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PREFACE

The fourth edition of this text, like the previous editions, continues to make an attempt
at presenting a comprehensive, balanced, and up-to-date coverage of the relevant fun-
damentals and real-world applications of engineering materials and manufacturing
processes and systems and the analytical approaches involved. The topics covered
throughout the 16 chapters reflect the rapid and significant advances that have taken
place in various areas in manufacturing, and they are organized and described in such
a manner to draw the interest of students. The case studies, mostly from industry, make
the subject of manufacturing science and engineering less abstract by showing students
the practical aspects of process applications.

Integration of product design and manufacturing has justly resulted in greater
recognition and prestige for these disciplines, and this edition therefore puts greater
emphasis and better focus on this increasingly important subject. While studying this
text, students should be able to assess the capabilities, limitations, and potential of
production processes, including, particularly, the processes’ economic and competi-
tive aspects. The discussions throughout the chapters are aimed at motivating and chal-
lenging students to explore technically and economically viable solutions to a wide
variety of important questions and problems in product design and manufacturing.

This book has been written mainly for undergraduate students in mechanical,
industrial, and metallurgical and materials engineering programs; it is also useful for
graduate courses in manufacturing science and engineering. The text, as well as the
numerous examples and case studies in each chapter, clearly shows that manufac-
turing engineering is an interdisciplinary and complex subject and that it is as im-
portant, exciting, and challenging as any other engineering discipline.

What's new in this edition
¢ A new chapter has been added that covers the fabrication of microelectronic and
micromechanical devices.
* The discussion of design considerations in each chapter have been expanded.
* Several new examples and case studies have been added throughout all chapters.

* A total of 1230 questions and problems has been added—30% more than in the
third edition.

* Questions and problems now include a total of 140 design problems.
* Figures have been improved for better graphical impact.

* More cross-references to sections and chapters have been added throughout the
text.

* All chapter bibliographies have been thoroughly updated.

New or expanded topics for this edition include the following:

* Automated guided vchicles

* Biodegradable plastics

* Cryogenic machining and grinding

* Cryogenic treatment of cutting tools

* Design considerations for casting

¢ Design considerations for powder metallurgy
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s Design considerations for sheet-metal forming
» Electrically conducting adhesives

¢ Enterprise resource planning

¢ Flexible fixturing

¢ ISO 9000 and 14000 standards

¢ Life-cycle assessment

e LIGA process

¢ Metal foams

¢ Microelectromechanical systems fabrication
* Microelectronics device fabrication
* Micromachining

* Modeling of casting

* Nanomaterials

¢ Plasma and wet etching

* Polymer processing

¢ Printed circuit boards

* Rapid protoyping and rapid tooling
e Rotary ultrasonic machining

e Silicon microstructure

e Six-sigma quality

* Solid free-form fabrication

* Stick-slip in extrusion

¢ Superconductor processing

* Surface-mount technology

* Value assessment

* Vibration and chatter in rolling

e Water-jet peening
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Chapter 1

Introduction

12,000 parts, a typical automobile 15,000 parts, a C-5A transport plane more than
4 million parts, and a Boeing 747-400 about 6 million parts; all are produced by a
combination of various processes called manufacturing.

Manufacturing, in its broadest sense, is the process of converting raw mate-
rials into products; it encompasses the design and fabrication of goods by means
of various production methods and techniques. Manufacturing began around 5000
to 4000 BC with the production of various articles of wood, ceramic, stone, and
metal (Table 1.1). The word manufacturing is derived from the Latin manu factus,
meaning made by hand; the word manufacture first appeared in AD 1567 and the
word manufacturing in 1683. The word production is also used interchangeably
with the word manufacturing. Manufacturing represents approximately 20% to
30% of the value of all goods and services produced in industrialized countries.
Generally, the higher the level of manufacturing in a country, the higher the stan-
dard of living of its people. Manufactured products are also used to make other
products; examples include large presses to form sheet metal for car bodies, met-
alworking machinery used to make parts for other products, and sewing machines
for making clothing.

Manufacturing may produce discrete products, meaning individual parts or
pieces of parts, or it may produce continuous products. Nails, gears, steel balls, bev-
erage cans, and engine blocks are examples of discrete products. Wire, metal or plas-
tic sheet, hose, and pipe are continuous products that may be cut into individual
pieces and thereby become discrete products.

Because a manufactured item has undergone a number of changes during which
raw material has become a useful product, it has added value, defined as monetary
worth in terms of price. For example, clay has a certain value when mined. When the
clay is used to make a ceramic dinner plate, cutting tool, or electrical insulator, value
is added to the clay; similarly, a wire coat hanger or a nail has added value over and
above the cost of a piece of wire.

Manufacturing is generally a complex activity involving people who have a
broad range of disciplines and skills, together with a wide variety of machinery, equip-
ment, and tools with various levels of automation, including computers, robots, and
material-handling equipment. Manufacturing activities must be responsive to sever-
al demands and trends:

1. A product must fully meet design requirements and specifications and standards.

2. A product must be manufactured by the most economical and environmentally
friendly methods.

3. Quality must be built into the product at each stage, from design to assembly,
rather than relying on quality testing after the product is made.

4. In a highly competitive environment, production methods must be sufficiently
flexible to respond to changing market demands, types of products, produc-
tion rates, and production quantities and to provide on-time delivery to the
customer.

5. New developments in materials, production methods, and computer integra-
tion of both technological and managerial activities in a manufacturing orga-
nization must constantly be evaluated with respect to their timely and economic
implementation.

6. Manufacturing activities must be viewed as a large system in which all indi-
vidual components are interrelated. Such systems can now be modeled in order
to study the effects of various factors, such as changes in market demands, prod-
uct design, materials, costs, and production methods, on product quality and
COst.



