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Module

1

Introduction to Engineering Materials

1.1 ENGINEERING MATERIALS TECHNOLOGY

Materials are the matter of the universe. These substances have properties that make them use-
ful in structures, machines, devices, products, and systems. The term properties describes the
behavior of materials when subjected to some external force or condition. For example, the
tensile strength of a metal is a measure of the material’s resistance to a pulling force. The
family of materials (which will be explained in more detail in 1.3) consists of four main
groups: metals (e.p., steel), polymers (e.g., plastics), ceramics (e.g., porcelain), and
composites (e.g., glass-reinforced plastics). The materials in each group have similar proper-
ties and/or structures, as will be described later.

Engineering materials is a term often loosely used to define most materials that go into
products and systems. A telephone is a product that is part of a telephone system composed of
many telephones, wires, fiber optics, switches, computers, and so on. Engineering materials
can also more specifically refer to materials whose structure has been designed to develop spe-
cific properties for a given application. For example, engineering plastics are

. . . those plastics and polymeric compositions for which well-defined properties are avail-
able such that engineering rather than empirical [trial and error] methods can be used for the de-

sign and manufacture of products that require definite and predictable performance in structural
applications over a substantial temperature range. (ASTM, 1990, p. 167)

In other words, engineering plastics such as polycarbonates and acetals could replace
more conventional engineering materials such as steel and wood because their properties are
competitive for structural components such as piping, cams, and gears. On the other hand,
general-purpose plastics, such as polystyrene and vinyls, do not possess the properties to carry
heavy loads but serve as packaging, upholstery, and so on.

The field of materials engineering “deals with the synthesis and use of knowledge
[structure, properties, processing, and behavior] in order to develop, prepare, modify, and
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apply materials to specific needs” (National Research Council, 1989, p. 20). Matenals engi-
neers have become very much in demand as we seek to improve the efficiency of products.

Materials science and engineering (MSE) has become a major field of study, one crit-
ical to many other fields. As defined by a National Academy of Sciences study, MSE involves
the generation and application of knowledge relating the composition, structure, and
processing of materials to their properties and uses. The “science™ focuses on discovering the
nature of materials, which in turn leads to theories or descriptions that explain how structure
relates to composition, properties, and behavior. The “engineering,” on the other hand, deals
with the use of science in order to develop, prepare, modify, and apply materials to meet spe-
cific needs. The field is often considered an engineering science because of its applied nature.
MSE is interdisciplinary or multidisciplinary, embracing such areas as metallurgy, ceramics,
solid-state physics, and polymer chemistry.

Engineering materials technology (EMT) covers fields of applied science related to
materials, materials processing, and the many engineering specialties dealing with matenals,
such as research and development, design, manufacturing, construction, and maintenance.
Many new processes have evolved for the manufacture of engineering materials. Through
these processes, coupled with the design of engineering materials, we now enjoy the benefits
of superior engineering materials. Materials science and technology (MST) is another label
for this field of study.

1.2 THE MATERIALS CYCLE — LIFE-CYCLE ANALYSIS

To better understand engineering materials technology, it is useful to view the materials cycle,
which can be broken into phases, as shown in Figure 1-1. The following explanation of each
of the stages will provide you with insight into the importance of materials, how they affect

Recycling/disposing
of used products
and systems

Extracting
raw
materials

MATERIALS
CYCLE
FOR
LIFE-CYCLE

Spt:;jﬁztgi ANALYSIS

and systems

Creating
bulk materials,
components,
and devices
Fabricating
products and systems

Manufacturing
engineered materials

Figure 1-1 Materials cycle—life-cycle analysis



