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Preface

Science-led or Design-led? Two approaches to materials teaching

Most things can be approached in more than one way. In teaching this is especially true. The way
to teach a foreign language, for example, depends on the way the student wishes to use it—to read
the literature, say, or to find accommodation, order meals and buy beer. So it is with the teaching
of this subject.

The traditional approach to it starts with fundamentals: the electron, the atom, atomic bonding,
and packing, crystallography and crystal defects. Onto this is built alloy theory, the kinetics of
phase transformation and the development of microstructure on scales made visible by electron and
optical microscopes. This sets the stage for the understanding and control of properties at the mil-
limeter or centimeter scale at which they are usually measured. The approach gives little emphasis
to the behavior of structures, methods for material selection, and design.

The other approach is design-led. The starting point is the need: the requirements that materials
must meet if they are to perform properly in a given design. To match materials to designs requires
a perspective of the range of properties they offer and the other information that will be needed about
them to enable successful selection. Once the importance of a property is established there is good
reason to “drill down’, so to speak, to examine the science that lies behind it—valuable because an
understanding of the fundamentals itself informs material choice and usage.

There is sense in both approaches. It depends on the way the student wishes to use the information.
If the intent is scientific research, the first is the logical way to go. If it is engineering design, the sec-
ond makes better sense. This book follows the second.

What is different about this book?

There are many books about the science of engineering materials and many more about design.
What is different about this one?

First, a design-led approach specifically developed to guide material selection and manipulation.
The approach is systematic, leading from design requirements to a prescription for optimized material
choice. The approach is illustrated by numerous case studies. Practice in using it is provided by
Exercises.

Second, an emphasis on visual communication and a unique graphical presentation of material
properties as material property charts. These are a central feature of the approach, helpful both in
understanding the origins of properties, their manipulation and their fundamental limits, as well as
providing a tool for selection and for understanding the ways in which materials are used.

Third, its breadth. We aim here to present the properties of materials, their origins and the way
they enter engineering design. A glance at the Contents pages will show sections dealing with:

e Physical properties
e Mechanical characteristics
e Thermal behavior
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Electrical, magnetic and optical response
Durability

Processing and the way it influences properties
Environmental issues

Throughout we aim for a simple, straightforward presentation, developing the materials science as
far as is it helpful in guiding engineering design, avoiding detail where this does not contribute to
this end.

And fourth, synergy with the Cambridge Engineering Selector (CES)'—a powerful and widely
used PC-based software package that is both a source of material and process information and a
tool that implements the methods developed in this book. The book is self-contained: access to the
software is not a prerequisite for its use. Availability of the CES EduPack software suite enhances
the learning experience. It allows realistic selection studies that properly combine multiple con-
straints on material and processes attributes, and it enables the user to explore the ways in which
properties are manipulated.

The CES EduPack contains an additional tool to allow the science of materials to be explored in
more depth. The CES Elements database stores fundamental data for the physical, crystallographic,
mechanical, thermal, electrical, magnetic and optical properties of all 111 elements. It allows inter-
relationships between properties, developed in the text, to be explored in depth.

The approach is developed to a higher level in two further textbooks, the first relating to mechan-
ical design?, the second to industrial design?.

' The CES EduPack 2007, Granta Design Ltd., Rustat House, 62 Clifton Court, Cambridge CB1 7EG, UK,
www.grantadesign.com.

2 Ashby, M.F. (2005), Materials Selection in Mechanical Design, 3rd edition, Butterworth-Heinemann, Oxford, UK,
Chapter 4. ISBN 0-7506-6168-2. (A more advanced text that develops the ideas presented here in greater depth.)

3 Ashby, M.F. and Johnson, K. (2002) Materials and Design—The Art and Science of Material Selection in Product
Design, Butterworth-Heinemann, Oxford, UK. ISBN 0-7506-5554-2. (Materials and processes from an aesthetic

point of view, emphasizing product design.)
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Resources that accompany this book

Exercises

Each chapter ends with exercises of three types: the first rely only on information, diagrams and
data contained in the book itself; the second makes use of the CES software in ways that use the
methods developed here, and the third explores the science more deeply using the CES Elements
database that is part of the CES system.

Instructor’s manual

The book itself contains a comprehensive set of exercises. Worked-out solutions to the exercises are
freely available to teachers and lecturers who adopt this book. To access this material online please
visit http://textbooks.elsevier.com and follow the instructions on screen.

Image Bank

The Image Bank provides adopting tutors and lecturers with jpegs and gifs of the figures from the
book that may be used in lecture slides and class presentations. To access this material please visit
http://textbooks.elsevier.com and follow the instructions on screen.

The CES EduPack

CES EduPack is the software-based package to accompany this book, developed by Michael Ashby
and Granta Design. Used together, Materials: Engineering, Science, Processing and Design and CES
EduPack provide a complete materials, manufacturing and design course. For further information
please see the last page of this book, or visit www.grantadesign.com.
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