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Learning objectives for this lecture unit

Ansys software mentioned | * Ansys Granta EduPack™, a teaching software for materials education

Intended Learning Outcomes

Knowledge and

Understanding Knowledge and understanding of the design process using Material Indices

Skills and Abilities Ability to use the Ansys Granta EduPack software to apply screening and ranking to material properties
Values and Attitudes Appreciation of design-led decision-making using Ansys Granta EduPack software tools
Resources

Text: “Materials: engineering, science, processing and design” 4th edition by M.F. Ashby, H.R. Shercliff and D.Cebon, Butterworth
Heinemann, Oxford, 2019, Chapter 3, 5 and 7.

Text: “Materials Selection in Mechanical Design”, 5th edition by M.F. Ashby, Butterworth Heinemann, Oxford, 2016, Chapters 4-5
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Outline of lecture unit

Q Linking materials to design

The selection strategy:

Translation — Screening — Ranking - Documentation

The Ansys Granta EduPack software selection toolbox

@ Limit stages

: \ Graph stages
Y. Tree stages

Material indices do the job
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The design process

[ Market need ]

Material data needs [ Problem statement ]

Data for material family

(metals, ceramics, polymers..) ~ "1*" ttE > ‘ Concept
Data for material class | Y N prerer—"
(Steel, Al-alloy, Ni-alloy.....) ‘ mbodimen

Data for single material  ........ > [ Detail ]
(Al-2040, Al-6061, Al-7075.....)

[ Product specification ]
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Need — Concept — Embodiment
Need ¢ Concepts

Direct pull Levered pull Geared pull Spring-assisted pull
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Embodiment — detail

Embodiment Detail

Cast phenolic
GRIP through colored

E E-l 90.0 --E-- 22.[)—--5 j
CUNY lﬁﬁﬁ::::ﬁﬁ;-a
P 1 920 s s
e Y e s P
r 112.0 -

Stainless steel type 302

All dimensions mm ARM  achined from bar stock

How are those choices made?
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The selection strategy: materials

Design requirements:
expressed as
Constraints | and

Objectives

1

Able to be molded
Water and UV resistant
Stiff enough

Strong enough

As cheap as possible

(As light as possible)

~

-

Data:
Material attributes
Process attributes

Documentation

Comparison engine
= Screening

= Ranking

| " Documentation

1

1

Density
Price
Modulus
Strength
Durability

Process compatibility
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Translation is important

Translation: “express design requirements as constraints and objectives”

Design requirements

~
Typical Constraints  What essential conditions must it meet ?
Be strong enough
Conduct electricity
Tolerate 250°C
Be able to be cast
\. J

What measure of performance is to be
maximized or minimized ?

Mass

Typical Objectives

Volume
Eco-impact
Cost
Screening: “use constraints to eliminate materials that can’t do the job”

\nsys GRANTA EDUPACK



Creating Charts — choosing materials to plot

Py 4
@ Home ‘ @ Browse Q Search @‘ Chart/Select | ] ﬁ Eco Audit E Learn ‘\ Tools "l ﬁ Settings @ Help =

1. SELECTION DATA v
Database: Level2 Change... ‘
Select from: | MaterialUniverse: All materials v

Custom

2_SE LL(_" Define your own subset...
fIMaterialUniverse
@ Chart, | All materials
Compaosites
Elastomers
Foams
Glasses
Metals and alloys
Natural materials
Non-technical ceramics
I Polymers
- Technical ceramics
PProcessUniverse
Joining
A Shaping
Surface Treatment
€ ' — T
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Creating Charts — single property charts

@ Home ‘ @ Browse Q Search E’! Chart/Select | Y

? Eco Audit

@ Learn ‘\ Tools ¥ | ﬁ Settings @ Help ¥

1. SELECTION DATA b
Database: Level2 Change...
Select from: iMaterialUniverse: All materials v |

v

2 CoicoTinN QU\CLS

|@Chart/lndex Y'Jmit L@Tree

Choose:

X-Axis Y-Axis

List of properties

Density

Yield strength
Young’s modulus
etc.

Property

Property 1

Bar chart

Bubble chart

9o

O
Cam

-

Property 2
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Creating Charts — advanced property charts

@ Home ‘ @ Browse Q Search E’* Chart/Select | '-T"- ? Eco Audit / E Learn ‘\ Tools "l ﬁ Settings @ Help ¥

: . = >

1. SELECTION DATA -
l \ al § Bar chart

Database: Level 2 Change... q:)

Select frOm;;MateriaIUniverse: All materials v E I I I

2_ SELECTION STAGES bt E

| 82 chart/index Y Uit L Tree _g
S I

Choose: =

X-Axis Y-Axis
Fy
List of properties @ Bubble chart

(V]

Advanced 0

Density :

Yield strength =]

’ =}

Young’s modulus o]

(=]

etc. S

Yield strength / Density
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The Chart tool bar

Materials
Selection Tools

Box selection 4

Index line

Delete lines &

boxes

v

Chart settings

v

Cursor

Chart Annotation

Data highlight tools*

Tools
Curve Change to nearby record
A User defined records 4
rrow 4 A
# Synthesized records
Text Reference Record
I Favorite records x
A T A

4 N\ 4 A

- L& & 8 e e e e e

Q Q oy AR / @ > * » A O

N J N
Zoom in Show family Hide failed
v envelopes results
Zoomout | M *these icons will be grayed
Show results from out unless (1) record type is
Autoscale all enabled stages available in project or
2) single material is
Chart Scale (
Tools Choosing data shown in chart selected on chart
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Screening with a CHART STAGE

| 2_ SELECTION STAGES

| %% chart/index Y Limit Les Tree I Bar chart
| ]
£ |
Q
Q.
: I
a
A ) Results Ranking
1 1
h‘, Box Selection Tool [ Xoutef 100pass  bromt P2
Material 1 2230 113
Material 2 2100 300
Material 3 1950 5.6

Bubble chart

etc...

Property 2

Property 1 Display Line Tool
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Screening with a LIMIT STAGE

2_ SELECTION STAGES

82 Chart/index | Limit | Les Tree

Results

Limit Bar x

Data available: 100 of 100 (100.0%)

Glasses
w___a|

Non-technical ceramics
|

Technical ceramics

Composites

Foams

[—
Natural materials
— |

Metals and alloys

Elastomers

Po\zmers

0.1 1 10 100
Thermal conductivity (W/m.°C) Conductor

Insulator

Ranking

X out of 100 pass Prop 1 Prop2
Material 1 2230 113
Material 2 2100 300
Material 3 1950 5.6

etc...

Limit &
‘ Settings H Apply H Clear Logic between attributes for this stage: AND v @

Can't find the property you are looking for?

' General properties

~ Mechanical properties

Minimum Maximum

Young's modulus ] |2 | | | GPa
Shear modulus = | l | | GPa

Bulk modulus - | | | | GPa
Poisson's ratio = | ‘ | |

Yield strength (elastic limit) = |1O | | | MPa
Tensile strength ] | | | | MPa
Compressive strength = | l | | MPa
Elongation ] | | | | % strain
Hardnace _\Virkers - | | | | HV
Fatigue strengt at 1047 cycles = | | | | MPa
Fracture toughiiess ) |5 | | | MPa.m#0.5
Mechanical los: coefficient (tan delta) - | l I |

~ Thermal properties

Minimum Maximum

Melting point = | ‘ | | LG

Glass temperat ire = | I | | °C
Maximum serv ce temperature = | | | | °C
Minimum servi :e temperature ] | | | | =L
Thermal condu :tor or insulator? |Good insulator Izl
Thermal conducuviy o 1 ‘ | | W/m.°C
Specific heat capacity = | I | | J/kg.°C
Thermal expansion coefficient = | | | | pstrain/°C
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Screening with a TREE STAGE

2. SELECTION STAGES

@ Chart/Index Y Limit Lc:/ Tree

Title:

Notes:

Trees

ProcessUniverse

[BE ProcessUniverse
rE! Joining
Shaping
B Additive manufacturing
Casting
Die casting processes
Investment casting processes
Sand casting processes
BB composite forming
Deformation
Bm Marchining

Choose and insert records from the ProcessUniverse tree.

Selected records:

[ProcessUniversenShaping\Casting\Die casting processes]

MaterialUniverse records linked to these records will pass the selection.

Preview

Insert

OK

Cancel

‘ ‘ Help

Materials that
can be die-cast

\

Results
X out of 100 pass

Material 1
Material 2
Material 3
etc...

\nsys
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Selection on links

4 A
Select 07 The
materia database
properties References
data-table
DATA FOR
Metals & alloys )
Y . Links
Polymers <«— Materials Processes —p
Ceramics & glasses data-table data-table
Hybrids
Suppliers
data-table
Select on links e /

©2025 ANSYS, Inc.
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Joining

Shaping

Surface treatment
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What is a “material index”?

Component performance is limited by either:

a single material property e.g. tensile strength, O

a material property group, e.g. modulus / density, E/p

The
material index
for the design

To maximize

performance:

First apply all
constraints

Then select
materials with the
biggest or smallest
index

@ Home | %1 Browse Q Search IC\" Chart/Select

sl
®* cco Audit

E Learn \ Tools ¥ | n Settings ® Help »

Materials Selection

Ansys Innovation Courses

Follow this link to the free Materials Selection
courses to learn about this methodology’s
principles.

LEARN MORE —

Materials Selection White Paper

Learn the core steps of the materials selection
methodology and grasp a basic understanding of
performance indices.

LEARN MORE —

\ ) .
- o

Performance Indices Booklet /

This interactive booklet provides pre-derived
performance indices for a variety of conditions.

LEARN MORE —

Performance Indices
Reference Booklet

(A
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Simple one-property indices
Design requirement

Constraints
Transparent - of optical quality
Able to be molded

Objective
As tough as possible —
maximize fracture toughness K,

The material index: choose material with largest K;,

Alternative objective
As cheap as possible —
minimize material cost C,,

The material index: choose material with smallest C,
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Minimum weight design - indices

Tensile ties

(%)

) Main spar
Compression
strut - beam
{EWJ [%}
P

Undercarriage - bending and
compression

P = Density 2/3
Oy = Vi Cy
y = Yield strength

E = Young’s modulus
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Index for a strong, light tie-rod

Strong tie of length L and minimum mass

[ Function ] Tie-rod c 'j :
Area A ) ] -
[ Constraints ] Length L is specified
Must not fail under load F
m = mass
A =
Equation for constraint on A: o IZ ':;t )
F/A < Oy p = density
[ Objective ] Minimize mass m: O'y=yield strength
m=ALp
Performfamce m=FL | 2 Chose materials |\ :{&J
metric Oy with largest P

\nsys
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Index for a stiff, light beam

Stiff beam of length L and minimum mass

Function ] Beam
[ W IF
Square
b X .
] section,
T&A | <Z\ area
< L 7 » A=Db?
. Length L is specified 5

[ Constraints ] Must have bending stiffness > S*

) ] m = mass

Equation for constraint on A: A = area
2 L = length
S:E: CEl — CEA p = density
3 3 S =stiffness (F/6)

o L 121 This beam: & = FL3/CElI

[ Objective ] Minimize mass m: C = constant (here, 48)
m= AL P E = Young’s modulus
| = second moment of area
(I = b%/12 = A2/12)
1/2
5 *
Performance m — 12L°S (Lj Chose materials g — gl/2
metric C /2 with largest P
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Ranking, using charts

Light stiff beam:
Index M = ilz
P
Rearrange:
E = pz MZ
Take logs:

LogE=2logp+2logM

Function | Index Slope
Tie Elp 1
Beam El2lp 2
Panel ESlp 3

22

1000 — =
Ve
7/
100 | Jncreasina M @ |
©
D- '
9 ’
w10 | RSN
(V5]
=
>
©
@)
E 1 '/_ """"""" VA /’ < N \N T TTqTq/c/Tc0TT0gydYS s T momTmT T
\U)
(o]0]
c
= !
=01/ o) PR N ¢ S
-~ Elast |
. astomers
0.01 Foams |
100 1000 10,000

Density p (kg/m?3)
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Selection using index in a bubble chart

23

1| Young's modulus - Density Technical SIC \{:'Eﬁm Maloys
1000 - ceramics - 5=
. ) ] ﬂ._wm °
Search Composites // '
1005 = Cu ahys
E area
_ ——~Metals
E 10 E"'f--I'.EIlﬂ:I'_rE
) EH ) Zne alloye”
= 1 Longifuging! . e
m wave speed . -” T.-- " Nea-technical
E?: 1 T e ..eramms_.___.- P
N AT SR 1 LS ol - - = S )
.a - H%TE L E1ll3_ ’
; — ; __,.T'
E NERL > Folymers iy £12¢
m '"]'_ - ¢’ -, -ﬂ_
s i’
Foams o e
§ lammx T
10* mis - -
> 102 Results Ranked
E R 22pass by Index EY2/p
e =" Material 1 2230
103 e’ " Material2 2100
] Material 3 1950
] = etc...
10° mis e,
'”]4'5 e g S B S B =
10 100 1000 10,000

Density, p (kg/m?3)
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Selection using index directly on chart axis

0.017]

o
5

( Young's modulus * 0.5 ) / Density
i

etc...

Index EY2/p

“Wrought Mg alloys mmdj,m ]

ﬂ;llg alloys Fap-er and cardboard

Cast Al-alloys
i ﬂmght Al-alloys _ omc

1 10 Titanium alloys r"ne..m:ln::s- I
Tl Stainless steal Acstal P!P II I
.-I ALl I-II Brass I
! | F'Iy'w::-::-d
Low alloy steel Ill IIIIIII' III I
. - Polyester ! Softwood: across grain
Bronze Vi EFQWAELIS -
Tin | PUR I
i PS J C-::rk
Lead S
PTFE N -
Results  Ranked
EL/2/
22 pass by Index P U[
Material 1 2230 ! .

| Material 2 2100 Polymers | Hybrids
™ Material 3 1950 '
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Documentation: the pedigree

Documentation: “now the number of candidates is small, explore their character in

depth”
Handbooks
Specialized Suppliers’
databases data sheets

The Internet
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Summary

The selection strategy:

Translate - Screen - Rank - Documentation

The Granta EduPack software allows Screening using ‘Limit — Chart — Tree
stages’ in any number and sequence

The progression:

Data Visualization Selection
(Numbers, text) (understanding the data) (using the data)
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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.
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https://ansys.typeform.com/to/jcattJI5

© 2025 ANSYS, Inc. All rights reserved.
© 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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