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Materials Science and Engineering can be taught without textbooks, however textbooks like those
written by James Shackelford, Askeland and Fulay, William Callister, and so on can strengthen a
course, significantly enhancing its structure and quality. Introduction to Materials Science for
Engineers, by James Shackelford is one such text; using what is often called a science-led
approach over a wide range of different materials classes. The CES EduPack is designed to
complement and support teaching based around all the major textbooks for Materials, for both
science-led and design-led approaches. In this paper we will discuss how courses based on
Shackelfordd stextbook can use CES EduPack. The paper will show explicity how the two
resources can work together to provide an enhanced learning experience. The examples given here
however, are also valid for most of the other leading textbooks in the field.

Shackelford, as we will refer to the textbook by this author, now in its 8™ edition, is the primary text
used in Materials Science in a large number of Universities. Building on the success of previous
editions, this book continues to provide engineers with a strong understanding of the fundamentals
as well as an overview of different material classes and their applications. The strength of the book
comes from a balanced approach to Metals, Ceramics, Glasses, Polymers and composites and the
engaging way in which it approaches the topic, with examples where materials have changed the
world, mini biographies of materials scientists and engineers and case studies.
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Figure 1. The evolution of materials availability
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CES EduPack is a resource for supporting materials and manufacturing processes related
courses across many engineering, science and design disciplines throughout all years of
study. It has three levels with progressively increasing content: the simplest, designed for
introductory materials teaching; the intermediate, for most 2™ to 4™ year courses and the

third for advanced under gr adanaprogect workdlIt iMesesit er 6 s

at over 1000 Universities and Colleges worldwide and is developed year on year, in
collaboration with the academics that use it around the world.
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At the heart of CES EduPack is a Materials and Processes Database containing records
that cover thousands of engineering materials. There are three levels of the database,
supporting teaching and learning from introductory courses to postgraduate levels. Levels
1 & 2 contain a limited number of material records, focused on introducing students to the
key materials classes and the most important properties. Each material property in these
records is linked to aso-cal | ed O6Science Notebo, whi ch
property, its definition, measurement and the underlying science. At the bottom of these
explanations there are references to further reading on the topic. These include references
to Shackelford and other textbooks i detailing the specific chapter in which the property is
covered.

Books and software are obviously different. One advantage of a book is its longevity. It is a
data format that will probably out-live any software around today! However, this is also its
disadvantage. As the world of materials develops, texts like Shackelford have more and
more to cover. While the problem of out-dated data can be solved by a new edition, the
issue of which materials to cover in depth, and how to fit everything into 1000 pages,
becomes more difficult. That is where software has an advantage. As long as the browsing
and searching functions of a piece of software are easy enough to use, you can fit in (and
update) a lot more data in an accessible way. CES EduPack Level 3 contains about 50
sets of property data on about 3900 materials. It also directly links to the ASM International
Handbooks online for even more information, and specialist editions contain much more: in
the Polymer Edition alone, a total of individual material records approaching 95000 is
available for browsing, searching and selecting from.

Complementing Shackelford visually is something that both academics and their students
may find engaging. The historical perspective in Chapter 1 can take advantage of the
Afdate first WCE® HdaPadk ¢hattletsryeu plotnthe materials available to
mankind at a certain time in history. Figure 1 shows the evolution of the number and type
of materials availability throughout the history of mankind in a plot of yield strength versus
Youngb6s modulus. One can easi | y-madkenatdrialsagd
the increasing population of the area in the plot over the years, from 3000BCE to the
present. This ties in nicely with the very first section of Shackelford, where the book makes
the inspirational point that the development of materials has defined Ages and shaped the
world around us.
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Figures and data in Shackelford, such as those on atomic properties (Figures 3.4-3.6,
Table 5.2 and Appendix 2) or materials properties (Chapter 6 and Appendices 2 & 4) are,
by necessity, short and rather dry. CES EduPack can support these sections, and others,
by presenting data in an easy-to-find and easy-to-view way, via materials records with
images of typical uses. The data can also be presented graphically, giving more context
and helping visual learners to soak in the main points. Often the important thing is not to
memorise a particular value, but to understand trends and relationships between
properties. CES EduPack can therefore be used as a data resource to support and extend
the 6 Pr o b | extiors & the end of each chapter in Shackelford, and as a way for
students to self-learn by exploring different materials and creating their own property
charts. Receiving information in multiple and interactive formats can often help students
retain k nowl edge more easil y.nmeMd can bes® @ @Ecs Mh 0  a s ¢
Shackelford and can be carried out by students using CES EduPack as an information
resource. Students can copy and paste charts and datasheets into a homework report.

In the examples of Figures 3.4-3.6 in Shackelford, one possible illustration is a plot of
atomic radius versus lattice parameter a (the unit cell edge length) in Figure 2. One can
notice that, as expected, the volume of the unit cell is directly related to the atomic radius
and that, for the same atomic radius, the unit cell volume increases from hexagonal close-
packed (HCP) to body-centred cubic (BCC) to face-centred cubic (FCC).

Equation 6.9 of Shackelford, not derived in the book, can be verified simply by plotting
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Figure 2. Atomic radius versus lattice parameter
for all the solid elements at room temperature.
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immediately shows a straight line relating one to the other for all engineering materials.
Some materials deviate a little from this straight line: those that cannot be considered
isotropic, like natural polymers and composites. Likewise, the Wiedemann-Franz law,
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which ties together information covered in Chapters 7 and 13, can be plotted and checked
graphically as in Figure 4.

From mi cr o maon inpauwlipabtyisnigc
and mechmamopgadti es

Chapter 6 on mechanical behaviour is devoted to stress-strain diagrams, elastic, plastic
and viscoelastic deformation, hardness testing and creep. CES EduPack provides data for
all materials in the database in all these dimensions, with the exception of creep. Science
notes can be accessed by clicking on each of the properties in the records, to refresh
students on the basic concepts and definitions of that property, or as part of guided self-
learning (Figure 5). In the Aerospace Edition, it further provides all these properties as a
function of temperature. Changing the temperature at which you want the properties to be
displayed will automatically change their values, and you can plot them with temperature,
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Drilling down: yield, ultimate and elongation.
Why does a shear sivess make a dislocation move?
Further reading.

Definition and measurement. The vield strength Oy (or elastic limit
i i i . Tensile sirength ay;
& gf ). (units: MPa or MIN/m*) requires careful definition. For metals, we 5= 5

often identify &y with the 0.2% offset yield strength, that is, the stress at
which the stress-strain curve for axial loading deviates by a strain of 0.2%
from the linear-elastic line as shown in Figure 1 (this 0.2% offset point is
also associated with plastic strain). &y can also be defined by the

proportional mit. For metals. it is often, but not always the same in tension

and compression — notice for example that the wrought aluminum alloys

datasheets show a tension/compression anisotropy. For polymers, Ty is
identified as the stress at which the gradient of the stress-strain graph is Figure 1. Stress-stram curve for a metal
zero. When such a local maximum is not present, then it is defined as the

stress at which the stress-strain curve becomes markedly non-linear:

typically, a strain of 1% (Figure 2). Polymers are a little stronger (= 20%) in

compression than in tension. The strength “p of a composite is best defined by a set deviation from linear-elastic
behavior: 0.3% is sometimes taken. Composites that contain fibers (and this includes natural composites like wood) are a
little weaker (up to 30%) in compression than tension because fibers buckle. Strength. for ceramics and glasses, depends
strongly on the mode of loading (Figure 3). In tension, “strength™ means the fracture strength — this value is taken as both
the ultimate tensile and yield strength (elastic limit), &,/ . for ceramics. In compression it means the crushing strength,

which is much larger. by a factor of 10 to 13, than that in tension.

The witimate (temsile) stremgth Oy (units: MPa) is the
maximum engineering stress (applied load divided by the
original cross-sectional area of the specimen) in a uniaxial
i R . Liméted plasteity: T=08 Ty
stress-strain test. For non-deformable matenals, it 1s the nominal
stress at which a round bar of the material, loaded in tension,
separates. For deformable materials, it occurs at the onset of

necking at strains preceding breakage (separation). For brittle Viscous low; T>> Ty

1% sirain Elongation
as the failure strength in tension. For metals and most " el
Strain e = 8L/1

solids — ceramics, glasses, and brittle polymers — it is the same

composites, it is larger than the yield strength, @y . by a factor
of between 1.1 and 3 because of work hardening or, in the case Fgure 2. Sfress-strain curve for a polymer.

of composites, load transfer to the reinforcement. The

Figure 5. Excerpt of the science note that pops up when you
click on the fiYield strengtho property i
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as in Figure 6.

Shackelfordd <hapter 8 on Failure is
full of graphs and data of extreme
importance  to  understand  the
mechanical behaviour of materials.
CES EduPack can help enhance the
understanding of the concepts with
data. The explanation of fatigue and
the S-N curves can be complemented
by showing high-cycle fatigue curves
for several materials. In level 3, CES
EduPack can show these curves as
ranges for different values of R. Figure
7 shows the same plot as
Shackelfordd s fei §.24, for a
different material, for the limited fatigue
range in a log-log plot, for R=-1. The
range denotes the statistical nature of
fatigue. These plots are only available
for metals, but all other material
records have a fatigue strength at 10’
cycles.

Phase diagrams are also an important
topic for introductory materials science,
presented in chapter 9 of Shackelford.
CES EduPack complements that at
level 2 with a phase diagram for each
alloy system, with a total of 15 binary
and ternary phase diagrams. Figure 8
shows one of the most important
material systems: that for stainless
steels, involving Iron, Nickel and
Chromium.

Chapter 10 part 4 goes in some depth
into precipitation hardening, which can
be depicted with CES EduPack for
Aluminum alloys, as an example, in
Figure 9. These types of plots help the
students grasp immediately the
consequences of heat treatments in
mechanical properties. There is a
whole lecture wunit available from
Granta Designd s
website on manipulating properties,
where a number of examples are
given. This resource, (Lecture Unit 4.

teaching
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AiMani pul ating
mi crostructure)
dedicated to question and explain why
materials behave mechanically like
they do, and how their properties can
be manipulated by heat treating and
alloying, or by using additives in
polymers or building composites.

Chapters 9 and 10 dwell on phase
transformations and microstructure by
helping students understand both the
equilibrium state and the role of
kinetics. Mechanical properties are
mentioned in passing, but the focus is
on what is happening at the
microscopic level. Chapter 11 then
starts by describing different material

Prop
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alloys hardening
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| 1050, hard
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hardening
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Pure Al
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Figure 9. The effects of various strengthening
mechanisms in pure Aluminum and its alloys

1000

classes and how they are defined and named. These chapters can be supported by
helping motivate the students to study the details they need to learn by showing how they
affect material properties. Steels are particularly useful to explain the influence of alloying
elements and the phenomena that develop during heat treatments.

Carbon content is one of the most influential factors on the mechanical properties of steels
along with the way in which they are heat treated. The influence of carbon content on the
properties of steel is shown in Figure 10, where the opposite effects in strength and
ductility of carbon content are clearly depicted. The effects of heat treating can also be
shown in a similar way. Figure 11 shows the influence of quench and temper parameters
in the final average mechanical properties of an AISI 1080 high carbon steel.
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At the macro scale: using materials
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More than data
Chapters 11 and 12 in Shackelford discuss metals, ceramics, polymers and composites,

how they are classified, what distinguishes them structurally, an overview of their
properties and where they are used. A lack of space in the book means that this
information is very brief for each material class. Students can delve into more depth on
each material class in CES EduPack.

CES EduPack is a fully searchable database with a high visual impact. Finding materials

for specific applications can be done by searching for a product and finding the material it
ismade of. f youdre interested in finding the mater:i
search for the word Awetsuito and a recard for
Neoprene) will immediately appear. Figure 12 shows a screenshot of this record in level 1.

All the level 1 and 2 material records have a picture of a product that somehow represents

the use of that material.

Other information is needed to help Engineers use materials besides raw property data.
This is covered in level 2 by the textual content of each record. A description of the
material, a summary of its composition, design guidelines, technical notes and typical uses
are all included. Figure 13 shows a screenshot from a level 2 record for Age-hardening
wrought Aluminum alloys.
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Polychloroprene (Neoprene, CR)

il.lyock:'\idulevdl - ﬁ b

Polymers and elastomers > Elastomers >

Description

Image

Caption
1. Close-up of a wetsuit showing the texture of the matenial. @ Yoruno at en wikipadia - (CC BY-SA 3.0) 2. Surferin a
tychloroprene wetsuit. © Johntex at en wikipedia - (CC BY-SA 3.0)

The material

Polychlorop (Neoprene, CR) - the Is of ~ are the leading non-tire synthetic rubbers. First
syntheswzed in 1930, they are made by a condensation polymenzation of the monomer 2-chioro 1,3 butadiene. The
properties can by modified by copolymenzation with sulfur, with other chioro-butad and by blending with other
polymers to gve a wide range of prop . Polychlorop are charactenzed by high chermscal stabdity, resistance
to water, oil, gasolme and UV radiation

Composition (summary)

(CH2-CCI-CH2-CH2)n

General properties

Densaty 123e3 - 1253 kg/m*3
Price =53 - 59 USD/kg
Mechanical properties

Young's modulus Ted - 0002 GPa
Yield strength (elastic imit) 34 - A MPa
Tensde strength 34 - 24 MPa
Elongation 100 - 800 % strain
Fatigue strength at 10°7 cycles *153 - 12 MPa
Fracture toughness *01 - 03 MPa .m0 5
Thermal properties

Maximum sensce temperature 102 - 12 ‘c

Thermal conductor or insulator? Good insulator

Thermal conductmty 01 - 012 Wim*'C
Specific heat capacity * 23 - 223 kg 'C
Thermal expansion coeficient 575 - 610 pstran*C
Electrical properties

Electrical conductor o msulator? Good insulator

Optical properties

Transpatency Translucent

Eco properties

Embodied energy. pnmary production 612 - 676 Mlkg

CO2 footpeint. primary production 16 - 178 kg'kg
Recycle X

Supporting information

Typical uses

Brake seals, daphragms, hoses and o-nings, dvehacle pads, f

Links

ProcessUnaverse g

Figure 12. A full record in CES EduPack at Level 1, showing material
description, typical uses and an image. The records complement the material
data presented in Shackelford
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Figure 13. Caption below



