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Learning objectives for this lecture unit

Intended Learning Outcomes

Knowledge and 
Understanding

Understanding what is available in the MS&E database

Skills and Abilities Ability to plot property trajectories as a function of processing

Values and Attitudes Appreciation of the Processing, Structure, and Properties relationship

Resources
▪ Text: “Materials: engineering, science, processing and design” 3rd edition by M.F. Ashby, H.R. Shercliff and D. Cebon, Butterworth Heinemann, Oxford 2014, 

Chapter 19.

▪ Text: Callister, Budinski, Askeland and others – recommended reading in Science Notes

▪ Ansys Granta EduPack software, The Materials Science and Engineering database

▪ White Paper: The Granta EduPack Materials Science and Engineering Package

Ansys software mentioned • Ansys Granta EduPack , a teaching software for materials education

http://www.ansys.com/products/materials/granta-edupack/?utm_campaign=academic&utm_medium=referral&utm_source=education-resource&utm_content=partner_cross-bu_educator-resource-link_product-page_learn-more_na_en_global&campaignID=7013g000000gv7hAAA
https://www.ansys.com/academic/educators/education-resources/paper-the-granta-edupack-materials-science-and-engineering-package?utm_campaign=academic&utm_medium=referral&utm_source=education-resource&utm_content=partner_cross-bu_educator-resource-link_case-study_download_na_en_global&campaignID=7013g000000gv7hAAA
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Lecture unit outline
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▪ Teaching Materials Science and Engineering

▪ The MS&E Package and homepage

▪ Elements data-table

▪ Material records in MS&E

▪ Process records in MS&E

▪ Phase Diagram Tool

▪ Process-Property Profiles

▪ Characterization techniques data-table
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(teddy-rised CC BY-NC-ND 2.0)

• Large classes, varied backgrounds

• Divergent aspirations

Understanding materials – the science

Using materials – selection and design

• Vast range of scale and concept

Electrons (quantum mechanics) to 
Spacecraft (Newtonian mechanics)

Challenges to 1st year materials-teaching
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Materials Science and Engineering: approaches

10-14 m 10-2 m

Science-
driven 

approach

Ansys Granta EduPack software MS&E Package: a set of resources to support both approaches

Design-
driven 

approach
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The Materials Science and Engineering package

A linked set of resources to support many 
approaches to teaching

Features

• Learning by discovery

• Intuitive interface to comprehensive Materials Science database

• “Teach Yourself” units for Phase Diagrams and Crystallography

• MicroProjects to stimulate self-motivated discovery

• Lecture unit and exercises with solutions

• Teaching package: for instructor and student
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Basic insight of materials science

What do we mean by structure?

The basic insight of Materials Science:
The Process – Structure – Properties – Performance tetrahedron

Pre-1900:
Empiricism
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What we mean by “structure”

Density

Modulus

Specific heat

Expansion coefficient

Saturation magnetization

Nucleus and Bonding-sensitive properties

Structure at electronic and 
atomistic levels

Strength

Toughness

Elongation

Electrical, thermal conductivities

Coercive field, Energy product

Microstructure-sensitive properties

Structure at the lattice and 
phase levels
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The MS&E main homepage

Unique interaction point 
for the userAll-in-one 

homepage

Directly accessible from 
the homepage

9



©2025 ANSYS, Inc.

Properties of the Elements

▪ Nuclear 

▪ Mechanical 

▪ Thermal 

▪ Electrical and superconducting

▪ Electronic Structure

▪ Magnetic 

▪ Environmental 

The Elements data-table

Explore

Nucleus and Bonding-sensitive
properties
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Variation of properties across the Periodic Table

Bonding-packing 
sensitive properties

10-9 m
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Electronegativity and bonding

Hume-Rothery rules for solid solutions:
• Atoms size difference less than 15%
• Similar electronegativity
• Valence is similar

Difference in electronegativity < 1.7
Covalent bonding

Low electronegativity :
Metallic bonding

Difference in electronegativity > 1.7
Ionic bonding

Alloys
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Materials data-table
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Materials records

95 Engineering materials 88 Biological materials 46 Functional materials
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Engineering and natural materials

Carbon steel

Coral
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Magnetic and thermoelectric materials

Alnico                      Co-Sm             Nd-Fe-B

Thermo-electric energy harvester
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Processes data-table
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Phase diagrams

Phase Diagrams
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Phase Diagrams

Lever rule

Dynamic – pull 
bar down

Reports liquid 
composition and 
weight fraction Schematic of 

phases present
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Phase Diagrams

Phases

(Sn) + Liquid

(Sn) Solid

(Pb) Solid

(Pb) + Liquid

Liquid

Eutectic
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Phase Diagrams

Cooling paths
Lead Tin diagram

Path 1Path 2
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Phase Diagrams

Phase diagram data-table
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Characterization data-table 
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Datasheet example
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Process-Property Profiles data-table

25



©2025 ANSYS, Inc.

Process-Property Profiles data-table
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Solution hardening, work hardening, ppt hardening

Precipitation
hardening

Solid solution
hardening

Work
hardening
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Filling, blending, reinforcement (composition)

Mineral
filled

Fiber
reinforced

Blending

28



©2025 ANSYS, Inc.

Systematic selection for performance, environment

2
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Learning resources
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MS&E-related resources on the Ansys Education Resources Page

White Papers

Micro-projects

Multiple Choice Questions

GIFT format 
for Moodle

Lecture UnitsExercises with Solutions

Teach Yourself...

31



©2025 ANSYS, Inc.32

Ansys Education Resources Feedback Survey

Here at Ansys, we rely on your feedback to ensure the educational content we create is 
up-to-date and fits your teaching needs. 

Please click the link below to fill out a short survey (~7 minutes) to help us continue to 
support academics around the world utilizing Ansys tools in the classroom. 

Feedback Survey Link

Feedback Survey Link

https://ansys.typeform.com/to/jcattJI5
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© 2018 Mike Ashby

Use and Reproduction

The content used in this resource may only be used or reproduced for teaching purposes; and any commercial use is strictly prohibited. 

Document Information

This lecture unit is part of a set of teaching resources to help introduce students to materials, processes and rational selections.

Ansys Education Resources

To access more undergraduate education resources, including lecture presentations with notes, exercises with worked solutions, microprojects, real 

life examples and more, visit www.ansys.com/education-resources.
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