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Agenda

e Substitution Case Study
* Trade-offs

« Barriers to change
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Ways to reduce Carbon Footprint

Decarbonising

the electricity Lightweighting

supply

Reducing
travel/transport

Lowering
CO2/Kg

Recycling,
reusing,
remanufacture
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Automotive transmission cross beam

Materials

« Cast aluminium alloy

« ~2kg
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Design Requirements

Function:

QO

Automotive transmission cross beam

» Beam loaded in bending 4

W e *
rl— -3¢ » Strength-limited design _
o . Current material:
» Length, section shape
specified Al 357-T6
Constraints: » Section area free

« Adequate stiffness (>12GPa)

« Temperature resistance -40°C to +100°C
* Resistant to: salt water, oil, fuel

« 3D complex shape

Objectives:
* Minimize mass
* Minimize cost
* Minimize Carbon Footprint

MATERIAL IKTELLIGENGE
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How we are going about it?

« Data on the properties of Materials and Processes
— Our largest database has 88,000 different materials

Software Selection Tools
— CES Selector has been used in industry since 1994

A methodology

— Granta’s co-founder Professor Michael F. Ashby wrote books on
the topic of material selection and more

Industrial consortia
— Inputs on real life case studies, data and industrial challenges

GRANTA
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Step 1. Apply Constraints

/. - CES Selector 2010 .
B File Edit View

- CES Selector 2016 - [Stage 2 Young's modulus, Maximum service temperature, Minimum service temperature, Water (salt), Organic solvents] - O X

B File Edit View Select Tools Window Feature Request Help - 8 X
=) Browse (3 Ser o : ~ : ,
J L =2 Browse 03| Search jg; Chart/Select ¢T00|S v EE Solver & Eco Audit @ Synthesizer | [0 0 Help +
Selection Project = =
1. Selection Data Selection Project % ffy Home Stage3 [0 Comparison -Materizllniverse 7] Stage 1 |3l Stsge 2
) 1. Selection Data - . . : g . . 2
Dotabase:  MlEdtons " . Young's modulus, Maximum service temperature, Minimum service temperature, Water (salt), Organic solvents
Database:  All Editions ange. ..
Select from: |MaterialUniv Properti Apply cl
Select from: |Materia|Uni\rerse: All bulk materia v| B s il .
Reference: M Aluminun _ _ A
Reference: @ Aluminum, 357.0, Fb- Maximurm service temperature EJ ‘1[)[) | sz 150 - 170
2. Selection Stages
.ﬂ Chart/Index EI 2. Selection Stages v || Minimum service temperature EJ ‘ |-40 e -273
& =¥ A Chart/index 35 Limit 8 Tree . .
M stage 1: Mass pe -ﬁ B ﬁ Thermal conductivity EJ ‘ | W/m.*C 145 . 157
1S stage 2: Young's M [] stage 1: Mass per unit of strength {relative S ey EJ ‘ | Jg=C 044 _
Stage 3: Casting, %) stage 2: Young's modulus, Maximum servia
. Stage 3: Casting, Injection molding (thermc| | Thermal expansion coefficient EJ ‘ | pstrain/*C 209 - 219
P ¢ Hectrical properties
3. Results: 533 of 3074 © > 11| v Magnetic properties
Show: | Pass all Stage 3+ Results: 533 of 3074 pass v . .
Show: Pass all Stages ~ » Optical properties
Rank by: | Stage 1: Cost
Rankby: | Stage 1: Cost per unit of strength | ~ } Bio-data
B8 Name
OB stairless steel, mq B Name Cost * + Critical materials risk
(1B stainless steel, mi (] B Stainless steel, martensitic, AS... 0.62 - -
[ Pass (0% glass | [][B Stainless steel, martensitic, AS... 0,66 + Processing properties
I B stainless steel, m; (] @l PagS (60% glass fiber) 0.68 -
1B stainesssteel ) ) ~ Durability
Stainless steel, mi [ ] B Stainless steel, martensitic, AS... 0.75
E= Stainless steel, mi [ | Stainless steel, martensitic, 45... 0.79 Reference @
Stainless steel, m: |:| I Stainless steel, martensitic, AS... 0.80
' e Water (fresh ¥ | Excellent
L1 pass (0%long g [] B stainless steel, martensitic, AS... 0,87 ater fresh) ‘ J ceten
E B PET (50% glass i ] B ras6 (0% long glass finer) 0.89 Water (salt) ‘Acceptable, Excellent j Acceptable
B Pass (50% glass .
(7 @atiee mrn E: si’c(ﬁfﬂnglalss ﬁlﬁr)\ EEE Weak acids ‘ j Excellent
2 -
£ >
4. Report iR Strong acids ‘ j Excellent
eport -
Wezk alkalis \ | Acceptable
parsen.. ‘ BE Comparisor.. | ‘ B/ Selection...
Strong alkalis ‘ v| Unacceptable v

Ready

Done

NUM
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Step 2. Work out the Performance Indices

* Relative performance of materials for:

— Weight o’ /p
- CO2 o??/CO, p
— Cost oBIC. p

AT ARG R TR .
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Step 3. Look at the trade-offs

Mass per unit of strength (relative)

Bearn in bending  Fixed: length, section shape  Free: section area

100+

' ] ' ' ' ] ] ] ' '
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' 1 '

’Aluminum, 357.0, sand Gsf, TG

. &
: i re ]
PaBE (50% long alass fiber) = Compc-mtes
""': R | T T R | T AR | L | o o T L | T AR |
0.01 0.1 1 10 100 1000 10000 100000 1e6 1e7

Cost per unit of strength (relative)

Beam in bending Fixed: length, section shape Free: section area

We can work out the penalty per unit of function

2 e e A LN B

There are methods for multi-objective optimization

GRANTA
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Step 3. Look at the trade-offs
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Cost per unit of strength (relative)

Beam in bending Fixed: length, section shape Free: section area
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We can work out the penalty per unit of function

There are methods for multi-objective optimization
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Step 4. But what about the whole Ilfe cycle of the
product?

CO2 Footprint (kg) Cost (EUR)

157

I o
u_ I —_— —_—
5-. I

Material Manufacture Transport Use Disposal Eol potential o Material Manufacture Transport Use Disposal  Eol potential
-104 %% Change + 100 -100 % Change +100
W Aluminium cross beam | 0% H Aluminium cross beam | 0%
PABE cross beam —— 42 % PAGE cross beam —_— 43 %

A higher carbon price will make the trade off look better

CES Eco Audit Tool estimates Energy, CO2 and Cost at the design stage

GRANTA
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Step 5. But what other barriers are there to change?

Internal inertia

* No experience of manufacturing with new material
» Bulk purchasing arrangements
* Industry standards

Supply chain risk
* Critical materials
» Restricted Substances
Social acceptability & Legislation

» Social anxiety e.g. driverless cars
« Regulations
« Social, Environmental and Economic impact in materials producing countries

Infrastructure

« Electricity Supply
» Trade agreements
« Transport links

Solving one problem and creating another

* The use of composite materials has an impact on recycling
» The use of biopolymers has an impact on land and water

GRANTA
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Granta Design

« Helps members of industry and engineering students to understand
wider impact and trade-offs of their decisions

Through:

— Data

— Tools & Educational resources

— Methodologies

— Industrial Consortia & Academic Networks Interactions

GRANTA



Granta Design Cambridge (UK) since 1994 GRANTA
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Teaching Resourges o

Management of knowledge about materials and processes

© Mike Ashby, 2015 www.grantadesign.com/education



P AR T e R e

BT TR0 LB TN 2N PG et T/ WAL Y R TS NN

Our network: example partners and collaborations

8 UNIVERSITY OF ( ASNM

49 CAMBRIDGE INTERNATIONAL
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http://www.pmdatabase.com/
http://www.pmdatabase.com/
http://www.esdu.com/
http://www.esdu.com/
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Questions / Comments

Contact Detalls:

Granta Design Ltd, Cambridge (UK)
Tatiana V Vakhitova PhD MPhil AHEA

Tatlana.Vakhitova@qgrantadesign.com
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