting, not because of the fashion, but
because of the feeling. The first time I did a high-heeled
leather boot, I had this beautiful leather I could not stand
to cut, so I made it into a seamless boot. It was comforta-
ble, even though you had to pull the boot on. The last
boots I made had the lightness of weight and the comfort
of a nylon stocking. I believe that the boot in some form
will always be in style because it is comfortable and a

bad leg can look good in it.

Q: What is your personal thought of the possibilities of compu-
ters in designing? Do you think in the future that it might
be of great help in inventiveness?

Levine: If you can get something done faster and you can see
it faster, that would be a help, particularly if it can give
you this tri-dimensional perspective that we need in shoes.
As you know, we work upside down. Sometimes a designer can
do something in a flash and sometimes it takes months to

develop. Anything that can speed up the process and keep
the creative activity going would be marvelous.
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Dr. Wolek" Thank you, Beth for a delightful presentation. It

confirms one of the basic philosophies that has underlined our
whole approach to technology. Technology is not a machine we can
just install in the factory, press a button, and get reduced costs
and the increased sales. There is going to have to be some very
hard work to couple the technology with the market strategy for
each product line. We may need to change the way we work with
retailers, with consumers, and with each other to provide the
value that justifies the cost of and the commitment to American
manufactured products. I am pleased to see that there is a

spirit in this group to move forward and examine various tech-
nologies as they tie into the whole corporate picture. In con-
clusion, we must define some specific steps for our future well
being

.
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SYMPOSIUM INTEGRATION AND FUTURE DIRECTIONS

Dr. Jordan Baruch

Assistant Secretary for Science and Technology,
U.S. Department of Commerce

My purpose in this wrap-up session is to integrate the impor-
tant aspects of our discussions yesterday and today as well as to
chart the course of our future actions. To help in this task, I

have just spent a couple of hours being briefed by the working
group leaders on your discussions in all ten parallel groups. Let
me share some of my own feelings, then I want to hear your questions
and comments on our two days of discussions.

One of my biggest concerns is the natural slowness with which
the Federal Government moves; I know many of you share this con-
cern. But there are things we can do about that. One example is

in the development of a footwear center. I know uppermost in your
mind is the establishment of a footwear center to focus upon the
development of the basic technologies and services on which your
business depends. Dr. Wolek already told you this morning that we
agree with this goal. Moreover, we will remain alert to actions
we can take to make the process of establishing the center move as

fast as feasible. Although the necessary and detailed planning will
take some time, we in the Department will do everything we can to

make sure the timely availability of needed resources acts as a

stimulus rather than as an impediment to the process. This may take
the form of earmarking parts of existing funds or, if necessary, to

request a supplement to our budget authority. The point is that we
want to minimize the effects of artificial fiscal calendars. I have
already spoken to the Under Secretary on this matter and I have his
full support.

We are going to need help from you in the form of substantive
thinking. We will need the advice and review of knowledgeable foot-
wear industry people in making the planning and allocation decisions
that we are required to make. We will need advice on the functions
and structure of the footwear center as well as on the technology
needs of the industry. We will need the ideas of the most resource-
ful and innovative representatives of all parts of the industry -

shoe manufacturers, suppliers, equipment manufacturers, retailers,
and organized labor. These will be working groups, not study groups.
Therefore, I make an urgent request of you today, to send nominations
of such industry representatives to me directly. Let me give you
further examples of what I believe has to be considered and the role
of the industry in this process.
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At lunch today the working group leaders told me their members
said: "We need help in the fitting room, we need to consider the
questions of three dimensional stitching, we need people to address
the flexibility of set up and change in the fitting room. We are
particularly concerned about transferring goods from one machine
to another and handling goods as they pass through a machine. We
want help in the whole CAD-CAM area".

One of the characteristics of computer-aided design is that
once the basic information is in the computer, there is no end to
what you can do with it- from inventory management to factory loading.
However, each of those applications takes a lot of effort and money.
It also takes education of the people who will use it. Clearly,
a center such as the one we are talking about has to not only be
concerned with research and development, but also the actual trans-
fer of the new capabilities that it generates. Technology transfer
will be a critical part of the center responsibilities.

In reviewing research centers and collaborative programs in
Europe and Japan, we learned that there has to be not only an inter-
est on the part of industry, but also an active involvement on their
part in selecting and evaluating the projects in such centers.
Otherwise, you will have a new research institute doing all sorts of
interesting things, but without having much actual impact. That would
not be a good place for the footwear industry to be right now. You
need help on directly applicable things. We also need industry partic
ipation because the government is going to be cautious about spending
other people's money for helping a specific industry. What they are
going to need is a demonstration that if we do "A", the potential
payoff looks like this, and the impact will be thus and so on our
balance of trade and on the small companies, and the medium companies,
and the large companies.

This only people who can generate that kind of knowledge come
from the industry. Therefore, unlike most government activities, we
are going to insist that the individual projects be guided by indus-
try people. There is some difficulty with that when you start getting
industry people on a CAD-CAM project; although they can visualize the
use of it to a limited extent, they also need the opportunity to inter
act with well-trained technical people. That we will provide. We
will contract for it where it is appropriate or provide you with
Department staff when that is necessary. We will also get you the
equivalent of a technology marketing person, somebody who can explain
the meaning of the technologists' ideas to you, the users. The best
development organizations in industry work like that. They have
transfer people to work between the management and technical people.
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When I say I want a nomination of candidates from you, I want
very special kinds of people. I am not particularly looking for manu-
facturing engineers or industrial engineers, but rather people who
have to make decisions in the company. The major decision makers
must be involved and that includes chief executive officers and vice
presidents of marketing from all sizes of companies. I would like
some input from the retailers and from the equipment manufacturers.
From those nominations we will then try to form a representative
committee. Normally in something like this, the center would engage
in this process with you. My hope is that once we have got a center
established, most of the development activities you are interested
in will be performed there.

In the meantime, I do not think we should wait for the Footwear
Center to get established and operational before starting some of
these projects. As soon as these committees can get formed and
interacting, we can then seek standby technical research and develop-
ment assistance. If we need CAD-CAM help, the shoe industry may end
up contracting with General Motors or MIT or other specialists. We
want to get research activities started. I would like to briefly
discuss a list of projects that the discussion leaders spoke to me
about at lunch and get your reactions. I would also like to get
your reactions to the scheme that I have proposed to organize. And
I would like to get your reactions to the whole approach that we are
taking

.

I mentioned the need for help in the fitting room, CAD-CAM,
and computer aids for management information. These three are insep-
arable. Computer-aided design leads to things like rational inventory
control, material requirements, inventory control systems, shipping
schedules, procurement schedules and preplanning. They could go

together into a computer-aided shoe manufacturing project. One
thing that did not come up was OSHA. For example, the industry is

going to require help in the noise control of its equipment. Adjust-
ing to any such regulatory requirements are one reasonable place
for us to participate with you. The last item that came up at that
meeting was bonding and adhesive systems, which is of perpetual con-

cern to the industry.

This is a good point to respond to your questions and comments.

Questions and Answer s

Q (Norman Germeny, AFIA) : The computer-aided design conversation
did not appear to me to go quite far enough into the method of

last making, which has the special problem of still being primarily
an artisan approach.

Baruch: I agree we should look more into last making. If you are

going to get into shoe design, the sorts of things that you put
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into the computer first are constraints. For example, if you
have an assortment of lasts, you can store them in computer
memory and move the shoe design to any last and the computer can
test the fit. However, there is another step. If you have a

shoe design that does not fit an existing last, it becomes impor-
tant to be able to use that same digitized information as an input
to the process of last patterning and last molding. If we look
at this production process as a whole system from beginning to end,
we, especially the committee, will recognize where the bottlenecks
are

.

Q (Narminder, Kapany, Kaptron, Inc.): The concept of the Footwear
Center is a very exciting one. The industry is in trouble; there-
fore, the need for an agency for solving problems is realistic.
However, when the going gets rough, will the first thing to go be
research?

Baruch: That is just the sort of thing that our studies and the center
advisory committee will have to address. In our studies of produc-
tive laboratories in industry, we find the discretionary or bootleg
fund of a laboratory ranges from 15 to 17 percent. A bootleg fund
Is money given to someone who has an unusual idea. That kind of
bootleg money turns out to be among the most productive money spent
in an industrial laboratory. Many companies have a fixed figure in

their budgets for this. Hopefully, the center would have the same
kind of flexibility.

Q (Tom Bleasdale ,USM) : I am going to ask a more fundamental question.
Dr. Wolek described the center in terms of research and development.
Fred Meister emphasized education and other similar responsibilities
for this center in addition to helping in technology and research.
I represent the supply sector for the footwear industry, which like
the shoe manufactureres , has suffered due to shoe imports. This
afternoon, you spoke about this center more as a research and devel-
opment center. Can you find a balance between an educational center
a capability to use high technology, and a fully fledged R§D center?
This is a small industry. If we are eventually to fund this center
and it gets into expensive research and development programs with-
out sharp marketing input, then the industry will not be able to

afford to support it.

Baruch: Absolutely. If I did not mention the supplier industry, it

is because I lumped them with machinery people, and that was a

mistake. Clearly, there are many suppliers in the industry.
Paul Olsen's study of innovation in the textile industry showed that
over 90 percent of the innovation in those businesses came from the
suppliers of those businesses. A major thing that such a center
can do is to prepare the firms to absorb the technology. One of

the major difficulties in this is education. The center committee
will investigate what kind of a center is appropriate for the shoe
industry. Perhaps you will ensure that suppliers are represented
in that slate of nominations I requested.
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Wolek: I can understand your confusion. A footwear technology
center would provide the education and services you want. With
that type of capability established, there will be a technical
know-how available for doing research and development. That
research and development can be supported on a project basis by
the government. There is no difference then between what we are
talking about. There is still an important issue, however, of
the kind of research and development that will be done. The R§D
we contemplate is in an area Dr. Baruch calls infratechnology

,

and it is the type that supports suppliers, rather than sets up
a government-assisted competitive network to the supplier.

Baruch: If we look at the technology structure in the United States,
we find that basic research is generally very well done by univer-
sities. Development of new products and processes is well done by
industry. Government has a role in the research area where no in-

dustry can support it alone. Government has essentially no role
in the development area, except when it is the development of some-
thing the government wants to procure. There is an area between
these two that I call infratechnology . By infratechnology devel-
opment, I mean the basic technologies on which industry builds its
new products and processes. When I said a center like this might
work on adhesive systems, they will not compete with manufacturers
because they will not provide adhesives to the shoe industry. They
could work on projects such as investigating those kinds of adhesives
or adhesive combinations that would eliminate pre-roughing . That
information then becomes available to the members of that center,
those supporting it on a regular basis. Presumably it will be incor-
porated into the new products of the suppliers, if it is useful.
To me a technology center should provide the kinds of services that
were provided by the most successful ones I saw in Europe.

The best ones I have seen in Europe are organized as follows. They
have a governing board made up primarily of industrial representa-
tives, along with some government representatives. The main pur-
pose of this board is to define project areas with the help of the
technical members on the board and technical staff. They select
the set of projects that will have significant impact on that indus-
try. Money and guidance flow from the industry to that center. The
government also provides funding, but generally to support specific
projects in a customer-buyer relationship. The government's choice
of a project is different from industry's. The industry may pick
a product on one set of criteria, while the government in general
will ask what social benefits accrue from that. Does it increase
employment, does it increase our balance of payments, is it anti-
inflationary? The projects the government does not choose to sup-
port are supported primarily by the funds that flow from industry.
Generally there is a flow of funds on some matching level. You
might, for example, start the Federal share at a 75 percent level
the first year and drop to nothing in five years. We found a wide
range of that kind of thing.
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What does this type of institute generate? The best ones we have
seen generate three benefits. One is planning for the industry.
It looks at where the competition to the industry as a whole is
growing and plans activities to benefit the industry over a longer
range time horizon than is usually used by planning executives in
individual firms. This effort represents typically about 10 percent
of their total funding. Another thing it does is research and
development. It actually works on the development of that infra-
technology we discussed. This represents 45 percent of their
funding

.

The last and most important activity that most of these institutes
engage in, using about 45 percent of their funding, is a combina-
tion of consulting, education, and technology transfer. The con-
sulting activity is not done for the whole industry, but for an
individual firm. That work is paid for by fee by the firm. The
firm specifies the problem and hires the people, generally those
who have been working directly on this infratechnology development.
They help in consulting. In technology transfer, there is a simi-1

lar process, usually directly with the suppliers to the industry.
They do a market analysis of their own industry for a new techno-
logy and then go to the suppliers and get them started on the
product development needed for the technology. The education
activity, also paid for by the firms, is a general ongoing activity
that includes collecting the best technology available to the indus-
try, providing it to the users, and teaching them how to use it.

It is essentially the function that a library and educational group
play together in a good industry.

Some of these have both extensive publication systems and a below
threshold consulting system, where so many hours are available to
any member free for consulting activity. Incidentally, probably
not all the firms in the industry will be supporting members of
this center, because it takes money and it may take people. In

England and in Sweden they charge a differential price to members
and nonmembers for consulting and transfer activities. Also in

England the new infratechnologies become available to the members
continuously. They get progress reports; nonmembers get only a

final report. The reason that nonmembers get any information what-
soever is because part of the funding comes from the government.
One of the things you will find as we work together on the design
of a U.S. footwear industry center is that the big concern of the
antitrust division is who cannot participate and receive the bene-
fits of such a center. This is the kind of paradigm we see in

other industries and nations. I have no idea whether it is appro-
priate for the shoe industry. But if it is not, I would like to

hear about it.
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Q (Tom Bleasdale) : As a supplier, we have spent more than 4 per-
cent of our volume on research and development. We have a lot of
the technology to do some of the things that are required, but the
expense of the development costs for a relatively small industry
did not justify us continuing beyond the model stage. I believe
new technologies are not necessarily absent from the suppliers; the
fact is that we are dealing with a relatively small industry.
There should be some way this center could assist the suppliers
in applying the technology they have developed.

Baruch: The problem is that each group has their own view or solu-
tion to a problem and each has its place. Government bureaucrats
should not decide which is the appropriate route for the shoe
industry. My hope is that each group or their representative on
that board would push for their idea until a decision is made.
Another approach you might take, however, is to go to the govern-
ment and say, "Look, this is too much for us to tackle, and yet
we see this as a useful approach in many areas. Does the govern-
ment want to participate in funding us directly?" When you do that,
you lose part of your exclusive patent protection. That is the kind
of management decision you have to make.

Let me go one step further with the supplier question, if I may.
This is only one center. One of my current dreams about this ap-

proach we are taking is that there will be many such centers serving
other industries. When I testified to Senator Stevenson, I pointed
out that the work we are doing with the shoe industry is a paradigm
for the work we may be doing with the computer industry five years
from now. In Japan the government and industry together are invest-
ing $300 million in large-scale integrated circuits, $100 million
in flat-screen television display, and $40 million in fiber optics.
Those things pay off.

Over the next few years we must realize that this country will be

engaged in a different kind of war than ever before - an economic
war. Unfortunately, the people we have to look out for are our
friends

.

One thing I would like to see in these American industrial techno-
logy centers is an effective communication link. If we can get
these centers working together, we could get an additional func-
tion in this footwear center, that is to coordinate with the other
centers so that needs can flow across industries. That sort of

interaction between industries needs to be institutionalized in our
society. Thus, I see the shoe center as vitally important to you,
but also to other parts of the economy. For one thing, if we devel-
op demand for a product that is too large for the shoe industry to

work on, it may well not be too large for a wider range of other
industries. Knowing USM, I know they do their marketing homework
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in the textile business as well as the shoe business, but this
should be institutionalized at a level where others besides
United Shoe Machinery can have this breadth of vision.

Q (Graham Butlin, SATRA) : I would like to comment on the British
research associations. The potential danger is that if you hire
a research association that has a high proportion of its income
coming from membership fees, you will find that that research
association normally offers virtually nothing to nonmembers.
Research organizations that are highly contract research oriented,
and who have a lower proportion of their total income coming from
membership fees, do in fact have a two-tier system of charging.
There will be fundamental problems of attracting members who want
to know what they will get back for their dollar. If they are
expected to contribute to fairly large central services covering
a wide spectrum, they are not going to do it, if they can get the
answers without joining.

Baruch : The problem will be how do we balance what goes to the
members, versus the nonmembers? If it turns out that everything
has tc go to everybody at the same time, then it is going to be
a government institution. If it turns out that only the members
can get the benefits, it may be a pure membership institute. The
Monopolies Inquiry Board is much more relaxed about the RA's in
Great Britain, but ours has not had that same 32 years of exper-
ience. We have a different problem in the U.S. We have to make
something available to nonmembers, and we have to provide differ-
ential availability to members that warrants them taking the invest-
ment step. That is part of the planning process that this committee
will have to work on, and that is why both industry and government
should be represented on the committee.

Let's not ignore the antitrust issue. It is legal under the anti-
trust laws in this country for any group of companies to get
together to do research, provided they do not suppress the results.
However, no legal counsel of any company will tell his president
that it is alright to do it. Companies are very sensitive about
this in this country. It is not just the law that is involved, but
also the perception of the law. We want the antitrust division to

join us in the creative stage, help design the system, and give us

a "no present intention to prosecute" letter, that says the design
fits our antitrust laws, before we get the companies involved.

That is part of what is going to take time in getting such a center
set up.

Q (Jacob Rabinow, NBS) : In your model what is the amount of funding
needed, both from industry and the government?
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Baruch: Well, that is also going to depend on the industry a lot.
The RA's in England and Sweden are funded roughly 50/50, if you
look across the whole spectrum of them. Some of them are heavily
funded by industry and lightly funded by government and vice-
versa. Dr. Wolek talked about an initial government involvement
of 75 percent in the first year, dropping to 0 percent in the fifth
year. That is also 50/50 integrated over five years. I worry,
however, that in that system the center might change when it became
entirely industry. It might start working on things that are not
socially interesting or start excluding members and get in trouble
with the antitrust division.

The total funding varies greatly, but you want a budget that matches
the task. One reason we will have these committees is to look into
the task to determine the payoff and its cost and to determine the
interest of the industry.

Comment: I think there is a danger in what we are doing. You might
get a large board of people contributing enough time and money,
but when it comes to a supporting situation, they might sit back
and just watch the people who are paying money for a structure that
might not buit them. That is a danger in the formation of a center
based on people that are not committing themselves to supporting it.

Baruch: Absolutely. We will also not take the results of the committee
as the final structure of the center, but rather as a starting point.
The RA's in Sweden had the industry form the foundation, get the

members, and put money into it, and then they neogtiated with the
government. My only concern about the initial structure is to pin
down government- type problems, like antitrust. The actual organi-
zation of the center, I'm sure, will be largely left to the members
of the board, who are in fact the representatives of the contributing
corporations

.
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EXECUTIVE SUMMARY

INTRODUCTION

This report covers the work conducted by Arthur D. Little, Inc., under the
direction of the NBS Shoe Team, U. S. Department of Commerce on Purchase
Order No. 808207. It presents the results of our findings with respect to

innovative manufacturing technologies applicable to footwear production
considering the potential transfer of technology from such diverse indus-
tries as nonwovens, pulp and paper, electronic circuit board, and plastics.

OBJECTIVES

The specific objectives as stated by the NBS Shoe Team for the studies
involve innovative approaches in technology and processes to aid the shoe
industry were stated as follows:

"To identify current and /or advanced (within five year spectrum)
manufacturing technologies which singularly and/or in concert
could impact the production process of the U. S. nonrubber foot-
wear industry;

To quantitatively evaluate the benefit these technologies could
provide domestic manufacturers of nonrubber footwear relative
to foreign footwear producers; and

To identify areas where cooperative efforts between government
and industry are appropriate for developing needed manufacturing
technology or facilitating the use of existing manufacturing
technology.

"

APPROACH

In carrying out this work internal meetings were held among our staff who
consult in these industries. The team consisted of five core members and

15 industry oriented members. Following the initial transfer of technol-
ogy sessions, the core team evaluated the suggested concepts for develop-
ing a more cost effective footwear industry. As a means of attesting the

practicality of our concepts, we contacted and held in-depth interviews
with shoe and shoe machinery manufacturers.

Our findings indicated that significant advances in technology could be

made utilizing transfer of technology with respect to:

• Shoe upper manufacturing techniques

• Shoe upper materials

• Mold design and manufacture

CONCLUSION

Our conclusion is that the U. S. shoe industry to be viable as a manufac-
turing entity that can compete worldwide will have to develop technology
to go directly from raw or processed bulk materials to finished or near

finished footwear. The industry has demonstrated the capability of manu-
facturing shoe bottoms successfully but not shoe uppers using this principle
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FINDINGS

We believe there is potential for the transfer of technology to the shoe
industry for the following processes and principles from the industries
presented below:

1. Nonwovens and pulp and paper industries.

• Hydraulic needling

• Vacuum deposition and forming

• Electrostatic t graying

• Dipping

2. Electronic circuit board manufacturing.

• Electroforming

• Vacuum plating

• Masking

3. Plastics industries.

0 Reaction injection molding of poromeric materials

G Liquid injection molding

O Dielectric and high frequency joining techniques

• Electron beam holing

o Laser holing

0 Fibrillation through the use of blowing agents

u Shrink wrapping

4. Other

• Dilatency principle applied to mold making
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I. INTRODUCTION AND BACKGROUND

Our program with the National Bureau of Standards Shoe Team, U. S.

Department of Commerce under NBS, DOC Purchase Order No. 808207, was
to carry out a series of in-house technical meetings using Arthur D.

Little, Inc., experts in the areas of nonwovens, paper and pulp pro-
cesses, electronics circuit board fabrication and plastics fabrication
processes, to determine if it was possible to develop innovative
approaches from these technologies and processes which could be trans-
ferred to the manufacture of shoes. An additional requirement was
that the cost effectiveness of such techniques should be investigated
and that any recommended technologies and approaches be such that they
could be adopted by the shoe industry within a 3-5 year time frame.

This report, in conjunction with our attendance and participation in

a seminar to be held on June 1 and 2, will conclude our participation
in this phase of the program.

Our work in the program began with a briefing at the National Bureau
of Standards on March 23, 1978. Arthur D. Little, Inc., was one of

seven firms selected for this program. At the briefing information
and background data gathered by the NBS Shoe Team under the direction
of Ms. Margery King was presented. These data consisted of trip

reports on interviews held with shoe and shoe machinery manufacturers
and the American Footwear Industries Association (AFIA) . Some signif-
icant aspects of these data with respect to our program were the

percentage distribution of costs for an average shoe. Seventy-five
percent of the shoe cost is materials and labor with the ratio of

costs of materials to labor being 2:1. Of the labor costs, approx-
imately 75% is expended in cutting, fitting, stock-fitting and lasting
of the upper. As a result of these observations, we focussed our

attention on ways to effect innovative techniques and materials pro-

cesses for reducing both materials costs and labor in forming the

shoe upper.
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II. NONWOVEN TECHNOLOGY

In the nonwoven technology area, our internal meetings resulted in
suggestions for several opportunities for innovating shoe manufacturing
techniques based upon the utilization of nonwoven manufacturing pro-
cesses and/or materials. An advantage of nonwoven technology is its
relatively low material production cost compared to textiles. There
is also considerable variety in the types of finished goods which can
be obtained. For example, webs with various degrees of fiber orienta-
tion, controlled porosity, and low bulk density can be built up by
appropriate fiber deposition methods. The webs may be subsequently
matted, bonded, and formed into shoe components or substrates for
further finishing.

The processes used to produce nonwoven roll goods are as follows:

• Dry processes in which the fibers are carded or air-laid
to form webs which are then bonded with polymeric binders
or needled t° impart strength.

• Wet processes in which webs are formed from aqueous
dispersions of fibers by papermaking techniques.
Binders are incorporated during or after web formation.

• Composite processes in which scrim, fibers, or foams are

laminated with tissue, film, or nonwoven webs.

• Spunbonded processes in which webs are formed by in-line

melt spinning and deposition of fibers.

• Spunlaced processes in which fabrics are produced by

hydraulic needling of deposited fibers.

Most nonwoven fabrics are produced by dry processes, especially carding.

Spunbonded fabrics are the second most important type of nonwoven.

Presently, nonwovens are used in the manufacture of coated, impregnated,

and laminated fabrics for shoe uppers, inner components for shoes and

boots, etc. Pellon Corporation in Lowell, Mass., for example, manu-
factures nonwoven interlinings for the shoe industry. Almost all man-
made poromeric products have been based on a needled nonwoven substrate

layer of one type or another. Some of these, such as Corfam, have also

had a woven polyester/cotton or cotton fabric layer. Generally, the

types of fibers used are polyester, nylon, rayon, or polypropylene
either alone or as blends.

Most poromeric materials utilizing a nonwoven substrate follow a typical

manufacturing process:

1. Nonwoven web formation (specialty fibers may be used);
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2. Impregnate with a binder to form a structural web;

3. Coat the bonded web;

4. Treat under conditions which, in conjunction with
specially formulated binder and coating used in

steps 2 and 3, develop porous structure; and

5. Apply color and surface finishes.

From our internal meetings, several suggestions were made for using
nonwoven technology or materials for making shoe uppers:

• Deposit staple fibers suspended in air on a porous last,
consolidate and impart integrity to the preform by
hydraulic needling, then treat by steps analagous to
1-5 above to produce poromeric upper.

• Deposit staple fibers suspended in air on a porous
last, consolidate and spray with binder, then dip

coat with vinyl plastisol.

• Develop or use synthetic leather in roll goods form
which can be bonded by ultrasonic energy or dielectric
heating techniques to form uppers. This type of bonding
would replace the labor intensive stitching operations
currently used.

• Injection mold an upper and apply flock to develop
desirable aesthetics.
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III. PAPERMAKING TECHNOLOGY

Papermaking technology is used to produce a number of shoe components.
A good example is "Texon" inner sole material produced by Texon, Inc.

"Texon" is made by impregnating a heavy paper or board with polymeric
binder to impart the desired performance properties. Wet-laid nonwovens
are produced on paper machines using blends of wood pulp and longer
synthetic fibers. Technology is also available for dry forming paper
and related products by depositing the fibers from an air suspension.

Papermaking technology also encompasses pulp molding, an operation in

which the water suspension of fibers is deposited on a porous mold
to produce preformed shapes. Egg cartons and a variety of protective
shipping containers are examples of pulp molded items.

A concept proposed during our internal meetings was to form the shoe

upper by an adaptation of the pulp molding technique. A blend of

wood pulp and synthetic fiber would be deposited from a water or air

suspension onto a porous shoe last. The last might be made, for

example, from metal or plastic screen. The deposited fiber mat could

then be impregnated with a binder, and subsequently cured, or dipped

in a vinyl plastisol, or sprayed with a urethane coating.

Another way of forming the finish would be to use a shrink wrap such

as a vinyl chloride or pigmented polyethylene on top of a pulp which
was molded with an adhesive binder.

An example of a product formed using pulp and paper process techniques

is one which we developed using ground leather fiber with an elastomeric

binder that was dry-formed into a poromeric sheet. This dry process

could be adapted to three dimensional upper formation.
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IV. ELECTRONIC CIRCUIT BOARD MANUFACTURING TECHNOLOGY

The manufacture of electronic circuit boards utilizes a variety of wet
and dry processing steps such as coating, chemical etching, photo
lithography, silk screening, plating, etc., to develop the electronic
circuitry. The objective was to identify techniques which could be
used in the creation of various designs for shoe uppers resulting in

improved productivity and styling. We found that the processing
techniques used in this industry, although potentially applicable in

obtaining the detail necessary in the design of shoe uppers, would not

be cost effective in the shoe industry. Other suggestions which came
from this technology involved the use of electroforming to obtain
minute detail on mold surfaces. Electroforming is used extensively
for production molds at this time. Vacuum plating and masking tech-

niques as practiced in the electronics industry may also be applicable

in the manufacture of molds with special surfaces or effects.
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V. PLASTIC MOLDING AND FABRICATION TECHNOLOGY

The various types of plastic molding and fabrication technologies which
were considered include:

• Sandwich molding;

• Two-shot moldxng;

• Hot stamping and warm forging technologies;

• Blow-molding combined with injection molding;

• Reaction injection molding (RIM);

o Low pressure liquid injection molding; and

• Non-sewing joining techniques such as ultrasonic,
dielectric and high frequency heating methods.

Many concepts were proposed for making shoes and/or shoe uppers using
non-conventional plastic molding techniques including sandwich molding,
two-shot molding, stamping technologies, and/or blow-molding followed
by injection molding. However, the problems associated with mold
design and fabrication and mold costs using such techniques indicated
that they would not be economically feasible for shoe manufacture.
The possibilities of using the emerging RIM technology and/or low
pressure liquid injection molding, however, were intriguing, and the
approach was therefore explored more fully. It was determined that
the RIM process might be adapted to shoe manufacture in several ways.

One approach would be to utilize the so-called RIM process for molding
a complete shoe upper (with or without a fibrous substitute) from a

relatively low-density polyurethane composition. Another approach
would be to use the same RIM process for the liquid injection molding
of the upper section of shoes as two separate components which would
be subsequently joined by non-sewing thermal techniques. A very
flexible lightweight urethane could be used in the process and porosity
might be obtained by needle punching which would produce a continuous
path through the structure for breathability . Electrobeam holemaking
or laser holemaking are two other methods that could be used for

producing pores in the molded upper. The RIM molding technique could
also be used to apply a molded coating over an integral nonwoven
inner lining and other fibrous reinforcing parts located in the heel
and toe areas as required for stiffness and other properties.

Other techniques were suggested for making fibrous substrates which
would be less expensive than through the weaving process, and in some

cases, even cheaper than knitting. The first of these involves the

use of plastic sheets such as expanded polypropylene which when
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stretched and fibrillated forms a nonwoven substrate. The second
process utilizes slit fibers which, if appropriately done using
appropriate geometric patterns, can be formed into wovenlike structures

Another process, which was suggested for making shoe uppers, utilized
an adaptation of the process used to manufacture porous fabric rein-
forced vinyl gloves. In this process porous vinyl coatings can be
produced utilizing extractable media or air in the plastisol. In
adapting this process to shoe manufacture, one would first use a

substrate consisting of a knitted sock which would slip on a conven-
tional last or deposit a nonwoven substrate on a screen or porous
last. The lasted substrate would be dipped in the vinyl plastisol
formulation to build up the desired coating thickness. Subsequent
fusing and extraction of the formed piece would result in a porous,

breathable structure. To obtain an embossed three-dimensional
surface, however, one would have to use a female mold around the

coated last prior to and during the fusing of the plastisol. A RIM
type of system could also be utilized with the vinyl plastisol in-

jected around the knitted sock on the last (male mold half). This

would be a low pressure system where the major adaptation of the RIM

process would be in the high speed injection techniques.
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VI. INNOVATIVE APPROACHES TO SHOEMAKING

Two significant approaches to the making of shoe uppers going directly
from bulk processed materials to the near finished shoe have resulted
from the amalgamation of several technologies; namely, nonwoven, pulp
and paper, and plastic.

A. Dip/Spray, Gel, and Fuse Approach

This process would require a last (male mold) over which a substrate
can be applied if a lining is desired; namely, a knitted lining which
can be easily pulled over the last. Other techniques to provide a

textile substrate would involve the deposition of a nonwoven fiber
built up by a vacuum or electrostatic deposition on a special last.
If a textile lining is not required, the bare last would be used for
the depositing of the porous shoe upper material. A vinyl plastisol
would be deposited on the bare last or textile covered last by either
spraying or dipping, or a combination of both techniques. The vinyl
plastisol would be made porous utilizing known technologies involving
extractable additives. Thickness would be controlled by the amount
of dip or spray. If desired, preformed counters and box toes could
be placed on the coated textile lining material prior to dipping or
spraying. Once the required thickness is built, a female mold would
be used to provide the outer surface finish in the final plastisol
fusing process.

B. Direct Molding Approach

Utilizing either RIM or low pressure liquid injection, this second
approach is the preferred method of going from bulk processed materials
to the near finished shoe. The last (male mold) can either be bare
or have a textile liner cover as described in the first approach. The
molding technique would be to use RIM or low pressure liquid injection
molding with either polyurethane or a vinyl plastisol resin system.

Either of these systems require relatively inexpensive male and female

molds since the pressures are low. In the case of polyurethane, the

technology already exists for the molding of porous urethane shoe

uppers and samples are available from the USM experimental program.

This process is covered by United States Patent 3,668,056 dated

June 6, 1972, entitled "Integral Microporous Article and Process of

Making." The abstract of this patent follows:

"A one-piece microporous clothing article such as a shoe

upper or glove is formed by molding a solidifiable liquid

emulsion of fine droplets of an organic liquid in a con-

tinuous phase comprising reactive material convertible
through reaction to solidified resilient condition. The

emulsion is caused to gel and solidify with said droplets

held in the solidified material. The solidified material
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in the form of a shoe upper or glove is removed from
engagement with the molding surface and the liquid is

removed without expanding the solidified material leaving
pores and discontinuities in the solidified material to

constitute passageways for air and vapor."

A porous upper could also be made by a low pressure injection molding
system using a liquid vinyl plastisol containing extractable additives.

The industry practice for making inexpensive low pressure molds in-

volves the making of a rubber production master on which can be
deposited a metal shell by spraying a liquid metal or by spraying
using an electric arc gun or more conventionally by forming the shell

using electroforming techniques. These shells are backed up and
supported by a filled epoxy resin compound.

Another approach to a low cost mold for the manufacture of shoe uppers

would be applying the principle of dilatancy. Dilatancy could be used

in the production of the rubber master depending upon the level of

detail that can be achieved. The dilatancy principle involves the

use of a flexible elastomeric bag which contains fine shot.

The bag is formed about the master male pattern which would be the

last and is made to conform to it. Then a vacuum is drawn on the bag

freezing the shape and detail of the master. Through an applied

research program this mold concept may evolve into a highly mechanized,

inexpensive method of making the female experimental and production

molds. Since the dilatant elastomeric mold can be readily formed to

mold a variety of sizes, the number and cost of female molds required

can be kept to a minimum.
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VII. BENEFIT COST ANALYSES OF THE IMPACT OF A MOLDED POROUS SHOE UPPER

Each shoe process, whether it be Goodyear welt, stitchdown, cement,
injection molded, sandal construction, etc., finds its own niche.
The U. S. shoe industry being a marketing and sales oriented industry
uses the world as its procurement playground. We are recommending
a new manufacturing technology be developed for porous synthetic
uppers eliminating the need for the cutting room, the fitting room,
the lasting room and the need for pattern making. Soling and heeling
would be replaced by evolutionary equipment resulting from the present
technology used in the manufacture of unit soles and injection molded
bottoms. Finishing of the shoe upper would be done on a finishing
rink. The rink could be mechanized, automated or a combination of

mechanized and manual operations depending upon the style of the
shoe. • By employing this capital intensive approach to shoemaking
and by reducing dramatically the cost of materials and by the inherent
vast improvement in productivity, we would expect that the cost of

the molded porous upper and molded bottom would be less than half
of the manufacturing cost of conventional footwear of either the

cement welt, stitchdown, slip lasted, or other current processes.

With the development of this low-pressure liquid molding technology,

we would expect that the U. S. footwear industry could again become
an exporter of this type of footwear to developed nations as well as

developing nations. At a later time the technology could be licensed

to other developed nations and developing nations without the risk

of a cost advantage on the part of the developing nations since the

labor content of the process is so very low and the capital intensity

is so very high. We would expect that the development program re-

quired to arrive at a production prototype system for both the molding

operation of the shoe uppers and a more cost effective manufacturing
operation for the low-pressure molds and for a semi-automated finishing

rink is well within the 3 to 5 year limit and the cost and time for

the development are being studied at this time.
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VIII. BARRIERS TO IMPLEMENTATION OF THE RECOMMENDED TECHNOLOGY

—

BULK PROCESSED MATERIAL TO NEAR FINISHED SHOE

In discussion with shoe manufacturers, their principal question to this
recommended new process of upper manufacturing was the expected limita-
tion to styling. Their fear was that everyone would have the same
process, and hence all shoes manufactured utilizing porous synthetic
uppers would be so similar that there would not be a brand identity.
We believe that this new process of manufacturing uppers will offer

a freedom of styles and a uniqueness that is only limited by the
imagination of the stylist and the manufacturer.

Our concern with the development, because of its capital intensity,
is that the process will be available only to the manufacturers who
have sufficient capital to purchase the equipment and provide the

necessary capital for mold development and mold changes as the market
dictates

.
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IX. COOPERATIVE TECHNOLOGY DEVELOPMENT BETWEEN GOVERNMENT AND INDUSTRY

We concur with members of the industry that a research institute in
the U.S. supported by both the industry and by the Federal government
is highly desirable. The institute could act as a depository and
disseminator of a data base for all aspects of the shoe industry
including marketing, manufacturing, research and development. Programs
could be sponsored solely by supporting members of the industry as

universal activities as well as groups of individual members. Longer
range development activities and, in particular, applied research
activities could be supported jointly by the industry and the Federal
government.

In the planning of a shoe industry institute, the benefit/support
parameters will have to be explored thoroughly, in particular, in the

light of previous activities on the part of the government such as

the implementation of the Apparel Research Foundation. This particular
foundation flourished in its first three years of existence, but then

the support from the industry dried up.
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EXECUTIVE SUMMARY

The major findings of this program are divided into two categories,

becific and general

.

pecif ic

1. Three basic technology/application areas are suggested for

rdustry consideration. They are recycling leather wastes, leather finishing

y shoe manufacturer, and improved adhesive bonding. Since the first two

irectly involve leather, they are heavily biased toward men's shoes. The

fiird item for bonding could apply across the board wherever synthetics

nd leather are used.

2. The men's footwear segment is an ideal candidate for technology

and indeed for nontechnical) consideration due to its size and relative abil-

ty to withstand import penetration. Demand for leather in men's shoes should

emain at the present level, and quite possibly increase, while the available

upply will be more avidly sought by U.S. and foreign buyers. Greater leather

vail ability and more control over materials used would greatly assist the

.S. men's shoe manufacturer.

3. The bonding process greatly impacts production for a wide spec-

rum of footwear products. Any review of a shoe production sequence clearly

oints out the number of bonding operations, their labor-intensive character,

xtensive space and materials needs, as for lasts, and the steps required to

aintain adhesion quality. Significant improvements in the bonding process

ould offer benefits across a wide front.

4. For improved adhesion bonding an innovative technique is sug-

ested utilizing magnetic induction bonding. This method, selectively used

lsewhere, offers the potential benefit of essentially "instantaneous" bonding
l

nd, perhaps, improved performance. Two other more traditional techniques are

Iso noted.

5. Specifically, recycling leather wastes considers the potential

pplication of cryogenic techniques. Waste may be ground into a form that

an be more easily applied to a variety of applications ranging from integra-

ion with polymers to formation of a web form of leather.
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6. For leather finishing by shoe manufacturer, new /different

techniques are suggested that might facilitate and improve this process.

By so doing the shoe manufacturer might have greater materials control

either by vertical integration downward or via a change in the material

used during the work-in-process sequence.

General

1. At the conclusion of this program more questions than

answers persist. Although much has been written about the U.S. shoe

industry, it is difficult to obtain a clear, consistent perspective of

exactly what is happening and, more importantly, what are the forces

driving the associated changes. Part of the difficulty is attributable

to the wide variety of products offered by the industry. Part also seems

to derive from sincere differences of opinion by nominally equally knowl-

edgeable observers. Typically the reasons for the extent and pervasive-

ness of import penetration brings forth a wide variety of responses, some

conflicting. Many of the opinions offered are difficult to substantiate,

one way or the other. Given this situation, the -danger of suggesting cor-

rective programs to address perceived problems raises many questions -- wit

resultant hesitation. To the extent possible this Battel le effort has at-

tempted to address only those problems that are not vulnerable to the probl

described above.

2. The recurring theme of style change continues to plague the

industry. Where the consumer indulges in capricious demand behavior, the

manufacturer attempting to satisfy this demand must be extremely adept at

anticipating the changing winds (if possible), quickly reacting to new fads

(and attempting to define and capitalize on the market "window"), and ulti-

mately marketing a competitive product that usually calls for some trade-of

between price and style.

Basically the demands for style responsiveness do not fall within

the manufacturing/production domain. The suggested areas of technology/

application do not pivot upon the style dimension: their implementation

should be impervious to style variability.
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INTRODUCTION

In late 1977 a dialogue was initiated by Ms. Margery H. King,

Manager, NBS Shoe Team, with staff of Battelle's Columbus Laboratories (BCL).

-The objective was to consider means by which technology might address some

of the problems currently being experienced by the U.S. nonrubber footwear

-industry (subsequently called the U.S. shoe industry). A formal request

for proposal (RFP) was issued in mid-January, 1978 and a contract was let

: soon after in mid-March.
i

This report comprises BCL
1

s analysis and recommendations.

OBJECTIVES AND SCOPE

Specifically the study would seek to identify technologies that

- might be applicable with advantage to the U.S. shoe industry. The analysis

would provide substantiation based on qualitative and quantitative inputs,

with the quantitative input probably more limited in both breadth and depth.

As appropriate, a potential role for the U.S. government would be suggested

to achieve the desired goals.
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The program was bounded in two ways, as follows:

o Only technologies addressing the manufacturing/production

segments would be considered, with nontechnical factors included only as

they impact on the technical considerations.

o Any technologies suggested should offer a high probability

of acceptance and implementation within a 5-year time period.

fas

is

k

S3

BACKGROUND * ^

flit

Over the past decade the U.S. shoe industry's competitive position

has been seriously eroded within the U.S. domestic marketplace. Although

some of the associated problems are unique to the industry, many are simply

another variation of recent adverse trends experienced by companion U.S.

industries, including consumer electronics, textiles, and steel -- to name

only a few.

Particularly where total market demand is fairly stable, as it has

been for U.S. consumption of shoes, the loss of market share has inevitably

led to reduced sales for U.S. manufacturers with a subsequent train of events

including company closings and bankruptcies, mergers, shifting of manufactur-l

ing facilities both within the U.S. and offshore, and loss of jobs. The latt

may be the most sensitive and unpalatable of the lot, and is certainly the

dominant "gut" issue. Such events incur heavy pressure both upon the in-

dustry and the U.S. government to seek means of redress to reverse, stop, or

slow down the negative effects described above. In some ways the U.S. shoe

industry has responded most vigorously on its own, without support from the

Federal government. In other ways it is seeking assistance from Federal

agencies arguing that other governments bolster their own shoe companies

in a manner that places counterpart U.S. companies at a competitive disad-

vantage. The nature of such support by other governments ranges widely but

all instances reflect a government/industry working relationship quite dif-

ferent from the sometime adversary U.S. situation. One desired output of

this study is a better understanding of how the U.S. government might be able

to better work with industry.
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The industry is most complex, characterized by a very heterogeneous

roduct line catering to men, women, and children. In some parts of the mar-

etplace style is critical, as for most women's footwear and the so-called

fast" shoes. In other segments, such as much of the footwear offered in

he high-volume, discount stores, price dominates. In some segments of the

ore stable men's market, both style and price must be considered. The

resence of these manifold factors, sometimes conflicting, raises fundamental

uestions on two levels: first, what is actually happening (implying a strong

eed to obtain good information) and, second, why is it happening (suggesting

hat, even if we have "perfect" information, can we understand the basic

riving forces leading to the events identified).

Although this program only considers the technical innovations in

.he manufacturing process, obviously the ultimate concern must be more far-

-eaching. Experience within other industries often indicates that fundamen-

.al and deep-rooted changes affecting a given industry, for better and worse,

lay embrace decades to bring about basic structural change. Sometimes tech-

iology is a major dirving force, as in the semiconductor industry, while for

•thers structural transformations may entail other factors, for instance,

is a shift in manufacturing a product to overseas locations to incur labor

.avings. Technology may, indeed, make a major contribution to address some

pf the industry's problems; more likely, it is a necessary but insufficient

nput.

METHODOLOGY

The timing and budgetary constraints on the program dictated that

:his effort should be highly focused. Therefore it was divided into three

segments: obtaining and digesting a large variety of source material inputs

generated by others; holding internal BCL creative (brainstorming) sessions

to generate candidate ideas; and structuring, evaluating, and distilling the

:andidate ideas to a limited few worthy of further analysis.

At the outset a great deal of material was obtained from the NBS

shoe team drawing upon information they had gathered, and from a wide range of

Dther inputs from government and private industry sources, such as AFIA.
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During the program itself subsequent information has been obtained from NBS.

Independently we have gathered material from other, although similar, sources

and have also visited two industrial sites including a last manufacturer and

two locations of a major shoe manufacturer. As an overview we read through

a 1966 BCL report prepared for the Department of Commerce's Economic Devel-

opment Administration, "Opportunities for Increasing Markets and Employment

in the Shoe Industry (Nonrubber)"

.

With this basic background in hand, the two-man BCL core team then ;t

solicited inputs from various BCL staff during a number of creative sessions.

The persons participating in these sessions offer capabilities in a range of

disciplines: familiarity with aspects of the shoe-making process itself,

technologies drawn from contiguous industries that might apply to the shoe

industry, basic technologies that cannot specifically be coupled with given

industries or applications, industrial practices generally, and industrial

technology transfer. A purposeful bias in choosing the participants was

their strong orientation in materials and related areas. In these fields,

it was believed, BCL enjoys especially strong capabilities and could most

likely offer its most innovative thinking.

The format for these sessions generally followed a sequence in

which the substantive discussion was preceded by a briefing to the group to

familiarize them with (a) the general background for the program, including

why the U.S. government was interested in the subject, (b) a brief descrip-

tion of the actual manufacture of a shoe, and (c) the mandate for the BCL

program. The subsequent discussion was essentially open-ended with no at-

tempt made to squelch ideas regardless how audacious or outlandish they might

seem. The intent was to elicit creative thinking while imposing a minimum

of boundaries. Questions sought to clarify and perhaps suggest how an idea

might be applied, without attempting to judge its feasibility.

It should be pointed out here that the intent of this technique is

not to even attempt to obtain every possible good idea nor to spend a great

deal of time toward this end. Consistent with the spirit of the program, we

endeavored to identify at least a few good ideas -- potential "nuggets" -- the

would prove worthy of further analysis. Generally this methodology encounter?

two types of error as the process continually seeks to obtain smaller subsets
t
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om larger populations. One error entails dropping a worthwhile candidate

more knowledge were available or subsequent investigation were performed,

e other type of error involves pursuing a candidate that ultimately turns

t to be fruitless, and therefore time and funds are consumed that might

t least with hindsight) have been better expended elsewhere. No means

e available to reduce these errors completely. However, as noted above,

e objective is to generate a viable subset at the conclusion, and there-

re disproportionate attention cannot be given to insuring that the subset

entually chosen is necessarily the best of all possibilities from a wide

pulation.

The two-man core team reviewed all the outputs from the creative

ssions and made a first cut to drop those that appeared to offer no at-

activeness at all. The criteria for this distillation were several, in-

uding those basic constraints laid down by NBS at the outset, but in-

itably judgments by the core team weighed heavily in the analysis. A

oup of 11 was ultimately selected from the larger population. As this

•oup was further evaluated and reduced, selected interviews were held with

few BCL staff to obtain more detailed information. These discussions

ffered greatly from the earlier sessions described since these were highly

cused on specific technologies/applications. With such inputs and various

ckground material, the 11 were reduced to 3 candidates (to be described).

1 subsequent analysis was based on these 3 and no further consideration

s given to the others that had been discarded.

ANALYSIS

Initial Review

As noted, the raw outputs from the creative sessions were reviewed

the two-man core team to generate the subset listed in Table 1. Essentially

e criteria described in Table 1 were applied to the larger group but in a

ss structured manner. Those candidates that did not survive this first cut

e listed in Appendix A. Again, the intent was to very quickly and effi-

ently obtain a smaller group of perhaps 5-15 candidates that we would then

view more intensively.
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In Table 1 the 11 candidate areas of technology/application are

isted in Column (A), along with the six criteria [Columns (B)-(G)] imposed

;o reduce these 11 to the ultimate 3. A brief description of each of these

:olumns follows.

Technol ogy/Appl ication [Column (A)].

1. Recycling leather wastes. Within the shoe-manufacturing

process leather wastes are comprised of two groups: at the input material

discarded due to blemishes, scars, etc., and good material set aside during

Dattern cutting. Recycling might use this waste, and possibly waste from

the tanning process, for several useful purposes.

2. Leather finishing by shoe manufacturer. The manufacturer might

:uy the leather from the tanner in an unfinished state, probably at the crust

stage, and then finish the leather either at the material stage before any

*/ork is done on it or at the end of the shoe-making process.

3. Pliable leather on last. A pliable leather might allow for

easier fitting and shaping on the last with any cutting of the leather done

at this point.

4. Leather irradiation on last. This involves impregnating the

leather with monomeric type materials, forming on the last, and then irradi-

ating to form a polymeric reinforcement. Properly done this technique might

eliminate finishing the leather at a later stage of manufacture.

5. Shrink plastic on last. With a shrink plastic the material

could conform to the last and take its shape. This would possibly lead to

m more efficient fitting operation for shoe uppers.

6. Wood substitutes. Where wood is called for, perhaps various

synthetics having a natural wood appearance, may be used to facilitate the

manufacturing process.

7. Improved adhesive bonding. The desirability of faster and/or

better bonding is apparent, especially as more synthetics are used. The

possibility of leather-to-leather or leather-to-synthetic bonding may also

be achievable.
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8. Automated defect recognition. Both for leather and synthetics,

automated defect recognition could minimize or replace a major labor-intensiv

process. Quite possibly the output from this process might be linked to the

production cutting to provide a totally automated system.

9. Lasers for production. Although selectively lasers are used

for pattern cutting, lasers are not used in production-cutting operations

perhaps because basic problems exist in applying lasers to the actual pro-

duction process.

10. Laser formation of lasts. Possibly lasts can be formed by

the intersection of two laser beams, with guidance provided by preprogrammed

computer inputs. The focused laser beam would cause a monomeric material to

cure in the form of the last.

11. Parts marking. Individual parts and work-in-process can be

marked and identified for a real-time information system. This might also

facilitate the entire data information system for the employee's piece

rate system.

isti

Criteria [Columns (B)-(G)].

(B) Use by non-shoe industries. For any given technology/applica-

tion, the technology in question may be totally new for any application or it

might draw heavily from use in non-shoe industries. Wood substitutes, parts

marking, and automated defect recognition are all applied in various forms in*

other industries for a spectrum of uses. None of the three mentioned, for

instance, appear to enjoy any application -- certainly not widespread --

within the U.S. shoe industry. At the other extreme, laser formation of

lasts and pliable leather on last -- both unique to the shoe application —
appear to have no counterparts in other industries.

Use in non-shoe industries suggests that where application has been

successful elsewhere, a technology-transfer process might be appropriate.

Although the transposition may not be 1:1, that is, the non-shoe application

may differ significantly from the shoe situation, there is still some ex-

perience reservoir from which the shoe manufacturer may gain beneficial in-

sights. Numerous examples can be cited of such transfer and borrowed ex-

perience; for instance, regardless of the ultimate result, the shoe industry
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lined much knowledge from the vast amount of R&D and related expenditures

lat Du Pont put into Corfam poromeric materials.

Conversely where a technology is wholly new and untried, such as

iser formation of lasts, the questions are many, the risks are high, and the

-obability of success relatively low. Quite possibly, however, the payoff

ight be very substantial should success occur. From the practical stand-

Dint -- all other things being equal -- related experience elsewhere pro-

ides a major advantage to the shoe industry.

(C) Breadth of potential impact. A recurring theme in the liter-

ture and from the interviews is the concern with the volatility and capri-

iousness of the style ingredient within the industry, particularly for

omen's shoes. It was emphasized frequently that today's hot sellers may

ecome tomorrow's relics. Although there appear to be a number of bread-

nd-butter lines, the industry is driven now by -the consumer's wishes and

as become style conscious -- again, with the women's sector leading the way.

he danger persists that some technologies that would advantageously address

.urrent needs might obsolesce quickly.

Therefore, one criterion of concern was the breadth of diversity

• f applicaton and, where possible, its indifference or imperviousness to

•r he style fad. Optimally, a technology that could be used for men's, women's,

nd children's shoes is more attractive than one only applicable to, let's

ay, children's athletic shoes. In similar fashion, a production process

ised by many lines for basic functions also serves as an ideal. For in-

.tance, adhesive bonding is a basic process that will become more critical in

:he future. Improvements here, even selectively, would have broad application

rith only nominal danger to obsolescence due to style fashion.

(D) Magnitude of potential impact. This criterion addresses the

extent of the beneficial impact attributable to the technology in question.

It specifically seeks to avoid undue concern for the potential impact of the

technology upon the entire shoe manufacturing process. Most likely any tech-

nology suggested would have relatively little impact since the manufacturing
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sequence comprises many steps, each contributing only a small amount to the

totality. The scenario here assumes that the technology will be applied,

and then attempts to assess the extent of the benefits that might accrue.

Implicitly this line of reasoning requires that the present state of the

art and related factors be known to then provide a point of reference. For

instance if lasers for production is considered then the traditional means

of cutting, as well as the newer water-jet techniques, must be included as

part of the baseline for comparison. Any evaluation of this item assumes

that the technology can be applied -- for the time being, regardless of the

initial cost -- and then questions the depth of its impact.

Perhaps a simplistic means to regard this criterion is to consider

a "so what" question. Here we assume that the technology can do "everything"

its proponents contend, and we raise the question "so what?". Optimally that

impact should be great (again, without considering the cost of reaching that

point)

.

(E) Universality of application. The U.S. shoe industry is popu-

lated by a large number of smal.l companies, although the concentration ratio

is quite high with dominance by a few major firms. If a given technology/

application can only be adapted by a large company, then an inherent bias is

introduced to any associated recommendation. Hopefully any candidate tech-

-nology should be available with equal ease to both small and large manu-

facturers. This ease of use is a function of several variables, including

front-end cost, needed personnel for operation, extent and diversity of the

product line, size of manufacturing plant, length of runs, and similarity

with already-existing processes that the new technology/application either

replaces or modifies. Obviously where front-end costs are high, the

smaller firms -- perhaps those under $10 million annual sales volume -- are

probably excluded from its use. At the other extreme, the possibility

exists that certain techniques for improved adhesive bonding may be rela-

tively easy and inexpensive to apply, thereby providing a technique that

all can easily adapt.

The pooling of resources brings a different question into play.

For instance, the technology/application of recycling leather waste might
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le most persuasive when many companies provide their waste to a common

)oint; for a larger company this constraint may not be necessary. The

question of pooling is not directly addressed 1n this criterion. Quite

jossibly it is appropriate at the conclusion of the analysis when govern-

nent participation is considered.

(F) Ease of adaptation/applicability. The candidates range

widely in their potential applicability to the shoe industry. For some

:he technology in question is not used anywhere and therefore a major R&D

ind/or design and development (D&D) activity is required. Under such con-

ditions the eventual benefits are questionable, both to whether they may

eventuate at all and, if they do, their nature and extent. For the more

"far-out" suggestions, such as laser formation of lasts, a major gap ex-

ists between present status and ultimate application to the shoe manufac-

turing process. This realization in no way belittles the idea but it

recognizes that a major bridge has yet to be traversed.

On the other hand, the category on improved adhesive bonding

Duilds upon ongoing processes both within the shoe industry and elsewhere.

Admittedly some revolutionary techniques might be introduced with consider-

able benefits, but the base already exists -- certainly for the more probable

evolutionary improvements. As a generalization the greater the extant ex-

perience base, the greater our confidence in applying a new technology and,-

most likely, the easier it will be.

There is ample precedent to suggest that the adaptation process

is often very complex and convoluted. Success in a given industry for a

specific technology does not necessarily ensure success in a contiguous

industry. The shoe industry presents a number of extremely demanding con-

ditions that are either unique or nearly so, such as the requirements to

accommodate the 3D configuration of the human foot, the overriding need for

comfort, and the volatility brought about by style sensitivity.

(G) Speed of adaptation/applicability. In many ways this criterion

is closely related to the previous one. Where a change takes many years, per-

haps 5-10, then most likely it must address a generic function that will not
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obsolesce. As previously noted the desirability of identifying and

addressing those factors that appear relatively impervious to change

is a major goal. Also, the longer the period of adaptation the greater

the confidence the potential user must have that the technology in question

will provide the anticipated benefits. Generally, the shorter the adapta-

tion period, the better. Typically change of a revolutionary nature entails

longer periods because it requires numerous and significant changes on the

part of the user and often an associated infrastructure.

*****

•The six criteria just noted were applied to the 11 categories of

technology/application. This evaluation was not a finely tuned exercise

but one more directed to obtaining usable outputs. The technique deemed

best under the circumstances was the application of a High, Medium, and

Low categorization for each cell. Therefore each line item of Column (A)

was evaluated with respect to the six criteria and a judgment made. In a

few places a hybrid judgment seemed best, as Low-Medium. Each of the desig-

nations was given a numerical value, and the cells in any given row were

totaled, Column (H), to obtain a numerical ranking as shown in Table 1.

The evaluation of the 11 candidates using the criteria noted

above allows us to efficiently choose a subset from a larger population. We

would be hard pressed to justify small differences, such as the relative

attractiveness of a candidate with a total of 18 compared with one of 19;

the method simply does not allow for such precision. Conversely it is

generally quite good at clustering the various candidates into broad fam-

ilies at either pole. For instance, a candidate receiving a total of 10 is

considered much less attractive than one with a 23. Here we believe that the

justification to retain the candidate with the higher ranking and drop the

lower is soundly based.

Inevitably much qualitative interpretation is called for, requir-

ing inputs that are difficult to categorize for various criteria and also

difficult to quantify. If any overriding criteria provided the major driv-

ing forces to the final selection, they would be the following:
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o The desirability of seeking a technology/application that

11 not be easily buffeted by the winds of style change and other short-

;rm volatilities within the industry

o The need to obtain improvements that may be applicable for

wide spectrum of shoe manufacturers without a prohibitively high or

fficult threshold of entry

o A high probability of success should the industry enthu-

astically and aggressively support the technology

o A reasonable confidence that beneficial application might

; achieved within a few years -- given adequate support.

With these thoughts in mind, and the review noted in Table 1,

iree candidates were chosen for subsequent analysis. They are recycling

father wastes, leather finishing by shoe manufacturers, and improved ad-

?sive bonding. The subsequent discussion relates only to this group.

itroduction

Two of the candidates chosen pertain directly to leather utiliza-

ion and consumption by the U.S. shoe industry. This subject is especially

Dpropriate to address for two reasons. First, the men's group is the second

irgest footwear consumption item in the U.S. In 1977 about 172 million

airs were sold (domestic production plus imports), second only to the

Dmen's 334 million. The next largest item was "slippers and other" cate-

:ry at about 67 million. As contrasted to the women's group U.S. consump-

ion of men's footwear has grown over the past 12 years by about 20 percent,

."lile women's has dropped over the same period by about 4 percent. These

vo groups combine for 2/3 of the total unit market and a much higher per-

.S. shoe marketplace has been much more pronounced in the women's sector

nan the men's. In 1966 import penetration in the men's sector was about

1 percent and by 1977 it had risen to 40 percent; generally this has been

Specific Technology/Application Review

of the dollar sales volume.

Over the same 12-year period, the penetration of imports into the
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a monotonic increase with a break in that pattern in only 2 years. The

analogous women's figures are about 18 percent and 58 percent, with a

roughly similar pattern of increasing import penetration except for 1 year.

For whatever the reasons, the capacity of foreign makers to effectively

penetrate the U.S. market is much more potent in the women's than the men's

sector. Indeed, this strength is almost 1-1/2 times as great based on

pairs sold.

The combination of these two factors implies a focus for our

attention, especially if we make the bold assumption that these past trends

can be extrapolated. We have no conflicting information to argue otherwise

over the next few years, namely that imports will continue to gain an in-

creasing portion of a decreasing product demand ("pie"). The largest and

most import-resistant segment of the industry is men's shoes, a major user

of leather.

Of the finished leather produced by U.S. tanners about 2/3 is

bought by the shoe industry and most of that leather is used for uppers

in men's shoes. In all the other sectors the penetration of synthetics is

either great or total, as the nonexistence of leather in athletic shoes.

Recent trends suggest that the demand for leather will stay about the same

or possibly increase. Admittedly some persons argue that leather will con-

tinue to give way to synthetics even in men's shoes, but it appears the

desirability of leather for much of the men's product line is fairly secure.

From the supply side problems abound. Leather delivery intervals

may typically range from 3-4 weeks, with an extreme of 9-11 weeks (as noted

by one source). Foreign sources are being sought, Chile, for instance. The

U.S. tanners are hurting due to new equipment needed for pollution control,

high labor costs, and more intense competition from non-U. S. tanners (some-

times allegedly subsidized by their respective governments). Also the U.S.

tanners input obtained from the raw hide producers may be in jeopardy: in

1976, more than half of these hides went overseas.

Leather availability is a concern; so is its price. Finished

leather costs range from $1 to $1.50 per square foot thereby contributing

greatly to unit costs, typically about 40-50 percent. If the price can be

reduced -- assuming availability -- the leverage potential is great.
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Given all the factors cited, two of the categories chosen --

^cycling leather wastes and leather finishing by shoe manufacturer --

ddress the general leather area.

The third category, improved adhesive bonding, reflects on a

ifferent concern. With the increased acceptance of synthetics, bonding

- rather than stitching -- in many variations has become an integral part

f the production process. As synthetics become even more pervasive, bond-

ng will be even more critical -- perhaps even for leather. Several

spects should be considered.

To varying degrees, bonding takes time. Sometimes the drying

eriod is quite short, such as hours, but in other instances it may be long,

erhaps as much as a day. For certain types of shoes the bonding together

f components occurs several times during the manufacturing sequence. Dur-

ng the drying periods, the work in process, be it on a last or joining of

Lit patterns, requires time and space. While the drying process takes place,

ypically no other work is being performed on the work-in-process item, i.e.,

D value added occurs. Therefore the production process is protracted,

dding to the total unit cost.

Perhaps to a lesser extent but still of importance, the fidelity

f the bond sometimes comes into question. The observation is often made that

etter quality shoes are made by the West Europeans (catering to the

igher priced market) and the poorer quality products emanate from Southeast

sia (footwear catering to a less expensive taste). There are many varia-

ions of these themes, some in direct contradiction. Whatever the true

ircumstances any technology offering enhanced bonding performance should

e welcome. As a paragon it would be highly desirable to introduce improved

onding processes that offer both faster drying times and better bonds.

echnical Discussion

Recycling Leather Wastes .

Recycling today is a particularly attractive subject given the keen

nterest in conserving resources, especially energy. A number of options for

sing leather wastes have been suggested, including the following variations:
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reconstitution into a continuous web to produce a leather suitable for men's

uppers; reconstitution into a leather-like material that could be used on

the inside of uppers, thereby requiring less esthetically; production of a

material that can flow directly on the last without pattern cutting; and

integration of waste fibers into polymers to make the synthetics more

leather-like. The options range from the speculative, such as forming the

leather directly on the last, to others that can probably be achieved with

relative ease, as integrating leather waste with polymers. These options

will be discussed subsequently.

Based upon a number of inputs the men's shoe manufacturer only

utilizes about 70 percent of the leather material that he buys from the

tanner. Of the remaining 30 percent, 1/3 is discarded due to initial ma-

terial imperfections, such as blemishes, scars, tic marks, etc., and the

other 2/3 results from the waste incurred during the pattern-cutting process

wherein 100 percent of even "perfect" material cannot be used. Experienced

pattern cutters are among the most highly paid piece workers in the factory,

and even the possible advent of automated pattern cutting in the production

sequence would not totally eliminate this waste (or even significantly reduc

it). Given the irregular shapes of component patterns, there is simply no

way to use 100 percent of the material. One knowledgeable source stated

that men's shoes are most flagrant in this respect due to the nesting con-

straints of their larger sizes (relative to women's and children's).

The technology to be suggested here considers how this waste may

be used not only for the sake of recycling but, perhaps more importantly, to

help ease what appears to be a tightening supply situation for U.S. manufac-

turers seeking leather material.

Some recycling of leather wastes is now being carried out by pro-

cessing the materials using pulping and paper-making-type techniques.

Leather wastes are ground into semifibrous or particulate forms dispersed in

wastes. These methods are generally not very efficient with respect to time

and energy considerations. However they may still offer some advantages for

the basic recycling concepts depending upon specific end usages and desired

characteristics

.
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Another technique for producing fibrous materials from the leather

stes utilizes cryogenic processing. One variation uses semicommercial

uipment available from at least two companies. The basic technique, re-

rred to here as cryogenic hammermill ing, involves cooling dampened

ather wastes to cryogenic temperatures and then striking the cold materials

th high-speed "hammers". This action causes the brittle materials to

atter and break apart. As the materials are struck repeatedly by the ham-

rs, fibrous forms of the wastes are produced; these fibers are channeled

t of the system once they have achieved certain fiber geometries.

If smaller fibers or particles, including leather "powders", are

sired, recent experimental techniques developed at BCL can produce them

rough further cryogenic processing operations, utilizing regular grinding

dispersion methods. These experimental techniques have also been used

produce powders from various virgin polymeric materials, as well as from

her waste materials such as rubber. These other types of powder materials

ght be appropriate in further developing the "use" options for the fibrous

powder leather products (as discussed later in this section of the report).

The potential advantages for using cryogenic processing rather

an more traditional techniques are twofold. It is estimated that the cry-

enic method will produce the desired fibrous material from the wastes in

ss time and with less total energy input. Secondly, cryogenic processing

11 produce fibrous or powder leather materials not readily attainable by

her processing techniques.

Once the leather wastes have been processed into a reasonable form,

veral "use" options can be considered for the materials in the shoe. Sev-

al of these options are listed and discussed subsequently but the listing

by no means all-inclusive. The options suggested are based on fairly fun-

mental technologies and the materials produced might be usable in shoe

pers or in less demanding and less visible areas such as inner liner or

le materials, depending upon the characteristics obtainable from the re-

eled materials. In addition, whether the materials formed from the recy-

ed wastes would be usable in high fashion, stylish women's shoes, or be

mited to men's, children's, or athletic shoes will also depend on the
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characteristics that can be built into the recycled materials and systems, his

The possibility of marketing new product lines of more utilization-type

shoes should also be considered, if necessary, as a means of reusing the Jjre

valuable leather base materials.

Several of the basic technologies or use options follow:

o Dispersion of leather fibers in water or a similar carrier

can be followed by deposition on to screen-type forms to produce desired

shapes. If a screen last were to be used, for example, a shoe upper could

be formed using vacuum techniques to aid in depositing the fibers. Latexes jjnei

sizing materials, powdered resins, and other systems might also be mixed

into the fibrous slurry and deposited on the screens at the same time for

reinforcement and strengthening of the final shape.

o The basic concept of forming the fibrous wastes on to screens hb$

can also be carried into a paper-making type of operation to produce a con- |

tinuous web from the leather wastes. Such a web can then be reprocessed

similar to virgin leather to produce shoe uppers, inner liners, shoe trim

items, etc. The continuous web of fibrous leather might also be used as a

base for producing the polymeric synthetic leather materials now used in

high-fashion shoes. The fibrous leather could offer advantages of better

moisture absorptivity, breatheabil ity, and comfort than the textile base

materials now used.

o It is also possible to deposit the dry leather fibers electro-:

statically on to forms such as lasts, to produce shoe uppers or formed

liner materials. The dry leather fiber form would, of course, have to be

reinforced with polymers, resins, or other materials to hold the fibers

intact. The resins and polymers might be applied (1) electrostatically as

powders, either during or after deposition of the leather fibers, (2) spray

or dip- type of coating systems, or (3) ultraviolet or electron radiation-

curable materials.

o The fibrous or powder leather wastes could be incorporated

into polymeric coatings used in finishing operations to make the coatings

more "breatheable" . These systems might also be used to finish the screen-

formed shoe uppers, discussed above. The type of material or systems
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educed might also make a "plastic leather", similar to plastic wood,

lis plastic leather could be used to repair blemishes, holes, and other

efects in virgin leather materials, particularly if these repaired areas

2re to be coated, finished, or otherwise concealed from view. It is

Dubtful that the repaired area could ever completely emulate a grain

sather surface.

o It may also be possible to "spin" the leather fibers into a

iread-like form which could then be used to make a leather "cloth". This

loth material could then be reused as for woven shoe uppers, woven inner

iners, or in similar applications.

Other options than those listed may be more attractive and one

F the initial tasks in exploring this recycling concept should be directed

Dward (1) characterizing the waste "streams" available and the reusable

:rms of wastes that can be obtained, and (2) identifying the new product

id use possibilities for the recycled leather wastes. These new product

id use opportunity investigations should also not be limited only to the

ioe industry but could include any industry that might be a candidate to

le the recycled materials.

Further research efforts would then be directed toward exploring

ie alternatives and options available. While the concept of cryogenically

-ocessing leather wastes has been tested experimentally, further investiga-

ion of the alternatives and potential product forms, as well as defining

ie overall costs and economic benefits of the process, are needed. Most

f the R&D efforts would be directed toward exploring the use options of the

"oducts obtained from the cryogenic processing.

It should be obvious from these discussions that most of the op-

ions described are only in the concept stage and will require a consider-

ole amount of R&D expenditure to investigate their feasibility and to

/entually bring the more promising candidates to commercial fruition. The

derail concept therefore is relatively risky but it also appears to offer

Dnsiderable economic benefits to the shoe industry. The concept also

tresses the recycling of valuable virgin leather feedstock wastes which are

^coming more costly due to competition from foreign buyers of either raw

ides or crust leather (as previously described).
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It is difficult to estimate the total costs of the R&D program

that would be necessary to define the variables in the concept and to

bring the concept and use options to a point of ready adaptation by the

shoe industry. Surely these costs will run into the several hundreds of

thousands of dollars depending upon the breadth and depth of the re-

search efforts.

Similarly it is also difficult to estimate what equipment will

eventually be necessary for adaptation of the concepts by the shoe indus-

try, as well as what costs will be incurred for this equipment. Once the

research efforts begin to narrow and select the more promising approaches

for the basic concepts, equipment requirements will be better defined and

cost estimates can then be made. Clearly, this concept and its adaptation

are revolutionary in nature, rather than evolutionary and, consequently,

the shoe industry win undoubtedly be required to consider new methods and

materials, and to invest capital in new equipment. These capital invest-

ments could be considerable since essentially none of the equipment pres-

ently projected as necessary is available today in the shoe industry.

In addition to the high costs estimated for concept development

and capital investment for equipment, potential technical impediments

primarily relate to the actual ability to economically accomplish many of

the alternatives and options described in these discussions. While the

concept of cryogenically processing leather wastes has been experimentally

tested, most of the use options have not yet been explored. Therefore the

risk of actually being able to accomplish the desired results and products

is high.

If concept feasibility and adaptation can be shown, only the

larger shoe manufacturers may be able to capitalize the equipment necessary

to utilize the concept and use options. This does not imply that the smal-' iys

ler shoe manufacturer would not realize some economic benefits since he

could probably sell his leather wastes to the larger companies. In this waj

he could recover some of his materials costs which he may not economically

do today.
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Leather Finishing by Shoe Manufacturer .

Any finishing operations considered are limited to only leather

ubstrates, since it is impractical for the shoe manufacturer to finish

ynthetics on his own. Two variations for leather are addressed here,

irst, there is the possibility that the shoe manufacturer may purchase

eather from the tanner, probably at the "crust" or similar unfinished

tage, and perform the finishing himself using techniques to be suggested

ere. Essentially this would simply be a transposition of the finishing

rocess, with the possibility that the shoe manufacturer could apply newer

nd better techniques to both raise the efficiency of the process and pro-

uce a higher quality material. It also represents a downward vertical

ntegration by the shoe manufacturer as he reaches into an area tradi-

ionally controlled by one of his suppliers. In this sense such a change

ould address some of the problems discussed previously concerning leather

upplies. Difficulties would still persist if U.S. tanners cannot obtain

heir needed inputs from U.S. hide suppliers if the latter are shipping

uch of their raw hides overseas.

Possibly this change might also ease some of the problems cur-

ently being experienced by U.S. tanners. Various sources suggest that

.S. tanners will continue to diminish in number for reasons already

Dted. Perhaps large shoe manufacturers or pooled facilities drawing

rom several smaller companies might be better able to withstand some of

ne pressures that have forced many U.S. tanners to close.

The second variation considers the advisability of the shoe man-

facturer to still buy unfinished leather from the tanner but now the

inishing would be performed after the shoe is made, rather than at the

iput to the manufacturing process. The advantages to be gained include

le use of unfinished material throughout the process suggesting that any

iste incurred -- as discussed above -- would be less expensive, even if not

?cycled, since the manufacturer now works with a lower cost material. Also

f the finishing is performed on the shoe the manufacturer may be less con-

jrned with scuffing, scratches, etc., during the work-in-process stages,
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since these often troublesome drawbacks can be compensated for with the

final leather finishing. Perhaps a higher quality product may also be

obtained.

The primary advantages of finishing the crust leather as an

initial operation in the shoe manufacturing plant are the benefits to be

gained from working with lower cost starting materials, eliminating

damages to the leather finishes caused by shipping the finished leather

from the tannery, and tailoring the shoe finishes to particular styles and

colors of shoes. The magnitude of these potential advantages is extremely

difficult to ascertain due to the inability to obtain meaningful data on

the relative breakdown of finishing costs and other factors in the overall

picture. If it is assumed , however, that the finishing operations are

relatively "high-cost" (as our skimpy evidence implies), they may contribute

up to 15 or 20 percent of the finished leather costs. These percentages

would probably then translate to 20 or 25 cents per square foot (on average^

and could offer an attractive potential when combined with the other

advantages

.

With the second option (shoe manufacturer uses crust or unfinishe<

leather throughout), the shoes once manufactured would be finished as a

final operation. Shoe manufacturers now do some finishing operations by

repairing damages to the leather finishes that occurred during shipment of

the leather or during the shoe manufacturing operations. Adaptation of

this concept would therefore primarily be an extension of present operation;

rather than starting up a completely new one.

This option, in addition to offering the advantages of the first

one cited, also offers the potential for materials savings since trim losse:

and wastes from the cutting operations would not include the coating and

finishing materials. By minimizing these losses it may be possible to con-

sider usage of higher cost, high technology materials, such as polymeric

systems that contain no solvents or liquid carriers and cure by radiation

exposure to ultraviolet (for thin clear coatings) or electron beam (for

thick or pigmented coatings). These materials could also possibly be con-

sidered for the first option although their attractiveness would be enhance*

if they could offer improved finishes to offset the trim losses. In either



r
the finishing options, of course, conventional solvent- and water-

Mutable finishing systems can also be considered.

For either option the first efforts in considering adaptation

r
the concept should be directed toward determining the order-of-

ignitude economic gains that can be achieved. Once these are determined,

id if they are attractive, the research efforts required can be very

nimal if the present finishing systems are to be used. Primary efforts

uld be directed toward transferring the technology of finishing leather

*om the tanneries to the shoe manufacturers.

If the high technology radiation-curable finishing systems are

i be considered, research efforts to develop prototypes or optimize

;:E irrently available materials would be necessary. Depending upon the

laracteristic desired in the final finishes, these efforts could be fairly

•• .^aightforward to be carried out by the finish system suppliers or poten-

al suppliers -- if there is sufficient interest by the shoe industry.

Equipment necessary for finishing the leather in the shoe man-

ufacturing plant will vary depending upon the type of finishing materials

lected. Obviously the finishes must be applied to either the side

ather or the formed shoe by some technique, such as spraying as is now done

: "

ri ability in required equipment will be more evident in the operations

cessary to dry or cure the finishes. Hot-air or similar dryers would be

: - quired for conventional finishes and would be less expensive (under

0,000) in terms of capital investment than the equipment required for the

ectron-beam radiation curing which could range up to $250,000. UV equip-

nt cost lies somewhere in between. This larger investment would not be

tractive to the small shoe manufacturer but he would have the option of

;: ' ing the more conventional finishes with a lower capital investment.

Many of the technical considerations involved in adapting this

ncept to the shoe industry are minimal since much of the technology in-

lved is already in use today. Potential impediments relate more to

'• rategic factors, as whether the tanning industry would welcome being

- vorced from the finishing of leather for shoes. Potential economic ad-

ther ntages that would be gained through the purchase of crust rather than
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finished leather also need resolution. Since the tanning industry would

still need some leather-finishing operations for non-shoe usages, re-

sistance by the tanning industry may be encountered in attempting to

carry out the finishing at the shoe manufacturing plant.

Another consideration involves the economics of scale usually

encountered in mass production processing. Whether economic attractive-

ness is reduced by each shoe manufacturing plant doing the finishing

rather than the operation being carried out at a central location, like a

tannery, is questionable. As one alternative finishing the leather could

be carried out at a central location, such as the home office of a shoe

manufacturer, and then the finished leather could be shipped to satellite

manufacturing plants. This option, of course, potentially benefits the

larger shoe companies rather than the smaller ones. Similarly if smaller

manufacturers could somehow pool their crust leather inputs -- if they

choose to go this route -- that option might offer an attractive alternativ
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Improved Adhesive Bonding .

The technologies in this category can reduce the setting time for

adhesive bonding. Two of the technologies described have found large-seal eienl

use' elsewhere in non-shoe industries, while the third is relatively new andiiterr

would clearly represent a major innovation.

Data consistently indicate that the fitting operation consumes

most of the labor cost, about 40-50 percent of the total. The fitting se-

quence also requires the most time, ranging from 4 hours to several days

for a given shoe. Significant reductions in the fitting operation cycle

would lower unit cost and, more indirectly, speed up the manufacturing

operation thereby offering a number of other advantages more difficult to

quantify.

For the technologies suggested, experience ranges widely on their;;

applicability to synthetics. However, little has been done on adhesive

bonding of leather- to-leather or leather- to-synthetic. This application

represents a more speculative task yet might yield even more benefits if

substitute means could be found to join the leather rather than the

fiidiii
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raditional stitching. From the outset it is recognized that such stitching

s the accepted technique since it not only joins the leather but also con-

eys the image of quality. Any progress in this field would tie in nicely

ith the two other candidates already suggested.

The technologies to improve the bonding or cementing together

f shoe parts can be divided into two main categories. The first involves

he use of a patented magnetic induction heating process and offers not

nly the potential of speeding up the bonding of various shoe parts but

lso of developing "super" bonds not obtainable with currently used materials

ne second technology relates primarily to the use of microwave or dielectric

eating techniques to accelerate the drying of present or modified adhesive

/stems. Each technology area is now discussed in more detail.

With magnetic induction bonding, patented under the name
D

ellerbond , a process of "heat sealing from the inside out" occurs. Heat
ititll

5 developed in the desired joint area by a high frequency magnetic field

°oduced by commercially-available induction-generating equipment. The mag-

Btic field energizes submicron iron oxide pigment particles that are dis-

used in a special bonding agent tailored to the materials being joined,

sullen the particles are energized they produce the heat needed to effect the

i and Internal heat seal. The special bonding agent can be a water- or solvent-

Mutable liquid system, a tape or gasket form, or incorporated into one of

ie parts to be joined. In addition to joining the parts, the process could

I so be used to aid in drying the water- or sol vent-di 1 utabl e adhesives.

Applying this basic technology to the manufacture of shoes could

; directed in several paths. The special bonding agent, designed for

;ather- to-leather, leather- to-synthetic, or synthetic-to-synthetic mate-

ials could be applied to the joint areas of the shoes at some stage prior

) the actual bonding operation or at the initiation of the bonding step.

ie shoe would be assembled and then exposed to the magnetic field by means

:

specially designed coil fixtures. Pressure could be applied either dur-

>g the activation step or immediately afterward to bring the pieces to be

tined into intimate contact. The bonding operation is very brief as com-

ired to present adhesive air-drying and reactivation methods, requiring
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only a fraction of a second in the magnetic field. It, therefore, has the

potential for greatly increasing production rates, shortening the turn-

around time involved in the shoe manufacturing operation, and minimizing

the investment in lasts for specific styles.

This process may also be used to develop high strength bonds,

not obtainable with present materials, for cementing high-stress areas,

including the replacement of sewing or stitching. Since heat is generated

internally in the bonding agent (500° or 600°F, if desired), the use of

reactive adhesive materials can be considered. If an adhesive system,

based on polyurethanes for example, is formulated using "blocked" polymers,

the system will have good stability for application but will react at the

elevated temperatures to form thermoset-type bond material. These types of

materials are characteristically strong, as compared to bond strengths ob-

tained with conventional solvent dilutable, rubber-based adhesives.

R&D efforts needed to implement this technology into the shoe-

manufacturing process primarily call for the development of the specialized
| erj

bonding agents that would be tailored to bonding the various natural and

synthetic materials used in shoes. Included in the development efforts

could be an audit of the shoe manufacturing sequence and a selection of the

areas of operation and shoe styles that might best benefit from the adapta-

tion of this technology. Additional development work will also be necessary

in designing the coils used to apply the magnetic fields, once the basic

shoe manufacturing operations and the adaptation engineering have been workec

out. Cost for this development work would probably total about $100,000.

Equipment used in this technology to develop the high-frequency

magnetic fields is the conventional commercially available induction gen-

erators. Therefore it is not anticipated that development efforts will be

necessary in the equipment area other than the specialized coil designs

noted above. Capital investment for the inductor generators is about $50,00(

and the generators would be capable of operating at least two production lin<
;

or activation stations.

Potential technical impediments to implement the technology into

the shoe industry include the following:

152

! ;rowi

e gen

iff

ion

tly

Id
r,

fuse



1:1

the

sary

1

(1) Since the special bonding agents are normally

brown in color, it will probably be desirable

for the bonding joints to be hidden from view.

(2) The necessity of designing specialized coils

for generating the magnetic fields may limit

the ways in which the bonding can be achieved

since effective application of the magnetic

fields has certain space limitations.

With the microwave or dielectric drying technique, the specialized

ating equipment is used to speed up the drying of the adhesives for cement-

g shoe parts together. This accelerated drying, as with the induction

ating, offers the potential of quicker turnaround time for bonding parts

gether, with many resulting benefits such as a reduced investment in lasts

r each style of shoe. This basic technology is now used in other indus-

ies for selective heating since quite often the adhesives can be designed

that they are very receptive to the high frequency radiation while the

terials being joined are relatively inactive. This phenomenon causes heat

be generated only in the bonding areas and prevents the joined materials

did drying out, as might occur with the gas-fired heating process typically

w used in the shoe industry. In addition, the equipment needed for the

crowave or dielectric processes is generally more space efficient than

e present drying ovens.

Since the natural rubber adhesives or the solvents used therein

|e generally not very receptive to the microwave or dielectric frequencies,

D efforts would be required to modify present adhesives or to develop new

rsions to be used with these drying processes. It may also be possible to

rely select from available adhesives to obtain variations that will selec-

vely heat with these processes. It is anticipated that research efforts

uld range from $50,000-$200,000 to develop a family of adhesives suitable

r use with the microwave or dielectric processes in the shoe manufacturing

dustry.

Equipment costs can be highly variable depending upon the size of

e shoe manufacturing operations. Small shoe manufacturers could purchase

latively small processing chambers while larger manufacturers would probably
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need bigger chambers or a multiplicity of smaller units. Microwave or

dielectric processing equipment for drying the adhesives would probably

cost about $25,000 for the smaller units while costs for the larger

units may jump to $100,000 or more. One advantage of this type of pro-

cessing is that it can be fairly well tailored to the size of the man-

ufacturing operation thereby minimizing capital investments for the

process improvements.

Potential technical impediments may arise primarily in the

need for the shoe lasts and other materials going into the microwave or

dielectric heating process to contain no items that will heat preferential!

The polyolefin polymers or wood used in present shoe lasts would be rela-

tively inactive in the energy fields and would not be affected directly.

However items such as the metal pins and various other parts used in

present shoe lasts will be most receptive to the high-frequency energy

and will cause the polyolefin material around the pins to melt, thereby

destroying the lasts. Modern-day polymeric pins and parts could probably

be used to replace the metal parts of the lasts but somewhat higher costs

for the lasts may result. These increased costs should be minimal, how-

ever, relative to the overall potential savings in time, labor, and capita"

investments for the lasts.

TENTATIVE FEDERAL GOVERNMENT ROLE

As previously noted, a role for Federal government participation

is fraught with several difficulties:

(1) As a baseline reference, we assume that the Federal govern-

ment will only assist the U.S. shoe industry -- or any other domestic in-

dustry for that matter -- if the industry cannot harness the resources or

the means to help itself. As a separate matter, the question can also be

raised whether the industry can fund its own programs, but chooses not to

(for whatever the reasons). Our inputs, both personal and otherwise, con-

sistently indicate that the industry does not speak with one voice. It is

difficult to discern a majority opinion, a "party line".
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(2) The question of Federal support for private industry touches

on some very basic, and even sensitive, issues. Some of the suggestions

for Federal support would, if implemented, depart from long-held traditions.

Whether the government should or even can move in these new directions is

clearly beyond the scope of this program. Suffice to say that the appro-

priate Federal role in supporting a consumer-based U.S. industry is a point

for major policy consideration.

(3) Most critical we believe that the question of what the

Federal government can do well to support a truly consumer industry, such

as shoes, must be confronted. In some way the more traditional marketplace

mechanisms might be replaced or modified. Any rational program involving

government participation must be premised on the assumption that there is a

clear perception of the problems that should be addressed and a means to

help remedy them. Both tasks are most demanding, and cannot be taken lightly.

Any government-sponsored program implies that both factors are in hand.

With these background comments set down we suggest the following

initiatives for NBS/Department of Commerce consideration:

Selected R&D Program Support

From a purely technical standpoint, two major technical programs

seem worthy of Federal support based on the associated risks, the benefits

that might accrue to a wide range of shoe manufacturers, the projected size

of one of the R&D programs, and the nature of the work involved.

Recycling of leather wastes, along the lines described, moves

into some areas that have not been previously investigated. The use of

cryogenic techniques seems to offer some attractive possibilities but it

is still wholly unproved -- particularly with respect to its economic dimen-

sions. Others have attempted to produce reconstituted leather with limited

success. It is anticipated that the dual challenge of first proving technical

feasibility and then translating technical progress into a cost-effective mode

must be confronted. Most appropriately this work would be funded by the govern

ment and performed by companies knowledgeable in the related basic technologies

As a somewhat less ambitious task, bonding of leather-to-leather

or leather-to-synthetic will call for major advances beyond today's present
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capabilities. The experience base with synthetics using a number of the

technologies described is quite extensive. For magnetic induction bond-

ing, much has yet to be learned. It is felt that this work would be more

straightforward, with higher probability of success than the first program

noted above -- but it is not a sure bet. Developmental experimentation is

called for rather than breakthrough advances. Most likely, this work can

probably best be performed by an organization within the supplier group.

By implication we feel the third technology, leather finishing by

shoe manufacturer using conventional materials, can be pursued by industry

on its own. If new high-technology materials and processes are considered,

government support in this area may then be justified due to the anticipated

high costs and associated high risks.

Information Dissemination

Even within the limited scope of this program it is apparent that

a great deal of interest has been created in the Department of Commerce's

initiative for the U.S. shoe industry. As implied elsewhere this interest

comes in many shapes but clearly attention has been focused upon the overall

program, and probably many persons perceive the initiative as a constructive

activity and a reaching out where none existed before. Therefore it is sug-

gested that the wide dissemination of this report and its companions would

help further this cause.

A broad airing of the program's results would allow interested

parties to review the findings -- and then critique, modify, and add to

them as they saw fit. Typically at the conclusion of a short program, such

as this one, we are not overly confident in the rightness of our arguments.

The vagaries of the shoe industry only add to our feeling that perhaps

there is much more out there that we should know about. Allowing many other

persons with different backgrounds to become involved in this process can

only serve a useful purpose.

Secondly, and on a much broader plane, the U.S. shoe industry is

only one of several U.S. industries that the Department may seek to assist,

perhaps in the cooperative technology mode. If similar studies were to be

performed in, let's say the steel industry, some overlap would probably

occur on an interindustry basis. As a first assumption, others in the non-

shoe industries probably share the same interest -- hopes and skepticism --
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oncerning the government's role in consumer- type industries where tradi-

ionally the government has not been very active.

jrther Shoe-Related Studies

The findings from our program do not result from lengthy analyses

jsed upon gathering extensive data, considering tradeoffs, and ultimately

aerating well -reasoned conclusions and recommendations. Consistent with

le mandate set at the outset, we strove to identify a few key technologies

lat might address pertinent programs. The technical results obtained are

Dre solid than their economic counterparts. Many questions are basically

lanswered:

o How large a research program is required to accomplish at

Bast some of the goals suggested in the leather waste recycling category?

o Would such a program come up with results that make economic

Bnse?

o Can and will the shoe manufacturer move toward doing his own

Bather finishing?

o Can an effective means of bonding leather to leather or

iather to synthetic be found? Can a "super" bond to replace stitching

b developed?

o Can the bonding process be accelerated in a cost-effective

inner?

It would probably be possible to gain much better answers to some

r
these questions with a focused program on any of the technology/application

"eas suggested here. To varying degrees we have the impression that at least

ome shoe manufacturers and their suppliers would be most cooperative in con-

futing ideas, information, opinions, etc., toward these ends.
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DISCARDED OUTPUTS FROM CREATIVE SESSIONS
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APPENDIX A

DISCARDED OUTPUTS FROM CREATIVE SESSIONS

The following technology/application areas were suggested during

the creative sessions but were not considered appropriate for subsequent

analysis (others that cl early did not relate in any manner to the program

are not even listed here):

o Treatment of leather to facilitate cementing

o Automated leather repair

o Charged fluid droplet technique for pattern cutting

o Customized shoe manufacturing using no last (as with

some ski boots)

o Use of nonwovens for uppers

o Heel production using injection molding

o Standards for shoes for quality control and

better consumer acceptance

o Thermoplastic rubber for uppers

o Water jet cutting

o Incorporation of materials which are reactive to

nuclear exposure and will generate heat internally

in the leather

o Finishing of leather with shrink films

o Injection molding or rotoforming techniques to

product shoe uppers.
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A ' SUMMARY OF THE CUSTOM-FIT CONCEPT

lllsl

iti

m

teli

This report promotes the broad outlines of an idea that could
change the U.S. Footwear Industry. The idea is an outgrowth of an
attempt £o couple potential technological developments in footwear
manufacturing with innovation in the footwear industry. The idea is
actually a strategy for innovation that links new materials technology
and manufacturing methods with changes in shoe retailing.

We call the idea the Custom-Fit Concept for shoe manufacturing
and retailing. The concept involves the notion of custom-fitting shoes
at the retail level from a limited inventory of size-width tariffs
carried by the retailer. In essence, the retailer would offer customers
the opportunity to select a shoe style with the promise that he or she
would be custom-fitted. This notion is clearly a departure from the
retailers' current reliance on a multi-tariff shoe stock to produce
satisfactory consumer shoe fittings.

The notion of custom-fitting has been borrowed from the ski
boot industry. Ski boots are ordinarily manufactured in a limited
number of sizes and widths and they are made to conform to the skier's
foot by adjustments in the boot's lining and insole, including adding
or removing insert material. The intent to maximize the number of feet
that can be successfully fit using a single size-width tariff is implici
in the strategy of manufacturing and retailing ski boots.

Custom-fitting is thought to increase the manufacturers "length Jill

of style run" (volume of production of a particular item without changing
\\u

size or style) . It is the promise of increased "length of style runs"

that suggests cost-savings and greater productivity for U.S. footwear

manufacturers if this concept can be adopted.
3 ^

The technological components of such an innovation include the

development of suitable insert materials to effect the custom-fitting
objective, the development of manufacturing methods to facilitate incor-

j

poration of insert (fitting) materials, and, the development of practical
fitting techniques for use by the retailer. From an innovation perspec-

tive, however, the strategy also calls for an industry-government effort

to improve basic information about shoe fit, to preserve the results of

the material development effort for the benefit of the U.S. footwear

industry, and to assist in the training of personnel engaged in manufac- i\k[{

ture, retailing and supply of shoes and shoe components.
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INTRODUCTION

The thrust of the Custom-Fit Concept presented here is to estab-
, lish a basis for the retailing of shoes in multi-width tariffs based on

single tariff shoe production schedules. Under this concept, the final
fitting of a shoe would take place at the retail point-of-sale, using
techniques adapted from the manufacture and retailing of ski boots.

The potential of this concept may be seen in Figure I where the
relative number of men's shoes sold by retail outlets is tabulated by
size and width.* If, for example, the "D" width tariff could also be

: fitted to persons with a "C" width—without a change in shoe size
: (length)—then the production of shoes manufactured in a "D" width
tariff could be increased by approximately 1.5 times. Less dramatic

"

::;;but equally important, an "A" width tariff that also fits "AA" foot
sizes represents a 1.25 times increase in "A" width production. It
should be noted that while the footwear industry produces each shoe to
fit a range of foot sizes (recall the familiar "ellipse" of fits for
any particular size-width combination), the table indicates that signifi-
cant differences in fit are associated with as little as one-fourth of an
inch change in foot girth even when the range of foot sizes is taken into
account

.

The argument being developed here is that increasing production
in a particular size tariff between 1.25 and 1.5 times could redefine

.:^the "length of a style run" for the individual shoe manufacturer.
Lengthening the style run suggests economies in pattern grading,
machine-setup time, last making, inventory, inventory control, etc.,
all areas of cost-savings for a constant production volume. While

-'; these savings can be significant, the Custom-Fit Concept also focuses
on marketing American-made footwear. While the concept offers con-
sumers custom-fit footwear derived from largely conventional production
technology, the mature concept attempts to answer the question "Why buy
domestic footwear?"

It is our belief that to revitalize the domestic industry,
:- manufacturing cost-savings and increased consumer preference for U.S .

licaJ produced shoes must both be attended to—hence the emphasis given here
to an innovation in footwear rather than manufacturing technology per se.

fort In fact, the technologies required to implement a mature Custom-Fit
: Concept are materials-related, manufacturing-related and retailing-related

i (i.e., to routinely provide for custom-fit); the technologies are broadly
;;- defined by the nature of the footwear innovation sought. On the other

hand, defining a strategy for implementing the innovation is not nearly

*This table was taken from Application of the Proportional Grade
to Footwear Manufacturing: Workshop Manual , prepared by the American
Footwear Industries Association, Arlington, VA (p. 72).
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SHOE DISTRIBUTION

The following sales data from shoe stores in the U.S.A.
demonstrates a similar distribution.
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so clear-cut because there are alternative pathways. Selection of one
pathway depends on involvement and commitment by the several interests
or segments of the footwear industry. These segments include shoe manu-
facturers, equipment manufacturers, suppliers and retailers. It is

obvious that a shared vision of the innovation strategy will be difficult
to establish given the different interests. One vision is presented in

this report in the hope that it might serve as a point-of-departure for

the selection and development of an innovation strategy.

The Technology

In 1964, a small ski boot manufacturer introduced a new boot
that began a revolution in the business. The Lange Company (Broomfield,
Colorado) produced a single-piece, molded boot in only four size-width
combinations. Each boot was custom-fit by the retailer by filling a

bladder-like liner with polyurethane foam. The ski enthusiast had the
benefit of a well-fitting, well-insulated boot that set the standard— for many years. Although other innovations have followed, such as the
flow liner and memory foam , each development involves custom-fitting by

pi the retailer.
S

The experience of the ski boot industry prompted the question:
"What might the advantages be if shoe-retailers could actually promise
custom-fitting of shoes on a routine basis?" Several advantages were
apparent in addition to the potential increase in the length of style
runs. For the consumer, custom-fitting might increase the desirability
of U.S. footwear.* For the retailer, custom-fitting could provide an
additional basis for competition by increasing the number of styles
available for consumer selection (fewer size-width tariffs promotes a

larger style inventory) and increasing consumer loyalty based on

satisfaction with the fit obtained. For an import-damaged industry,
the advantage might be that . the materials and techniques needed for

delivery of custom-fitted footwear could be restricted to use by U.S.

firms through patent and license agreements. Finally, from a Depart-
ment of Commerce perspective, participation in the development of new
materials and techniques avoids the threat of distorting the existing
domestic industry structure because the "technologies" are not capital
intensive nor do they particularly favor one shoe manufacturer or equip-
ment manufacturer over another.

These advantages can be seen by considering how custom-fitting
might be routinely achieved. Imagine that for a man's closed shoe style,

provision has been made for the injection of an insert material between

\\ the lasted upper and its liner. The material to be inserted (and yet

4>

31

*Custom-fitting may or may not be perceived by consumers as. being

of value. This will presumably depend on the relative levels of foot

comfort with and without custom-fitting and on whether the custom- fitting

process is viewed as an inconvenience.
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to be developed) must have proven wear characteristics including flexi-
bility, porosity and stability. Stability, for example, might be obtained
by triggering polymerization of a matrix-like component in the insert
after the fit is assured.

The fit itself might be gauged by the retail clerk through the
use of "fitting socks." These socks would be available to the retailer
in graded sizes and weights, and would be designed to simulate various
amounts of insert material. For example, to simulate the fit of a per-
fect "C" in a "D" tariff, the upper portion of the fitting sock would
need to be approximately 1 millimeter thick. (The sole area of the fitting
sock would be made of light weight material, and the sole's thickness would
be ignored when compared to that of the upper portion of the fitting sock.)
The grade and weight of the fitting sock found comfortable to the customer
would also be used to gauge the amount of insert material needed to provide
the same feeling of fit simulated with the fitting sock.

A slightly different scenario can be drawn for custom-fitting a

lady's open, high heeled shoe. Assume that the shoe upper has been made
with a "flow liner" as an integral part. This material (a silicone-
based composite for ski boots) redistributes itself to conform to the
shape of the foot. The fitting socks used in this situation would be
made so that the gauged thickness appears in the sole of the fitting sock
rather than in the upper portion (as indicated in the closed-shoe example)

„

This fitting sock is designed to simulate increased insole thickness in

the platform area of the shoe. After fit is assured by conformance of

the flow liner in the forepart of the shoe, insert material would be

added to the shoes' insole in the platform area, to establish the same
lift as was provided by the fitting sock. The liner and insert material
would then be stablized perhaps by exposure to microwave radiation.

1. Development of the technology . The technology effort needed
for this concept is basically one of materials development. The effort
should be organized to produce flexible, porous and stable inserts that

facilitate their use by retailers. This development effort should proceed
hand-in-hand with the development of techniques to aid the retailer in the
delivery of custom-fitting. These techniques include packaging and handling
of materials as well as simulating the fit as suggested by the use of the

"fitting sock."

The development of manufacturing techniques to provide for the

introduction of insert material is, of course, strongly related to

materials development program. The objective, in this case however, is

to minimize the impact on shoe manufacturing methods rather than to

introduce change. In the best of all worlds, at least initially, the

impact should be limited to the assembly of the shoe liner and/or the

insole, and the use of new liner materials.

2. Barriers to implementation of the concept . The barriers con-

sidered here are primarily those associated with designing and articulat-

ing an overall commercialization strategy that can be endorsed by the foot-

wear industry and supported, in part, by commitment of public resources.
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It is presupposed here that a family of insert materials can be developed
and proven through consumer trials. It is also assumed that the techniques
for incorporating the insert materials can be refined to the point where
increased costs of manufacture can be offset by the economies of longer
runs. Similarly, the potential of increased retail sales costs due to

custom-fitting requirements may be offset to a large extent by reducing
the average time now spent in consumer fitting trials and/or by reduced
inventory costs associated with stocking fewer size-width tariffs. It is

in the area of retailing, however, that the principal barriers to this
innovation are thought to be present. This is one reason that emphasis
is given to the innovation strategy.

The innovation strategy must be the product of a process that
defines the respective roles for the various components of the shoe
industry and the government. At this stage of concept development
these roles are hard to define because the objectives and prerogatives
of the public and private sector are different in a fundamental sense.
If, however, it can be agreed that an innovation like the Custom-Fit
Concept has merit and leadership for its development emerges in the
various trade associations that link the industry, then the problem of

role definition can be engaged head-on.

If the innovation sought here was based on the development of

a particular item of production equipment, it is easier to see that
government-industry arrangements could be made to complete development,
dispose of attendant property right questions, and have the commercial
introduction of the equipment to one or two firms in the sector. The
Custom Fit Concept must finally be introduced by retailers, by the thou-
sands if the concept is to have any impact. It is apparent that the
innovation strategy must be formulated so as to lead to this scale of

retailer involvement. This cannot happen in the short-run without the
use of federal funds outside the traditional areas of R&D. The discovery
of how to shape federal involvement beyond the traditional R&D stages is

the reason for defining the respective public and private roles in the

innovation. The barrier to innovation so addressed in such a role

definition effort is that of ensuring coupling between technology develop-
ment and the technology delivery system.

3. Cooperative technology development . Given that a strategy
for innovation is developed and the respective roles of industry and

government are defined, the areas for cooperative technology development
appear to fall into two main categories. The first category is concerned
with the materials and techniques for delivery of custom-fitting, and the

second category is concerned with building the infrastructure necessary
within the manufacturing, retail and supply components of the industry.

The principal advantage in government participation in the

technology development is to assure that the development of insert
materials achieves the greatest possible patent protection. This pro-
tection will help ensure that the technology is licensed to domestic
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manufacturers to the exclusion of foreign manufacturers. The develop-
ment of insert materials would .involve extensive programs for formula-
tion and evaluation of materials to establish characteristic and practi-
cal performance limitations. Such a program is beyond the resources of
the industry. In a related sense, government participation in the devel-
opment of manufacturing techniques will also help ensure that the methods
developed to incorporate insert materials are standardized from the
retailers' perspective.

One joint study area that is thought to be an essential part of
building infrastructure concerns the conduct of a comprehensive fitting
study. This study would determine, among other factors, the extent to

which the Custom-Fit Concept is significant to consumers because of
their fitting problems. The study should be patterned after the Fort
Knox investigation and should be designed to help the industry recognize
where in the spectrum of footwear manufacture and retailing the concept
should be first introduced to maximize the chances of successful intro-
duction .

Other areas for cooperative development of infrastructure include
personnel training, field trials, design computations (to maximize the
potential impact of the concept), styling assessments, and, to the extent
feasible, marketing studies.

Sep

11
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I. INTRODUCTION

The U.S. nonrubber footwear industry's current share of the

domestic market is less than 50 percent. It is possible that

many factors account for this situation, i.e., availability of

capital, marketing problems, government policy, manufacturing

technology utilized, etc.

It is the purpose of this investigation and report to explore

only the factor of manufacturing technology as it can be related

to the U.S. nonrubber footwear industry.

In response to a request by NBS (M. King to IITRI dated

January 16, 1978) IITRI submitted a proposal (78-244J) to the

U.S. Department of Commerce. The proposal was accepted and

Purchase Order No. 808204, dated March 8, 1978 was issued to

IITRI by the National Bureau of Standards to perform the effort

outlined in the proposal.

This report fulfills the first requirement listed under

Task IV of the purchase order.
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II. FACILITY VISITS

A. Visits to Shoe Manufacturing Facilities

The following companies were selected to afford an opportun-

ity to view several key dimensions for the shoe manufacturing

process: 1) size of plant; 2) type of shoe, i.e., men' s /women' s

,

style/work; 3) length of run; 4) single/multi store; 5) single/

multi plant 6) line/staff interview; 7) various levels of manage-

ment and 8) various midwestern locations, i.e., Wisconsin, Ohio,

Illinois and Kentucky.

Throughout emphasis was on observing current operations from

the point of manufacturing process and systems technology. The

efficiency of current techniques, methods and technique was ob-

served primarily by drawing on the skills, and concepts of mechan-

ical, industrial, and systems engineering, computerization and

automation.

To complement the visits listed below, information was col-

lected by mail from several equipment and component manufacturers.

1. Visit to Jung Shoe Manufacturing Company, Sheboygan
,

Wisconsin, April 10, 1978 - by E. C. Young, (IITRI)

.

On this visit, Henry Jung, President was interviewed. Mr.

Jung also toured his plant with Mr. Young and explained many of

the problems he currently faces.

This visit afforded an opportunity to observe a small scale

manufacturer of men's footwear marketing in a variety of markets,

i.e., industrial and farm workshoes, pull-on boots, sports-related

shoes, and forestery/logging shoes. These markets are not as hard

hit by imports as those in women's shoes, but they still involve

many of the typical problems which a small shoe manufacturer must

face. These include: 1) escalating costs of labor and materials,

especially labor, short production runs, frequent changes in

operations. Jung Shoe uses the Goodyear Welt construction which

to date has not been as trade impacted as cement lasted shoes.
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2 . Visit to Levereng Shoe Company, Sheboygan, Wisconsin on

April 10, 1978 by E. G. Young (IITRI) .

An initial interview was held with Robert H. Levereng, Board

Chairman and Kenneth C. Balsing, Vice President, Manufacturing.

This allowed further exposure to the problems besetting a smaller

sized United States men's shoe manufacturer.

Levereng Shoe Company operates two plants outside Sheboygan.

Mr. Balsing conducted Mr. Young on a tour of the plant at New

Holstein. This is a modern one-story operation and served to

point up the efficiencies which a company is able to achieve by

emphasizing machine layout, work flow and material handling.

3 . Visit to Weyenberg Shoes, Beaver Dam, Wisconsin, April 11
,

19 78 by E. C. Young and R. Kasparas (IITRI) .

Weyenberg Shoe afforded an opportunity to visit a plant in a

medium sized men's shoe company operating several plants. The

operation visited was larger than either Jung Shoe or Levereng and

thus provided another perspective on men's shoe manufacture.

Following an interview Terry A. Lee, General Superintendent

of Manufacturing, took the IITRI team on a detailed and very

thorough tour of all operations in the Beaver Dam plant. Opera-

tions of particular interest were the leather stock room and cut-

ting, due to the high standards maintained for both leather and

the cutters. The potential loss in this area is especially great

due to the large amount and high cost of leather used in a pair

of Weyenberg shoes. Opoortunities for centralized administrative,

service, and warehouse functions in Milwaukee were of interest

(although not visited at this time)

.

4. Visit to Florsheim Shoe Company, Chicago, Illinois, April 20
,

1978, by E. C. Young and R. Kasparas .

This visit was arranged by George McDorman, Director of Men's

Shoe Manufacturing. It included a thorough tour of operations

with John Mirabelli, Plant Superintendent. Again, all operations

were observed in some detail. This was the largest men's shoe
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plant visited, and is also operating in a high labor cost market

(Chicago) and this locational disadvantage serves to underscore

many of the labor problems besetting the United States shoe indus-

try, i.e., wage and fringe escalation, turnover, lack of interest

in the shoe industry, etc.

5 . Visit to W. M Greiner Company, Chicago, Illinois on April 20
,

1978, by E. C. Young and R. Kasparas (IITRI) .

This visit was _ncluded to get a better understanding of the

interface between the tanner and shoe manufacturer of one of the

chief materials in which the United States has a natural advantage

-- leather.

This visit included an interview with Dirk Anderson and sub-

sequently, a tour of the facilities in Chicago. The larger poten-

tial savings in the' use of leather had initially prompted this

visit

.

It remains as an open challenge as to just how much this mar-

ket interface can be standardized, or the tannery further included

in the grading and sorting process, but the escalating cost of

leather and the United States advantage in this commodity, point

to the need for further investigation into the problems and pros-

pects for better leather grading and utilization.

6. Visit to Dr. Scholl Shoes, Falmouth, Kentucky, April 27 ,
1978

,

by E. C. Young and R. Kasparas (IITRI) .

This visit was arranged by the Chicago Office, and consisted

of tour of facilities with Roy Bryant, Supervisor. Following the

tour interviews were held with David Hart, Industrial Engineer

and Jerome Gallenstein, Plant Superintendent.

This visit afforded an opportunity to visit a modern, air-

conditioned plant designed especially for women's shoe manufacture.

While there are limitations to the amount of re-arrangement and

combining that can be done due to present equipment design, the

material handling system of interest since it was designed to

integrate several manufacturing and warehouse operations.
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Heretofore, the possibilities in applying such modern ware-

housing techniques had not been observed in any of the IITRI visits.

Due to the style, size, and width 1 variations in the shoe business,

coupled with the limited runs due to average company size and mar-

keting practices in shoes, the opportunity for savings or other

forms remain a question. In the case of Dr. Scholl, ownership of

some retail outlets and stable shoe styles permits this modernized

warehouse

.

7. Visit to U.S. Shoe, Cincinnati, Ohio on April 26, 1978 - by

E. C. Young and R. Kasparas, (IITRI) .

This visit was arranged by Robert Stix, V.P. Manufacturing.

Three facilities were toured with Peter Bradford, Industrial Engi-

neer. The large scale of U.S. shoe, the administratives , techn-

ical, and operations support center in Cincinnati makes possible

many advantages not possible to the smaller, single plant shoe

operations. For example, components manufacture, large scale pur-

chasing, ' the critical size and grinding levels necessary for R&D,

testing, and new product development.

This visit allowed an opportunity to observe the cement last

construction which predominates in women's shoe manufacture,

multi-plant operations, and the industrial engineering perspective,

e.g., through Mr. Peter Bradford. Plants visited included those

at Flemingsburg and Maysville, Kentucky and Ripley, Ohio. The

visit to Maysville afforded an opportunity to observe women's

boot manufacture.
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B, Other Visits

1 , Symposium on Footwear Industry Concepts

This symposium was organized by the U\S, Shoe Corp and held

in Cincinnati, Ohio on April 4 and 5, 1978, The theme of the

symposium involved general discussions of the problems facing the

footwear industry by

N. German y- Research & Development
American Footwear Industries Assn,

R. Stix - V. P. Manufacturing, U.S. Shoe

D. Ross - U.S. Shoe

D. Letch - Technical Director, U.S.M, Corp,

D'. Thayer - CAMS CO

F. Haynes - GAO

R. Messenger - Cincinnati Milacron

H. Winkler, President of the University of Cincinnati
outlined how the university would apply
its resources to establishing and operating
a footwear technology center.

The details of the symposium are recorded in an NBS memorandum

for file by M. King, dated April 11, 1978, A copy of this memorandum

is appended hereto.

2. Visit to United Shoe Machinery (USM)
,
Beverly Mass.,

May 9, 1978 - by G. Putnam (IITRI) . This visit involved reviewing

the technology USM has recently developed or is developing to

reduce the costs involved in shoe manufacturing. The applications

reviewed were:

o Numerical Control Stitching

o Numerical Control Bar Tacking

o Nesting and Cutting Shoe Bottoms

o Semiautomatic Lasting Machinery

o Shop Handling Systems
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III. RECOMMENDED TECHNOLOGY APPLICATIONS

A. Marking (Stitch Marking and Printing)

1 . Current Method

After the various parts of an upper have been cut, it is

necessary (1) to mark, then to identify where parts are to be

joined; (2) to identify, when to stitch and; (3) to identify the

case number, size, width and match number. The match number is

placed close to the edge of the part in a position where it will

be hidden when assembled. The purpose of this number is to

insure that all the parts for a given shoe can be kept in the

correct sequence when the lot is stitched.

Marking of joining and stitched lines is usually done using

simple techniques. One method is to place a template slitted

according to the appropriate joining and stitched lines on the

component and to mark these lines using the slitted guides. A

second method requires that the component to be marked be placed

in fixture positioned in front of a marking die which can be

lowered by hand to mark the component and which retracts to an

inking pad while the componet is removed and new ones (at times

two pieces simultaneously) are positioned for marking.

Lastly, marking numbers on upper components and lines is

done using a stamping machine which is hand set, each time the

shoe size and width is changed. When each run is finished the

case number is also changed.

2 . Current Cost

Special costs of these operations in a plant employing 350

direct time workers and producing 4,000 pairs/day is calculated

as follows:
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1. Marking joining and stitching lines averages
3-4 employees

2. Stamping case numbers, sizes, widths and
matching numbers on uppers averages 3-4
employees

3. Stamping liners 1-2 employees

4. Total employees on marking averages 7-10,
or between 2 percent and 2.8 percent of
total direct labor cost.

5. Since this will vary greatly depending
on the styles produced, an average of
2 percent is used.

6. Assuming $2.03/pair of direct labor cost,
total marking cost runs at least $.04/pair, or

7. For a plant averaging 4,000 pairs/day for
250 days/year or 1,000,000 pairs/year, the
marking cost/year is $40,000.

8. Based on a total annual production, U.S.
production of 416 , 566 , 000/pairs , this
amounts to a total labor cost of $16,662,640.

3 . Applicable Technology

The technology to be applied to these operations involves

• incorporating marking devices in the cutting die

® using impact matrix printing

® minicomputer technology

4. Cost to Develop Technology

All of this technology exists. Therefore, there is no cost

to develop it. Packaging the technology for this application

is estimated to be less than $40,000.

5 . Proposed Method

This application relates very closely to the

described recommendation for Parts Nesting and Die Cutting.
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Referring to Figure 1 it can be seen that the table moves under-

neath a matrix type printing head which can be computer controlled.

Input to the system consists of order information in addition to

the nesting information which is required by the parts nesting and

die cutting operation. This can be entered via the cards which

are currently keypunched for each order.

The ink used would be the "ultra violet" type to eliminate

the need to apply the marking to areas which are hidden.

The printing head would be the "matrix" type to minimize cost.

6 . Cost Effectiveness

Based on current similar equipment the following are cost

estimates for the equipment required (in addition to the equipment

required for Parts Nesting and Die Cutting:

0 Printing Head (matrix type) and $15,000
Keyboard

e Added Software 10,000

Installation and Debugging 5,000

$30,000

Savings

:

50 percent of marking costs (.5 x 40,000) $20,000

Increases

:

Added cost for ink

Programming maintenance

$ 5,000

$ 2,000

$ 7,000

Net Annual Savings (20,000-7,000) $13,000

Payback Period
Capital Costs
Annual Savings

30,000
T37000

= 2.31 years
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7 . Implementation Barriers

• Lack of familiarity with computer technology
by shoe manufacturers

• Lack of service bureaus for manufacturers who
have no computer facilities

Shop Floor Reporting

1 . Current Method

Since shoe factories work on a piecework basis, it is

essary to maintain a record of all pieces completed on each

sured operation by each worker. Usually, this involves a

lection of individual work tickets by each operator for the

ts/operation he (or she) completes. These work tickets are

: ut 1/1" x 2" and each operator has a folder or booklet in which
3

y are assembled.

Typically at least in shoe factories visited, each worker

ords units completed at each piece price and extends these to

ain his (or her) daily pay. The payroll clerk must also deter-

e individual pay rates using this same information to make a

al payroll calculation.

Since as many as 60 operations are performed in the fitting

m alone; since runs are typically short, and since many shoe

lies are run each day, it is necessary to make hundreds of these

culations to arrive at the daily payroll.

2 . Current Cost

Cost of collecting this information is calculated as follows:

1. Assume approximately 10 minutes per day, or
2 percent of total direct time, recording
work completed on each operation, placing
work tickets in a folder or booklet throughout
the day; and extending and totalling these
calculations at the end of the day.
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2. Assume a direct labor cost of $2,03/pair,
2 percent total direct labor cost runs
about $.04 per pair,

3. For a shoe factory producing 1,000,000
pairs of shoes/year, this amounts to
$40,000 annually.

4. Based on a total U.S. shoe production
of 416,566,000 pairs/year (1977), this
amounts to a total cost of $16,622,640.

3. Applicable Technology

All of the data collection and recordkeeping activity going

on in the fitting, lasting and other departments can be eliminate

and replaced by a central computer which could accept the input,

classify it, perform associated operations and convey the infor-

mation to the production control center, planning center, payroll

and other departments that could benefit from such data. All

this can be simply achieved by equipping , work areas with a mini-

ature computer terminal capable of accepting a few numbers such

as the ID number of the operator, the code number of the task

performed, the number of lots, etc. Some operators could be

equipped with portable input devices to permit production flexi-

bility in terms of available operators and tasks.

4. Cost to Develop Technology

There is no cost to develop this technology. It exists.

The problem involves applying the technology.

5 . Proposed Method

Each operator would go to a terminal, insert their identi-

fication badge (which is magnetically coded) and key in the

required information to indicate the jobs performed.

This information would be processed by a software program

and combined with information extracted from the time standards
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data base to determine;

piece rate wages

job order status

6 . Cost Effectiveness

Initial Investment

Shop floor reporting hardware

15 terminals @ $3,000 $45,000

Minicomputer (similar to
PDP 11/04) $25,000

Software $ 10, 000

$80,000

Savings

50 percent of Direct Labor
(.5 x 40,000) $20,000

Payback Period = ?

qqq
= ^ years

Implementation Barriers

Lack of investment capital

Lack of incentives for capital investment
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C . Materials Joining

1 . Current Method

Pieces of the upper are joined together in the fitting room

primarily by stitching them together, (In the case of thermoplastic
materials, high frequency heating operations are well known although

apparently not widely applied.) In the case of leather, the only

method of forming observed or discussed with the IITRI team, was

stitching. This is accomplished by individual operators using

sewing machines. Parts to be stitched together are positioned

by hand or positioned in a fixture when numerical control stitching jhtei

is employed.

2 . Current Cost

1. Assuming that fitting requires 38.2 percent of
total direct labor and that approximately
35 percent of the fitting room labor includes
some joining operations, the cost of joining
is calculated as follows:

(a) 38.2% x 35% = 13.4%

(b) at $2.03 direct labor cost per pair
of shoes, stitching which includes
joining =

$2.03 x 13.4% = $.272/pair

2. Assuming that a plant which has 350 direct
labor employees produces 4,000 pairs/day
and works 250 days, the yearly cost of
stitching which includes joining is calculated
as follows:

(a) 4,000 pairs/day x 250 days = 1,000,000 pairs/year

(b) 1,000,000 x $.272 = $272,000
(annual cost of stitching including joining)

3. Total cost of joining in the U.S. shoe industry,
assuming a total production of 416,566,000 pairs/year
(1977) = $115,388,782.
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3 , Applicable Technology

The leather in the process of shoe production normally is

:
.;

:

,oined by sewing in lock or chainstitch mode. Presently many other

perations, such as attaching of lining, insoles and soles are

one by means of adhesives and hotmelts. Besides stitching and

lueing, leather could be joined by other methods, provided

ertain developments take place. For example, ultrasonics is a

ell understood and widely used technique to join thermoplastic

aterials in the apparel industry. Nylon and similar thermoplastics

oined by this method are common. Bathing suits, brassieres and

11 types of under and outerwear have been manufactured with this

echnology for the past 10 years. Fabrics and leather impregnated

ith thermoplastics could possibly be joined by this method. Methods

o impregnate leather for suitable joining could be a major break-

hrough for the shoe industry. Since ultrasonic "sewing" eliminates

hread, needle, bobbins, thread sensing devices, etc., the method

o " thermoplasticize" leather, manmades and other materials could

ave a major impact on the shoe manufacturing process. Another

oining process that could be of significance is the process known

s liquid thread.

The success of hotmelt adhesives in. applications ranging from

eal-bonding of flexible film packages, structural bonding of

aminates and composites, and protective coating for plastic metal,

ood, paper, leather and other natural and synthetic materials is

ell documented. This success has been due primarily to the inge-

nuity of polymer chemists in developing adhesive formulations

ailored for cohesive and adhesive strength and elasticity in the

olid state while maintaining adequate viscosity, tack and wetting

bilities in the molten state. This process has resulted in a

ide selection of hotmelt polymeric materials with inherent strength

roperties that can be employed in the design process as primary

tructural elements.
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IITRI proposed to employ this technology and the materials

in a novel application for forming a basic textile seam. In appli-

cations useful in the shoe industry it could be useful in replacing

long straight seams such as are required in sewing uppers of boots,

boot zippers, etc. The method is to perforate the component

pieces of leather with needles and inject these perforations with

"thread" in liquid form. The material solidifies immediately and

assumes the function of regular thread in appearance and otherwise.

Only experimental work has been conducted so far. Thread material

and equipment must be developed. This is not a decorative stitch .

Another approach to make joining of leather more efficient

is to improve or modify the presently used sewing. Presently, two

kinds of stitches are used: lockstitch and chainstitch. Lock-

stitch is preferably used because in case of thread rupture, the

stitch does not come apart as is in the case of the chainstitch

seam. Some time could be saved if instead of lockstitch, chain-

stitch could be used. Bobbin changing time could be used to sew

productively. To prevent the chainstitch from coming apart, a

thread impregnated by thermoplastic material could be used. For

example, after sewing in usual manner, the chainstitch could be

heat treated to fuse the thread at points in contact thus making

the stitch impossible to "run" and come apart.

4. Cost to Develop Technology

While it is almost impossible to predict exactly what it will

cost to develop a process to impregnate leather, devise a method

and develop the liquid thread material or what it will cost to

develop thermoplastic impregnated thread, it is anticipated that

the three processes could cost about $100,000 to develop.

5 . Proposed Method

The actual savings employing impregnated leather, however,

could be significant because in addition to replacing the stitching
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by thread, other areas could benefit also, For example, all liners

could be attached by ultrasonics thus eliminating hotmelts, glue

pots, etc. Ultrasonics could save up to 25 percent of time presently

required in the sewing and fitting rooms.

Less significant savings can be expected from the liquid thread,

since its application is strictly in sewing of uppers, preferably

straight portions. However, it is conceivable that the method

could evolve above presently envisioned applications such as

"sewing" of the entire upper in one shot, that is, in about one

second of time or less. Normally, depending on the length of

seam, liquid thread could save as much as 50 percent of time. For

example, a zipper in a full length boot could be sewn in one second

against the present time of approximately 60 seconds.

The cost savings with impregnated thread are not so obvious.

First, the elimination of bobbins would probably save only a few

percentage points of time, however, the elimination of the second

thread can be very cost effective, since the danger to run out of

thread while halfway along a seam, is eliminated. Further, all

of the administrative procedures associated with bobbins are elim-

inated. All of these advantages combined could make the develop-

ment of fuseable thread very cost effective, especially considering

that no new sewing equipment is necessary for the material.

6 . Cost Effectiveness

a. Boot Making Plant

(1) Initial Investment (liquid thread equipment)
5 units (operate 3 shifts) @ 18,000 90,000
*unit = injection molding machine
and supporting tooling

(2) Annual Costs
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Savings

• time to sew zipper
present method = 150 seconds/pair

• time to attach zipper
proposed method = 90 seconds/pair

savings 60 seconds/pair
or

1 minute/pair

6 0
• percent time savings = = 40%

• current number of operators to sew in zippers in
plant making 4,000 pairs/day =

4,000 pairs/day x 150 seconds/pair = n operators
3,600 seconds/hour x 8 hours/day/operator ^

• proposed number of operators =

21 x (1.00 - .40) = 13 operators

• number of operators saved - 21-13 = 8

• value of savings = 8 operators x 2,080 hours x $3,50 per hour
year

(avg. wage) x 1.25 (fringe benefit factor) = $72,800

© added costs

maintenance $10,000

• net savings = 72,800 - 10,000 - $62,800

(3) Payback Period

?0,000 = I 43 vears
62,800

yeais

b. Other Plants (ultrasonic joining)

(1) Initial Investment

20 ultrasonic sewing machines
(multishift operation) @ 5,000 = $100,000
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(2) Annual Costs

o save 7,5% of fitting room labor
.075 x $6.85 x ,296 (labor %) x ,382 (fitting0

/,) x

4 000 Palr -
S
x 250 = 58,090

' day year '

o added maintenance = 10,000

o added production control = 10,000

o Annual Net Savings = (58,090-10,000-10,000)
= 38,090

(3) Payback Period = ^g'g^- =2,63 years

7 . Implementation Barriers

o Research and Development Risk - the development
may not be feasible (impregnation of leather)

o Consumer acceptance of "no stitching" or
"psuedo-stick 1 marking

o Lack of investment capital

o Lack of investment incentives

8 . Miscellaneous

Contrary to impregnation of leather, much less technical

Lfficulties are anticipated with the liquid thread method. Some

reliminary research has already been done at IITRI and some aspects

5 the method are well known and understood. We anticipate no

roblems in the development of materials to meet the performance

Decifications . Obstacles to be overcome are mainly in the design

id engineering of equipment.

Least difficulties are anticipated with the development of

impregnated thread. In the worst case, a monofilament synthetic

aterial could be used to satisfy the need for fuseable thread.
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D. Grading, Nesting and Die Cutting

1, Current Method

(a) Grading leather and establishing grade boundaries

The current method of leather grading can be reviewed as a

two-step process. First, in the leather room (aside from central

leather processing units for multiplant operations) hides are

inspected on a visual and tactile basis to determine if they have

the attributes, i.e., color, density, texture, and surface qualities

required for a given shoe production order. If so, the square

footage is tabulated and the hide assigned to the order.

A second aspect of grading occurs when the cutter positions

the dies for the various parts of a shoe upper on a given hide.

In this process of visually nesting the various dies on a given

hide, the cutter is attempting to do several things simultaneously

(1) match desired qualities in the part being cut with the appro-

priate portion of the hide, i.e., the vamp from the upper section

of the hide; (2) avoiding irregularities, scars, branding marks,

etc., and (3) minimizing leather losses in the process of attempting

to do (1) and (2)

.

These methods have the advantage of low labor costs, but the

material costs are likely to be high due to suboptimal leather

utilization. Since leather grading is usually accomplished simul-

taneously with the process of sorting and measuring hides for

appropriate shoe orders, grading time per se_ is not easily sep-

arated. Also, since most of the grading costs attributable to the

cutter are closely related to his (or her) ability to cut efficiently

material costs of grading are included under Nesting parts, die

location and selection, and N/C stamping . Grading costs in the

leather room are omitted from any calculations of current oper-

ating costs.
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Cb) Nesting Parts, Die Location and Selection, N^C
Stamping

Currently, hides are cut individually into the various parts

of a shoe upper by cutters using dies and stamping out parts singly

at cutting press (Clicker Machine) . When an order is received with

a bundle of hides, the cutter will position a single hide on the

Clicker table, select the appropriate dies from nearby racks and

using the first die begins to cut the hide. This is done by

swinging the beam of the cutting press over the die. The machine

is then tripped to press the beam on the die. During the cutting

process the cutter is always engaged in applying his (or her) own

cutting algorithm. In theory two excellent cutters may vary some-

what in how they place individual dies on a given hide, but it is

felt that there will be little discrepancy in the loss per hide.

However, since there are no objectives grading standards on

nesting patterns designed for each hide, there is no way to

measure the extent of the current loss in material.

2. Current Cost

The cost of cutting varies greatly depending primarily on the

mix of leather and man-made materials and the extent to which the

latter process has been mechanized (e.g., cutting presses with

traveling heads) . Various estimates of cutting costs were

obtained both by the DOC teams as well as IITRI staff members.

These ranged from 5% to 127o. Costs of cutting are not directly

proportional to the number of employees, since the pay rate on

this job is one of the highest in the plant. With these quali-

fications current cutting costs are calculated as follows:

(1) Assuming a leather cutting cost of 8.7% of
total direct labor, and direct labor costs
of $2.03/pair, cutting costs/pair are
$.1766/pair.
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In a plant employing 350 direct time employees
producing 4,000 pairs/day and operating 250
days/year (or 1,000,000 pairs/year) this results
in a total annual cutting cost of $176,600 per plant.

Assuming a U.S, leather shoe production of
100,000,000 pair (approximately 25% of an
annual production of 416,566,000 (1977) total
cutting costs using present methods are
$17,660,000 (100 x 176,600).

The cost of material lost using the current
method of cutting varies considerably depending
on the development and implementation of leather
specifications, nesting patterns, cutter
performance guidelines, type of patterns cut,
and leather "cutability" . Estimates of loss
varied from 5% as high as 1570 . This wide range
is due to the anticipation of the term
"recoverable leather ' due to improved cutter
performance in grading and nesting dies effectively
on each hide.

Assume the following:

a recoverable loss of 5% due to subopticnal
grading and nesting by the cutter

a cost of leather of $1.20/square foot

2 square feet of leather per pair of
women 1

s shoes

3 square feet of leather per pair of
men s shoes

207, of total production is in shoes
with leather uppers

757, of the shoe production is in
women's shoes

g 2570 of the shoe production is in
men's shoes

a plant operating with 350 direct employees
producing 4,000 pairs/day, operating
250 days, and producing 1,000,000 pairs/day
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C6) Waste material in cutting uppers due to ineffective
grading and nesting:

Women

(a) $l,20/ft
2

x ,05 x 2 ft
2
/pr - $.12/pr

(b) 1,000,000 prs/yr x $.12 - $120, 000/plant/year

Men

(a) $1.20/ft 2
x .05 x 3 ft

2
/pr = $,18/pr

(b) 1,000,000 prs/yr x $.18 = $180 , 000/plant/year

(7) Based on an assumed U.S. shoe production with
leather uppers of 100,000,000 pairs/year, total
waste material costs due to ineffective grading
and nesting by the cutter are shown below:

Women

(a) .75 x 100,000,000 = 75 , 000 , 000/pairs
(or 75 plants with a capacity of 1,000,000 prs/year

(b) 75 x $120,000 = $9,0C0,000/year

Men

(a) .25 x 1,000,000 = 25 , 000 , 000/pairs
(or 25 plants with a capacity of 1,000,000 prs/year

Total lost material costs = $13 , 500 , 000/year

(8) Total costs of cutting labor and lost materials
due to suboptional grading and nesting by the
cutter, based on an annual U.S. production of
100,000,000 pairs shoes with leather uppers =

cutting labor =$17,660,000 (from (3) above)

leather loss =$13,500,000 (from (7) above)

$31,160,000
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3. Applicable Technology

a. Grading

Automatic grading of leather is only necessary to enable the

cutting of leather by automatic computer controlled means,

The purpose of grading in automatic cutting is to identify

the areas of leather in a hide most suitable for vamps, side

quarter, tongues, etc. This can be accomplished by scanning the

hide for surface and texture imperfections with light emitting-

collecting arrays and sound wave or infrared devices. A few of

these techniques are discussed here for clarification.

Any surface when illuminated by light rays will reflect a

certain amount of these rays or light. The amount of light that

is reflected can be accurately measured by photosensitive cells

or light sensors. These sensors can be arranged in groups of rows

and are called light sensing arrays. Naturally, in order to

sense or collect reflected light, it must first be emitted from

some kind of source. Such light sources emitting infrared light

in the electronics industry are called light emitting diodes (LED)

and can be compared to miniature flashlights . The LED are also

arranged in arrays and placed at a required angle opposite to the

light sensing arrays. In this type of setup each light source is

matched with a light sensor to form many pairs placed next to each

other for a given distance, depending on the object being evaluated.

Sometimes the light emitting diode and the light sensor are assembled

in a single unit but the operating principle remains the same as

in separate arrays.

Leather used in the manufacturing of shoes, especially for

the uppers, can be inspected by this method for surface imperfec-

tions. For example, the areas of branding, veins, scars and holes

Infrared is mentioned as an example only. The light does not
have to be infrared.
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fan be easily detected because they will normally reflect less or

ore light than regular surfaces. This surface reflectivity infor-

ation can be placed into a computer which in turn could either

ark these surfaces to enhance visibility by the human eye or use

his information to cut leather by computer controlled means.

Another simple technique to inspect the leather surface can

e simply illuminating it by ultraviolet or other rays that pos-

ibly could reveal surface information equivalent or superior to

isible light. It could even reveal important information about

he inner structure of the leather. At the present time, however,

reliminary research is necessary to assess the feasibility of

.his approach. In order to grade leather for cutting, texture

nformation is also necessary. To locate areas of different

:extures the leather can be scanned by air borne sound waves

'ABSW) . The method consists basically, of sending sound waves

igainst one side of hide and measuring the sound on the other side,

ligher density areas will suppress sound transmission more than

ireas of lesser density. These areas then can easily be identified

md the information stored in the computer memory.

It is possible that leather texture can be scanned by infra-

red rays of proper length. Presently this method of viewing or

Photographing is used in a wide variety of applications. For

Example, the U.S. Army employs infrared scopes on weapons used

Ln night time warfare. Geological resource surveys employing

r:his method via satellites are conducted to appraise numeral

deposits, crops and similar applications. The underlying principle

of the method is simple, since it amounts to "seeing" heat sources

rather than images illuminated by normal lights. One such appli-

cation appears to be in leather grading. It is well known that

in a single piece of cowhide various areas of soft or hard leather

can be detected by touch. These areas, basically, differ from each

other in terms of leather density and thickness. A cowhide placed

on a plate and viewed or photographed by infrared could reveal all
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of the necessary information on texture (in terms of density and

thickness) . The "image" or texture information then could be

stored in the computer memory for subsequent utilization in cutting

of leather.

In summary, then it can be stated, that combining a technique

to scan the surface and the inner structure, a piece of equipment

to grade . leather , essential in the automatic cutting of leather,

should be developed.

b . Nesting and Die Cutting

The key to material cutting is the ability to maximize the

utilization of leather. In a computer controlled operation, where

the nesting of dies would be done by numerically controlled ma-

chinery, the maximum utilization process requires specific infor-

mation pertaining the leather about to be cut. This information

we propose to obtain by leather scanner capable of locating and

indicating the area of hide unfit for production. This infor-

mation then would be used by the computer which by means of numer-

ical controls would command a die handling system which would then

perform the cutting operation. Mathematical calculations would be

used to derive the most efficient nesting pattern. Vamps and

other frontal pieces would be cut from the high quality areas

while parts requiring lesser quality leather would be cut from

appropriate locations. The actual cutting of pieces could be

done by presses or similar equipment.

• Cost— <

The significant part of the process described above is the die

handling . device which may be a machine, a mechanized fixture or

an industrial robot. This system or device must be coupled to a

computer capable of accepting information from the scanner, capable

of performing necessary calculations, and capable of controlling

the die handling device.
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4. Cost to Develop Technology

Since most of this technology exists, no major development

effort is required. To combine existing technology and develop

an application package is estimated to be $125,000 to $150,000.

5 . Proposed Method

The proposed method involves using a computer program to nest

parts in a given area of flat material (applies to both leather

and "man-made" material) . The nesting system would accept the

material area configuration and the outline of the parts to be

cut as inputs. The nesting algorithm would orient a group of

parts to be cut within the usable material area such that minimum

material waste would result. Nesting algorithms and corresponding

software have been developed for such industries as sheet metal

fabrication, clothing manufacturing and shipbuilding.

Individual part configurations would be generated by digi-

tizing drawings of the parts.

A hardware system similar to that shown in Figure 1 would

have to be developed. The system would contain 4 stations.

a. Loading - the material would be fastened
to a pallet and placed on a table in a
fixed orientation (recognized by the
minicomputer)

b. Die Cutting - the table would move under
the punch press. Based on a computer
software program a die would be selected
from the Die Storage Magazine and loaded
in a die holder in the punch press.
The die holder would rotate to the strike
position and the table would be properly
positioned in the "X-Y" plane such that
when the press actuates the die will cut
the proper part in the proper location.

As the press is actuating another die is being placed in a

second die holder.
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When the press actuation cycle is complete the "old" die is

returned to the die storage magazine as the "new" die is swung into

position and the press actuated. This is a standard numerical

control, tool changing procedure to maximize machine tool utilization.

Incorporated in each die would be characters to be punched

into the material that are associated with the die (i.e., size).

This identification would be placed on the material during the

punching cycle.

6 . Cost Effectiveness

a. Initial Investment (based on similar existing equipment)

o Minicomputer (similar to PDP 11/34)
and software $100,000

o Punch press, die storage magazine,
network of tables with 4 positions 250,000

o Grading equipment 25,000

o Installation, training 25 , 000

Total Initial Investment $400,000

b. Annual Costs

Savings

Material - 8% (based on USM studies)

08 x $6.85
av£- ?

ost
x .392 (material position)

pair r

x 4,000 §§p
x 250 |gf- - $214,816

Labor - 10% due to deskilling and faster operation

.10 x $6.85
av£- cost

x ,296 (labor portion)
P 3i XlT

x .087 (cutting labor portion)

x 4,000 g^^- x 250 ^s = $17,640
' day year
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Increases

Programming Labor

Maintenance Labor

$5,0Q0

$5,000

Net Savings = 214,816 + 17,640 - 5,000-5,000 = 222,456

c. Payback period

Initial Investment _ 400,000 _ ,
ft

Annual Savings " 222,456
L ' b yeaTi

7 . Barriers to Implementing

1. Providing incentives to machine tool builders
to produce the required machinery

2. Availability of capital to shoe manufacturer

3. Lack of familiarity with numerical control
by the shoe manufacturer

4. Lack of service bureaus to supply the required
service to organizations who have no existing
data processing facilities

5. Resistance to automation by labor force
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IV. PRIORITY RECOMMENDATIONS

Letting the payback period be the governing factor in deter-

mining the priority for implementing the technology recommendations

described in Section III, the rank order list in declining order

of priority is as follows:

Grading and Nesting

Marking

Materials Joining

Shop Floor Reporting
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V. AREA OF POTENTIAL GOVERNMENT INDUSTRY COOPERATIVE EFFORT

A. Technology Development Program

This program would be similar to the REAPS program for the

U.S. Shipbuilding Industry.

The program would develop new technology for or apply existing

technology to shoe manufacturing.

Shoe manufacturers and the U.S. government would jointly con-

tribute funds and engage a contractor to administer the program.

The contractor would interact with the government and industry

representatives to:

• identify areas of interest common. to a set
of shoe manufacturers

• assist in defining project specifications
to fulfill these needs

© conduct or manage the development effort
to execute projects which would respond
to these needs according to the specifications
developed

• monitor progress of these projects

9 implement the developed technology in a
production environment.

Such a program would permit the shoe manufacturing industry

to:

• help itself improve productivity

• share development costs while still maintaining
competitiveness in the application of this
technology
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B . Technology Diffusion Center

This would involve a project comprised of:

1. government

2. shoe manufacturers

3. shoe manufacturing technology suppliers

Direct funds would be supplied by the government and shoe

manufacturers. The suppliers would participate in one of the

following ways:

o providing equipment to the center at reduced cost

e lending equipment to the center

• donating equipment to the center

A contractor would be hired to organize and manage the center

The center's functions would be as follows:

o Training - in maintaining and operating the equipment
and in conducting classes related to the
technology such as computer programming
systems management, equipment justifications,
etc. "Hands-on" training as well as class
room training would be conducted.

© Information Dissemination - shoe manufacturers would
be able to access a single source to determine
for a given subject area:

- the training available
- available suppliers
- technical literature available

© Technical Meetings - an annual (or more frequent)
gathering of educators, users, and suppliers
related to shoe manufacturing technology
for an interchange of ideas
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I. OTHER CONSIDERATIONS

The time and financial resources available to conduct this

roject were severely limited. Therefore, it was not possible to

.0 much "in depth" analysis of shoe manufacturing and the tech-

.ology that might be applicable to it. Consequently, the cost/

enefit analysis could only provide a rough indication of the

conomics involved.

It' is hoped that these preliminary efforts will prime the

:ffort to investigate the area of applying new and innovative

:echnology to shoe manufacturing through the medium of one of the

•uggested areas of government -industry cooperation.
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SUMMARY

Footwear manufacturing consists of a large number of operations per-

formed on many different parts involving flexible and irregular materials.

Footwear is fashion dependent and therefore adaptive manufacturing methods are

required. The materials' characteristics, lot sizes and fashion dependence

have been barriers to increased mechanization. Thus, countries with inexpen-

sive labor provide stiff competition, and they are aided by steady improvement

in transportation and communication. For several U.S. companies it became

more economical to import footwear from these countries than to produce domes-

tically. The future existence of the domestic footwear manufacturing industry

is thereby threatened.

The Laboratory for Manufacturing and Productivity of the School of Engi-

neering at MIT performed a survey of footwear manufacturing technologies for

the U.S. Department of Commerce. Footwear manufacturing plants, leather tan-

neries, retailers, trade organizations, a machine manufacturer, a die manu-

facturer and a last maker were visited in the U.S. and in Italy. The con-

straints imposed on the footwear industry by international competition and by

technical and economical factors were determined through these visits and an

analysis of statistical data. The following criteria for evaluating existing

or newly-innovated manufacturing technologies were derived:

I. Effect on the cost of U.S. Non-Rubber Footwear products

II. Effect on style adaptation time

III. Effect on final products' materials and assembly qualities

IV. Effect on in house style perception and style inventiveness

V. Time lag anticipated between decision of implementation and

effect on U.S. market.
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Concepts and examples of productivity enhancing footwear manufacturing

technologies fall into two categores: technologies with short term goals

and technologies with long term goals.

1. Methods for improving the competitiveness of U.S. footwear manufacturing

plants on a short term basis are:

1.1 Materials Utilization: The materials cost component is so high that

materials have to be used optimally. Systems to improve materials

utilization in leather cutting include: cutting table improvements,

equipment for better pattern nesting and simultaneous cutting.

1.2 Testing of Materials: Lack of knowledge about material properties

can reduce productivity significantly and lengthen the time it takes

for introducing new styles. Some examples are given to demonstrate

the role of materials testing in increasing productivity.

1.3 Reduction of Manufacturing Systems' Information Content: Combining

operations into one operation increases productivity when functional

requirements are still satisfied independently. This and other axioms

for increasing manufacturing productivity are under development in

the Laboratory for Manufacturing and Productivity. They are explained

and demonstrated by examples such as an integration of skiving and

pinking and a combination of sole and heel trimming.

1.4 Computer Assisted Management: This is a must for every modern shoe

plant. Advantages of computer use are presented.

1.5 Training: Technology improvement is required but proper training of

new employees has to go along with it. The synergistic effect of

training and technology on productivity is discussed.
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Over a longer time, productivity can be increased through the following:

2.1 Computer Aided Design (CAD) : Computer systems are proposed to

facilitate the design of shoes, lasts, dies and graded patterns.

2.2 Computer Aided Manufacturing (CAM) : Linking of these Computer

Aided Design systems with computer controlled manufacturing

processes results in significant reduction of style adaptation time.

Concepts of computer controlled machines for last making, die making

and cutting of materials are proposed.

2.3 New Assembly Techniques: manipulation of components in stitching

machines accounts for 75% of the labor costs in the fitting room.

Preliminary ideas for new concepts in assembling flexible parts

suggest that productivity may be increased significantly.

2.4 .Materials Research: The characteristics of leather have not been

equalled by any man-made material. There is a need for new and

recycled material. Recycling of leather and lasts are demonstrated

by examples

.

A Cooperative Footwear Technology Program

Advances in productivity could be made in a relatively short time if

a closer working relationship between several footwear manufacturing

companies and a competent manufacturing research organization is

established. This could be accomplished through a cooperative footwear

manufacturing program. The goals and organization of such a program

are presented.

Industries involved in a cooperative footwear manufacturing program

will provide problems continuously and the program's research center must

have the intellectual resources, financial support and motivation to
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solve them through innovation and analysis. Government's role in such

a cooperative research program should be to evaluate its effectiveness

and provide the necessary initial funding. The program must become self

supporting by growth of the number of industrial members funding the

program.

A cooperative polymer processing research program was started at

MIT in 1973 with initial funding from the National Science Foundation

and financial support from three corporations. This program grew to a

large cooperative program completely funded by twelve corporations. A

continuous output of innovations with non-exlcusive patent rights to

the member companies results from the effort of more than twenty research-

ers at MIT. A footwear manufacturing technology program would be modeled

after the Polymer Processing Program and would benefit from experience

gained from it. Hopefully, such a program will help U.S. footwear manu-

facturing regain its competitive position.
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INTRODUCTION

The technological issues involved in increasing the productivity of

the footwear industry have been examined by the MIT Laboratory for Manu-

facturing and Productivity for the Department of Commerce over a period

of two months, from March 15 to May 15, 1978. The goal of the study

was to evaluate modern manufacturing methods for application in the U.S.

non-rubber footwear industry.

The initial project effort consisted of gathering information about

the footwear manufacturing industry, footwear manufacturing machinery,

leather making and retailing of footwear. Statistical data were analyzed

in order to develop evidentiary background about problems identified by

the investigators. This work was essential in establishing criteria for

evaluation of new or modified technologies to be considered for the foot-

wear industry.

The second phase of the project was concerned with conceptualizing

and evaluating new manufacturing methods for the U.S. footwear industry.

The third phase of the project considered the advisability of estab-

lishing a cooperative footwear manufacturing research program. Each of

the three phases is discussed in detail in a separate section of this re-

port .
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1. Criteria used in Evaluating Footwear Manufacturing Technologies

New technology can enhance the competitiveness of U.S. footwear manu-

facturers only when it is carefully selected and is designed to meet the

specific nature of the industry's problems. Imported footwear from low labor

rate countries is generally recognized as a major contributor to low industry

profits, to employee layoffs and closings of manufacturing plants. Accordingly

it was necessary to analyze the characteristics of' selected foreign footwear

industries so as to develop an insight into their major strengths.

On the domestic side, a determination was made of the technical and

economical factors imposed on footwear manufacturers. During visits to U.S.

companies and trade associations considerable data was gathered and analyzed.

As an outgrowth of the many visits, interviews and analyses, basic criteria

have been devised for evaluating the potential of new footwear manufacturing

technologies fir the U.S. industry.

1 . 1 International Competition

A clear picture of the constraints international competition imposes upon

the U.S. footwear industry can only be sketched after analysis of statistical data,

study of the foreign competitors' products and observation of the economical and

social environment of the foreign factory. Italy as the most important exporter

of footwear (dollar value) into the U.S. has been examined most closely.

1.1.1 Analysis of Statistical Data

Production figures for several branches of the U.S. footwear industry are

summarized for the period of 1966-1977 in Fig. 1. The downward trend for all

markets, except athletic footwear .underscores the reason for labor, management

and government concern about the future of footwear manufacturing for the

United States. The total U.S. production of non-rubber footwear decreased from

the annual production rate of 641.7 million pairs in 1966 to 395 million pairs
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FIGURE 1 U.S. ANNUAL PRODUCTION OF NON-RUBBER FOOTWEAR

(FROM REF. 1)
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in 1977, a decrease of 40% in ten years. What is even more alarming is that

there is no indication that this downward trend is going to change for the

better in the years ahead.

Fig. 1 illustrates that the reduction in U.S. production of Women's and

Misses' footwear which started more than ten years ago, accounts for the largest

loss of all sectors involved.

Since only 1.5% of footwear produced in the U.S. is exported [4], the

data in Fig. 1 in essence represents the consumption level of domestically

produced footwear. The remaining consumption is provided by overseas sources.

The sum of domestically produced and imported footwear (pairs) is reported

in Fig. 2. A slight decrease in the total consumption of women's footwear and

slippers, and an increase in mens' footwear and athletic footwear can be

noticed. A comparison between Fig. 2 and Fig. 1 indicates that the U.S.

lost a significant part of the women's shoe market and that in the mert's and

athletic footwear sector domestic production was unable to develop a signifi-

cant share of the growing market.

Figure 3 is a plot of the quantities of imported shoes since 1960, which

is the difference between the data shown in Fig. 2 and Fig. 1. An interesting

revelation of these figures is related to the recession years 1974 and 1975.

There was clearly a reduction of imported footwear and no abnormal reduction in

domestic production. It might turn out to be important to understand the reasons

behind this phenomenon.

By comparing the U.S. production with the production of seven countries

of the European Common Market for the period '66-' 76 one observes (Fig. 4),

that the U.S. footwear industry suffered the greatest loss in absolute value

of production, but on a relative basis countries like Belgium and the Netherlands

lost a good deal more. In the same period Italy almost doubled its footwear

production by exporting to the German Federal Republic (49.1% of export),
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FIGURE 3 U.S. ANNUAL IMPORT OF NON-RUBBER FOOTWEAR

(FROM REF. 1)
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FIGURE 4 ANNUAL NON-RUBBER FOOTWEAR

PRODUCTION OF DIFFERENT COUNTRIES

(FROM REF. 1 AND 5)
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TABLE 1 FOOTWEAR TYPES WITH TOTAL IMPORT VALUE OVER $50,000,000 FOR

YEAR 1976 (FROM REF. [1])

TYPE COUNTRY VALUE PAIRS AVERAGE

$ 10
6

10
6

$

WOMEN'S & MISSES* LEATHER ITALY 180.4 26.8 6 71

WOMEN'S & MISSES' VINYL TAIWAN 131 .8 82.8 1 59

WOMEN'S & MISSES' LEATHER SPAIN 115.6 15.7 7 00

MEN'S & BOYS' LEATHER KOREAN REPUBLIC 113.9 27.7 4 11

WOMEN'S & MISSES' LEATHER BRAZIL 106.6 21 .8 4 88

MEN'S & BOYS' LEATHER ITALY 78.5 O . 0 9 37

MEN'S & BOYS' LEATHER SPAIN 74.1 11.7 6 29

TOTAL WOMEN'S & MISSES 534.4 147.1 3 63

TOTAL MEN'S & BOYS' 266.5 47.7 5 59

TOTAL LEATHER 669.1 112.0 5 97

TOTAL VINYL 131 .8 82.8 1 59

TOTAL OF THIS TABLE ACCOUNTS
IMPORTED (PAIRS) BY U.S. AND

FOR 53% OF ALL FOOTWEAR

55% OF IMPORTED VALUE.
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USA (43.1%), France (12.1%), United Kingdom (7.3%) and other nations [3].

Four other countries, in addition to Italy, produced very significant

amounts of footwear for the U.S. market at a price below that of domestic

production. Table 1 furnishes information on several categories of footwear

with import value above $50 million per year. Italian leather women's shoes

lead imports from Taiwan, Spain, Korea and Brazil. These seven categories of

footwear imported into the U.S. account for 53% of all footwear imported

(value). Imported leather footwear exceeds 5 times the imported synthetic

footwear in dollar value. In quantity of imports (pairs), leather footwear

imports are 1.4 times higher than synthetic footwear.

Women ' s . imports from these five countries are 2 times higher than men's

imports (in value) and, on the whole, in terms of quantity, the women's im-

ports are 3 times higher than the men's. The ratio of women's / men's pairs

of shoes produced domestically was 1.3 in 1977. Thus imports have penetrated

the women's sector more extensively. Indeed in the New England area more

women's footwear plants have closed than men's.

1.1.2 Strength of the Italian Footwear Industry

Without doubt Italy has a most successful footwear manufacturing industry

and a relatively high standard of living among all the nations exporting foot-

wear to the U.S. On the basis of our visits to several U.S. retailers, to three

Italian shoe manufacturers, and to the Italian shoe manufacturing association,

we conclude that the following features account for the uniqueness of the

Italian footwear product:

1. High quality leather is used throughout. Italians buy most of their

hides and skins from EEC member countries (see Table 2). These hides and

skins are of better quality than U.S. rawhides because European cattle is

raised on small farms with fences which do not harm the hides. Almost all
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TABLE 2 DOMESTIC SUPPLY, IMPORT AND EXPORT OF RAWHIDES OF 4 EEC COUNTRIES

YEAR 1975 (FROM REF. 4)

DOMESTIC SUPPLIES (NUMBER OF HIDES OR SKINS)

CATTLE HIDES CALFSKINS GOAT AND KIDSKINS

ITALY 2,878,000 928,000 283,000

FRANCE 4,311 ,000 3,779,000 505,000

GERMAN FEDERAL REPUBLIC 4,487,000 747,000 4,000

UNITED KINGDOM 4,829,000 530,000

IMPORTS (IN TONS)

CATTLE HIDES CALFSKINS GOAT AND KIDSKINS

ITALY 207,891 40,126 12,697

FRANCE 44,121 2,029 2,297

GERMAN FEDERAL REPUBLIC 43,167 7,769 2,054

UNITED KINGDOM 32,139 1 ,239 704

EXPORTS (IN TONS)

CATTLE HIDES CALFSKINS GOAT AND KIDSKINS

ITALY 4,256 3,418 35

FRANCE 100,557 24,139 1 ,339

GERMAN FEDERAL REPUBLIC 79,357 5,604 94

UNITED KINGDOM 67,854 2,300
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cattle is fed with grass and hay. Hormone treatments are forbidden by law.

Cattle are not branded. This yields better quality rawhides and skins. Goat

and kid skins are also used extensively (see Table 2). Only a small percentage

of hides from the U.S. is imported by Italy (see Table 3).

Although contradicted by retailers, there does not seem to be a techno-r

nological advantage in Italian tanning and finishing procedures compared to thos

in the U.S. This can be attributed to the fact that chemical treatment tech-

nology is obtainable from major international chemical manufacturers.

2. High quality stitching and finishing is done by motivated and skilled

workers who are mostly paid on hourly rates. In general, in villages where

footwear is made, no other industries compete for the labor force. This

leads to very low turn-over rates and to dedication of workers to -their

employment

.

3. Footwear styles closely follow clothing fashion trends and large,

numbers of different styles are produced on an industry-wide basis. This is

due in part to the fact that most Italian footwear manufacturing companies

are small, with an average of about 16 workers [5]. This provides an enor-

mous flexibility and design adaptation. Each small company also has its own

designers. It is not surprising therefore, to observe so many different

designs being produced by the' Italian manufacturers.

4. The excellent reputation of Italian designers throughout the world

makes Italian fashion-dependent products more competitive.

1.1.3 Italy Compared with other Footwear Exporting Countries

Even though its standard of living is below that of the U.S.A., Italy does

not seem to benefit significantly from lower labor rates in the footwear indus-

try. As indicated in Table 4, the average earnings of a pull toe lasting

operator are only 20% lower in Italy than in the U.S.A. Transportation costs
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TABLE 3 US MAJOR CATTLEHIDE AND CALFSKIN EXPORTS BY COUNTRY - 1975

(FROM REF. 2. )

NUMBER OF CATTLEHIDES NUMBER OF CALFSKINS

JAPAN 7,108,000 JAPAN 614,000

mfxttd 2 362 000 KOREAN REPUBLIC 340,000

KDRFAN RFPIIRI TP 2 203 000 MEXICO 222,000

RUMANIAt\UI lr\H In 1 226 000 ITALY 173,000

SPAIN 948,000 REMAINING 702,000

CZECHOSLOVAKIA 877,000
TOTAL 2,051,000

PANADA 805 000

POLAND 787,000

TAIWAN 744,000

U.S.S.R 660,000

ITALY 565,000

REMAINING 2,984,000

TOTAL 21 ,269,000
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TABLE 4 .COSTS FOR PULL TOE LASTING OPERATORS (FROM REF. 7 )

SELECTED COUNTRIES

1977 DATA

AVERAGE HOURLY
EARNINGS ADDITIONAL

PULL TOE LASTING FRINGE
COUNTRY OPERATOR % TOTAL

GERMAN FEDERAL REPUBLIC $4.60 65% $7.59

U. S. A. 4.20 30 5.46

FRANCE 3.30 55 5.11

ITALY 3.45 30 4.48

JAPAN 3.19 20 3.82

SPAIN 2.81 30 3.65

UNITED KINGDOM 2.65 19 3.15

BRAZIL .73 86 1.35

INDIA 1.33 — 1.33

GREECE 1.09 8 1.19

TAIWAN .66 15 .76

KOREAN REPUBLIC .36 20 .43
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and import duties on Italian footwear amount to approximately 25%, thus

vitiating the wage advantage. The really low wage countries such as Spain,

Brazil and particularly Taiwan and the Republic of Korea make definite use of

very low cost labor to compete with the U.S. as well as with other high labor

cost countries such as those in the European Economical Community (German

Federal Republic, Italy, France, United Kingdom, The Netherlands, Belgium, Den-

mark, Ireland and Luxembourg).

The Italian footwear industry has clearly opted for high quality and

fashion footwear made from excellent materials. This choice reduces the

percentage of labor cost in the final price of the product. In short, Italian

footwear manufacturers make no effort to compete with cheap footwear produced

in high volume in low wage countries. However, it is doubtful whether this

strategy (as discussed by the Italian footwear manufacturing association) will

be sufficient to keep the Italian industry competitive in the years ahead as

low wage countries (e.g. Republic of Korea) try to increase the quality and

value of their footwear production so as to overcome the U.S. import quota

which is based on quantity alone. This trend is already indicated in Tables

1 and 3; Korean imports are for the most part leather footwear which command

high prices.

The Taiwanese footwear industry can be severely affected by import quotas

based on quantities because of the extremely low unit value of their goods.

Under 100% free trade conditions, footwear with a relative high labor content,

e.g., vinyl women's footwear, is the most competitive footwear that can be

produced by a low wage country.

1.1.4 Economic Policies of U.S. Corporations

Interviews with retailers and U.S. footwear manufacturers indicated that

most large U.S. footwear manufacturing corporations are major importers of

227



foreign-made footwear. These firms purchase footwear from foreign manufacturers

and establish new plants in low labor rate countries. It indicates that large

amounts of U.S. captial is invested in U.S. -owned foreign companies rather than

in R&D for higher productivity here in the United States. This situation is

not likely to change until there is a clear indication that R&D can be justified

in terms of return on investments.

During the visits to different U.S. footwear manufacturing plants, tanneries

and a last manufacturing plant it was noticed that most of the modern machinery

is imported from Europe by U.S. corporations. It indicates that the machinery

manufacturers in the U.S. are not active in the development and manufacture

of new footwear machinery. The lack of innovation in the footwear industry is

partly attributable to lack of vigorous R&D activities on the part of machinery

manufacturers. Insufficient data have been collected by the investigators on

this topic. It certainly is worthwhile to study this issue thoroughly.

1.1.5 Conclusions

The major issues created by international competition can be summarized

as follows:

*Domestic production of non-rubber footwear has decreased by 40% in 10 years.

This trend is not expected to change unless major remedial action is under-
taken.

*Imports from high labor rate countries penetrate the U.S. high quality
fashion footwear market. Excellent raw material, workmanship and designs
are key elements in successful penetration of the high quality footwear
market

.

*Low labor rate countries supply large quantities of cheap and medium range
quality footwear to the U.S.

*A viable U.S. footwear industry has to meet the international competition
by concentrating on the production of good quality, fashionable footwear at

low cost.

*Without the introduction of new technologies for the footwear industry there
is little hope for the U.S. footwear industry on a long term basis.
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1.2 Techno-Economical Issues

Technical and economical factors have to be taken into account in assess-

ing the footwear industry. Important elements are the properties and cost of raw

materials, the cost factors of footwear manufacturing processes and the fashion

trend in footwear. Each of these issues is discussed briefly to arrive at a set

of criteria for evaluating footwear technologies.

1.2.1 Leather as the Most Important Raw Material

The properties of genuine leather and man-made materials have to be taken

into consideration in evaluating new manufacturing technologies. Genuine

leather is furnished in irregular shapes with such flaws in the surface as scars,

brand marks, insect bites, etc. Man-made materials are very regular in shape

and are free of obvious defects, enabling a significant increase in manufacturing

productivity. Mostly for comfort reasons, man-made materials have not been able

to substitute genuine leather. The vapor penetration rate through the best man-

made materials on the market (poromerics) is three to seven times lower than that

of leather [8]. Thus, footwear made from these materials gives a wet uncomfort-

able feeling after only a few hours of wearing. Sandals or closed shoes worn

only during very short periods of time do not necessarily give this uncomfortable

feeling; so the use of mari-mades is common in this sector of the industry.

Rawhides will always be available as a by-product from the meat industry.

Very large cost variations in rawhides occur because the slaughter frequency does

not match the demands for raw materials by the tanneries and the footwear industry.

As an example, Figure 5 represents cattlehide prices showing fluctuations larger

than 100% from one year to another. In leather footwear, the cost of the rawhide

or skin is of the order of 20% to 25% of the gross selling price. As a result,

doubling the rawhide cost could result in 20% to25% increase in footwear cost.
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TABLE 5 BREAKDOWN OF FOOTWEAR MANUFACTURING COSTS

WOMEN'S DRESS SHOES MEN'S WELTED DRESS SHOES

MATERIALS

UPPERS 10 %
OO CO/

LINING 2 %

SOLES & HEELS 12 % 16 %

REMAINING 9 %

TOTAL 33 % 54 %

DIRECT LABOR & MACHINE COST NUMBER OF OPERATIONS

CUTTING ROOM 4.2% 2.5% 2 - 4

FITTING ROOM 21 .6% 8.5% 25 - 45

STOCKFITTING
2 - 14ROOM 2.2% 1 .9%

LASTING ROOM 5.2% 2.8% 3 - 8

MAKING ROOM 2.2% 6.2% 10 - 27

FINISHING ROOM 5.6% 3.1% 5 - 15

TOTAL 41 % 25 %

OVERHEAD & PROFIT 26 % 21 %
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Similarly, changes in demand for footwear manufactured from leather can

influence the rawhide price significantly because of the inflexibility

in rawhide supplies.

1.2.2 Micro-Economy of Footwear Manufacturing

Evaluation of new footwear manufacturing techniques must also be based

on the cost structure of U.S. footwear manufacturing plants. A cost break-

down for women's dress shoes and men's welted dress shoes is given in Table

5. This table is based on data collected from shoe manufacturing plants.

The more detailed labor cost breakdown into the different operations is part-

ly based on data reported by other investigators [9,10]. Table 5 can be used

to calculate what impact an improvement of an operation, materials utiliza-

tion or overhead efficiency can have on the total cost of the product. In

every evaluation of costs one should take into consideration that a large num-

ber of operations is involved in every manufacturing division, e.g., if the

cost of the fitting room is 21.6% of the total manufacturing cost, the cost

per operation will roughly be .72% when 30 operations are executed in the fit-

ting room. As a result, a doubling of the productivity of one fitting room

operation will roughly reduce the total manufacturing cost by .36%.

1.2.3 Fashion Trends

Almost all footwear styles have to change according to fashion trends,

some styles have a very short life time (e.g. dress footwear), others are

produced for many years (e
.
g . workshoes) . The largest market is in the short

lifetime styles. Therefore, footwear manufacturing technologies have to be

adaptive for product changes. Starting costs for new styles constitute only

a small fraction of the total manufacturing cost, but the loss in profit due

to slow response to demand might be very significant. Therefore, the adapta-

bility (flexibility) of manufacturing technologies has to be evaluated in

232



FIGURE 6 TIME SCHEDULE FOR PREPARATION AND SUF PLY OF NEW STYLES
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light of growing consciousness for style by consumers. The time it takes

to prepare and supply new styles can be subdivided as in Figure 6. These

data were collected from different companies. Today cutting dies and lasts

can be delivered within the times shown in the chart, since an overcapacity

in the New England area exists due to the significant reduction in footwear

production.

For fashion footwear it is extremely important to prepare production

for styles that are going to be successful. Stylists, salesmen and managers

have to predict what styles will catch on during the seasons ahead. Once

dies, materials and lasts are bought, investments have been made before real

sales response from consumers is obtained. Styling and tooling expenses for

unsuccessful products have to be recovered by profits on successful styles.

Therefore, very good styling departments are necessary for every company in

fashion footwear. To meet the demand for successful items in full season

the reaction time should be as short as possible. When a successful style

has been developed in house, production can be expanded only after ordering

additional materials and lasts. This could delay the expansion of the

production capacity by more than 4 weeks (Fig. 6). However, when a company

does not rely on in house stylists and prefers to copy what is successful

during a season, faster development and production of tools and materials

are neccessary. The production schedule has to include the manufacture of

a model last, grading for other sizes, etc. Copying requires less in house

styling but appropriate technologies for short reaction times must be used.

For direct injection molding of soles, style responsiveness is seri-

ously limited by the time it takes to obtain the molds and by their very

high cost, necessitating high volume production. In mold making the U.S.

is seriously handicapped by a lack of skilled die and mold makers and by
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labor intensive die making technology. Shortages of U.S. die makers cause

a serious problem for several other industries also. Some companies solve

these problems by importing dies. Better solutions should be found.

1 . 3 The Evaluation Criteria

Based on the different constraints imposed upon the industry be inter-

national competition and by other technical and economical factors one can

formulate criteria for evaluating existing or new technologies for the U.S.

footwear manufacturing industry. A series of five criteria are formulated

as follows:

I. Effect of the technology under consideration on cost of U.S.
non-rubber footwear products.

II. Effect of the technology on style adaptation time (reaction

time)

.

III. Effect of the technology on the final products' materials and
assembly quality.

IV. Effect of the technology on in house style perception and

style inventiveness.

V. Time lag anticipated between the decision to implement the

technology and the time when the effect on the U.S. market
is evident.

Each of these criteria has been used in evaluating the technologies

presented in this report. Those technologies which can be implemented from

a purely technical point of view but which rate poorly by one or more of the

evaluation criteria, will be unsuccessful.
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2 . Technologies for a Viable U.S. Footwear Industry

For the U.S. footwear industry to survive and grow, a better application

of existing technologies and continuing advances in manufacturing and manage-

ment techniques must compensate for the higher labor rate. A short term

technological goal of the U.S. footwear industry should be a rapid technology

transfer from other fields of science and engineering which will enhance their

competitiveness over the foreign manufacturers. Coupled with the short term

goal, long range plans for continuing technological advances must be initiated

and implemented at the earliest possible date in order to provide the necessary

lead time. Realistic long term R&D goals should also yield short term techno-

logical advantages for the U.S. industry.

2 . 1 Methods for Improving Competitiveness on a Short Term Basis

The anticipated time lag between the decision to implement .a new technology

and its effect on the market (evaluation criterion V) has been used to group

technologies into two categories: short term technologies and long term tech-

nologies. Technologies which can be put into operation within a two-year

period are described in this section. In discussing the short term needs,

manufacturing methods were ordered according to anticipated reduction of final

product cost (criterion I) and probable decrease in style adaptation time

(criterion II) . Training and continuing education are discussed in this section

because of the acute shortage of young workers, especially in the New England

area

.

2.1.1 Materials Utilization

Product cost can be reduced most significantly by better utilization of

materials. As shown in Table 5 of Section 1.2.2, materials cost accounts for

33% of the cost of ladies' cemented shoes and 54% of men's welted shoes.

The largest materials savings might come from a reduction in waste of

upper leather. Therefore, we present ideas for improving cutting equipment.
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FIG. 7 - CUTTING TABLE EQUIPPED WITH PATTERN PROJECTION SYSTEM
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Most cutters work with sides or skins which are 3 to 5 times larger

than the surface of the cutting machine. As a result, observation of flaws

and grain characteristics of the complete side in one glance is very diffi-

cult or impossible. Planning of cutting jobs for the complete side could be

done better if the table surface is enlarged to accommodate the entire piece

of leather. A table surface of approximately 96" by 36" would be required

for large sides. The machine would have to be equipped with a traveling head

for reaching every location on the table.

The increase in cutting table dimensions would become even more benefi-

cial if the cutter could be equipped for nesting patterns properly before

cutting is started. This could be done, for example, by designing a system

that can project pre-nested patterns on the leather as shown schematically in

Fig. 7. Before cutting is started, the operator shifts the pattern around

until a maximum number of useful parts can be obtained from the side. This

method of operation permits a very quick change of the pattern mix whenever

necessary. Optimum nesting could be achieved by shaking a set of patterns to

a maximum packing density.

When optimal nesting of patterns is determined, cutting of the parts be-

comes an easy task without requiring additional judgement from the cutter.

Furthermore, it enables a simultaneous cutting of several parts by placing

several dies at the same time on the leather. The cutting force could be

applied locally by rolling a large preloaded cylinder over the dies (Fig. 8).

A leading and a following cylinder would be necessary to prevent dies from

tilting. Dies which can stand the high bending stresses from the roller and

which have a high flexibility for concentrating the cutting force locally,

have to be designed.

A leather pattern can be cut with much lower total cutting force when
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8 - PRINCIPLE OF SIMULTANEOUS DIE CUTTING
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the force is applied simultaneously over the total die circumference. The

total cutting force and local specific cutting force as a function of time

for four different setups are shown in Fig. 9. It is remarkable to note

that the current die cutting of leather requires 15 to 30 tons of total

force, whereas manual cutting 1000 times less force. The high force in

die cutting has been a serious constraint for changing the design of the

worktable and cutting head configuration.

Cost savings from better upper leather utilization can be very signi-

2
ficant. For example, about 90 ft. of upper leather which costs $1.00 per

ft. is normally cut in an hour. Annual savings would amount to $9000 per

cutter from a 5% materials saving. This might pay back proposed equipment

within one year.

2.1.2 Testing of Materials

Loss of productivity due to bad materials in manufacturing processes

can be avoided by testing to see whether materials meet normal standards.

This applies to leather, threads, cements, etc. Simple test procedures

could be designed. Especially before materials undergo labor intensive or

critical operations, quality control tests should be performed; e.g., test

of the stretchability of upper leather before it enters the fitting room

and check of moisture content before lasting. Gross savings from such

tests would be approximately 0.5% of the total manufacturing cost in a fac-

tory where 1% of the shoes show leather cracks after lasting.

Another example of an appropriate test would be to check the anisotro-

pic properties of leather relative to the major directions of cut of upper

parts. Indeed, a part cut in the wrong direction can be processed through

the plant and will show up in the finished product. Only one fast test

would be required to avoid the loss of added value in the subsequent opera-
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tions. This information can be used to upgrade the skill of the operator

by letting him know whenever he cuts bad parts.

Simple testing equipment could be designed and integrated into other opera-

tions. In general, the cost of testing has to be minimized by innovative test

design

.

Adaptation time for new styles might be reduced by materials testing; e.g.,

a standard stitching test with measurement of dynamic thread tensions and

static needle penetration and retraction forces could be used to evaluate new

threads and materials objectively. This would be excellent for classifying

threads and materials, identifying anticipated manufacturing problems and

introducing measures to avoid problems (e.g., selection of best type of needle

for a material and thread combination). A newly introduced style would flow

more fluently through the plant during the transition period.

Finally, product quality can be significantly increased by testing materi-

als and subassemblies. In the long run this will pay off in terms of a reputa-

tion for good quality.

2.1.3 Reduction of Manufacturing Systems' Information Content

Information content is the amount of different dimensions, tolerances and

other descriptions necessary to define the process or product completely and

exactly, a relation seems to exist between the amount of information required

for execution of a series of sequential manufacturing processes , and manufactur-

ing productivity. Reducing information content by combining processes is per-

mitted as long as the functional requirements of the new process or its pro-

duct can be satisfied independently [11]. In shoe manufacturing many small

operations may be combined; e.g., template skiving and pinking are two separate

operations which might be combined into one operation by designing a template
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FIG. 10 - COMBINATION OF OPERATIONS
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which perforates and skives the leather simultaneously. (Fig. 10A)

.

Systems analyses of footwear manufacturing plants are necessary to identify

the opportunities for productivity increase. Every time a workpiece is laid

on a rack information about the characteristics of the product and its exact

position are lost. This information generally has to be restored for the

next operation. When one operator can execute two operations on a component

in one workstation, the amount of information is reduced and productivity

should increase, e.g., combining the equipment for sole trimming and heel

trimming in one machine gives one operator the possibility to perform these

two operations sequentially. (Fig. 10B)

.

The following two axioms can be used to judge whether the above examples

may increase productivity [12]:

1. Decisions which reduce the, information required to describe either

the product or its processing entail less risk and higher probability of success.

(Minimization of information content)

2. A manufacturing system should contain just sufficient degrees of design

freedom to satisfy the independence of the functional requirements. If there

are more than enough degrees of freedom, then aspects of the design should be

integrated, and if there are too few, the design can be completed only by addi-

tions, e.g., the combined skiving and pinking machine should yield the same

flexibility for changing edges and perforations on the part as the separate

operations do. If the skiving width is changed the dimensions of the pinked

holes should remain the same and vice versa.

The above axioms and a series of other axioms for helping to make decisions

in the conceptual stage of product and process design are under investigation

in the Laboratory for Manufacturing and Productivity. [11,12]. Footwear manufac
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turing should benefit significantly from applying Manufacturing Axiomatics

because functional requirements and constraints of the numerous different small

operations involved can be defined very precisely. A more detailed discussion

of the axiomatic approach for solving manufacturing problems is given in the

publication added to this report as Appendix I.

2.1.4 Computer Assisted Management

Overhead costs can be reduced significantly, and more data can be genera-

ted to help managers in decision making by introducing a business computer in

the factory. The availability of low cost computer equipment and services

should be taken advantage of by U.S. footwear manufacturers to keep ahead of

competition.

The actual cost reduction that can be achieved by decreasing the ratio of

white collar to blue collar workers, has to be assessed for every plant separate-

ly The experience of other industries with computers should provide useful

guidelines

.

An in-plant computer can assist managers by regularly supplying data on

materials inventories, materials utilization, cost per manufacturing operation

and materials flow through the plant. Profits should increase when the computer

information is used effectively to maximize efficiency. For instance, one of

the companies visited realized very significant cost savings in the cutting room

by following the materials utilization of every cutter individually with a

computer. Savings would be far less significant or ruled out entirely if addi-

tional administration had been required for collecting and preparing the data in

an appropriate format.

Reaction time for re-orders can be decreased with the help of an in-house

computer. For instance, women's footwear is manufactured in small numbers of

pairs per style which results in an enormous variety of different components that

have to be ordered and kept track of. This was mentioned as a major problem in

the women's footwear sector. Printing of correct purchase orders and keeping
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inventories exact, should be possible with the help of a computer. Waiting

times due to missing components can be avoided in this way. Gains in company

profits because of decreased reaction time are hard to calculate but might

be significant at times when demand for the product is high.

Finally, statistical data on sales can be computer generated for ana-

lysis and prediction of trends. Losses due to producing footwear styles

which are no longer in demand can be avoided and risks due to preparing

production for unsuccessful styles can be reduced. "Sleeping stocks" of out-

of-fashion footwear will be recognized more readily and will be sold at sale

prices before they lose their value entirely.

Computer systems for the footwear manufacturing industry should be

set up for daily information inputs from the materials reception, warehouse,

manufacturing and shipping departments. Data files should be updated at least

on a daily basis because gains in reaction time are assessed in increments of

days. Computer terminals should be available at a few appropriate locations in

the plant for calling outputs from data files, but input might be centralized

and controlled by processing input cards in the computer room.

2.1.5 Training

An acute lack of candidate footwear workers exists in the New England area,

according to the managers interviewed by the investigators. Young workers only

come to work in shoe plants until a job is found in better paying and growing

industries. The very high turnover rate resulting from this (60-100% was men-

tioned) decreases productivity significantly because too many inexperienced

operators are employed. A reluctance of management to spend training time on

young workers aggravates this problem ("They will leave us anyway"). A past

governmental effort to subsidize in plant training was poorly received by
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management because of the substantial additional administrative work re-

quired by the program. However, without properly skilled and trained

employees, it will be difficult to introduce new technologies.

The idea of starting a footwear technology school as existed one time

in Lynn, Massachusetts, was discussed with plant managers. Such a school

is recognized as very helpful to the industry but an immediate financial in-

centive would have to be created before young candidate employees would

attend the school.

In a training school, students' talents could be discovered and further

developed. New employees who attend the school would be better prepared for

the footwear industry. This should be reflected in higher hourly wages made

by new workers on the piece rate system. Motivation to stay at the job would

be increased, resulting in lower employee turn-over rates.

In other industries, many innovations come from dedicated workers

with a good knowledge of their own specific task and the other manufacturing

activities of the factory as well. Especially in footwear making, with its

numerous small operations, innovations can be expected from workers who have

an understanding of the whole production process and the product characteris-

tics. New technologies might be created and more readily accepted by such

workers. This synergistic effect of training and technology should lead to

important productivity increases. Every new invention should be used to

benefit employees and management in order to stimulate their further partici-

pation in developing innovative ideas.

A footwear design center should be included in a footwear technology school.

The center should become a focal point for the development of design perception

and inventiveness by maintaining close contacts with leading fashion schools in

Europe. Design research into the optimal use of the hides tanned in the U.S. should
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be undertaken. During one of the factory visits, it was pointed out that very

elegant women's footwear could be made with domestic leather by talented and

well-trained designers. Unfortunately, it was in a tannery and not in a shoe

factory, where this was called to the attention of the investigators.

This preliminary discussion of the advantages of a footwear technology

school should be followed by a profound study of its social, economical and

financial implications, especially the issue of location of the school head-

quarters and regional divisions. Such a study could be based on the history

of the school in Lynn and on the experience of foreign (e.g. Germany) foot-

wear technology schools.

Besides training of new employees, continuous updating of the technologi-

cal knowledge of employees and managers is required. Audio-visual media might

be of great help in spreading new manufacturing productivity ideas throughout

the whole industry. Because a very large number of processes is involved in

making footwear, a low cost method has to be used for communicating innovations.

Video tape seems to be the most appropriate system for this purpose. The cost

of hiring a crew, purchasing tape and videotaping subject matter that has been

prepared beforehand amounts to approximately $200/hr for standard quality

color videotape. The cost for acquisition of an inexpensive color playback sys-

tem and a standard quality color TV would amount to $1500. A three-quarter

inch cassette video-tape player with a 20-inch color monitor of high quality

would cost $3000. The MIT Center for Advanced Engineering Study, which supplied

the above information, has extensive experience in the development of audio-

visuals for industry [13,14]. The Center reports an estimated audience of

6,000 to 12,000 yearly from a 700 tape library.

The success of an audio-visual footwear manufacturing technology program

would depend largely on the willingness of companies to become teachers and

pupils at the same time. We believe, therefore, that such a program can only be
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successful when it is integrated in a Cooperative Footwear Technology Program

described in the third section of this report. Videotape systems seem to be

more appropriate than reports for keeping information from a Cooperative Foot-

wear Technology Program propriatory for the members of such a program.

In summary, craining of employees and designers will be very helpful to

the industry while at the same time developing new technologies to keep the

industry growing in dollar value output per employee. Doubling productivity in

the U.S. by introduction of new technologies does not require layoff of work-

ers. During 1977, domestic footwear production was only 50% of domestic con-

sumption; thus, a footwear production increase could be absorbed by the U.S.

market by its being more competitive than foreign made footwear.

2. 2 Development of Technologies with Long Term Benefits

Productivity and reaction time have to be improved to insure a competi-

tive U.S. footwear industry. Simultaneously, quality and styling (appear-

ance and comfort) should not be ignored.

Computer Aided Design and Computer Aided Manufacturing have been under

development during the last fifteen years mostly for the metalworking industries

[15,16]. For the footwear industry CAD/CAM can minimize the reaction time for

new footwear styles at reduced tooling cost. Therefore, research and

development of new footwear oriented CAD/CAM systems should give the U.S.

manufacturing plants lead time over foreign competitors. Several weeks can

easily be lost in placing and shipping overseas orders.

The high U.S. labor rates have to be compensated for by increases in

productivity. The inability to further automate assembly of flexible mat-

erials with existing equipment is a barrier to increases in output per

man hour. Fundamental research in the assembly of flexible materials should

be done. The footwear industry and also the apparel industry may benefit

from innovations in this field. Finally, materials research is necessary for
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reducing the cost and improving the characteristics of U.S .-produced materials.

Special treatments to obtain quality improvements of man-made materials having

natural leather characteristics should be developed with footwear manufacturing

in mind. Not only productivity but also reaction time may be improved with

new materials. Innovations in the materials sector very often have a signifi-

cant impact on productivity; e.g., polymer developments on the manufacturing of

furniture, cars, etc. Methods for recycling leather and refitting of lasts

must be investigated because important savings in cost may result.

These different research efforts are only preliminary proposals. Through

close cooperation between research organizations, tanneries and footwear manu-

facturers, one should decide upon and execute such research projects (see

Chapter 3 on cooperative research)

.

2.2.1 Computer Aided Design (CAD) and Computer Aided Manufacturing (CAM )

Normally, more than 14 weeks are necessary for designing and making foot-

wear samples, and another four weeks are required for obtaining dies and

lasts (Fig. 6). Thus about 4 1/2 months of lead time is necessary before a

factory can start production; it will take more than five months before retail-

ing can start. Within this long period of time foreign competitors can

easily prepare their own product in time for marketing. The U.S. footwear

industry badly needs a reduction in lead time because U.S. fashions closely

follow foreign styling trends. Shortening this lead time will certainly be

possible with Computer Aided Design and Computer Aided Manufacturing.

Also, the cost of developing new footwear styles can be reduced by

CAD/CAM. In the U.S., the cost of producing last models, correcting lasts,

manufacturing trials, pattern making, grading, cutting die making, skiving,

template manufacturing, last manufacturing, etc. can easily amount to

$25,000 for one style. Most U.S. manufacturers limit the number of different
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styles and try to produce large quantities of the same style ;Ln order to

reduce the relative cost of tooling. CAD/CAM systems can substantially

reduce this cost by improving the efficiency and reducing the labor intensity

of development and manufacture of tooling.

Finally, Computer Aided Manufacturing has already been proven to

greatly increase productivity of decorative stitching. Computer controlled

manufacturing systems will be very effective when fundamental research for

assembly of flexible materials and research on new materials are executed

simultaneously. The synergistic effect of computers, assembly methods,

and materials innovations can have a most significant impact on manufacturing

productivity. Some examples of CAD/CAM concepts follow, but more detailed

analysis is necessary in order to determine which research should be started

first and which sequential steps should be followed.

2.2.1.1 Input of Last Shapes and 3D Patterns into CAD Systems

The complexity of the shape of feet and thus last shapes has always been

a major problem for automation in footwear manufacturing. Finding an effic-

ient way of inputting, storing and retrieving last shapes is a challenging

task. Success of CAD in footwear relies on how successful one is in last

shape handling.

Model lasts are complex in shape and are manufactured mostly in hard woods

with metal reinforced edges for good wear characteristics. Therefore,

manufacturing of model lasts is difficult and time consuming. It. may

be much more productive to make last models from softer materials, to. shape

lasts from materials plastically deformable by hand or to cast models direct-

ly from the inside of existing shoes. In these three cases the model last

itself would only serve as a three dimensional representation of the surface

of the lasts to be manufactured. It could not be used directly to drive the
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FIG. 11 - SCHEME FOR AUTOMATIC LAST SURFACE REGISTRATION

INTERFACING COMPUTER
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cutting tool in last turning machines.

The surface of soft model lasts can be digitized by a surface regis-

tration system as represented in Fig. 11. A motor rotates the last while

the electronic pick-up (inductive, optic, etc.) moves along the last at a longi

tudinal velocity dictated by the last rotational velocity. Angular position

of the last and position of the pick, up (last surface) are processed by the

computer and stored in core memory or on magnetic tape or disc.

The amount of digitally stored information which is required for regene-

ration of the surface should be optimized. Storage of one point per mm

(.040 inch) of the perimeter during a revolution would occupy approximately

300 memory locations (bytes). Over the whole last surface 90,000 bytes

(300x300) would be necessary if a perimeter would be stored per mm on a longi-

tudinal last axis of 300 mm (or 1 ft.) This would certainly be enough for

obtaining an exact replication of the last.

Required computer storage capacity for lasts might be reduced by using

Fourier descriptors. This mathematical technique makes use of a Fourier

analysis of the parametric description of a closed curve; only a series of

coefficients of the Fourier analysis is stored in the computer. [17,18].

The technique was successfully applied for storing and retrieving two dimen-

sional shapes of workpieces. Previously published information dealing with

this topic [19] is added as an appendix to this report. By using Fourier

descriptors the amount of information per last cross section perimeter can be

reduced from 300 points to approximately 30 for accurate reproduction of the

shape. As a result, only 9,000 bytes would be necessary for the full 3D last

shape. Computer storage is more economical using this technique.

Design of shoe patterns could be done in different ways once the last

has been input to the computer. A convenient way would be to trace pattern
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FIG. 12 - SCHEME FOR GENERATING PATTERNS WITH SENSITIVE LAST
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lines on the soft last or to make a mock-up shoe around the soft last.

The 3D pattern boundaries would be introduced into the computer by follow-

ing them with the pick-up of the system represented in Fig. 11. The last

rotation shaft and the lead screw from the pick-up would have to be decoupled.

Only x and <x coordinates of pattern boundaries have to be registered. Exact

3D shapes of the patterns can be calculated by the computer from the last's

y values for x and o( ; [y=f (x, <* ) ]

.

Direct generation of patterns on a screen would be possible if the

designer obtains a good picture from the shoe. On a screen the last would be

represented in perspective by drawing a certain number of the 300 perimeters

stored in the computer memory. By calling a perimeter number and two angles

(e.g. typed input) the operator could select where the pattern should intersect

with that perimeter. A part of the perimeter can be represented in a

different color selected by the operator. Repeating this operation a few times

would produce a color picture in perspective of the patterns on the last. An

interactive screen could be used for input of pattern information. Magnifica-

tion of parts of the last would be necessary for obtaining enough accuracy in

pointing at perimeters.

A third system proposed for generation of patterns makes use of electrical

wires or optical fibres mounted in a last (Fig. 12). Activation of "sensitive

points" (electric or optic) on the surface would generate computer information

shown on the TV monitor in a pre-selected color. This could be a very fast way

for inputting 3D pattern information.

2.2.1.2 Computer Aided Generation and Correction of Last Shapes

A CAD system loaded with standard last information can be built to enable

generation of new lasts or correcting lasts in its memory. For instance,
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algorithms could be developed for adjusting lasts to different heel heights

or toe shapes. In fact, after frequent use, the data file of the last gene-

rator may become so rich in information that no model lasts would have to be

made anymore. Only when a style is copied one might want to replicate the

inside shape of the shoe.

After making trial shoes, corrections on lasts can be made by inputting

changes with the pick-up (Fig. 11) or by directly changing perimeter shapes

on the active screen. Appropriate algorithms have to be developed for auto-

matic adjustment of perimeter c when a limited number of them have been

changed. These algorithms smooth the surface after corrections were made.

2 . 2

.

1 . 3 CAM of Lasts

Post processed last information from a CAD system can be used for manu-

facturing lasts. Information stored on magnetic tape or on floppy disc can

drive a stepping motor controlling the depth of cut of a last turning machine.

This shape generation system would be much more compact than these used in

existing machines. Therefore, productivity over existing last making machines

could be increased by roughing and finishing the last using two cutters in

one operation.

The major advantage of the CAM last making system would be the decrease

in reaction time of the last manufacturer. Indeed, only a few minutes for

copying the digital data is required to prepare additional machines for manu-

facturing more lasts simultaneously. The existing last making machines

continuously require a hardwood model last to be traced to drive the depth

of cut. These model lasts, as mentioned before, are very expensive and take

a long time to make.

2.2.1.4 Computer Aided Pattern Grading

Information on 3-dimensional lasts and 3-dimensional patterns for shoes

can be used for grading. The most difficult task is writing computer soft-

ware for developing a 3-dimensional pattern into 2-dimensional pieces which
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will stretch within certain limits in lasting. Today the search for

optimal 2-dimensional shapes is done by trial and error in lasting which is

one of the reasons it takes two months to develop model shoes. The lasting

operation itself depends largely on the material properties of the final pro-

duct. Thus, the CAD system will have to take the properties of the materials

into account for determining 2-dimensional shapes of patterns. Therefore,

theoretical and experimental research is necessary to develop the computer

algorithms

.

Grading of 2-dimensional patterns can be done with existing computer

programs. No lasting problems are anticipated in proportionally graded

patterns because stretching is the same for all sizes. However, when arith-

metric grading is used, patterns have to be corrected for stretching accor-

ding to sizes. A software package for all grading systems should be developed.

Output from CAD grading systems can be in the form of drafted patterns or

digital information on magnetic tape or floppy disc for driving CAM systems.

2.2.1.5 CAM of Cutting Dies

The largest cost in cutting dies relates to manual bending of steel band

according to the requested form. Spring back of the steel band in bending

requires frequent checking of angles. Also curves in bending are very diffi-

cult to achieve because of spring back. A completely different approach to

this problem is necessary. Manufactured with existing technologies, a set

of cutting dies can cost $5,000 to $10,000. The total time required for pat-

tern and die making is two to four weeks depending upon the die maker'?

work load.

Within the Laboratory for Manufacturing and Productivity, a new princi-

ple for automatic metal forming is under development. The final spring back

that can be expected is determined by forming in sequential steps and measur-

ing the spring back in between steps. These measurements are used for calcu-
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FIG. 13 - BASIC PRINCIPLE OF SEQUENTIAL BENDING

TIME
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lation of the final position of the bending actuators such that the part,

after spring back, will have the desired angle (Fig. 13). Based on this

principle a computer assisted machine could be developed for bending cutting

dies. Digital output from Computer Aided Grading would be used as input for

the bender. Die cost and reaction time would be decreased when such machines

are developed and manufactured economically.

2.2.1.6 Computer Controlled Cutting Systems

Digitized nested pattern information can be used to directly drive a

cutting system with a laser or water jet cutting head. Such systems are

under development but the major problem to be solved is the automation of

leather flaw detection [20,21]. Further problems to be solved in these

systems include focusing the laser on leather which is not perfectly flat

and the high energy consumption of a water jet cutter. Both systems will be

very promising once the above problems are solved. If fitting of patterns

were computer optimized, taking flaws and raw material characteristics into

account, major material savings can be made.

In order to make computer-driven cutting systems economical for small

companies in the U.S., existing systems must be re-designed. If no technolo-

gical solution can be found for tailoring a computer-driven cutting system

to the smaller companies' needs, methods must be found for time-sharing of

large systems. The cooperative footwear technology program, discussed in

Chapter 3, can contribute to finding acceptable solutions to this problem.

2.2.1.7 CAM Systems for the Fitting Room

Numerically controlled stitching has been a major technological develop-

emnt for the footwear industry during the past few years. In particular, the

productivity of decorative stitching has been dramatically increased by N. C.
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Efforts to develop systems for assembling parts have been partially success-

ful. The flexibility of the materials is the major problem. Special pallets

for holding materials together have to be used. This reduces the reaction

time, fashion adaptability, and productivity. Fundamental research for reduc-

ing the necessity of pallets has to be undertaken as discussed in the next

section.

If CAD systems are used for pattern design and grading, digital output

can be used to manufacture pallets for numerically controlled stitchers.

NC milling machines can make the slots in the 'pallets if post-processors for

the milling machines were made.

2.2.1.8 Implementation of CAD/CAM in the Footwear Industry

The most significant anticipated advantages of CAD/CAM systems .in the

footwear industry are a decrease in reaction time and an increase in style

adaptability. CAD/CAM is expected to reduce the design and tooling time from

several months to a few weeks if equipment is interfaced properly. In fact,

systems for CAD and CAM should be introduced simultaneously; e.g., the advan-

tage from a CAD system for lasts and patterns is maximized only when CAM

systems for last making, die making, etc., are also available.

Until now CAD/CAM systems for footwear have not been developed to a large

extent. This might be due to the large investments in R&D required and also

to the small market for such equipment. Computer companies concentrate on

developing equipment for larger and more profitable industries. The final cost

of equipment, if cost for its development can be covered by a cooperative re-

search program, is expected to be low, because prices of computers and peri-

pheral equipment have dropped considerably during the last ten years. Profits

made by faster response to markets and by a greater variation in styles are

expected to be high.

2.2.2 New Assembly Techniques

Undoubtedly, stitching is the most labor intensive assembly technique in
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footwear manufacturing. It accounts for 75% of the operations in the

fitting room and between 6% and 16% of the total manufacturing cost. There-

fore, it is certainly worthwhile to investigate opportunities for increasing

the productivity of stitching operations. Improvements made in this field

can be very beneficial for the apparel industry at the same time.

The functional requirements of stitches are appearance and strength.

Lock-stitches and chainstitches fulfill these functional requirements with

great satisfaction for the consumer. The stitching operation itself is not

so satisfactory to*the manufacturer because it is very difficult to automate.

This is mainly because of the flexibility of the materials and the relatively

high forces involved in stitching. Leather has the highest ratio of punc-

ture resistance to stiffness [22]. If not properly supported, it is greatly

deflected by the needle penetration force and the thread tensioning force.

Deflections of the material during a stitch disturb the next stitch. There-

fore, materials have to be held tight between the material support and a

clamping foot. As a consequence, smooth curves in the stitching path require

manual guidance of the flexible material between support and clamp, and for

sharp turns, the clamp has to be lifted. In N.C. stitching, materials have

to be clamped in the pallets as close as possible to the stitching seam.

If the deflections or forces could be reduced while still meeting the func-

tional requirements of the stitches, the productivity of N.C. stitching would

be increased. Several systems for decreasing deflection of flexible materials

in stitching should be investigated. For example, the needle penetration

force could be reduced by drilling a small hole with a laser before the needle

brings the thread through. Forces in laser drilling are negligible. When

the hole is pre-drilled one could think of blowing the thread through the hole
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which would make Che needle unnecessary and avoid all problems associated

with reciprocating movements of a needle. Thread locking could be done

without large material deflection by pulling in the plane of the flexible

material instead of perpendicular to that plane.

Antoher example of new concepts in assembling techniques for the fitting

room is represented in Fig. 14. A combination of thread and rivets is used

for holding two parts together. The rivets hang over the thread and are

pushed through the material and pressed against a plate where the point is

flattened. This operation can be done in one stroke or by sequentially

penetrating one rivet at a time. No needle reciprocation or locking thread

are required. Productivity of this operation may be an order of magnitude

higher because of ease of automation.

Finally, a combination could be made of stitching and another assembly

method. A temporary or permanent bond would hold parts together for ease of

stitching. Control of the stitching operation would be much easier.

The examples above show that different concepts can be investigated

to find solutions for the inconveniences, which for conventional stitching

retard prqductivity increases. If stitching did not require the high pene-

tration and locking forces or if the locking thread could be eliminated,

stitching would be more easily automated. It would be possible to use small

clamping wheels controlled by a computer to steer the flexible materials

under the assembly head. The material edge or a traced line could be fol-

lowed exactly be automatic systems. CAM in the fitting room seems to be only

possible when sufficient progress in methods for assembly of flexible materi-

als has been made.

2.2.3 Materials Research

Although large amounts of money have been invested in man-made leather
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research by important companies without great success, it still remains very

important for the U.S. to make progress in materials. Especially because the

U.S. has a yearly supply of approximately 40 million rawhides, of which about

50% are exported, research for making better use of this vast resource should

be executed.

2.2.3.1 Automatic Detection and Correction of Flaws in Leather

A laser scanning system for flaw detection is under development for auto-

matic laser cutting equipment [20]. The effectiveness of the cutting system

will depend mostly upon the effectiveness of the flaw detection system. Con-

cepts for detection of flaws in leather may be based upon ultrasonic, optic,

and electric principles.

When flaws are detected automatically, some of them might be corrected by

adding material, pressing, embossing, etc. The technical possibilities and

the economics of flaw correction have to be investigated. Flaw corrected

leather might be beneficial for productivity increases in footwear manufactu-

ring and might lead to important savings in raw materials consumption.

Finally, all research into systems to prevent flaws in rawhides are very

beneficial for the U.S. leather and footwear industry; e.g. research is done

for replacing cattle brand marks by passive electronic recognition systems

implanted under the neck hide. This saves around 1 ft.^ of leather per animal

which could lead to a 1% reduction of the U.S. manufacturing cost of leather

footwear

.

2.2.3.2 Recycling of Leather

Leather is a valuable material because of its strength, flexibility and

its unique water absorption characteristics. Research should be undertaken

to find valuable usage for leather waste; e.g., leather fibres mixed with small

amounts of polymers and cured afterward might yield sheets of recycled leather
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with absorption properties almost as good as new leather. It may be a good

sole material. Cost savings for the footwear industry would be significant

if the price of scrap were to go up after the discovery of valuable applica-

tions for recycled leather and development of economical recycling methods.

2.2.3.3 New Technologies for Tanneries

During the visits to tanneries it was noticed that several opportunities

for automation exist. The value added in the tannery represents 50% of the

leather cost, and thus in many footwear indus'tries 25% of the final cost of

the product. This means that productivity increase in tanning is especially

desirable for the footwear industry. Several operations in the tanneries are

very labor intensive and could be automated if proper research for new

machinery were done, e.g., every hide is tacked on a board, "pasted" on a

board, or clamped on a frame for drying. These operations could be automated

if suitable grippers and electronic detection equipment were developed.

A significant reduction in reaction time and an increase in flexibility

in ordering materials would be obtained if dyeing of leather could become

the last operation in the tannery. This would allow last minute leather color

decisions, resulting in a shorter lead time for the footwear manufacturer. Re-

action time for re-orders of footwear would also be reduced to a minimum. Tan-

neries would have to store undyed materials.

A cooperative Footwear Technology Program (see Section 3), should include

tanneries also. Some of the research in materials will only be possible through

an involvement of tanneries in the program. U.S. tanneries supply approximately

63% of their leather to footwear manufacturers [2]. Therefore, they can be

considered as a part of the footwear manufacturing industry.

2.2.3.4 Refitting of Lasts

Old lasts can be refitted for new footwear styles by adding and removing
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material where needed. A system consisting of a nozzle depositing a

material at a controlled rate on the last surface while it is turning

could be developed for this. After adding material, the last would have

to be refinished to obtain the new shape. Savings of materials, workman-

ship and reaction time may be very significant due to this work method.

In the metalworking industries a similar technology is applied for repair

ing worn metal shafts. Metal is sprayed on the surface by gas or plasma

torches while the shaft rotates. The shaft is refinished afterward.

Labor and materials cost savings can be very large in these applications.
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3. Design of a Cooperative Footwear Technology Program

Continuous growth of the standard of living throughout the world can

only be achieved by continuous development of better systems for the manufactur-

ing of necessities. Stiff competition from foreign nations with low labor

rates has drained capital out of the U.S.. Footwear manufacturing companies

have made larger profits by producing in countries with low labor rates, by

importing from these countries and by retailing. Manufacturers of machinery

have gone the same route. It was noticed during the plant visits that most

modern footwear manufacturing equipment is imported from Europe by renowned

U.S. machinery manufacturers.

Investments made in R&D for increased manufacturing productivity within

the U.S. are not large enough to deliver the innovations necessary to keep

the U.S. footwear industry competitive. However, when several companies in

the footwear industry are willing to spend a small percentage of their R&D

budget on cooperative research projects to meet common needs, significant

research can be done. The risk involved in undertaking R&D will also be

reduced significantly.

3. 1 The M.I.T. - Industry Polymer Processing Program

In 1973 a cooperative research program for the American polymer processing

industry was founded at M.I.T. with a seed fund provided by the National Science

Foundation. [23] Professor Nam P. Suh has been the director of this MIT -

Industry Polymer Processing Program since its inception. The program has now

reached an annual funding level of over $500,000 through the membership fees paid

by twelve U.S. companies. Since its founding, the program has provided a new

focus in polymer processing by becoming a major source of new ideas, innovations,

scientific and technological development, and manpower. Plastics firms associated
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with the program benefit from MIT's broad R&D capabilities during the development

of industrial and commercial manufacturing techniques. Every participant of

the Program, including faculty members, students, industrial engineers, chemists,

research and corporate managers, and government representatives, has made con-

tributions that have complemented and supplemented the strength of other

participants

.

A similar cooperative program can be designed for the footwear manufacturing

industry. The goals of the program and a mode of 'operation are proposed based on

the experience obtained from the MIT-Industry Polymer Processing Program and on

information about the characteristics and needs of the U.S. footwear industry.

3. 2 Goals of a Cooperative Footwear Technology Program

The primary goal of a Cooperative Footwear Technology Program at MIT would be

adaptation of existing technologies and innovation of new technologies for the U.S.

footwear industry. It is proposed that R&D projects with immediate and long range

benefits for the highly fragmented footwear industries be undertaken within the con-

text of the Program. Through the development of new technology, participating indus-

trial firms will be encouraged to increase other R&D investment and utilize the-

capability of MIT's research program in developing new processes. In this manner

the program will assist the American industrial firms in maintaining their national

and international competitiveness. The Program will primarily concentrate on

promising processes which are too expensive to be investigated by companies on

an individual basis.

Cooperation on a continuous basis should also help in overcoming technical and

psychological barriers to implementation of new technologies. Very often, new

technologies do not find their way to practical applications because insufficient

support from outside companies or organization:; ic given during the implementation

stage. Close contacts between MIT's research program and other member companies
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should overcome these implementation difficulties.

Meetings organized in the context of the cooperative program must fulfill

an educational function for manufacturing technologists and corporate managers.

Industrial participants should grow in their inventiveness by active participa-

tion in meetings where possible new technologies are evaluated. Finally, stu-

dents must be able to use part of their R&D work for their theses if the coop-

erative program is organized in an academic environment.

Proper design of a mode of operation for the program is very important in

order to meet the program's goals. A mode of operation is proposed but is

still open for discussion with candidate member companies.

3 . 3 Mode of Operation

The mode of operation proposed is similar to that of the MIT-Industry

Polymer Processing Program [23]. Several changes are introduced to be consis-

tent wi>_h the Cooperative Technology Program of the Department of Commerce.

Thus the assumption is made that the Footwear Technology Program will be exe-

cuted in an academic research laboratory dedicated to dealing with real indus-

trial manufacturing problems. The proposed mode of operation is deemed to be

most suited for providing new innovations to an industry with a long history.

3 . 3

.

\ Research Personnel

It is clearly recognized that the success of a Footwear Technology Program

will primarily depend on the personnel of the Program, both faculty members and

other staff members. A number of faculty members will eventually be associated

with the Program when the needs of the Program require their capabilities. Re-

search projects in footwear manufacturing undertaken by the faculty members will

be funded by the Program when the work is requested by the Director of the Pro-

gram.

The Program shall also employ full time R&D staff members, normally post-

doctoral researchers (Research Associates). These researchers will work with

269



research assistants who are graduate students at MIT. Research assistants

are selected from the graduate student body to execute various phases of

the Program under supervision of faculty members and senior staff members.

Research assistants are normally allowed to take two courses during working

hours and devote the rest of their time to research projects.

3.3.2 Program Advisory Council

An Advisory Council has to be established for the purpose of promo-

ting close cooperation between the research laboratory and footwear indus-

tries. The Council will also advise the Program Director on policy matters;

e.g. membership cost, technology transfer, conflicts of interest, and re-

views of the Program direction. The members of the Council will be chosen

to represent member firms, industrial associations, government and the MIT

community. The Director of the Program will be the Chairman of the Coun-

cil. Except for the charter members of the PAC, new members will be chosen

by a majority vote of the PAC. PAC members will serve a fixed term of

three years, except the charter members, who will serve for 5 years.

3.3.3 Solicitation of Industrial Participants

Solicitation of industrial participation will be one of the major under-

takings of the Program until a sufficient number of firms join. The solici-

tation methods should include news releases, mailing of brochures, presenta-

tions at professional meetings, personal contacts, and write-ups in trade

journals. The firms to be solicited will be chosen so that they represent a

well-balanced mixture of large and small companies with businesses in vari-

ous aspects of footwear manufacturing. Any American firm in the footwear

manufacturing industry that agrees to abide by the by-laws and requirements

of the Program will be guaranteed membership upon application.

The experience gained through the MIT-Industry Polymer Processing Program
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indicates that it is much easier to recruit new member firms once the technical

capabilities of the Program are demonstrated in terms of results. This is one of

the compelling reasons for moving into operation as soon as possible.

All industrial firms should be asked to make a two-year commitment to

assure the continuity of research projects over a reasonable period of time.

There are many factors which influence the decision of a firm to join or to

continue to participate in a cooperative program. These factors can be separated

into three groups: 1) factors directly attributable to the Program, 2) general

business climate of the industry, and 3) factors 'arising from internal corporate

policies which are not related to the Program. This third factor makes it manda-

tory that the Program be provided with a sustaining operational fund over a long

period of time. Otherwise the day-to-day operation of the Program will be too

dependent on the decisions of a few member firms and thus prevent the Program

from delivering meaningful results. The importance of governmental support for

several years cannot be overemphasized.

3.3.4 Mechanisms of Interactions between Members

Several mechanisms of interactions between the Program and industrial sponsors

have to be established. These mechanisms have been found to be mutually satisfac-

tory both to industrial members and MIT during the Polymer Processing Program. The

mechanisms are Quarterly Review Meetings, the Program Advisory Council meetings for

policy matters, and informal meetings and visits to discuss specific technical

problems

.

3.3.4.1 Quarterly Meetings

The purpose of the Quarterly Meetings is to present new ideas, results of the

Program, the work plan, and to discuss other matters of mutual interest. At these

meetings new developments . in related areas will also be reviewed. The flow of

proprietary technical information is only from the research organization to member

firms. This is intended to eliminate the cumbersome aspects of receiving proprietary
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data from member firms.

3.3.4.2 Program Advisory Council Meetings

Meetings of the Program Advisory Council are essential in establishing and

correcting the program's financial and organizational control systems. Membership

fees, policies on patents, mode of royalty distribution, and effectiveness of the

program would be discussed in these meetings. Once every six months a Program

Advisory Council meeting should be held.

3.3.4.3 Informal Meetings and Discussions.

Many urgent matters can not be postponed for discussion on Quarterly meetings.

Therefore many direct contacts between the research center's personnel and industry

must be encouraged. These meetings are an essential part of the cooperation be-

tween companies and the research center.

3.3.5 Patent Rights and Royalty Distribution

An important element in the Program is the establishment of prerequisites for

greater R&D investment by the private sector. During the MIT-Industry* Polymer

Processing Program it was experienced that the most crucial prerequisite is a

realistic patent policy. The patent policy must be such that it provides incen-

tives for mem-ber firms to invest in the Program and subsequently (or concurrently)

in their own further development projects so as to exploit the new technology

generated by the Program. For example, the patent policy below has been formulated

for the MIT- Industry Polymer Processing Program.

3.3.5.1 Patent Rights

MIT presently has a viable patent licensing program which actively seeks to

promote the utilization of MIT patents in a manner most likely to effect a meaning-

ful transfer of technology. MIT patent policy has been established to insure that

those inventions in which MIT has an equity will be utilized in a manner consistent

with the public interest. MIT believes that the retention of the title along with
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a policy of non-exclusive licensing at reasonable terms is the best way of insuring,

under most circumstances, that the public interest is safe-guarded. Therefore,

potentially valuable inventions are made available to responsible licensees at reason-

able cost; this insures the benefit of the public in its role as a consumer and user.

Inventions made in the course of the Program shall be promptly reported for

evaluation to government, member firms and MIT. On those inventions where patent

protection is determined by MIT to be desirable, MIT shall promptly file a domestic

patent application within a year of its disclosure. Patent applications in foreign

countries shall also be filed on the same invention within the same period if the

filing of the applications is deemed necessary by MIT. In order to avoid the undesir-

able and cumbersome aspects of the joint ownership of patents and to fully and effici-

ently utilize MIT's existing patent licensing program, title to all inventions

made in the course of research shall vest in MIT with a royalty-free, non-exclusive,

irrevocable license to use to the sponsors including government who participated in

the Program in the year in which the invention is made. Licenses will also be avail-

able to responsible non-member firms at reasonable terms. All inventions made by

the Program shall be integrated into MIT's licensing program.

MIT shall grant to the U.S. Government a non-exclusive, irrevocable, non-

transferable paid-up license to make, use, sell, practice or cause to be practiced

throughout the world by or on behalf of the U.S. Government (including any agency

thereof) each subject invention.

MIT recognizes the right of the U.S. Government to require 1) assignment of a

patent to the U.S. Government, 2) cancellation of any outstanding licenses under

i

the said patent, or 3) the granting of licenses under said patent to applicants on

a non-exclusive basis on terms that are reasonable in the circumstances, or 4) any

combination of the above, in the event that MIT, its licensees, or assignees has not

taken effective steps within three years after a patent issues on a subject invention

to bring the invention to the point of practical application or has not made the
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invention available for licensing on terms that are reasonable in the circumstances

or cannot show cause why the principal or exclusive rights should be retained for a

further period of time.

MIT shall obtain patent agreements to effectuate the provisions of this article

from all persons in the Program who perform any research and development work being

funded by government.

3.3.5.2 Royalty Income

All royalties earned on the licensing of such inventions are divided among the

parties as follows:

a) Of the total net royalties earned on such inventions, 25% shall be due

MIT for unrestricted use. Of the remaining 75%, each industrial sponsor who is

then a participant in the Program at the time the invention is made, shall be due

a percentage determined by the ratio of that sponsor's monetary support to the

total cost of the research program in the year in which the invention is made. The

balance of such royalties shall be due MIT for continued support of the research

program for as long as the central R&D organization remains at MIT, after which

such balance shall then be due MIT for unrestricted use.

b) The term "net royalties" is defined as the gross royalties earned by MIT on

a licensed invention, minus any litigation costs, interference costs and marketing

costs to specifically exclude salaries, overhead and usual internal operating ex-

penses of MIT's patent licensing program.

3.3.6 Selection of Specific Projects

3.3.6.1 Philosophical Aspects of Project Selection

The. success of technical projects hinges on proper choice of specific projects.

Projects should be chosen after consideration of both their technical merits and

their industrial viability by the Director of the Program. The selection of specific

projects should be based on the evaluation of the following factors: 1) The long
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term needs of the footwear industry, 2) specific needs of the member firms, and

3) educational and intellectual values of the project. Although 'it is clearly

impossible to meet all the anticipated needs of member firms without sacrificing

the long term goals of the Program, their needs should be carefully evaluated

since the adoption of new inventions made by the industry will be closely tied

to the needs and markets of the firms.

A mixture of long and short term projects should be chosen. Successful

short term projects are necessary if the member firms are to justify their

support of the Program to their stockholders. Long term projects would be of

a high risk nature, but with the potential for major productivity increases in

the footwear industry.

Major R&D investments in any one of the projects should be made only after

the basic ideas are thoroughly tested. In most cases key ideas should be pur-

sued rather than undertaking a project for the purpose of analyzing the existing

processes unless there is a clear need for the analysis. When the scientific

foundation in certain critical areas is not available, basic scientific research

must be undertaken with the view of applying the findings to processing applications.

Successful projects must be executed to a point where industrial firms can

utilize the work. The major emphasis of the Program should be on demonstration

of new ideas and processes rather than development of final products. The degree

of development required is expected to depend on the nature of application, the

amount of capital investment required for commercialization, the outside interest

the investor can generate among non-member firms, and the complexity of the

technology. Therefore, decisions on the termination of a given project will be

made after evaluating all these factors.
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3.3.6.2 Ideas for Projects

Most of the key ideas for projects will probably be advanced by the R&D

staff members of the Program. Suggestions and advice of the member firms will

be actively solicited. The R&D staff members of the Program will be exposed to

current literature and industrial developments through judicious attendance

at conferences and exhibitions. Since the innovative process is random it is

difficult to predict the future course of action.

The Director of the Program is responsible for final choice of projects,

subject to the approval of the governmental project officer of the Program,

as well as the personnel on the project. Input from industrial members will

be taken under advisement.

3.3.7 Dissemination of the Results of the Program

To fulfill the objectives of the Program and of the academic research

organization as a higher learning institution, the findings of the Program should

be made available to the member firms and to the public.

Through Quarterly Meetings and other mechanisms of interactions discussed

in Section 3.3.4, the findings of the Program can be presented to member firms

orally. Written reports on the findings of the Program should be distributed to

member firms annually. In order to provide as much lead time as possible to the

member firms, early disclosure of ideas and results must be emphasized.

After insuring the proper protection of the rights of the member firms and

the research organization through the filing of patent applications etc. , the

findings of the Program will be made public through presentation of papers at

conferences and in journals. In some cases, the findings will be published in

the form of a book.

For proper dissemination of the results of the Program it is recognized

that the prompt filing of patent applications is essential. Patent applications

will have to be filed prior to the submission of specific theses by students whose
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patentable results were obtained by participating in the Program.

3.3.8 Evaluation of the Program's Effectiveness

A government representative can play the most important role in evaluating

the Program's effectiveness by attending Quarterly meetings and the meetings of

the Program Advisory Council. However, growth of the Program by industrial support

will be the best indicator of its significance for industry. A few years after

the initiation of the Program the increase in manufacturing productivity due to

the Program can be evaluated by sending out questionnaires and by visiting the

member companies.



CONCLUSIONS

Automation of footwear manufacturing has been very difficult be-

cause of the wide variety of sizes and shapes of shoes, the dependence

of styles on fashion, and the many different kinds of flexible materials

used. The industry has remained highly labor-intensive and low capital-

intensive. Rising costs of labor in the U.S. stimulated corporations

to make use of foreign low-cost labor. Almost' no further investments

were made in Manufacturing Research and Development.

For the U.S. F-ootwear Manufacturing Industry to survive, several

measures must be taken to intensify the advantage of manufacturing domes-

tically. Technologies compensating domestic high labor rates must be

^developed and put into operation very soon. The fashion reaction times

and quality must improve. Concepts for improving existing equipment and

factories on a short-term basis are proposed in this report. These* apply

to materials utilization, materials testing, operations productivity,

computer assisted management and training of workers. Close cooperation

between inventors, machine designers, footwear manufacturers and govern-

ment is necessary to quickly convert ideas into practical techniques.

The long-term future of the footwear industry has to be secured by syner-

gistic effects of R&D in computers, processes, and materials.

During the last five years computer technologies have opened a new

horizon for economical and adaptive automation. The cost of computers

has dropped so drastically that every company can afford them. Applica-

tions for footwear design and footwear manufacturing are numerous as

shown in this report. A decrease in time required for introducing a new
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style is the major benefit from computer aided design and computer aided

manufacturing. It gives the U.S. footwear manufacturers a lasting advan-

tage over competitors in locations remote from the market.

New methods for cutting, stitching, trimming, etc. should be devel-

oped. Examples show that productivity can be increased.

The vast raw material resource of the U.S. should be employed effici-

ently. Technologies for materials flaw detection, correction of flaws and

quality upgrading are necessary.

The computer revolution should take place very soon but R&D invest-

ments in software, processes and materials are necessary to make it happen.

None of the U.S. footwear manufacturers is able to bear the cost of the re-

quired R&D on its own. Therefore, a Cooperative Footwear Technology Pro-

gram is proposed. Initial funding from the Department of Commerce and

continuous funding from companies should be obtained in order to start the

Program at M.I.T. The Program should secure a continuous development of

more productive technologies for the U.S. footwear industry. The U.S. is

expected to benefit from the Program by a growth in domestic footwear pro-

duction. Ultimately, mankind will benefit from the R&D program. Through-

out the world, real growth in the standard of living can be achieved by

inventing and applying better manufacturing technologies.
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INTRODUCTION

Dr. Harry L. Hansen, of the Harvard School of Business Administration, wrote, *

hi 1958, "The Shoe Industry . . . is, to many manufacturers, more a way of life

than an economic sensibility. "

Dr. Hansen concluded that shoe manufacturing companies( '):

* were undercapitalized with one-third of all

companies showing losses (see Table No. 1);

* were operated in antiquated factories;

* had inadequate management, due, principally,

to a lack of business training:
~'
: owners looked upon making shoes as a means of

creating personal wealth rather than building a

business;
* managers had little knowledge of the market place

or of what the customer would like to buy;

* executives lacked the lines of communication to

make them more competitive,

Nathan Stix, former Chairman of the United States Shoe Corporation, commented
recently, •' that "ten to twelve years ago the domestic shoe industry was compiacen
The manufacture r» had things pretty much their own way and made what they

wanted. "

Stix said "We made pumps until nobody would buy them. " At this point, shoos
from Europe began to be imported which were new and different in terms of style

as well as low in cost. The domestic manufacturers could no longer sell the shoe

styles they had manufactured with little change, year after year, and the import
penetration increased to the point it has reached today, (see Table No. 2). Stix

further states that the domestic manufacturers are now awake and ready to compet

* A Study of Competition and Management in the Shoe Manufacturing Industry,

prepared for the National Shoe Manufacturers Association, 1958.

* Synoposium on footwear Industry Concepts, United States Shoe Corporation,

Cincinnati, Ohio, April 4-5, 1978.
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iz

Can the American shoe manufacturer move into the twentieth century and become
a strong competitive force, offering products with style and quality which the

consumer will buy? Will old factories be revitalized and new plants opened
thereby increasing the number of job opportunities for Americans? We believe

the answers are "yes", but these goals can be accomplished only with substantia]

assistance from the government and a reorientation of the direction and activities

of the entire industry.

Our analysis has been directed principally towards actions to assist the small to

medium size shoe manufacturer become more competitive. However, since,

to accomplish this, we believe that all manufacturers (large, medium and small),

retailers, and suppliers must work together, we have considered steps that should

be taken to improve communications and lay the groundwork for increased profits

for all companies in the industry.
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TaoJe No. i

f A CTS A N D F I G T. H K S

INCOME RETURNS AND NUMBER OF ESTABLISHMENTS OF FOOTWEAR

OTHER THAN RUBBER

(All money" figures in tiiousaud^ of dollai g )

Gross Net % Profit on No. of estab. No. of estafo.

I 0

Income Gains Gain Gross Income show tug gains showing looses

I960

J 959

1958 82,239,164 S 94,822 S 13,720 S 81,102 3.62 Tf 699 374 1.07

1957 2,208,059 101,370 6,793 94,577 4.28 ssr. "250 3*3

1956 2,192,944 103,559 8.452 95.107 4.34 690 337 1.0?

1955 2,085,838 105,044 4,982 100,062 4.80 707 275 98

»954 1,904,141 88,609 5,523 83,086 4.36 645 252 39

1953 2,009.932 85,181 6,769 78,712 3 O") 671 3 7 i w
1952 2.084.844 89,086 7.479 81,607 3.91 328 246 a
1951 2,079,884 88,607 9,087 79,520 3.82 629 366 &

1950 1,873,284 101,419 ?,<0o 95,744 5.11 673 344 i
1949 N o s t a t i s t i c s a v a i l a b !

1948 1,8-13,559 9<),y.i5 13,96a 76,991 4.18 638 463 4
1947 1,953,797 Ul,4i4 11,241 1 10,173 5.64 908 507 1.4

1946 1,678,356 11 (,553 o,891 1 13,662 6.77 1 029 296 1.3

1945 1,326,117 77,574 702 76,872 5.80 Y) 117 5

1944 1,284,301 74,732 626 74,156 5.77 601 114 0

1943 1,247,853 81,647 695 80,952 6.49 821 97 9

1942 1,241,553 76,709 1,441 75,268 6.06 750 190 9

1941 1,023,113 46,384 3,102 43,232 4.21 698 286 9

1940 769.511 29,108 6,292 22,816 2.90 492 480 9

1939 717.328 28,369 6,225 22,144 3.09 387 403 7

1933 677,156 17,403 6,866 10,537 1.56 359 455 a

1937 805,706 21,442 6,112 18,330 2.28 485 601 1,0

1936 742,516 30,594 5,781 24,813 3.34 513 555 1,0

1935 688,352 28,281 5,215 23,066 3 35 505 591

Source: Bureau of Internal Revenue
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Recommendations

As a result of our analyses, we are making five strategic recommendations,
two of which are directed towards benefiting all segments of the shoe industry,

namely our recommendations for:

I

1. Formation of a National Shoe Industry Council and,

2. A Continuing Education Program,

and three which are directed at improving the competitiveness of the small to e \>>

medium size -shoe manufacturer, namely our recommendation for:

3. Establishment of a Market Research and Styling Consulting Group, and,

4. A plan to lower the cost of leasing or buying shoe machinery,

5. Organization of a shoe industry Centralized Purchasing Office (CP^ 1 for

small to medium size manufacturers.

We also recommend continuance of the three programs, implemented by the

Commerce Department, namely:

6. Management Consulting to impacted manufacturing companies,

7. Financial assistance to such companies.

8. The program to increase exports.

Following are our comments on each of these recommendations:
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Recommendation No. 1

12rmation of a National Shoe Industry Council

fi iDur study of the shoe industry, and of present trade associations, indicates that

here is no one "voice" continually representing the views of the industry to its

'arious publics.

<Ve recommend that a new and all encompassing industry group be established,

vhich we have called the National Shoe Industry Council (NSIC). Membership
vould consist of up to fifty individuals who are leaders in their respective

segments of the industry. There should be a conscious effort to balance

membership between large and small shoe manufacturers; large and small
retailers; and individuals from equipment and other suppliers, so that all

segments of the industry are represented.

The principal objective of NSIC should be to develop position papers on various

matters of importance to the entire shoe industry. Also to take such other

actions as may be judged to be in the best overall interests of the industry.

We suggest that NSIC be a totally separate organization and not be aligned with

any present association or organization. Funding of staff should be by the

Commerce Department for a minimum of five years.

The rationale behind such an organization is the necessity of developing a

coordinated program for the shoe industry. The quality, style and price of

foreign shoes was a major reason for the substantial increase in imports
aver the past decade. Now that the price advantages are narrowing, as the

wOSts of foreign producers have increased, and the quality and style of

American shoes have improved, an NSIC can become an important voice
in the rebuilding of the American shoe industry.

We recommend that a small task force of leading shoe manufacturers, shoe

retailers, and suppliers, assisted as required by the Commerce Department,
deselected to organize and implement this program.

291



Recommendation. No. 2

A Continuing Educatio n Program

We propose that a special comprehensive program of Continuing Education be

established for shoe manufacturing and shoe retailing executives as weil as

officers from companies in other segments of the shoe industry. These programs
would take place at three graduate schools of Business Administration, located

in the East, in the Middle "West and on the Pacific Coast, (such as Harvard,
Northwestern and Stanford, for examples).

!

1

We recognize that AFIA has run three day annual market seminars for industry

executives which have been well received. However, we believe that a 2 to 3 wee!

Management Development course would have substantially greater benefit to the

participants as is suggested by the results indicated in 3 below.

The general objectives of our Continuing Education program would be the following

1. To provide shoe industry management training (or retraining) in the most
advanced business techniques, particularly related to marketing, finance and

business administration;

2. To offer a forum for the exchange of ideas between executives of all segments
of the shoe industry.

We believe such a program would achieve the following:

1. Prepare manufacturers, retailers, and others in the shoe industry to be more
competitive in the years ahead;

2. Develop a better understanding, among executives from all segments of the

industry, of their respective problems, and create an atmosphere in which they

can work together to solve these problems.

liev

[end

Pn

Attendance at each session would be divided equally between small and medium
size shoe manufacturers and large manufacturers; small and medium size shoe

retailers and large retailers; and other industry representatives and would be

limited initially to senior officers of the companies involved.

Professor Kenneth R. Andrews of the Harvaxd Business School wrote a bock
entitled, : 'The Effectiveness of University Management Programs".

Though this work was published in 1966, the office of Dean Richard L. Nohl of

the Continuing Education Program at Harvard Graduate School of Business
Administration believes the results are applicable today.

Bit

ait

itvj
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ised on our firm's 37 combined years experience in the shoe industry, we
lieve several arguments might be advanced by industry executives for not

tending such sessions, each of which are subjects of the surveys conducted
Professor Andrews:

"I am too old to attend"

Exhibit 10 on page 301 (see page 9), indicates that the "favorability index"
reaction of students to the benefits of the programs, ages 30 and younger
through 55 and older, varied by less than 1/2 of 1%. *

"I am only a high school graduate"
Table IV-23, page 110 (see page 10), indicates that'participants , with educational

backgrounds ranging from elementary school through Doctors degree, are
almost equally pleased with the results obtained from such programs.*

"I attend seminars now, would I learn more at a business school? "

Table IV-8 (see page 11), shows that over 81% of all who attended Formal
Management Development Programs felt they were superior to other extra-
curricular activities.*

"I can't spend much time away from my business"
Tables IV-1 and IV-2 (see page 12), illustrate that a short program (of 2-3 weeks)
appears to be as beneficial to attendees as long programs.*

it concept is to have successive two week shoe industry programs, repeated
ur times a year. The content could be modeled on existing management
velopment programs, with those modifications necessary to focus on the specific

eds of the shoe industry. We would propose that the Commerce Department fund
ie cost of preparing agenda for these programs, and for making arrangements
tli the schools involved with the cost of the first two years program, except
r living expenses of the participants, borne by the Commerce Department.

rom "The Effectiveness of University Management Programs" by Professor
inneth R. Andrews, Donald K. David - Professor of Business Administration,
arvard University, Boston, 1966.
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Exhibit 10 p. 301

Age of Respondents at Time of Program
Compared to Favorability Index
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TABLE IV- 2

3

AMOUNT OF FORMAL EDUCATION AND FAVORABILITY

Men who completed: Average Favorab i] ity Score

Elementary school
Junior high school
High school
1 year college
2 years college
3 years college
4 years college
5 or more years college

8.5
7.6
7.S
8.0
7.9
7.8
7.6
7.6

Men with:
High school diploma or more
Bachelor 1 s degree only
Law degree
Master 1

s degree
Doctor's degree

7.9
7.6
7.9
7.4
7.2

SOURCE: "The Effectiveness of University Management Programs,
Kenneth R. Andrews
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Tables iv-l & IV-2

GENERAL ATTITUDES AND REAC TIONS

After a Few Days at the Program

Length of program

9-13 weeks
8 weeks
6 weeks
4-5 weeks
2-3 weeks

Favorable

58 . 4%
64.1
68.9
62.6
77 .4

Mixed

22.5%
20.4
19. 3

22.0
13.3

Unfavorable

19.1%
15.5
11*8
15.4
9.3

All schools 64.3 20. 6 15.1

At the End of the Program

Length of program

9-13 weeks
8 weeks
6 weeks
4-5 weeks
2-3 weeks

Favorable

7 3 . 5%
70. 5

71.1
73.3
74.4

Mixed

17.9%
21.6
19.6
16.4
20.3

Unfavorable

8.6%
7.9
9.3

10. 3

5.3

All schools 72.3 19.2 8. 5

SOURCE: "The Effectiveness of University Management Programs,

"

Professor Kenneth R. Andrews
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Recommendation No. 3

Market Re search and Styling Consulting Group for small to medium size shoe
Manufacturer s

.

Starting with the first shopping center in 1968 there has been a strong trend

towards suburban shopping through multiple expansion at existing department
stores and at new chains of discount department stores. Selling these major
outlets calls for more exacting marketing skills to meet their requirements
of quantity, price and delivery, even if a superior fashion item can be produced.

In addition, during the last decade, an increasing number of pairs of shoes
have been distributed through leased departments, owned by the larger manu-
facturers, and the number of independent shoe stores have decreased. Another
factor has been that most of the new retail stores in shopping malls are part

of chains owned by various large manufacturers.

All of these major changes have made marketing research for small to medium
size manufacturers a most important function for long range success.

Chart 1 shows the growth of department stores, including discount department
stores, during the period.

Chart 2 shows the rise in leased departments.

Chart 3 shows the growth of large multi-unit retail shoe store chains.

The small to medium size shoe manufacturer has neither the staff, the experience
nor the money to undertake comprehensive market research and styling studies.

In addition, many owners or senior officers of such companies, with backgrounds
in manufacturing or sales, do not have the expertise to effectively undertake

programs to reach their markets without professional assistance.

The establishment of a centralized market research and styling group would
provide management of small to medium size companies with access to experts

in marketing and styling. Advice and counsel of these experts would permit
manufacturers to implement plans to identify and take advantage of new
opportunities for penetration of the changing retail markets.

We recommend that this group be established as an independent organization

funded by the Department of Commerce for a minimum period of five years.

The group would work with small to medium size manufacturers in the following

areas:

1. Preparation of market research studies;

2. Selection of an in-house or outside consultant to carry out such studies-
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3. Analysis and dissemination of study results;

4. Assistance to individual companies in positioning thern in the market (based

on the research results) and development of the styles that will fulfill the needs

of the selected target market segment.

Staffing should never exceed 50 people (consultants and clerical). Funding
requirements in 1977 would have been in the range of $2,000,000. The group
would be expected to substantially improve the competitiveness of the small

to medium size shoe manufacturer by supplying missing marketing and styling

staff support.

ectt s

da
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e comme nd atio n No. 4

plan to lower the cost of lease or conditional sales contracts for shoe machinery
r small to medium size shoe manufacturers

'e recommend that a plan be developed for small to medium size manufacturers
lease.or purchase on conditional sales contracts, the latest shoe machinery

•om several major leasing companies, not presently in the business of discounting

ase or conditional sales contracts of shoe manufacturers. Objective of this plan

ould be to provide such manufacturers the opportunity to lease or purchase shoe
iachinery over a period of years on the most favorable terms and conditions.

e recommend that the government guarantee a sufficient percentage of the

irtfolio of the shoe machinery contracts, held by each leasing company. Each
;ch company can then assume marginal credit risks at lower than normal interest

ites and on longer than traditional terms, resulting in low monthly costs for

toe manufacturers.

i ach contract should, at the manufacturer's option, have installation and equip-

ent start-up costs included to minimize the impact on working capital.

le reasons behind our recommendations are principally two-fold:

Enable the small to medium size manufacturer to modernize his factory on
,e most favorable financial terms and with little or no outlay of working capital;

Permit shoe machinery builders to sell their equipment to established leasing

mpanie3 on a non- recourse basis (because of the government guarantee) and tc

ply the credit or funds generated thereby to research and development programs
r new generations of machinery to further improve the competitiveness of all

oe manufacturers.
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Recommendation No. 5

Organization of a shoe industry Centralized Purchasing Office (CPO) for small

to medium size manufacturers

Many products, purchased by the small to medium size manufacturers, are used

by most companies in producing shoes. Examples would be shoe boxes, lacings,

counters, box toe material, adhesives, thread and the like.

Large manufacturers have the volume of business to obtain certain concessions
in price and billing terms, which can not be secured by the smaller producers.

We recommend that a study be made, by a joint manufacturer /Commerce Depart m<
task force, to determine the feasability of establishing a CPO so that small to

medium size manufacturers will have buying power on certain of their requirement
equivalent to that of the majors.

We also recommend that consideration be given to having the CPO owned jointly

by all the small to medium size manufacturers who participate in the program
with profits, if any, distributed to each "owner" annually based on each manu-
facturer's percentage of the total business handled by the office. In this way,
a manufacturer will profit from the savings on business processed through CPO
and will have a further incentive to participate through sharing in profits of the

enterprise.

Management of the CPO would be vested in a Board of Directors selected by the

manufacturers.

We recommend that the initial capital for setting up the CPO be supplied by the

Commerce Department in the form of a term loan, to be repaid from the first

profits of the operation.

In practice, the CPO would place volume orders, based on bids by suppliers, to

be drop shipped to the individual shoe manufacturer who would be responsible for

payments. Credit responsibility would be that of the supplier who would be re-

quired to make his own judgement on the credit worthiness of each manufacturer
being sold after the volume order had been placed by the CPO.
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Recommendation No. 6

Improving the efficiency of impacted shoe manufacturers

The establishment of the "FIT" program, directed at small to medium size

manufacturers, should be continued. By providing "on the job" management
assistance, the Commerce Department will enable many manufacturers to

become profitable and successful employers of an increasing number of

American workers.

This program, which we consider to be closely involved with the financial

as sistanc e program, will not only help present manufacturers to improve
their operations, but encourage new entrepreneurs to enter the shoe industry.

Recommendation No. 7

Long term Capital Loans

The capital loan program of the Commerce Department will provide many
manufacturers with the funds they require to refurbish their plants and
restore working capital.

Recommendation No. 8

Encouraging Exports

Unlike the export orientation of the majority of other American industries,

little attention has been given to the potential for exporting American shoes,

particularly branded footwear.

The Commerce Department's plan of assisting the shoe industry in exploring
the potential for shoe exports is one that should bear fruit in the years ahead
and should be pursued aggressively.
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Summary

The increasing costs of producing footwear overseas and the support being given

to the shoe industry by the government is giving owners and/or managers of

American small to medium size manufacturing plants a "second chance" to

become a competitive factor in the years ahead.

With the implementation of our recommendations for assistance in marketing
and styling, the development of a low cost equipment lease or conditional sales

contract programs and the establishment of a Centralized Purchasing Office,

the small to medium size manufacturer should have new tools to lower co?ts

and increase sales.

Our recommendation of a University sponsored Management Development
program, which we have called "Continuing Education", could become an
important factor in improving the management skills of executives in all

branches of the industry and lay the groundwork for improved communicntions
through "one-to-one" meetings of executives at such programs.

By establishing a National Shoe Industry Council, the industry will have "one voice

to develop coordinated programs to benefit manufacturers, retailers, and suppliei

alike and to make the American industry a more competitive factor in the world of

shoes.

We submit these recommendations while urging the continuance of the Commerce
Departments present programs of management and financial assistance to impacte

factories and the program of promoting exports.
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ZINDER ENERGY MANAGEMENT, INC.
1828 L Street, N.W.

S. W1LUAM YOST.
Washington, D.C. 2003

(202) 862-3400

May 22, 1978

Ms. Margery H. King
Manager NBS Shoe Team
Office of the Director
National Bureau of Standards
U.S. Department of Commerce
Washington, D.C. 20234

Dear Ms. Xing:

Pursuant to our purchase order contract, we are submitting this

.

report to you on the results of our efforts to develop business
operating strategies to enhance the competitive position of the U.S.
nonrubber footwear industry.

t
X suppose it is axiomatic that such ventures never turn out the

way we anticipate they will. Nevertheless, I must say I am surprised
to find myself touting the formation of cooperative enterprises, an
area of business X have never paid much attention to. It certainly
confounds that ancient saw that "you can't teach an old dog new tricks."

I trust you will not classify the report a dog. In any event,
best of luck with the project.

Sincerely,
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A BUSINESS STRATEGY TO

ENHANCE THE COMPETITIVE POSITION OF

THE U.S. NONRUBBER FOOTWEAR INDUSTRY

I. Introduction

Everyone is familiar with the plight of the U.S. footwear industry.

In the past 20 years imports have grown from four percent to essentially

50 percent of the shoes sold in the United States. A shake-up has occurred

in the U.S. industry with many footwear manufacturing firms failing to meet

the test of the increased competitiveness caused by both the imports and the

response by the U.S . footwear industry to imports. The level of competitivenes

has risen for everyone concerned. Some companies — both large and small —

have failed as a consequence. But,, this happens in every business, in every

industry. It's the nature of our economic system.

At the same time, it is very difficult, and probably foolish to make

generalized statements about an industry as fragmented and highly diverse as

the footwear industry, comprised as it is of over too dozen different types

of products in five or more price ranges. Companies range in size from

billion dollar giants down to small entrepreneurial operations employing a

few dozen people. Given these circumstances, variations in management

skills, financing, labor markets, etc., it is not surprising that not all

footwear manufacturers have suffered deeply, or even suffered at all, in the

competition the industry is experiencing. Some companies' profits have

increased as others are forced into bankruptcy.

Some say let the weak go, but in the face of foreign government support

for their footwear manufacturers how fair is the competition? We are faced

with two questions:

What should be done?

What can be done?
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In. this paper we duck the first question and will concentrate

on what can be done.

To address the "What Can Be Done?" question, we begin with the retailer.

Some say, perhaps unfairly, that the retailer is the malevolent force that

iholds. the key, or perhaps the throat of the struggling manufacturer, in this

situation- Actually, the market place competition holds the key and the

retailer must respond to it with .his., own. strategy for success just as the

manufacturer must have a strategy to succeed. Therefore the question is:

; What strategy will help a manufacturer: survive and even prosper in today's

business environment in the footwear industry?

In the balance of this paper we will attempt to describe the business

environment as it relates to the manufacturer in greater detail. We will

then propose a possible strategy for increasing the manufacturer's compe-

titiveness in the business, environment that we have described. And lastly,

we will make suggestions for implementing the business strategy proposed.
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II.. Business Environment.

In this section we will describe four areas of business environment

affecting the footwear manufacturer. One, what does the customer- (retailer)

want from a resource (manufacturer) ? Two , what are the critical factors

in the retailer's choice between foreign and domestic manufacturers? Three,

what market segments have the domestic manufacturers been most successful

in? And, four, what is the impact of the size of a firm on productivity

and profits?

A. What Does the Customer Want From a Resource?

In essentially all cases the retailer" wants to fill a line in a specific

price range. Therefore the initial requirement is being presented with a

sample which may be sold in the right range. Taking this as a starting

point, there are a. number of items considered by the retail buyer. These

do not lend themselves to a priority ranking as all are considered: some

with perhaps more weight than others, but it is the sum of all factors

that counts in the final decision.

Given this preamble, the retailer is concerned about style, about

delivery or timeliness, both on the original order and on subsequent

reorders. In particular, the manufacturer who will stock inventory is

perferred. (The risk of carrying a style in inventory implies a style

volume, and number- of customers for that style which many manufacturers

do not have.) Closely related to timeliness is reliability or depend-

ability. In other words, can the manufacturer be counted on to keep the

retailer informed as to when he is going to get his order and any problems

that may have occurred. This, of course, is related to customer service

and to taking care of problems that may arise before the order is delivered 1|^oi
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or after the order have been received. And, again, this in turn relates

to quality control; making sure that the delivered goods match the sample

that the retailer made his original decision on. Finally, the retailer

looks at the capacity of the manufacturer. This is critical to the

retailer because he wants to be sure that the manufacturer will have

enough flexibility to be able to deliver the order on schedule and with

the proper quality. For example,, one major retailer normally will not

deal with a resource whose overall capacity is less than 1500 pairs per

day. They prefer manufacturers in the 5000 pair per day range or larger.

In summary, the retailer chooses a resource in a specific price range

on the combined basis of:

Style

• Delivery-timeliness-inventory

• Reliability-dependability

• Customer service

•> Quality control

Manufacturing capacity

B. What Factors Influence the Retailer in Choosing Between a Domestic
or a Foreign Manufacturer?

It is difficult to generalize about the factors influencing the import

decision because you can easily find a dozen examples , which will give you a

'response which is opposite to whatever you have stated. Nevertheless, in

general, there appear to be several factors which tend to favor imports and

several factors that tend to favor the domestic manufacturer.

Of those factors favoring imports the obvious one is price. The

: margins available to the retailer using imported shoes is inevitably
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better across the board although, in some price ranges from countries the

gap is narrowing. The second factor which tends to favor imports is

style and quality - Again, this will vary with different lines and price

levels-

- Another factor is simply that in some cases a buyer is not able

to obtain a specialty domestically. For example, some types of clogs and

sandals , as well as some types of handwork or leathers are not available

from U.S. manufacturers.

On the other hand, there are certain factors that, in a very general

way tend to favor the domestic manufacturer. These factors are:

» Customer services (which' relates to returns, repairs to factory-
damaged shoes, etc.,)

•> Reorder flexibility,

* Inventory,

* Delayed billings

,

And propinquity (when you want to drop in on a resource and
find what is really going on with your order)

.

C What Market Segments Have Domestic Manufacturers Been Most Successful
in Resisting Import Penetration?

Information provided to the U.S. International Trade Commission by

importers provides an interesting pattern of penetration of the U.S.

footwear industry. Table 1 categorizes the industry by type of footwear

and price class - Each category lists the percent of penetration by foreign

competition. The table quantifies in detail what people have been making

generalizations about, such as, "Imports completely dominate the low price

end of the business."

With imports as a percentage of total sales tending to level off the

past few years, we could assume that indicates the "easiest plums" have

been picked. In other words, foreign manufacturers may have exploited
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their obvious advantages, and our weaknesses, fairly completely at this

point and appear to have reached a plateau. If this is so, further

significant encroachment will only be the result of head-to-head competition

with our strengths.

For the sake of. ease in evaluating the pattern of import penetration

we have utilized an arbitrary 30 percent as the breakeven point in deter"

mining a market segments ' high resistence to penetration.

Utilizing this premise the low price market segment in all but Infants

and Babies Shoes is under heavy competitive pressure- Women's Boots and

Women's Shoes 8/8 Inch and. Dp in all price categories are also under very

heavy pressure. Going from these striking examples of penetration to other

types of footwear yields less decisive statements. However, it can be

seen that, in all other types the domestic manufacturer dominates the

middle price class. The high price is also dominated by the U.S. manufac-

turer except in Men's Dress and Casual and in Childrens.

It would appear from the foregoing that there is considerable amount

of business that the U.S. manufacturer has a very good lock on. Further,

there is reason to believe that if he maintains his competitiveness he can

probably prevent any appreciable amount of erosion in the future in the

market segments he now dominates.

D. Impact of Firm Size on Productivity and Profits

A striking fact about the U.S. footwear industry is the correlation

between the size of the firm and profits. This relationship is not uncommon

in other industries but the spread between the smallest and- the largest is

dramatic in the footwear industry. Table 2 displays the experience of

various sized producers of footwear with profits from their shoemaking

operations only.
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Table 2

PROFIT EXPERIENCE FOR PRODUCERS OF FOOTWEAR OPERATIONS ONL*

TOR SIX K3NTH PERIOD. 1976 "

<200 200-500 500-1000 1000-2000 2000-4000 >40OQ

Hat Sals a 17,633 74,742 206,341 112,333 384,446 785,000

Cose of Sale* 77.6% 81.6% 77.9% 76.4% 74.0% 72.2%

Gross- Profit 22.4* 13.4% 22.1% 23.6% 25.2V 27.8%

Sailing,
Admialaera tive
and GanaraX
Expenses

19.6% 14.2% 17.3% 17.3% 18.0% 19.5%

s*t Operating
Profit (or loss)

2.3%. 4.2% 4.8% 6.4%. 7.2%< 8.2%

2/ Poocvear ivinual 1977 , American Footwear Industries Association, Arlington, Va., p. 293.

Note in particular the cost of goods sold (cost of sales) as a percentage

af net sales. With the exception of the smallest firms, cost of goods sold

(CGS) goes down as the size of the firm's output goes up, ranging from 81.6%

Ln the 200,000-500,000 annual pairs category steadily down to 72.2% in the

nver four million pair category. The improved CGS is undoubtably related

:o the higher volume and longer production runs which in turn provide the op-

portunity for using new technology and fewer setups to increase productivity

ligh volume and associated financial strength makes possible savings in the

,

purchase of raw materials and components. Further, larger volume business

nakes possible the use of improved management information systems for:

production planning and control; labor, equipment and material scheduling

ind loading; purchasing and inventory control; quality control; and job

status reporting.
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Another interesting item, in reviewing Table 2 is the trend in selling,

administrative and general expense (SASG) . SA&G moves exactly opposite to

CGS as the size of the firm increases, again, with the exception of the

smallest manufacturers. The inference we draw from this trend, that is,

to increase as the- size of the firm increases, is that there is a. greater

appreciation by the larger firm of the necessity for marketing. By marketing

we include style development, sample programs r representation at shows, sales

and salesmen support, inventory distribution and warehousing. As so aptly

pointed out in a- companion report, by Charles W. 0 'Conor and Associates,

the shoe retailing business has undergone major structural changes coincident

to the rise in imports. Some shoe manufacturers, busy fighting the obvious

threat of foreign imports, have overlooked the change in the way retailers

are doing business . With the growth of large chains of retail outlets , no

longer regional but spanning the country, merchandizina has changed and,

necessarily/ so have the procurement practices of the volume retailers who

now dominate the industry. Marketing the volume retail houses is now a much

tougher, much more competitive job, but the rewards can be great for those

manufacturers who can first perceive and then meet their increasing needs.

One last element of size is worth mentioning. This concerns the

appropriate size of firms required to adequately handle a house line of

branded shoes. The same phenomenon which has revolutionized the local and

regional retail markets for shoes understandably has an impact on the marketii

of brand shoes by manufacturers. A consequence is that the regional

market, served by regional promotional activities, has become a national

market. A brand now must compete nationally against well financed and

aggressive retailer brands.
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According to some industry experts the result is that a brand must

Dbably do at least 10 million dollars worth of business, or in round numbers

aillion pairs per year, in order to have the financial wherewithal to

pport the kind of promotional effort necessary. Without heavy national

amotion to develop a customer franchise for the brand, the line is doomed

eventual failure.

The question, then, of course, is how well can the U.S. footwear

nufacturer maintain or increase his competitive stance? That is the subject

the next, section.



III. A Strategy for Increasing Competitiveness

In this portion of the report we will recap what the business

environment appears to be demanding of the footwear manufacturer if he

is to stay competitive and profitable. We will then describe the concept

of a cooperative manufacturer's" enterprise which has been the potential of

meeting many of the environment's demands. Finally we will describe

ways the cooperative concept can be applied to the footwear industry to

obtain a better position in. the marketplace and reduce the cost of goods

sold.

A. Demands From the Business Environment

From our discussion above, manufacturers who wish to meet the

increased competitiveness that pervades the industry as the result of

imports and changes in the retail end of the business, must, from a

marketing standpoint, be able to:

•> Bring marketable styles to the retailer.

Deliver the desired quantities on time and fill reorders
expeditiously, and most desirously out of inventory.

• Convince the retailer of the manufacturer' 3 reliability
and dependability to accomplish the above.

• Provide customer service to keep the retailer informed
of the status of orders and to solve any problems arising
before or after delivery of the orders.

• Maintain the level of quality originally sold and keep
returns and factory damage at an acceptable minimum.

• Have enough manufacturing capacity so that the retailer
will be satisfied that there is enough flexibility in

the operation to handle the order. (This has been esti-
mated to be in excess of one million pairs per year.)

• Have enough capacity so that production for a single
retail customer never exceeds 50% of capacity.
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Further, in terms of which market segments have the best

chance of continued success in resisting import penetration, it appears

that the low price ranges are very good prospects. Similarly, Women's

Boots and Women 1 s Heals 8/8 Inch and Dp are difficult areas to compete

in except for some specialty and. high style firms. Clearly the middle

price range markets are where the domestic manufacturers strengths - lie.

It is in these areas that the coming battles with imported goods should

be fought- This is not to say that domestic manufacturers should abandon

any market segment where they are currently successful — far from it.

On the other hand, manufacturers- now struggling in those segments under

heavy pressure might do well to retreat to more favorable ground.

All of this means a major improvement in marketing strategies and

marketing abilities. It means getting the styles that will sell in front

of the volume, retailer on a basis that at least equals existing large

volume manufacturer competition.

On the other hand the manufacturers must improve the efficiency of

operations in order to keep product costs within the price ranges

required. To this end, the advantages of size are obvious. This is not

to say that small manufacturers cannot be very profitable, some are.

But taken as a group, the smaller firms are less efficient and less

profitable. Therefore, the best way for the footwear manufacturers to

meet the increasing competition is to become larger, more efficient and

ultimately more profitable. The question is how to accomplish this with-

out losing the diversity and entrepreneurial skills which have given

the footwear industry such character over the years..

In the next section we hope to answer this question by describing
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a concept which can achieve the marketing and operating requirements

demanded by the business environment.

B. The Cooperative Manufacturers Enterprise Concept

At the turn of the century the independent farmer found himself

increasingly at the mercy of the large volume wholesalers and retailers.

To quote Professor Martin A. Abrahamsen, an authority on agricultural

cooperatives

:

ent

"Cooperatives make it possible for their members to
negotiate with large multibillion-dollar corporations
on a more nearly equal basis rather than perpetuate
a situation where individual farmers continue to
compete against one another in selling their products
or purchasing supplies and services. Obviously,
the individual farmer cannot possibly compete with
chain stores, implement dealers, or large fertilizer
companies on anything approaching an equal basis.
To put this another way, cooperatives may be the
effective way for members to achieve the economic
power they need to prevent their exploitation by a
limited number of dominant firms that characterize
the oligopolistic situation that has developed in
many industries .

" 1/

i land

; Eark

iicri

Certainly few would argue that the trend in the footwear industry is

toward fewer but larger and more powerful firms both in retailing and in mai

ufacturing. How can the smaller manufacturers continue to compete
\

effectively under these conditions? The farmers think they have found

the answer having established over 9000 marketing and purchasing coop-

eratives by the mid 1960 's.

1/ Martin A. Abrhamsen, Cooperative Business Enterprise , McGraw-

Hill, Inc., New York, 1976, p. 204.
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Before continuing, a description of what a cooperative business

enterprise is would probably be helpful. A useful description follows:

"A cooperative is a voluntary contractual organization
of persons having a mutual ownership interest in
providing themselves a. needed service (s) on a nonprofit
basis. It is usually organized as a legal entity to
accomplish an economic objective through joint partic-
ipation of its members. In a cooperative the investment
and operational risks, benefits gained, or losses
incurred by its members in proportion to their use of the
cooperative 1 s services . A cooperative is democratically
controlled by its members on the basis of their status
as member-users and not as investors in the capital
structure of the cooperative . "2/

Using this approach a number of small footwear manufacturers could

sand together", making available a percentage of their capacity to the

oop- Together they could fund the kind of marketing, material

Lid component purchasing which would improve their effectiveness in the

marketplace and lower their costs- The larger orders- possible would

_ncrease production runs and productivity.

To be more specific about the impact; of a cooperative on productivity

ind profitability we will return to Table 2. Discussions with the Anti-

trust Division of the Department of Justice about a footwear manufacturer's

ooperative indicated that no "large" firms could be a member of such a

:ooperative. Just what is meant by large firm in the footwear industry is

.ot entirely clear, but for convenience we have put the cut-off at under

. million pair per year. Using this definition we have aggregated the

rofitability statistics from Table 2 into two groups in Table 3 — the

arge companies, 2 million and greater, and the small companies, everyone

nder 2 million.

:/ Job K. Savage and David Volkin, Cooperative Criteria , FCS Service

Report 71, Farmer Cooperative Service, U.S. Department of

Agriculture, Washington, 1965.
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Tabla 3

PROFIT EXPERIENCE OP PROOOCZFS OF FOOTWEAR OPERATIONS ONLT

FOR SIX ONTO PERIOD. 1976 »

(annual production In 1000 of pairs)

t*at S*laa

Coal: of Stlu

Gro»« Profit

Sailing,
Adadniatration
and Ganaral
SzpenMa.

Kat Operating
Profit (or Loca)

AU FTRKS
<3,0OQ

411 145

321,272

89,773

69,080

20,693

AS V
NET SALES

100%

78.7*

21.8a

16.8%

5.0%

ALL FTRMS
>2,000

1,169,496

854,472

315,024

222,596

92,378

AS »

KET SALES

100%

73,1%

26.0%

19.0%

7.9%

DUTERENCB
IN PERCENTAGES

5.1%

5.1%

2.2%

2.9*

3/ Abatracted £roa Tabla 2.

The importance of Table 3 is that it indicates the potential, fiscal

impact of joining- together enough small firms to operate well within the

large firm category. For an illustration of this impact we have put

together a hypothetical footwear manufacturer's cooperative made up of

twenty of the small manufacturers with proportionate membership (6%) from

each size category. This grouping of 20 firms would represent a production

capacity of approximately 9 million pairs annually or very near the 10.6

million which represented the average size of the producers in the over

4 million pair category in 1974.

Assuming a full line, $7.45/pair (average, 1976) and utilization of

50% of the members ' capacity for coop business the revenues would be

$33,500,000. The coop income statement would look like this:
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Net Sales $33,500,000

Cost: of Goods Sold 24,489,000

Gross Margin 9,012,000

Selling, Administrative, 6,365,000
and General Expense

Net Profit 2,64-7^0_0_CL

Recalling from Table 2 that the S,A&G was 2.2% higher in a larger

operation t the additional expense in this area is $737,000. Theoretically,

this expense is the. additional amount spent by the coop for increased

marketing, in contrast to the membership's usual SA&G expenses. In a sense

you could say that this is the additional expense required to operate like

a large firm.

Offsetting the increased SASG are, of course-, the coop's operating

efficiencies represented by a 5.1% decrease in the cost of goods sold.

In our example this would be $1,709,000. The difference between the S,A&G

and the CGS decrease is $972,000 which is, of course, the increased net

profit due to moving from small operations to large scale operations.

The above example assumes that no new business was generated as

-•j^a consequence of the cooperative but simply that more effective marketing

and operations resulted from larger orders and improved material purchasing.

We now turn to some of the specific benefits a cooperative could

yield in the marketplace and in operations.

Z. Better Position in Marketplace

The cooperative effort could provide for improved marketing services.

This could take place in three areas. Styling, of course, is the predom-

inant area. Activities could include the possible integration of coop
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The cooperative enterprise could help in the area of customer service

and by providing distribution services/, as well as quality control, inventor

and warehousing functions. In the area of reliability, it would have the

strength of a much larger organization in terms of lending credibility to

statements about timeliness of deliveries, returns and rework and the general

fiscal stability of the organization. The size of the organization would

give the retailers confidence that there was enough manufacturing flexibilitj

so that, should a serious problem develop in a particular manufacturing

facility, it could be met with assistance from other locations

-

Lastly, the longer runs will enable the coop salesman to remain

competitive by staying with the desired price range for a line.

D. More Efficient Operations

More efficient operations are possible through cooperative effort.

With better marketing larger orders would result in longer production

runs which would be assigned to appropriate coop members. This of course

would result in improved labor productivity with fewer setups. It would

also result in lower raw material costs stemming from the ability to make

larger buys of raw materials and with improved financial circumstances

to be able hedge in areas where raw material prices are fluctuating.

The cood enterprise makes it possible to get into the area of com-

ponent buying or even manufacturing, where it seems appropriate. Along

these lines it would be possible to setup a system to use a variety of

specialists whether they be in stitching contractors , pattern grading

services, etc.
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The cooperative approach provides the opportunity to try out new

and better technology with the longer runs and with the opportunities to

experiment by. sharing the burden among a number of manufacturers rather

than having one try to do it himself.

The coop would provide management information system capability

since the fixed costs of such systems can be spread over the large number

of members. This will make it possible for smaller operations to enjoy

the benefits of, for instance, measuring labor productivity on a day-to-

day basis, shop loading, job dispatching, labor work scheduling, material

requirements, planning including raw and in process inventory control, and

job status.

In. the next section we describe the. actions required by industry and

government to effectuate the strategy outline above. As with the rest

of this report, the specific list, of activities outlined are not meant

to be exhaustive, hopefully include all the critical ones.
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IV. What Industry Needs To Do

The ball is really in industries court insofar as making the first

move in implementing the cooperative strategy. Before the government can

help, assuming such help may be needed, a lot of spade work needs to be

done. For example, what kind of coop makes sense? What type of manu-

facturers should belong? What does the business plan look like? What

are. the fiscal requirements? And finally, how should the coop and busines

plan be funded? These questions are addressed next.

A. Form a Working Group

The first step is form a working group of interested manufacturers

of the appropriate size. A very broad group of manufacturers, in terms

of size and market segment coverage, would probably be desirable initially

Further discussions with the Anti-trust Division of the Department of

Justice may help fix what the upper size limit should be. This second

step will help refine the working group membership although, except for

the size of firm limitations, a diverse group should be maintained at

least through the next step.

Determine the Nature and Objective of the Cooperative

The second step is to determine the nature and objectives of the coop

For example, will it be a marketing enterprise only? If so, will it repre

sent all
, types of footwear and all price ranges? (From the discussion on

the business environment it would seem sensible to push shoes in the low

price range. On the other hand, perhaps the coop will want to go with
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a full line and import shoes to fill certain market segments!) Should

there be a coop branded line?

A second possibility, rather than a marketing coop, would be to

become a purchasing coop. In this case, the decisions required would deal

with whether or not to buy raw material, and whether or not to inventory

it. Other questions revolve around: component purchasing, or even manu-

facture; component importing; and possibly even finished goods in importing,

acting in the role of import agent.

A third possibility in forming a coop would be some combination of

marketing and purchasing enterprise combining some or all of the elements

above.

Lastly, the coop could be planned to go the whole route of vertical

integration, going all the way from raw materials acquisition through

components, manufacturing, and branded marketing to the establishment of

coop retail outlets. Without doubt this last possibility is not a practical

option in a start up situation. However, the eventual possibility is

there and is fun to speculate about.

C. Identify and Solicit Potential Members

The third step, after having decided upon the nature and objectives

of the coop, is to identify the manufacturers whose operations match the

coop's objectives. It would be desirable to solicit all those serving a

choosen market segment to join in the venture, limited of course by their

size. In order to proceed to the next step, development of a business plan,

it is necessary to obtain at least a tentative agreement from prospective

members to join in the enterprise.
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D. Develop Business Plan

The fourth, step is development of a business plan covering a one to

three year period. This should include:

• 1. The market/purchasing plan for the period listing expected sales
revenues/material costs.

2. Estimate the administrative organization required to staff the
coop 1 s activities

.

3. Estimate the fiscal requirements for marketing, purchasing,
customer service, quality control, and general administration,
including the management information system.

4. Estimate capital requirements for working capital, finished
goods, in process, and raw material inventories, warehousing
and other required facilities.

5. Estimate expenses and capital requirements for new technology
experimentation

.

E. Establish Funding Method And Plan

Next, establish the funding requirements to implement the Business

plan. This is a critical area in the formation of a cooperative. Over

the past fifty years a variety of schemes have been tried. The most

effective means of funding is the so called revolving finance method.

Even here there are many variations in use as the membership of different

cooperatives have sought ways to best serve their purposes and financial

circumstances. In any event, the following quote, .by two authorities in

the field provides a succinct description of the concept:

o "The general term 'revolving plan' is applied to a

variety of arrangements whereby a cooperative asso-
ciation may raise capital continuously in some

relationship to membership participation by

withholding funds from members and whereby the older

funds are returned periodically and systematically

in the order they were withheld to the contributors of

an earlier period. "3/

3/ H. E. Erdman S G. H. Larsen, Revolving Finance in Agricultural Coop

eratives, Mimir Publishers, Madison, Wise, 1965, p. 69
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Revolving fund plans may be provided for either the capital stock or

the nonstock type of association. The procedures for attaining these ends

as found in practice vary in their details in confused profusion. Funds

are obtained most commonly from three sources : (1) at the start by

subscription to a capital fund with an understanding that this fund shall

be the first to be paid off once the revolving process is under way; (2)

withholding specified amounts or percentages from proceeds of sales - for

example 5* per dozen shoes, $1.80 per case, 1 percent of sales, etc., and

(3) by withholding some portions of the savings which are ultimately to

be distributed as membership dividends.

Of course, the capital structure of a coop is not made up entirely

from equity contributions from its members, far from it. Debt financing

is normally provided through three types of loans t

(a) Facility loans, normally available covering 60 to 75

percent of the market value of the property.

(b) Operating capital loans — funds needed to meet payrolls,
obtain supplies, pay taxes, etc. — are normally available
up to four times the coop's equity.

(c) Receivables factoring and raw material inventory loans
are usually available at 75 to 90 percent of the market
value.

Given the extent of financial weakness in much of the footwear

industry, the working group may find that it is not possible to raise

enough equity capital from the membership and debt from the financial

institutions to meet the fiscal requirements of the business plan. At

this point the Government's commitment to this strategy will be tested.

The Government role in this strategy is described next.
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V. What Government Needs To Do
] tot

to

The Government's role in this strategy is certainly important and

may be absolutely vital in making success possible. The magnitude of the

change required to make the strategy work should make it obvious that

it will not happen without great effort- The Government' s encouragement

and stimulation of those participating ".therefore will be an important factor a a

However, there are two specific issues which may require intervention

by the Government to solve. These issues are anti-trust legislation

and financial support. We deal with these below.

A. Anti-trust Legislation

Discussions with the Anti-trust Division of the Department of Justice

concerning the formation of a footwear manufacturer' s cooperative were

predictably equivocal. The Division representative suggested that any

such proposed agreement be filed for review by the Division prior to

implementation. The normal fashion would be to go to the Business Review

Procedures (BRP) route wherein the firms contemplating a cooperative arrange-

ment submit their intention to the Department prior to taking any official

action.

In any event, the law covering the formation of cooperatives, as long

as the members don't engage in setting prices, appears to be fairly gray.

As a consequence, any proposed cooperative enterprise would have several

avenues to explore in reaching their goal. One, of course, is getting the

approval of the Department of Justice via the BRP. The second is to take

an adverse Justice Department decision to court. The third would be to seek

an exemption to existing anti-trust -legislation to make cooperatives in the
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ootwear specifically legal. This latter course of action has a direct

nalogy to the agricultural situation mentioned earlier. Following the

obeying efforts of the farm block, and the Department of Agriculture, the

apper-Volstead Act was passed into law in 1922. This act provided a

road exemption which enabled the farmers to operate cooperatives without

eing in conflict with the anti-trust laws.

Should the Justice Department take a dim view of footwear cooperatives,

he Executive Branch should try to obtain exempting legislation if it

upports this strategy for increasing competitiveness in the footwear

ndustry.

L. Financial Support

Should the business plans developed by prospective footwear cooperatives

equire more capital to get started than can be acquired from their members

-nd from lending institutions, it will be necessary to obtain financial

upport from the Government. This support could take several forms such as

-..jjLoan guarantees , or taking an equity position in the cooperative (which" under

J:he revolving finance plan would be liquidated in several years if there

'eren't reinvestment by the Government).

The important thing is that the Government become committed to this

itrategy. With that commitment many of the problems discussed may not even

irise. Lacking this support there is little chance that the cooperative

ipproach to increasing the competitive position of the U.S. footwear industy

ri.ll succeed.
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VI. Stnnmary and Conclusions

Imports have heightened the level of competitiveness in the footwear

industry. Several market segments have been particularly susceptible to

import penetration , i.e., virtually all of the low price market and all

of womens shoes, except flats. The rate of import encroachment is slackening

as the foreign manufacturers have exploited U.S. weaknesses, in these market

segments. From now on imports must compete against the strengths in the

U.S. market.

Concomitantly, footwear retailing has evolved from a local and regional

affair into very large volume national chains. Accordingly, marketing has

become increasingly sophisticated and the demands on manufacturers, for

performance and service, far more intense.

Considering the above factors, along with the pronounced phenomenon in

footwear manufacturing of dramatic increases in profitability with increased

firm size, the cooperative concept is suggested, providing increased

marketing power, productivity, and profit to the smaller firms in the

industry. A cooperative association of footwear manufacturers can increase

productivity and profitability by providing a highly skilled marketing

staff, brand promotion where appropriate, management information systems for

production planning and control, inventories and distribution facilities,

quality control, increased buying power for raw material and component

purchasing and the resources for new technology experimentation.

To be effective the cooperative enterprise must acquire first rate

management, management information systems and financial support. But

to be successful, industry must have enough interest to actively partic-

ipate in the formation of working groups and in the critical organizational

activities outlined in the report.
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Government help may be required in supporting legislation to exempt

the smaller footwear manufacturers from some part of the anti-trust laws.

Government support may also be necessary in providing for those financial

requirements which cannot be assumed initially by industry.

Most importantly the dialogue begun between the footwear industry and

Government must be continued so that both may learn more about how the

other works. Without this continuing dialogue requests for help from

industry will not be fully understood and the response from Government,

albeit well meaning, will be less useful than it need be.

I
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Federal Information Processing Standards Publications

(FIPS PUB)—Publications in this series collectively consti-

tute the Federal Information Processing Standards Register.

Register serves as the official source of information in the

Federal Government regarding standards issued by NBS
pursuant to the Federal Property and Administrative Serv-

ices Act of 1949 as amended, Public Law 89-306 (79 Stat

1127), and as implemented by Executive Order 11717
(38 FR 12315, dated May 11, 1973) and Part 6 of Title 15

CFR (Code of Federal Regulations).

NBS Interagency Reports (NBSIR)—A special series of

interim or final reports on work performed by NBS for

outside sponsors (both government and non-government).

In general, initial distribution is handled by the sponsor;

public distribution is by the National Technical Information
Services (Springfield, Va. 22161) in paper copy or microfiche

form.

BIBLIOGRAPHIC SUBSCRIPTION SERVICES

following current-awareness and literature-survey bibli-

phies are issued periodically by the Bureau:
genie Data Center Current Awareness Service. A litera-

e survey issued biweekly. Annual subscription: Domes-
i $25.00; Foreign, $30.00.

ffied Natural Gas. A literature survey issued quarterly,

ual subscription: $20.00.

Superconducting Devices and Materials. A literature survey

issued quarterly. Annual subscription: $30.00. Send subscrip-

tion orders and remittances for the preceding bibliographic

services to National Bureau of Standards, Cryogenic Data

Center (275.02) Boulder, Colorado 80302.
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