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Study contract

3 credits

e Evaluation:
o Oral exam, based on assignment report
o Assignment report
e Compulsory reading
o Ashby: Materials Selection in Mechanical Design, 4™ edition
o Ashby: Materials and the Environment
e Additional literature
o Jones & Ashby: Engineering Materials Volume 2, Second Edition

o Budinski & Budinski: Engineering Materials, Properties, and
Selection, 9t edition
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* Af the start,of the codstruction of the
Sagrada Familia (1882)::
a few hundred materials: [

e Virtually no plastics
* Now > 45000
* No light-weight metal alloys
 Now a few thousand
* No composites
* Now a few hundreds:
e Today: more Thaﬂ 160.000 materials
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Data Statistical
capfture analysis

Test data

Characterisation

Selection of

Economic analysis

material and process and business case

Mechanical Properties

Bulk Modulus 41 -
Compressive Strength 55 -
Ductility 0.06 -
Blastic Limit 40 -
Endurance Limit 4 -
Frachure Toughness 23 -
Hardness 100 -
Loss Coefficient 0.0
Modulus of Rupture 50 -
Poisson’s Ratio 0.38 -
Shear Modulus 085 -
Tensile Srength 45 -
Young's Modulus 25 -

Design data

Potential Successful

applications applications

Selection and implementation
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Learning outcomes

Knowledge of:
® The methodology of materials selection

Ability to
 Formulate a set of material requirements for a technical application
* Translate the requirements into material indices

e Select a material and manufacturing method using material and
process databases

e Summarize the selection process in a technical paper
e Critically assess the results of the selection process
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Material properties

Kingdom Family Class Member Attributes

e Ceramics (Density )

& glasses Steels 1000 Mechanical props. )

. Metal Cu-alloys 2000 Thermal props. et

etals 3000 Electrical props. [ Structure

& alloys Al-alloys 4000 _ information
: Optical props.
Ti-alloys 5000 N _

« Polymers Niallove 6000 orrosion props.

& elastomers y 7000 Supporting information
Zn-alloys 8000 - specific f Unstructured

information

* Hybrids _-- general

N = >
< Amaterial record
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Materials charts
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Steps In materials selection

* [nformation 0 _ )
Functions p
o Function Tie Constraints J
0] ObJeCt|Ve Beam B BSI::::'EI‘:: ‘ Objectives 1
o Free Varlab|eS ) S— A ] Failure load Minimize cost
o Constraints = :T:m: \‘ﬁ Minimize mass || | M:,_,:Ew
atigue li
° - Column specified Minimize \
Tran S I atl O n \ —Hi T e Geometry envlirn?.:Tcetntal ?;T:;n;in tgg
o material index Mechanical, | specified Maximize energy reciprocal)
. thermal, storage
e Screening electrica . . )
o Excluding constraints
* Ranking
o Optimizing constraints
e Search

o Gathering more information for final selection




Multi-objective / multiconstraints
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Using shape
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Process selection

Mould Wall

4, Pipe - This forms as the solid is more
dense than the molten metal and so the
material takes up less volume when it
solidifies.

Click on the pipe to see how i1t forms

1cm

h www.doitpoms.ac.uk
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Hybrids

Sandwich core

materials |

Homogeneous
support of the
skins

open cells, closed
cells or no cells

Structured (non-homogeneous) support of the skins

FPunctual
support

fully open

Textile/pin cores

Regional
support

open to both side

Unidirectional
support

open to one side

Bi-directional
support

only open in
thickness direction

Heneycomb cores
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LCIA

Matural
+
resources

Resources
= Cires of inon, coppsr
= Fosasil fusl enengy

= il for mer
pru-:lpl.:llgm

\

Resources
- Staal, ar, glass,
rubbsar, polymers

= far matsrial
rmm%ﬁﬂ and mokding
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Product
manufacture
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R

Material
prodution

Emissions
. Cut-ofts {racyclad)
. T2, Mk, S0

Y

Emissions
" EC'E, H‘D:q,. 5‘31
= Slag, tailings
= Low gradkes heat

Resources
=« Erergy for ranspot
=« Enargy for
disazsambly

'

Product
disposal

Y

Emissions
= Maknals (recycled)
+ Waste to landfill

K

Resouwrces
« Water
= Elactrical ensrgy
+ Datergent

Emissions
= Contaminated water
= Low grade heat

m The principle resource emissions associated with the bfe cycle of a washing machine.



Eco-design

~ .
. Assess energy/CO
1. Eco audit over mrg;‘ 2
Materials
Manufacture
=
Transport 3
Lisa L
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Materials Manufacture Transport Use Disposal
Minimize Minimize Minimize Minimize Salact
& Mass of part » Process energy ® Mass o Mass = Mon toxic
rmiaterials
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Rational approaches fo the ecodesign of products start with an anafysis of the
phase of ife fo be targeted. is resulls guide redesign and materals selection fo minimize environmental
impact. The disposal phase, shown here as part of the overal strategy, is not included in the current
version of the fool.
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