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Preface

The first edition of this book was published in 1980 under the title Automation, Produc-
tion Systems, and Computer-Aided Manufacturing. A revision was published in 1987 with
about 200 more pages and a slightly different title: Automation, Production Systems, and
Computer Integrated Manufacturing. The additional pages expanded the coverage of top-
ics like industrial robotics, programmable logic controllers, material handling and storage,
and quality control. But much of the book was very similar to the 1980 text. By the time I
started work on the current volume (technically the second edition of the 1987 title, but in
fact the third generation of the 1980 publication), it was clear that the book was in need of
a thorough rewriting. New technologies had been developed and existing technologies had
advanced, new theories and methodologies had emerged in the research literature, and my
own understanding of automation and production systems had grown and matured (at
least I think so). Readers of the two previous books will find this new volume to be quite
different from its predecessors. Its organization is significantly changed, new topics have
been added, and some topics from the previous editions have been discarded or reduced
in coverage. [t is not an exaggeration to say that the entire text has been rewritten (read-
ers will find very few instances where [ have used the same wording as in the previous edi-
tions). Nearly all of the figures are new. It is essentially a new book.

There is a risk in changing the book so much. Both of the previous editions have been
very successful for Prentice Hall and me. Many instructors have adopted the book and have
become accustomed to its organization and coverage. Many courses have been developed
based on the book. What will these instructors think of the new edition, with all of its new
and different features? My hope is that they will try out the new book and find it to be a
significant improvement over the 1987 edition, as well as any other textbook on the subject.

Specifically, what are the changes in this new edition? To begin with, the organization
has been substantially revised. Following two introductory chanters, the book is organized
into five main parts:

[. Automation and control technologies: Six chapters on automation, industrial com-
puter control, control system components, numerical control, industrial robotics, and
programmable logic controllers.

II. Material handling technologies: Four chapters covering conventional and automat-
ed material handling systems (e.g., conveyor systems and automated guided vehicle
systems), conventional and automated storage systems, and automatic identification
and data capture.

III. Manufacturing systems: Seven chapters on a manufacturing systems taxonomy, sin-
gle station cells, group technology, flexible manufacturing systems, manual assembly
lines, transfer lines, and automated assembly.
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IV. Quality control systems: Four chapters covering quality assurance, statistical process
control, inspection principles, and inspection technologies (e.g., coordinate measur-
ing machines and machine vision).

V. Manufacturing support systems: Four chapters on product design and CAD/CAM,
process planning, production planning and control, and lean production and agile
manufacturing.

Other changes in organization and coverage in the current edition, compared with the
1987 book, include:

¢ Expanded coverage of automation fundamentals, numerical control programming,
group technology, flexible manufacturing systems, material handling and storage,
quality control and inspection, inspection technologies, programmable logic
controllers.

e New chapters or sections on manufacturing systems, single station manufacturing
systems, mixed-model assembly line analysis, quality assurance and statistical process
control, Taguchi methods, inspection principles and technologies, concurrent engi-
neering, automatic identification and data collection, lean and agile manufacturing.

¢ Consolidation of numerical control into one chapter (the old edition had three
chapters).

e Consolidation of industrial robotics into one chapter (the old edition had three
chapters).

e The chapters on control systems have been completely revised to reflect current in-
dustry practice and technology.

e More quantitative problems on more topics: nearly 400 problems in the new edition,
which is almost a 50% increase over the 1987 edition.

e Historical notes describing the development and historical background of many of the
automation technologies.

With all of these changes and new features, the principle objective of the book remains
the same. It is a textbook designed primarily for engineering students at the advanced un-
dergraduate or beginning graduate levels. It has the characteristics of an engineering text-
book: equations, example problems, diagrams, and end-of-chapter exercises. A Solutions
Manual is available from Prentice Hall for instructors who adopt the book.

The book should also be useful for practicing engineers and managers who wish to
learn about automation and production systems technologies in modern manufacturing. In
several chapters, application guidelines are presented to help readers decide whether the
particular technology may be appropriate for their operations.
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Organization of the Book

This book is about production systems that are used to manutacture products and the parts
assembled into those products. The production system is the collection of people, equipment,
and procedures organized to accomplish the manufacturing operations of a company (or
other organization). Production systems can be divided into two categories or levels as in-
dicated in Figure 1.1:
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Manufacturing
support systems
Production
system ¥
Facilities: Figure 1.1 The production system
Factory consists of facilities and manufacturing
| | Equipment support systems.

1. Facilities. The facilities of the production system consist of the factory, the equipment
in the factory, and the way the equipment is organized.

2. Manufacturing support systems.This is the set of procedures used by the company to
manage production and to solve the technical and logistics problems encountered in
ordering materials, moving work through the factory, and ensuring that products meet
quality standards. Product design and certain business functions are included among
the manufacturing support systems.

In modern manufacturing operations, portions of the production system are auto-
mated and/or computerized. However, production systems include people. People make
these systems work. In general, direct labor people (blue collar workers) are responsible for
operating the facilities, and professional staff people (white collar workers) are responsi-
ble for the manufacturing support systems.

In this introductory chapter, we consider these two aspects of production systems
and how they are sometimes automated and/or computerized in modern industrial prac-
tice. In Chapter 2, we examine the manufacturing operations that the production systems
are intended to accomplish.

PRODUCTION SYSTEM FACILITIES'

The facilities in the production system are the factory, production machines and tooling, ma-
terial handling equipment, inspection equipment, and the computer systems that control
the manufacturing operations. Facilities also include the plant layout, which is the way the
equipment is physically arranged in the factory. The equipment is usually organized into
logical groupings, and we refer to these equipment arrangements and the workers who op-
erate them as the manufacturing systems in the factory. Manufacturing systems can be in-
dividual work cells, consisting of a single production machine and worker assigned to that
machine. We more commonly think of manufacturing systems as groups of machines and
workers, for example, a production line. The manufacturing systems come in direct physi-
cal contact with the parts and/or assemblies being made. They “touch” the product.

A manufacturing company attempts to organize its facilities in the most efficient way
to serve the particular mission of that plant. Over the years, certain types of production fa-
cilities have come to be recognized as the most appropriate way to organize for a given type
of manufacturing. Of course, one of the most important factors that determine the type of
manufacturing is the type of products that are made. Our book is concerned primarily with

! Portions of this section are based on M. P. Groover, Fundamentals of Modern Manufacturing: Materials,
Processes, and Systems [2].
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the production of discrete parts and products, compared with products that are in liquid or
bulk form, such as chemicals (we examine the distinction in Section 2.1).

If we limit our discussion to discrete products, the quantity produced by a factory has
a very significant influence on its facilities and the way manufacturing is organized. Pro-
duction quantity refers to the number of units of a given part or product produced annu-
ally by the plant. The annual part or product quantities produced in a given factory can be
classified into three ranges:

1. Low production: Quantities in the range of 1 to 100 units per year.
2. Medium production: Quantities in the range of 100 to 10,000 units annually.
3. High production: Production quantities are 10,000 to millions of units.

The boundaries between the three ranges are somewhat arbitrary (author’s judgment).
Depending on the types of products we are dealing with, these boundaries may shift by an
order of magnitude or so.

Some plants produce a variety of different product types, each type being made in low
or medium quantities. Other plants specialize in high production of only one product type.
It is instructive to identify product variety as a parameter distinct from production quan-
tity. Product variety refers to the different product designs or types that are produced in a
plant. Different products have different shapes and sizes and styles; they perform different
functions; they are sometimes intended for different markets; some have more compo-
nents than others; and so forth. The number of different product types made each year can
be counted. When the number of product types made in a factory is high, this indicates
high product variety.

There is an inverse correlation between product variety and production quantity in
terms of factory operations. When product variety is high. production quantity tends to be
low; and vice versa. This relationship is depicted in Figure 1.2. Manufacturing plants tend
to specialize in a combination of production quantity and product variety that lies some-
where inside the diagonal band in Figure 1.2. In general, a given factory tends to be limit-
ed to the product variety value that is correlated with that production quantity.

Product variety

Medium

1 100 10,000 1,000,000
Production quantity

Figure 1.2 Relationship between product variety and production
quantity in discrete product manufacturing.
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Although we have identified product variety as a quantitative parameter (the num-
ber of different product types made by the plant or company), this parameter is much less
exact than production quantity is, because details on how much the designs differ are not
captured simply by the number of different designs. The differences between an automo-
bile and an air conditioner are far greater than between an air conditioner and a heat pump.
Products can be different, but the extent of the differences may be small or great. The au-
tomotive industry provides some examples to illustrate this point. Each of the U.S. auto-
motive companies produces cars with two or three different nameplates in the same
assembly plant, although the body styles and other design features are nearly the same. In
different plants, the same auto company builds heavy trucks. Let us use the terms “hard”
and “soft” to describe these differences in product variety. Hard product variety is when the
products differ substantially. In an assembled product, hard variety is characterized by a low
proportion of common parts among the products; in many cases, there are no common
parts. The difference between a car and a truck is hard. Soft product variety is when there
are only small differences between products, such as the differences between car models
made on the same production line. There is a high proportion of common parts among as-
sembled products whose variety is soft. The variety between different product categories
tends to be hard; the variety between different models within the same product category
tends to be soft.

We can use the three production quantity ranges to identify three basic categories of
production plants. Although there are variations in the work organization within each cat-
egory, usually depending on the amount of product variety, this is nevertheless a reason-
able way to classify factories for the purpose of our discussion.

1.1.1 Low Quantity Production

The type of production facility usually associated with the quantity range of 1 to 100
units/year is the job shop, which makes low quantities of specialized and customized prod-
ucts. The products are typically complex, such as space capsules, aircraft, and special ma-
chinery. Job shop production can also include fabricating the component parts for the
products. Customer orders for these kinds of items are often special, and repeat orders
may never occur. Equipment in a job shop is general purpose and the labor force is high-
ly skilled.

A job shop must be designed for maximum flexibility to deal with the wide part and
product variations encountered (hard product variety). If the product is large and heavy,
and therefore difficult to move in the factory, it typically remains in a single location, at least
during its final assembly. Workers and processing equipment are brought to the product,
rather than moving the product to the equipment. This type’ of layout is referred to as a
fixed-position layout,shown in Figure 1.3(a). In the pure situation, the product remains in
a single location during its entire fabrication. Examples of such products include ships, air-
craft, railway locomotives, and heavy machinery. In actual practice, these items are usual-
ly built in large modules at single locations, and then the completed modules are brought
together for final assembly using large-capacity cranes.

The individual parts that comprise these large products are often made in factories
that have a process layout, in which the equipment is arranged according to function or
type. The lathes are in one department. the milling machines are in another department,
and so on, as in Figure 1.3(b). Different parts, each requiring a different operation sequence.



