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Our network: example partners and collaborations GRMANTA

=B UNIVERITYOE 1) ASN

4% CAMBRIDGE INTERNATIONAL

7y Altair TAWWSI®Y Autodesk 5zzssawr PTC  SIEMENS

%\@ CAMPUS 7 /

AP o Global a

‘% B E ’P", *'i"- !Eowderg:t:‘:l;:;gy m
. D{tab‘ase :

IIIIIIIIIIIIIIIIII

Stahl

—~

ADB AMAZE 'z ©100 JSEFI REMS

= =3 = £



http://www.pmdatabase.com/
http://www.pmdatabase.com/
http://www.esdu.com/
http://www.esdu.com/

What do we develop? GRANTA

Materials education Research and consulting Materials information management
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Materials Education Symposia GRANTA
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School of Materials TECHNOLOGY AND DESIGN Department of Materials
Science & Engineering Science & Engineering
10th International Materials Education Symposium
l. ﬁJ - "‘E University of Cambridge, UK, April, 2018
International North American Asian 8th North American Materials Education Symposium
Materials Education | Materials Education =~ Materials Education - Massachusetts Institute of Technology, USA, August 24-25, 2017
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' 3rd Asian Materials Education Symposium
Singapore University of Technology and Design, December, 2018

www.materials-education.com




Who uses CES EduPack? GRANTA

‘Senior
Junior
Mechanical Material
Engineering Sophomore Science
Aerospace Polymer
Freshman Seience

Engineering

CES Margwfacturing
EDUPMARCIK - [—

GRANTA

st
Engineering 1%t year
2nd year
2 3 year
Industrial > - y :
Design 4th year
Bioengineering Energy

www.grantadesign.com/education
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What is CES EduPack? GRANTA

Data for materials and processes

Tools to explore:  Data
Selection
Eco-design
Design of hybrids (composites, sandwich panels ...)
Cost estimation

Teaching & Case Studies, PowerPoint units, White papers, Training ...

Learning resources: Exercises, Teach-yourself units, Interactive Glossary...

Eﬁﬁgﬁ:g Mike Ashby, 2017 www.teachingresources.grantadesign.com



Material attributes
= |mages, Description
= General properties
=  Mechanical
= Thermal
= Electrical
= Durability

»  Environmental

GRANTA Mike Ashby, 2017
TEACHING RESOURCES

Material Data: reliable, relevant, comparable

GRANTA

 Untitled - CES EduPack 2017 - [MatenialUniverse:\Metals and alloys\Nen-ferrous\Nickel and alloys]

Levels 1 and 2

Nickel-based superalloys

v| B4 showstide

Datasheet view: |AII properties

= For 1%t, 2" year
teaching

Meta\s and slloys > Mon-ferrous > Nickel and alloys =

Description
Image

Environmental data

Geo-economic data for principal component
Annual world production, principal component ® 1.43e6 tonnefdyr

Reserves, principal component @ 71e7 tonne

Primary material production: energy, CO2 and water
Embodied energy, primary production @® *232 MJ/kg

CO2 footprint, primary production @ *137 kg'kg
Caption Water usage @ *345 Ifkg
1. Gas turbine. © Kawasaki Turbines 2. Single superalloy blade. © Kawasaki Eco-indicatar 95 ® 5983 millipoints/kg
The material Eco-indicator 99 @ 2833 millipoints/kg
With a name like "superalloy” there has to be something special here. There is
nickel-based, iron-based and cobalt-based alloys that combine exceptional higl . B
comosion and oxidation resistance. Without them, jet engines would not be pradll Material processing. energy
continuously at temperatures up to 1200 C. The nickel-based superalloys are t . .
with a good slug of chromium and lesser shots of cobalt, aluminum, titanium, CEStII"Ig Energy ® 105 MJfkg
data in this record span the range of high-performance nickel-based superalloys Extrusion, foil rolling energy ® * 849 Mdfkg
Composition (summary)  © Rough rolling, forging energy @ *436 MJ/kg
Ni + 10 to 25% Cr + Ti, Al, Co, Mo, Zr, B and Fe in varying proportions. —
Material processing: CO2 footprint
General properties Casting CO2 ® *0786 kg/kg
Density @ 7753 -W Eytrusion, foil rolling CO2 @ *0632 kg'kg
Price @ =155 -
Date first used © 1944 Material recycling: energy, CO2 and recycle fraction

Mechanical properties Recycle @ v
‘Young's modulus ® 150 - B Embodied energy, recycling @ *382 MJ/kg
Shear modulus ® 55 || CO2 footprint, recycling @ *3 ka'kg _
Bulk modulus (6] 10 o =
Poisson's ratio @ T Recycle fraction in current supply @ 239 %
Yield strength (elastic limit) ® 300 Downcycle @ v
Tensile strength @ 400 Combust for energy recovery (O] X
Compressive strength @ 300 Landfill ® x
Ready Biodegrade @ x
Toxicity rating @ Slightly toxic

www.teachingresources.grantadesign.com



Process attributes
= |mages, Description
=  Compatible materials
= Shape

=  Economics, with cost
model

¥ Untitled - CES EduPack 2017 - [ProcessUniverse\SHAPING Additive manufacturing\Deposition meth...

Laser powder forming

Process Data: reliable, relevant, comparable GRANTA

GRANTA Mike Ashby, 2017
TEACHING RESOURCES

Image

The process

LASER POWDER FORMING (LPF) is an additive manufacturing technique in which wire or powder is fed into a melt
pool created by a laser. The laser is scanned across the surface to add material to one layer at a time. When used
as an alternative to machining from a block, a simple geometry is printed which requires milling to give the desired
finish. As with other additive manufacturing processes, a CAD solid model of the part is used to create the code to
qguide the laser.

The process is also known as blown powder additive manufacturing, laser beam metal deposition, directed light
fabrication, 3D laser cladding, laser generation, laser-based metal deposition, laser freeform fabrication, laser direct
casting, laser consolidation or direct metal deposition. A variation on this method is wire fed plasma arc.

Tradenames

LaserCast, LasForm, Laser-Engineered Net Shaping (LENS)

Material compatibility

Metals - ferrous @ v

Metals - non-ferrous @ J

Shape

Circular prismatic @ W

Non-circular prismatic @ W

Flat shest @ v

Dished sheet ® =
Solid 3-D @ v

Hollow 3-D @ J

Economic compatibility

Economic batch size (units) @ 1 - 10
Physical and quality attributes

Mass range @ 01 - 15 kg
Process characteristics

Primary shaping processes @ v

Discrete @ v

Prototyping o

All levels

> 100 shaping, joining
and finishing processes

Schematics and images

Links to records for
compatible materials

www.teachingresources.grantadesign.com



Data Visualization

Create Interactive Charts

GRANTA
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Example of materials in Bioengineering GRANTRA

Natural Materials i - Fibers and particulates Silk (Spider drag-ine silk) i
Silk (Silkworm silk) Cellulose |
1000 ------ AmTTm oo R RERREEE -~ Silk (Spider viscid Silk) == 7 o aer e e o e R
z | | | ey
5 5 5 5 .I__ Natural materlals
Kenaf |
. : : Keratin ;
! - Hydroxyapatite
' ' ' ' |_ i '
: Tendon 9 <
— ] 1 1 N
E 1004 ------ LT EEEEEERRER T RREECEES P - -- Aragonite (calcium carbonate) --
= ) Calcite (calcium carbonate
= : i Ligament
£ E i i
‘E‘ Soft tissue i Leather , Bio-silica
2 5 5 . Egg shell 5
v Coral !
o Human skin !
@ o I N Pam——w 0 aan R N e S
E g Enamel
-  Cartilage / :
Ligﬁum vitae (across grain)
' - Oak (quercus _) (t) . ;
Elastin : . \ U
: . Mineralized tissue ;
o o Resilin™  TCEee T | D 0 oA <L S . ]
Cancellous bone, high density
Artery and vein Cancellous bone, low density
: : Balsa (across graln}
:  Cork (quercus suher} . ; :
; ; . Wood and wood like materials : ; ; ;
Tes 0.001 0.01 01 1 10 100 1000

Young's modulus (GPa)
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GRANTA

www.teachingresources.grantadesign.com
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Other tools GRMANTR

Eco-Audit Tool Synthesizer Tool
Hybrid Synthesizer Part Cost
_ ~ Estimator
Introduces the students to key Estimate the Quickly estimate the
concepts in Eco-Design properties of cost to manufacture
(quickly calculates the energy and Compofr:izr?glg hybrid a component
carbon footprint of products) (sandwich panels Compare differgnt
— cellular structures and classes of mat(_erlals
RS £ ek composites) and processing
S v A routes
— i — él|ﬂ| II l- II
! e _ ‘m Cost contributors

EiAE

I veterial 1
Raw Forming  Surface  Assembly !
material process  treatment  method B Veterial 2

Available in all levels except Bio

Only available in Level 3: Aerospace, Polymer,
Engineering

Energy, Eco Design, and Sustainability




Teaching and Learning Resources

Learning resources to engage students

GRANTA

‘n Home

rl Tools = ﬁ Settings o Help -

[ CES EduPack 2017 Help

@ B
Hide Locate Home Qptions

Browse | 33| Search B/ Chart/Select KD Eco Audit W{r Learn
”

Contents jndex  Search

@ About CES EduPack
@ Browse Database and Datashests o
@ Searching Databases

@ Manage Selection Projects é
@ Selection Data
@ Selestion Stages

CES 2017
EDUPRACK

@ Chart Stage
@ Limt Stage
@ Tree Stage
@ Selection Resutts

@ Adding User Material Data

@ Favortes

@ Eco Audt Tool sa
@ Synthesizer Tool Ly 7 7 U

@ Exorting to CAD/CAE

@ settings Table of Performance Indices
@ Softwars, Licensing, and Copyright

Selection Methodology

“

After graduation >

ICES 2017
(“ EEDUF’HCK

= Leam

= Getting Started
+ Getting Started Guides
7 Video Tutorials
Learning Tools

[7 Charts

[7 Glossary

= Case Studies
+ Materials Selection Case Studies
+) Process Selection Case Studies
[ Further Reading

=) Booklets
7 _Material Property Definitions

2 for Engineering Materials

Learn Online

Case Studies

Solutions to Standard Problems
How to Wiite a Paper B

each Yourself

)

T
=

Phase Diagrams

e h]

Crystallography
) Selection Methodology
=) Reference
) Science Notes
+ Performance indices
) White Papers
) Conversion of Units
[7 Case Studies
[ Frequently Asked Questions

Getting Started with CES EduPack 2017

R

Getting Started Guides

Learning Tools

Video Tutorials Glossary

e

Material Property Definitions

Data for Engineering Materials

>
it 440

Solutions to Standard Problems How to Write a Paper w

GRMANTA

Mike Ashby, 2017

TEACHING RESOURCES
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Education Hub —Hundreds of Teaching Resources GRANTH

Problem-based
Exercises learning
resources

Videos

Student Advanced

o Case Studies
resources Training

© Mike Ashby, 2016 www.grantadesign.com/education



GRANTA

Advanced Industrial Case Studies

Case Studies:
Aerospace Pressure

\essels

Claes Fredriksson, Luca Masi
| Granta Design

GRANTA Mike Ashby, 2017
TEACHING RESOURCES

Case Studies: Suture
Anchor Implant

Claes Fredriksson, Phillipa
Newby | Granta Design

More Advanced Case Studies 2017

Planned: Mars Lander, Bone Porosity,

!
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Materials and Sustainable
Development

Teaching text

Paper: Material Risk and
Corporate Sustainability

Mike Ashby, Tatiana VVakhitova
N Granta Design

Teaching resources

¥
ow.

-"-

Level 3 SUElail;Ii_ibiﬁi'jF 'd

Webinars, Workshops

GRMEANTA Mike Ashby, 2016
TEACHING RESOURCES

Database

8 Case studies

\

N

Handouts, Projects

www.grantadesign.com/education/resources

GRANTR



Advanced Databases

GRANTA

Bio Properties
Biological
Biomedical and Bio
derived Materials

Architectural
Materials and
Properties

Lavels 1&2 - Introductory

.
Level 1

Level 2 Sustainability

MMPDS & CMH-17

Temp. dependent data

Nations of the world, Legislation
& regulation, Critical materials

Periodic Table

Th7< Elements

Level 3 Eco Design

Level 3 - Advanced

Level 3 Polymer

Level 3 Sustainability

Level 3 Bioengineering

Environmental
Properties

Traceable data

CAMPUS &

Prospector Plastics

(IDES?)

Bio Properties
Link to ASM
Medical Dev




Granta & TEMPUS MMATENG GRANTHA

Special agreement, allowing the access to teaching software CES
EduPack to Universities — MMATENG participants from Russia,
Ukraine and Israel for 3 years.

Provision of trainings for academics from the participating
Universities:

Project’s meeting in Leuven

Project’'s meeting in Krakow

Project’s meeting in Kiev (on-line presentation)
Monthly on-line Webinars for users of CES EduPack

Access to 350+ Teaching Resources on Granta’s Education HUB
on-line: https://teachingresources.grantadesign.com/

Special offers for software renewal & participation in Materials
Education Symposia (Europe, USA, Asia)

Egﬁg:j:g Mike Ashby, 2016 www.teachingresources.grantadesign.com



Feedback Form/Stay in Touch: GRANTR

KIT short course 27 July 2017:
http://www.grantadesign.com/education/events/2017/KIT2017/index.htm
Code for your KITEARLY

Cambridge Materials Education Symposium APRIL 12-13, 2018

https://www.materials-education.com/2018/cambridge/index.htm

Loyalty discount upon request

Contact Details:
Tatiana Vakhitova
Development Manager
for Central and Eastern European Region
Eco Design & Sustainability Consultant
Education Division Granta Design
Tatiana.Vakhitova@qgrantadesign.com

Eﬁﬁgﬁ:g Mike Ashby, 2016 www.teachingresources.grantadesign.com
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GRANTA

GRANTA Mike Ashby, 2016 www.teachingresources.grantadesign.com
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