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PREFACE

Manufacturing has undergone many evolutionary stages and paradigm shifts. The paradigm
shifts in going from a craft industry to mass production, then to lean manufacturing, and finally,
to agile manufacturing (AM). The concept of agility (flexible and quick responsive
manufacturing) will reduce time to reach market with appropriate products/services.

Businesses are restructuring and re-engineering themselves in response to the challenges and
demands of the 21st century. The businesses of the 21st century will have to overcome the
challenges of demanding customers who will seek high-quality, low-cost products that are
relevant to their specific and rapidly changing needs. The time during which many companies
competed based primarily on price tag has gone. Now is the time for companies to compete in
the global marketplace, and “push the envelope™ in delivery-response, product quality, and
overall excellence in customer service and customer satisfaction. Agility addresses new ways of
running companies to meet these challenges.

Agile manufacturing is defined as the capability of surviving and prospering in a competitive
environment of continuous and unpredictable change by reacting quickly and effectively to
changing markets, driven by customer-designed products and services. Critical to successfully
accomplishing AM are a few enabling technologies such as the standard for the exchange of
products (STEP), concurrent engineering. virtual manufacturing. component-based hierarchical
shop floor control system, information and communication infrastructure, etc.

The aim of the book is to help the students at the undergraduate and graduate levels, senior
managers and researchers in understanding and appreciating the concepts, design and
implementation of Agile Manufacturing systems (AMS). One should be able to understand,
develop and implement appropriate agile manufacturing strategies after reading this book.

The scope of the book is to present the undergraduate and graduate students, senior managers
and researchers in manufacturing systems design and management, industrial engineering and
information technology with the conceptual and theoretical basis for the design and
implementation of AMS. The book emphasizes on systems methodology approach for the design
and implementation of AMS. Also. the book focuses on broad policy directives and plans of
agile manufacturing that guide the monitoring and evaluating the manufacturing strategies and
their performance. A problem solving approach is taken throughout the book, emphasizing the
context of agile manufacturing and the complexities to be addressed.

This book provides a much needed comprehensive coverage of materials required developing
and implementing agile manufacturing strategies and systems. The book includes the concept,
theory, modelling, and architecture of agile manufacturing system. It covers the state-of-the-art,
concepts and methodologies of manufacturing strategy development taking into account the
current development in information technologies and the overall trend in agile manufacturing.
The book is expected to assist the companies in formulating 21st century manufacturing
strategies to flourish in the competitiveness of manufacturing.



Vi Prefuce

The book presents original works and interesting case studies arising from research with the
evolving technologies and production concepts of agile manufacturing. The book aims to
promote the ideas and technologies that promote agile manufacturing as company wide strategies
to reduce the lead times at all stages of manufacturing. The chapters offer ideas on lowering
manufacturing costs, increasing market share. satisfying the customer requirements, rapid
introduction of new products, eliminating non-value added activities and enhancing
manufacturing competitiveness. The book is organized into six parts to cover the introduction,
design and development, information technology/systems. supply chain management, operations
management and strategies of agile manufacturing. The chapters deal with the following areas as
a part of agile manufacturing system development: concepts, strategies and enablers of agile
manufacturing, virtual enterprise. managing people in agile organizations, product development
in agile environment, application of Information Technology/Systems in agile manufacturing,
supply chain management in agile environment. operations planning and control in agile
manufacturing enterprise and some strategic approach for the development of agile
manufacturing.

The Editor of this book acknowledges Dr. Martin Ruck, Publishing Editor for Industrial
Engineering and Control and the staff of Elsevier Science Ltd (UK) for their great support in
completing this book.

I am most grateful to my wife, Latha Parameswari and my son Rangarajan for their generous
support and permission for staying away during family time in order to complete this edited
book. I appreciate the countless hours spent by my wife for proof reading of all the chapters. My
heartfelt thanks go to all the authors who have contributed chapter(s) to this book. Without their
contribution and overall support. this book should have been hardly realized.

A. Gunasekaran
Editor
June 6, 2000
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Agile Manufacturing as the 21" Century Strategy for Improving Manufacturing
Competitiveness

Henrique Luiz Corréa’

‘Production and Operations Management Department, Sio Paulo Business School (FGV)
Av 9 de Julho, 2029 / 10° andar 01313-902 Sao Paulo, Brazil. hcorrea@fgvsp.br

1. DEFINITION OF MANUFACTURING STRATEGY

Manufacturing strategy has increasingly been regarded by academics and practitioners as
having an important contribution to make to enhance competitiveness. The growth of the
literature in manufacturing strategy has matched the growth of interest in the area. Within the
literature three main reasons are identified for this newly found importance.

The first is the increased pressure owing to the growing international manufacturing
competitiveness made more intense by the recent movement towards globalisation. The
second is the increased potential to be gained from the development of new manufacturing
technologies, the potential of which grows much faster than our ability to use it for
competitive benefits and, the third is the development of a better understanding of the
strategic role of manufacturing. Five characteristics can be listed to help understand the need
for a strategic management of the manufacturing function:

e Manufacturing in general involves the bulk of the company’s assets and human resources

e Many decisions regarding manufacturing resources require a long time to take effect
therefore requiring a long term outlook of the future to support them

e Once made, many of these decisions will normally take a long time and substantial
amounts of resources to revert

e Manufacturing decisions directly affect the way companies can compete in the market
place because it is increasingly accepted that there is not such a thing as a "best way" to
manage manufacturing resources - different configurations of manufacturing resources
will result in different levels of manufacturing performance in different aspects (e.g.
delivery, flexibility, quality and cost)

e Manufacturing decisions have to support and be supported by other functions in order to
properly support the business strategy of the company, therefore requiring strategic
orientation

Manufacturing strategy can be defined as a framework whose objective is the increased
competitiveness of the organisation: to achieve this it should aim at designing, organising,
managing and developing the company’s manufacturing resources and shape a consistent
pattern of manufacturing decisions in order that they can result in an adequate mix of
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performance characteristics which will allow the company to compete effectively in the
future.

2. THE CHANGING INTERNATIONAL MANUFACTURING COMPETITION IN
THE “60s, 70s AND "80s

During the 60s, 70s and 80s, the relative competitive positions occupied by the formerly
leading industrial countries changed substantially. Some traditional industrial nations were
outperformed by other countries, of which Japan was the most evident example. The United
States and the United Kingdom had their leading positions challenged and in many cases lost
them, e.g. in the automobile market, long dominated by American companies.

Considering the Japanese manufacturing industry, Buffa (1984) notices that the industries
in which they excelled during that period - motor cycles, domestic appliances, automobiles,
cameras, hi-fi, and steel production — there were, already developed markets with established
market leaders. According to the author, Japanese companies may have succeeded, partially
because of their Finance and Marketing related skills, but largely because of the high quality
and low cost which they achieved through a sharp manufacturing practice which most of the
Western manufacturers initially were not able to match. Japanese companies were using the
improvements which they had been achieving in manufacturing as their main competitive
advantage, as opposed to the Western companies, which had considered manufacturing as a
'solved problem’, focusing their attention on getting competitive advantage through achieving
excellence in marketing their products and managing their financial issues.

Not only were Japanese companies on average more cost efficient than most Western
companies (though there were many exceptions of Western companies which had maintained
or improved their competitive position in the world market during those decades), but they
were competing and winning based also on their better quality and reliability performance as
well as on their better responsiveness to the market needs and opportunities. In the
introduction of new products, for instance, Japanese car manufacturers had cut their product
development times (the period between the earliest stages of design and the manufacture of a
new model) to an average of less than four years compared to six to eight years in Europe and
America of the “70s.

There is, in general, agreement that (initially, at least) Western companies lacked an
effective response to the Japanese challenge. According to the literature, the reasons behind
this lack of an effective response are various. Hayes and Wheelwright (1984), in their now
classic book, summarize some of them in five main points:

Financial considerations The assessment of companies and their manager's performance
based predominantly on short term considerations may have induced managers to avoid long
term investments which might have resulted in a more effective manufacturing. Managers
may not have decided to invest in improvements whose results would only show in the long
term because they needed short term performance.

Technological considerations Western managers would have been less sophisticated,
imaginative and even less interested in dealing with technological considerations than the
overseas competitors, focusing attention predominantly on financial and marketing issues.

Excessive specialization and/or lack of proper integration Western managers would have
tended to separate complicated issues into simpler, specialized ones to a greater degree than
their foreign counterparts without having developed proper integration to pull the
differentiated responsibilities together and to be able to deal with the total picture.
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Lack of focus The separating and specializing mentality would have led many Western
firms to diversify away from their core technologies and markets. They would have tended to
adopt the portfolio approach, used by stocks and bonds investors. This approach considers
that diversifying is the best way to hedge against random setbacks. Manufacturing, however,
would not be subject only to random setbacks but, more significantly, to carefully
orchestrated attacks from competitors who focus their resources and energy on one particular
set of activities. Focused manufacturing is based on the idea that simplicity, repetition,
experience and homogeneity in manufacturing tasks breed competence (Skinner, 1974).

Inertia Skinner (1985) observed that most factories in the Western world were not
managed very differently in the 1970s from the way they were in the 1940s or 1950s. Such
practices might have been adequate when production management issues centered largely on
efficiency and productivity. However, the problems of operations managers moved far
beyond mere physical efficiency. On top of this, managers considered that the production
problems were solved, directing attention and resources toward other issues such as
distribution, packaging and advertising. According to Hill (1995), there had been a failure,
conscious or otherwise, of Western industries and the society at large to recognize the size of
the foreign competitive challenge, its impact on their way of life, and consequently to
recognize the need for change.

The result of the concurrence of the five factors above is that Western plants and
equipment were allowed to age in all senses. What one day had been technological advantage,
was eroded by the decline in expenditure and attention to issues such as new products
research and development and new process technologies (Hayes and Wheelwright, 1984).
Then, Hayes and Wheelwright conclude, "in the beginning of the 1970s, US companies found
themselves pitted against companies that did compete on dimensions such as defect-free
products, process innovation and delivery dependability. Increasingly, they found themselves
displaced first in international markets and then in their home market as well".

2.1. The development of a better understanding of the strategic role of manufacturing

Since the seminal work of Skinner (see e.g. Skinner, 1969), a number of authors have
addressed the strategic role of the manufacturing function. Hayes and Wheelwright (1984)
and later Hayes et al. (1988) called attention to the need to transform the manufacturing role
from being primarily reactive to being proactive, where the manufacturing function
contributes actively to the achievement of competitive advantage.

Another point which some authors make, e.g. Slack (1991) refers to the fact that the
complexity of the manufacturing function calls for strategic management. According to Slack,
manufacturing is almost certainly the largest (both in terms of people and capital employed),
and probably the most complex and arguably the most difficult of all the functions within the
organization to manage.

Hill (1995) argues that the need for a manufacturing strategy to be developed and shared
by the business has to do not only with the critical nature of manufacturing within the
corporate strategy but also with a realization that many of the decisions in manufacturing are
structural in nature. Therefore, unless the issues and consequences are fully appreciated by the
business, then it can be locked into a number of manufacturing decisions, which may take
years to change. Changing them is costly and time consuming, but even more significantly,
the changes will possibly come too late.

More recently some authors (Hayes and Pisano, 1996: Teece and Pisano, 1994; Pisano,
1997; Alher, 1998) have added 1o the debate by arguing that the recently developed resource-
based view of strategic management should play an important role in the development of
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manufacturing strategy - the resource-based view would help manufacturing strategies to be
more difficult to copy resulting in more sustainable competitive advantages. This concept will
be further developed later in this chapter.

2.2. Focused manufacturing: a controversial concept

Although the manufacturing function is regarded as one of the most complex to manage
within the organization, what creates the complexity is not the technology dimension but the
number of aspects and issues involved, the interrelated nature of these and the level of fit
between the manufacturing task and its internal capability (Hill, 1995). The level of
complexity involved depends largely on corporate and marketing strategy decisions, made
within the business, where the competitive priorities are established. These competitive
priorities are established because a manufacturing system cannot excel in all aspects of
performance at the same time. Trade-offs must be made. Different types of performance
demand different manufacturing resources organized in different ways (Slack, 1991; Skinner,
1996). An organization which competes predominantly on cost efficiency, for instance, by
manufacturing in high volumes, would need different resources (possibly more dedicated
machines) in order to compete effectively if compared to an organization competing on
product customization, making products to order (which would possibly call for more general
purpose flexible equipment).

This is the rationale behind the concept of focused manufacturing. According to this view,
for the effective support of competitive business strategy the manufacturing function should
focus each part of its manufacturing system on a restricted and manageable set of products,
technologies, volumes and markets so as to limit the manufacturing objectives in which it is
trying to excel. This means that if an organization has different products or product groups
competing in different ways, then its manufacturing function should reflect this in the way it
is subdivided and organised so as to maintain focus on what is most important for its
competitiveness in the market place.

If a company competes on a broad range of products, the decision to adopt the concept of
focused manufacturing can have the disturbing implication of calling for major investments in
new plants and new equipment to break down the existing complexity. One alternative
approach, which helps to avoid major investments, is a solution that does not involve selling
big multipurpose facilities and decentralizing them into small ones. The solution could be the
more practical approach of the 'plant-within-a-plant’, where the existing facility is divided
both organizationally and physically into plants within the original plant. Each of them would
have its own facilities. Each plant-within-the-plant can in this way concentrate on its
particular manufacturing task, using its own work force management approaches, production
control systems, organizational structure and so forth. Each plant-within-the-plant would
quickly gain experience by focusing and concentrating every element of its work on those
limited essential objectives which constitute its manufacturing task or focus.

The idea of focus should thus permeate all the process of formulation and execution of the
business and manufacturing strategies. The establishment of competitive priorities and the
decision making process should also take the idea of focus into consideration, in order to
make sure that the manufacturing function can really excel in what it is expected to.

Although it is intuitive and appealing, having gained broad support among academics and
practitioners, a number of authors (see e.g. Schonberger. 1986) have challenged the idea of
focus in manufacturing strategy. Inspired by the Toyota-developed Japanese just-in-time
system, the "lean production" system advocates argue that trade-offs do not exist (since at a



