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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

Understanding of materials and processes properties through products

Skills and Abilities

Ability to find design and engineering data from products

Values and Attitudes

Appreciation of the relationships between Products, Materials and Processes.

Resources

Text: “Materials and Design: The Art and Science of Material Selection in Product Design”, 3rd edition by M. Ashby and K Johnson,
Butterworth Heinemann, Oxford, 2014

Paper:
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https://www.ansys.com/academic/educators/education-resources/paper-the-design-database?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

Outline

Why a Product-Centered database
Products at the center of attention
The Designer’s and Engineer’s view
The role of Materials in Designs

Aesthetic properties
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The design database: products, materials and processes

\

Products as

gateway to
innovation and
‘\ design with
'\{fh materials and
/ processes

&
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—
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How did we choose the products for the database?
DESIGN! | - = _

B ,ﬂWallpaper* f— SIS

1. Collected

M % Designs
=
uWee2

2. Selected best | -
examples of ‘ ==
Products -

3. Obtained
Permissions from
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Finding products to engage across disciplines

Materials Materiality

Consumer Iconic products

products

) ) Innovative
Complex/technical Interesting to Interesting to oroducts
oroducts engineers designers
Everyday “Cool”
products products

products that can

inspire both groups
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The Design Database

What can you do with it?

Engage in the visual, material and manufacturing
aspects of products and industrial design.

Visualize how materials create product character, desirability.

Show how new materials stimulate innovation: the evolution of materials
in products.

Excite interest in materials through products.

Understand how products and their components are manufactured.
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Product-centred structure of the database

Investment
casting

st Al-allpys |

Material!
Process

Juicy Salif

Records in
the database

Product

Manufacturer
DeS|gnel‘
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Starting the Design database: the Home page

Browse

Database: Design

Table: ‘ Products

Subset: ‘ All products

Products

[} Consumer

I+ 7] Fashion

[ Interior

1~ [ Packaging

1~ [ Sport and Leisure

E |:| Technology and Healthcare

Ready

o <>
@ Home I @; Browse Q Search E” Chart/Select | :j/

*|| '{x) Home *
Change...
B

] .
) @) change products, clickable

@ Eco Audit ’./

ALL

@ Learn * Tools ¥ | # Settings @ Help ¥

All families of the

Interior

Consumer

Sport and Leisure

Tech and Health Fashion Packaging

All productsin the
database, clickable
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Product datasheet

iMac G3

by Jonathan Ive for Apple

Designer Jonathan Ive
Manufacturer Apple

Materials Polycarbonate (PC)
Description

The iMac was dramatically different from any previous mainstream computer. It was made of
translucent "Bondi Blue"-colored plastic and was egg-shaped around a 14-inch (35.5 cm) CRT display.
The keyboard and mouse were redesigned for the iMac with translucent plastics and a Bondi Blue trim.

Con Designer’s
Consumer, household, home, kitchenware, food, washing up, clean, hygiene, designer, classic. description
Links

Materials [ .

Processes 4 Links to

Desianer - further data-

. [ tables
Manufacturers [
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Insights directly from the designer

Name Jonathan Ive

Studio Apple

Education Industrial Design, Northumbria University
Description

Sir Jonathan Ive is an English designer and was the Senior Vice
President of Design at Apple Inc.

Links
Products [

Inspiring background information
adds to the understanding
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The materials data-table: catering for dual needs

( Alternative Materials viewsw

Designer

view

Engineering

view
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Thermoplastic Vulkanite (TPV)

|Datasheetview:1Designer'sview v | 88 =

<All Alphabetical>

General information

Image

Caption

(1) Plunger © Jes at flickr (CC BY 2.0) (2) Hose © John Loo at flickr (CC BY 2.0) (3) Direct extrusion of bulb seal
on Automotive cowls, Santoprene® 121 S0E500 TPV © Spe.Automotive at flickr (CC BY 2.0)

The material

Dynamic vulcanization (TPV, EDPM and TPOs) allows for new materials to be prepared from existing
polymers, avoiding entirely different processes and feedstocks and excessive extra capital costs. The
strengths include: improved tensile strength and fatigue resistance compared with TPOs. Lower permanent
set, lower swelling in oils, higher melt strength, more reliable melt processing characteristics and improved
utility at elevated temperatures (e.g. smaller decrease in modulus with temperature) compared with TPOs.
Residual elasticity and strength at melting point of resin (e.g. PP component).

General properties

Density @ 939 - 981  kg/mr3
Price ® *348 - 349 GBP/kg
Date first used @® 1981

Typical material record: designer’s view

Aesthetic attributes

Tactile Warmth (Warm 0 - Cool 10)
o

Touch (Soft 0 to Hard 10)

o

Pitch (Low 0 to High 10)

Tone (Muffled 0 to Ringing 10)
Flex (Bendy 0 to Stiff 10)

Resilience (Brittle 0 to Tough 10)

o

Scratch Resistance (Low 0 to High 10)

Light but Stiff (Poor 0 to Good 10)

Light but Strong (Poor 0 to Good 10)

Sustainability attributes
Climate change (CO2-eq) (Low 0 to High 10)

Current Recycling Percentage

Biodegrade

Embodied energy, primary production (virgin grade)

Embodied energy, recycling
Landfill

Processability

Typical uses

®

®

®

® Aesthetic

® data

®

®

®

®

®

® Sustainability
o T w data
@ *116 - 127 Mikg
@ *577 - 637 Mike
® v

Automotive applications, hose, tubing, sheet, mechanical rubber goods, consumer goods, architectural,
construction, electrical and electronic applications, medical and food contact applications, CV] boots, power
tool handles, camera and device coatings/grips, syringe seals.

Notes

Tradenames

Santoprene, TPV, EDPM and TPOs

Links

ProcessUniverse
Products

General text
+ data

GE
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Thermoplastic Vulkanite (TPV)

A
]Datasheet view:[Engineer‘sview Lg| L de | N7 Finc -

<All Alphabetical>

Polymers and Designer' Sview

Description

Image

Caption

(1) Plunger © Jes at flickr (CC BY 2.0) (2) Hose © John Loo at flickr (CC BY 2.0) (3) Direct extrusion of bulb seal on
Automotive cowls, Santoprene® 121 S0E500 TPV © Spe.Automotive at flickr (CC BY 2.0)

The material

Dynamic vulcanization (TPV, EDPM and TPOs) allows for new materials to be prepared from existing polymers,
avoiding entirely different processes and feedstocks and excessive extra capital costs. The strengths include:
improved tensile strength and fatigue resistance compared with TPOs. Lower permanent set, lower swelling in
oils, higher melt strength, more reliable melt processing characteristics and improved utility at elevated
temperatures (e.g. smaller decrease in modulus with temperature) compared with TPOs. Residual elasticity and
strength at melting point of resin (e.g. PP component).

General properties

Density ® 939 - 981 kg/mA3
Price @® * 348 - 349 GBP/kg
Date first used (0] 1981

Typical material record: engineer's view

General properties
Density

Price

Date first used

Durability: a
Acetaldehyde
Acetone

Ethyl alcohol (ethanol|
Ethylene glycol
Formaldehyde (400)

Electrical prq
Electrical conductor of
Electrical resistivity
Optical prop
Transparency

Critical matsg

High critical material

Aesthetic properties
Tactile Warmth (Warm to Cool)
Touch (Soft to Hard)

Pitch (Low to High)

Tone (Muffled to Ringing)

Flex (Bendy to Stiff)

Resilience (Brittle to Tough)
Scratch Resistance (Low to High)
Light but Stiff (Poor to Good)

939 - 98
348 - 349
1981

2@ 0ee

13 - 14
0.1
03
03
04

CHCNCHSNONC)

kg/mA3
GBP/kg

Full engineering
property data

Glycerol Durability: V\lLight but Strong (Poor ta Good)
Suppor Methyl alcohol (meth
= N Water (fresh) . .
Design gui Mechanical properties
D bility: h Water (salt)
As the size urability: Wine Young's modulus ® 0.0158 0.0162 GPa
Chlorine gas (dry) Shear modulus ® * 000525 0.00551 GPa
::er:':;g';i Fluorine (gas) Durability: a(Poisson's ratio ® *o048 0.495
Sulfur dioxide (gas) Acetic acid (10%) Yield strength (elastic limit) ® 39 - a1 MPa
Joining: Sui Durability: b Acetic acid (glacial) |Tensile strength ® 6.31 - 89S MPa
:f’c':,":nbyel Y- Bl ricacia(owy  |Compressive strength ® *as7 - 504 MPa
It [t . .
Adhesivgs LV radiation (sunlight Hydrochloric acid (10{Elongation ® 428 - 550 % strain
Durability: fi|rydrochioricacd @s Hardness - Vickers ® 1 HY
Surface tre - . Hydrofluoric acid (40! Fatigue strength at 1077 cycles ® *253 - 358 MPa
Technical o Fammatly Nitric acid (10%)  [Fracture toughness ® o405 0462  MPamn05
Primary mat Nitric acid (70%) Mechanical loss coefficient (tan delta) ® 0.08 - 01
S"E"_gth?” . Phosphaoric acid (85%; .
swelling in { Climate change (CO2 Thermal properties
temperatu bodied | Sulfuric acid (10%)
Embodied energy, pr . Maximum service temperature @ 130 - 140 °C
strength at Water usage Sulfuric acid (70%)
B Minimum service temperature @ -66.2 -56.2 °C
Limitations| Material pro Durability; a Therma\conduc[clr'nrinsula(or? ® - Good insulator .
. Sodium hydroxide (1 Thermal conductivity (O] 0.118 0.128 W/m.°C
Competes | Functional recycle
due to simif pacycle Sodium hydroxide (60%) @ Excellent
compound.
Climate ch, co2 g A
: ‘";":‘da”g” Durability: fuels, oils and solvents
mbodied energy, re
Typical use h g{ Amyl acetate @ Limited use
PP i Recycle fraction in cu N ~ »
constructio| Combust for energy recovery ® v |
handles, ca Landfill ® v
Biodegrade (0] x
e Links to
ProcessUniverse ez
. ° related data
\NSys / cranta
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Manufacturing processes of products

Silk screen printing soaaee

Process schematic Pattern
Screen

Product

Guidelines and
Typical uses

Design guidelines

The process can be applied to polymers, glass, metals, wood, textiles and of
course paper and board. Flat and cylindrical objects can be printed.
Multiple colors can be printed, but each requires a separate screen.

Image Caption

(1) Poster production by silk-screen printing © U.S. National Archives and
Records Administration at Wikimedia Commons [Public domain] (2) Screen print
squeegee hand bench © Scrud123 at Wikimedia Commons (CC BY-SA 3.0) (3)

T-Shirts design patters © Survivor at Pixabay

The process Typical uses
Silk screen printing has its origins in Japanese stenciling. During the First World Posters, stickers, ticketing, shelf strips, banners, exhibition panels, ring
War in America screen printing took off as an industrial printine i binders, mouse-mats, site boards, signs, T-shirts, control panels and badges

was the invention of the photographic stencil in the 1930s thz for computers.

process. Itis now a $5 billion per year industry. General text

+ data
Links
Physical and quality attributes MaterialUniverse K
Processing temperature ® 26.9 469 °C Products 2
Reference | Kd]

Process characteristics
Discrete ® v
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Manufacturers and suppliers

Important auxiliary information adds to the realism in projects

@ PRODUCTS MATERIALS

Normann Copenhagen Thermoplastic Rubber Systems, Inc.

‘Datashee{ view:‘Manufacturers of products v A X - |Datasheet wew:‘Pdeu[Ers ~ -
M-P > Palymers >

Basic information Organisation Details

Manufacturer Logo Company name

n o r m a n n Solvay Engineered Polymers, Inc.

Website http://polymers.lyondellbasell.com/portal/site/basell/
COPENHAGEN .
Materials and tradenames
Manufacturer Name Normann Copenhagen NexPrene(tm) : Fully Vulcanized EPDM/PP based TPV
Area of Specialisation household accessories, tableware, NexFlex(tm) : SEBS/PP based TPE
kitchenware, furniture NexLink(tm) : Fully Vulcanized EPDM/SEBS/PP based TPV
Founded in 1999 NexTrile(tm) : Fully Vulcanized NBR/PP based TPV
Contact details Other notes
Company HQ Location Copenhagen, Denmark Solvay Engineered Palymers acquires Thermoplastic Rubber Systems Inc in 2004. LyondellBasell completes
Company Website http://www.normann-copenhagen.com/ acquisition of Solvay Engineered Polymers, Incin 2008
Further information Producer status Active
Information Access Date 15/08/2014 Information confirmation date 23/03/2012
Links Links
Products K MaterialUniverse K}

Product manufacturer # Material suppliers!

©2025 ANSYS, Inc. \nsys GRANTA EDUPACK



Using the database

The tool buttons

2 Q|

Browse Search Chart / Select



Browse to explore products

Browse

Tree

Browse

Database: Design

Table: Products

Subset: All products
3 Products
Consumer
"7 Fashion
3 Interior
B3 Packaging
+ 0O Sport and Leisure
B20 Velo Barmboo Bicycle by Fritsch Durisotti
Bambeoo Longboard by Good Design Collective
Bicycle seat by Selle Royal
Boneshaker Bicycle by Pierre and Ernest Michaux
Cambium Bicycle Saddle by IDEO for Brooks England
Canneondale ST300 bike by Cannondale
Fab Force diving fins by Bob Evans
Heart rate monitor Polar S810i by Polar
[tera Bicycle by ltera Development Center AB
Kirk Magnesium Bicycle by Frank Kirk
La Siesta Water Bottle
Leaf Swing by VMD
Lotus Spert 110 Bicycle by Mike Burrows
Rudge Whitworth Bicycle by Dan Rudge
Sintra Series by Rado
Smart City-Coupé from Daimler Chrysler
Thunderer whistle by ACME Whistles
B Traffic cone by Swintex
+ (1 Technelogy and Healthcare
Apple iPhone by Steve Jobs
Apple Macintosh by Hartmut Esslinger and Frog Design
B Beolit 12 by Cecilie Manz for Bang&Qlufsen

(05 (3 (O (O3 (O (@ O (O O (0 (0 (03 (O (03 (0 (03 (o)

Browse

Database:  Design
Table: Materials
Subset: All materials
B8 Materials

Ceramics and glasses

E® Hybrids: composites, foams, natural materials
w Metals and alloys

O3 Ferrous
3 Mon-ferrous

~ 03 Pol

ymers and elastomers

+ [E Elastormers

(D (D D D (O (O O O

Butyl rubber (IIR)

Ethylene vinyl acetate (EVA)
Matural rubber (MR)
Pelychlarcprene (Mecpreng, CR)
Polyisoprene rubber (IIR)
Polyurethane (elPL)

Silicone elastomers (5, &)
Styrene butadiene rubber (SBR)
Thermoplastic Vulkanite (TPV)

v & Polymers
~ Bl Thermoplastics

B Acrylonitrile butadiene styrene (ABS)
Cellulose polymers (CA)

lenomer (1)

Polyamides (Mylons, PA)
Polybutylene Terephthalate (PET)
Polycarbonate (PC)
Polyetheretherketone (PEEK)
Polyethylene (PE)

Polvethvlene terephthalate (PET)

O3 (O (O3 (O3 (02 (02 (0D @

\nsys
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Search on keywords

Search \'

Search
string

Records
found

19

Database: Design

Furniture AND Wood

Designers (2)
Manufacturers (1)
Materials (19)
Processes (3)
Products (12)

v v VvV VvV V

Full text search of

entire database:

Not case-sensitive
but sensitive to spelling

Ane Stool by Troy Backhouse

|Datashee( view: | Datasheet form

Overview
Product Image

Image Credit

Image courtesy of Troy Backhouse

Materials Used
Designer
Manufacturer

General information

Year of First Production

Style, Influence

Type of Design
Material Types
Full Description

Ane is a Scottish word - used of a single unit or thing.

Ane Stool is a solid timber stool with a powder coated steel frame. The seat is formed through the unique
use of multiple pieces of one shape of wood positioned and cut in a dynamic way. The simple placement of
three geometric circles allows the Ane timber stool to be cut in a way to give the appearance of a complex
furniture piece. Handcrafted and manufactured in Australia.

m

steel, oak (American)
Troy Backhouse

CHCNS)

t-bac design

2013

© e

1860 - 1910 Arts and Crafts, 1908 - 1935 Art
Deco and Bauhaus

Mature

© e

Metals, Natural materials

\nsys GRANTA EDUPACK

©2025 ANSYS, Inc.



Chart / Select to plot and screen data

@ Selection Project
Chart / Select

1. Selection Data

\ 3 Database: Design

Make charts Selected from: Products
Select by

screening
2. Selection Stages

E Chart Y Limit I—R/ Tree
- x \

. - > General properties Tree Materials

i
Z Min Max
L] ~ i > Ceramics and glasses
g' R > Hybrids: composites, foam
a Price > Metals and alloys
‘ > Polymers and elastomers
. Date of use

Property 2

©2025 ANSYS, Inc. \nsys GRANTA EDUPACK



Making advanced product chart —com

Selection Project
1. SELECTION DATA

Database:  Design

@ Home ‘ Ig} Browse Q Search E” Chart/Select ‘ Y

@ Eco Audit

*!| {y Home *
v

DEsIGN

ISelect from: ‘MatenaIUmverse: All materials

@ change database

2_SELECTION STAGES
[$2 chart/index et

—d

ALL Interior

3. RESULTS: 130 OF 130 PASS

Show: ‘ Pass all Stages

Rankby: |Alphabetical

61; Name
B Acrylonitrile butadiene styrene (ABS)
Age-hardening wrought Al-alloys
Alnico
Alumina
B Auminumysilicon carbide composite
B Aramid (Keviar 49)
[B Ash (fraxinus americana) ()
B Ash (fraxinus americana) (t)
B Bamboo
B Beech (fagus sylvatica) ()
B Beech (fagus syhvatica) (t)
B sirch (betula papyrifera) (1)
[B sirch (betula papyrifera) t)
B sorosilicate glass

Brass
Brick

B sronze

@ Learn ‘\ Tools ¥ | 0 Settings @ Help ¥

Consumer

ining stages

Spo|

H-Axis

Readv.

Y-Axis

(®) single or Advanced Property

Axis Property Defi

Select the attribute that you wish ta plot, or click the advanced button

Category: ‘Aes{heﬂc properties

~ ‘ Advanced...

Attribute: ‘Light but stiff (Poor to Good)

v ‘

<None>

Flex (Bendy to Stiff)

Light but Stiff (Poor to Good)
Light but Strong (Poor to Good)
Pitch (Low to High)

Resilience (Brittle to Tough)
Scratch Resistance (Low to High)
Tactile Warmth (Warm to Cool)
Tone (Muffled to Ringing)

Touch (Soft to Hard)

Axis Settings

Axis Title:

min -

Parameters

Change parameter values used by this axis

| ‘ Cancel | | Help |

]

Aftributes

Trees Constants/Parameters

|Materia\Universe ~

X Preview
BB Materialuniverse

Ceramics and glasses
BE Hybrids: composites, foams, natural materials
- Metals and alloys
B Polymers and elastomers

Choose and insert records from the MaterialUniverse tree.
The chosen records will pass the selection.

‘ OK ‘ ‘ Cancel ‘ ‘

Help

\nsys
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Examples of Product Charts

22

Examples Today

1972 - Present Contemporary

1861 - 1868 Minimalist

1935 - 1972 Pop Art and Psychedelic

1950 — 1970 Organic and Scandinavian Modern

13 out of 174 records in cell

MName

Can Can opener by Stefano Giovannani

B cD case by Daniel weil

Eiffel Tower Jelly shoe by Patrick Cox

Electronic BIC Maxi Disposable Lighters by Marcel Bich
B Fab Force diving fins by Bob Evans

B Fat Furniture by Lambert Kamps

B Headfoams by Marblue

B iMac 63 by Jonathan Ive

Kasimir Hedgehog Cheese Grater by Koziol

Lego bricks by Godtfred Kirk Christiansen

B clivetti Valentine Typewriter by Ettore Sottsass

[E sesing is Believing? Glasses by Percy Lau

B Traffic cone by Swintex

1530 - 1950 Streamline

Style, Influence

1908 - 1935 Art Deco and Bauhaus 3

1880 - 1910 Art Nouveau 2

1860 - 1910 Arts and Crafts 11

1837 - 1901 Victorian 3

R EEE——S———— |
Ceramics Composites Elastomers. Foams Glasses Metals MNatural materials Polymers

Material Types

©2025 ANSYS, Inc. I\I"ISYS / GRANTA EDUPACK



Other charts — products over time

Examples

Year of First Production

Cork Stopper Table
by Hyeonil Jeong

2000

B20 Velo Bamboo Bicycle %
by Fritsch Durisotti

o

?iz m
Cambium Bicycle Saddle
by IDEO for Brooks England

\ Rl T
Wacom Tablet Case 1
by Mitul lyengar 1

S

1950

) \l
/

=4

@

Teapot and Qil&Vinegar Dispenser
by Wilhelm Wagenfeld I

Model aircraft by Nicholas Kove

1500

Wilton Brcol; Pestle & Mortar by Wade

Thunderer whistle by ACME Whistles

L

1830

P

Ceramics and glasses

Hybrids: composites, foams, natural materials

Metals and alloys

©2025 ANSYS, Inc.
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New materials and processes enable new designs

Ash, Iron, Mild steel Aluminum,
Sawn, forged Rolled, brazed Heat treated
1862 1900 1983

Plastic, Magnesium, Carbon,
Molded ) Lay_up
1983 Die cast 1992

1986

©2025 ANSYS, Inc. \nsys
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Chart / Select on material properties

10231

i |Strength aﬁd Density . Metals

___________________________________

Yield strength (elastic limit) (MPa)

_______________________________________________

| Sandstone

finc

alloys

Lead alloys

0.1 - | SEEEEEEEEERERRY D AGACRTCECELEEEEE LR EEEEEE SEREEEECRERRY

Index Line = Relation

between
Density/ Yield strength

A materials
chart

lUE‘S_""'.""."'.'"."T'T'.': """"" .'""'T""."'."'."."."."i """"" — .""'."'."'.".".".":' """"" — T "".J

Density (kg/m"3)

25
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New materials enable innovation

__________________________________________________________________

| .
103 4.

3 Linc

Metals . ium/alloys Nickel

’ alloys
CFRP \a] alloys alloys

___________________________________

| Sandstone

: , Lead alloys
{{__JI_'__ F____1 _.{_X\_._._______; _____________________
. ,
| ! — ﬂ{/'
.-"-I i ) )

Yield strength (elastic limit) (MPa)

________________________________________________________________________________________

ST SR SR O S0 S AR SRR SEERRRREEEERERRERE
1e3 10e3

Density (kg/m*3)

26 ©2025 ANSYS, Inc.
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Materials influence both style and shape

27

Chair

Q

Designers (8)
Manufacturers (2)
Materials (7)
Processes (2)
Products (21)

v vV VvV Vv V

B Tom-Vac chair stacking chair by Ron Arad
[B Chair Electron by Konstantin Achkav

B Owl Chair by Satoshi ltasaka

[B Pack chair by Francoise Azambourg

B Layer Chair by Jorrit Tackema

B Loop Chair by Willy Guhl

[B voido chair by Ron Arad

[ sling Chair by Joe Doucet

[B Gaudi Chair by Bram Geenen

B Chair n* 14 by Michael Thonet

[B well Tempered Chair by Ron Arad

[B Miss Blanche chair by Shiro Kurumata

B cCustomized Harry Bertoia Wire Chair by Darlene Melnar
[B Kartell Louis Ghost Chair by Phillipe Starck

[B Barcelona chair by Mies van der Rohe

[B MNasa Chair by Kaleb | Cardenas 7

[B Fantastic Plastic Elastic chair by Ron Arad

B Power Play Chair and Ottoman by Frank Gehry

©2025 ANSYS, Inc.
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Materials and product character

Lamp

Designers (2)
Manufacturers (1)
Materials (9)
Processes (2)
Products (10)

v vV Vv Vv V

B Labo Lamp by Semething,

B Iris Lamp by Lightexture

B Amonita Lamp by Hugo Ribeirs
B Task Lamp by Owen Read

B Artichoke Lamp by Louis Poulsen
B (De)Light Lamp by Cristina Ferraz
B Cork Lamp by Gancalo Lozano for Casal Vadia

B cell Desk Lamp by Cameran Fry & Pete Jones for Liqui Design
B Bullet Lamp by I. Bar-On & Q. Webman

E] Lampalumina by Ronan & Erwan Bouroullec

8 ©2025 ANSYS, Inc. I\I"ISYS / GRANTA EDUPACK



The Structure

29

?

ChaHénge

Designers

Processes

Manufacturers

©2025 ANSYS, Inc.

\nsys

GRANTA EDUPACK



Aesthetic properties

Deflection

Heat flow

30

Warm / Cold

Heat drain Q= /p A Cp
Density / \_ Specific

heat

Thermal conductivity

Soft / Hard

Soft/Hard S =, EH

Modulus —/ \—Hardness

©2025 ANSYS, Inc. \nsys
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Aesthetic properties

Soft - Hard / Warm - Cool

Cold

Polymers and
elastomers

-— Wam to cold —=

Q{mnes
m\&e;

Al HQ

Zinc alloys
Mg alloys
Lead alloys~_~ = Stainless steel
Non-technical '
ceramlcs
Cmcrete

prFe FE

Metals cuall

oys
Mi alloys
Steels /
; SiC

Technical
ceramics

We
B,C
AlO4

SiaN,

ood Composites
| S ;— - PMMA
Natural
Q materials
@Hgld polymer
E i foams
mn
g MFA, 15
Soft <— Softto hard — Hard

©2025 ANSYS, Inc.
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Aesthetic properties - Example Warm / Cool

Nickel-based superalloys

Aramid (Keviar 49) \
\ Zinc die-casting alloys

Silver

Silk Tungsten alloys

1
III CFRP. epoxy  Titanium alloys

: ] ~ Cotton -~ :
000 - LI Polyvinylchloride . . - llicaglass =" 3\ .

Polystyrene ™
Polymers

Birch

Natural materials Cedar

100+

Rigid Polymer Foam (HD)
Rigid Polymer Foam (MD) |

Yield strength (elastic limit) (MPa)

T e NS MmO T W SR G N |
Rigid Polymer Foam (LD) S\~
. Lead alloys
Ve Commercially pure lead
|
13------15 N R A S s ek Nt A N e mmmmssessessseioooooooo-
Polyester (UP) ~ Concrete\  Glasses Metalsl and alloys
: Brick '
Plaster of Paris
" Ceramic foam | Silicone elastomers (SI, Q)
: Ceramics
0.1+
; Warm to cool
| — Straw Bale
', Foams ; ® Warm 0-39
| _— Flexible Polymer Foam (MD) :
""" Flexiblz Polymer Foam (LD) ; Intermediate 4-5.9
0.014 : ;

@ Cool 6—-10

Density (kg/m*3)
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Example eco materials

Aramid (Kevlar 49) __:_

0

: Silk
Cotton ,\‘ C
4000 e L Polwinylchloride% _________________
Palystyrene >
Polymers d
Birch
Natural materials ~ C®9a
100+

Rigid Polymer Foam (HD)
Rigid Polymer Foam (MD)

Yield strength (elastic limit) (MPa)

e W
P
Vs
R B e e\ W\ )
| AN
| |
;..-’ Polyeste: e Concrete), Glasses
\ f Brick
Plaster of Paris
" Ceramic foam | Silicone elastomers (SI, Q)
,/’ Ceramics
0.1_ --------------- \-\-------------------T} ::t --------------------------- % -------------------------------------------------
\\\ " Cok
~~— "St;;h |
\ _=~__ Filexible Polymer Foam (MD) Foams i
——— } Flexible Polymer Foam (LD)
1 S PSSOy

|
| CFRP, epoxy

f“:}_huxSiIica glass_._
T

Mickel-based superalloys
/ Silver

Zinc die-casting alloys

Tungsten alloys

Titanium alloys _

— et TN

~

Tin Commercially pure lead

Metals and alloys

CO2 footprint
High <1.9 kg/kg
@® Medium 2-99 kg/kg
Low > 10 kg/kg
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Summary

Designers

‘ PRODUCTS

The Design resources open a window on the role of material properties
\ and manufacturing processes in product design.

Highlights the interaction between products, materials and processes and
/ their role in creating style, product character, performance etc.

Suggests how a deeper understanding of products can enable innovation
and inspire greater design.

Processes
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Further resources
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Granta EduPack White Paper

Design Database

Mapda Figuerola’, Qluying Lal' and Mike Ashby’

*Ansys Materials Education Division
*Engineering Department, Cambridge University, UK

Poster

- A

-

Granta EduPack Exercises with
solutions: The Design Database
for Products

To accompany Lecture Unit: The Design database for Products

Mike Ashby

Department of Engineering, University
of Cambridge
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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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