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MATENG Scientific American:
9 Materials That Will Change the
Future of Manufacturing
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MATENG Filling the gaps in the Ashby maps
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Kehmarene GOAL: Energy efficiency
material efficiency

»

Anisotropic and hybrid materials

Smart materials
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Shape memory alloys undergo reversible
phase transformations at different
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fepmerene Shape memory polymers
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MATENG Characteristics of the materials
response
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Deformation Dot
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peak stress relaxation stress spring back recovery stress
TMA results MPa MPa % MPa
10% 65° 3.65+ 0.45 1.95+0.15 0,45+ 0,35 1.65+ 0.3
75 2.4+0.2 1.75:0.12 0,25+0,10 1.60+ 0.06
85° 2.2+ 0.2 1.75£0.15 0,15+ 0,05 1.65+0.12
20% 75 59+1.3 3.9+0.5 2+1 3+1
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A Light-weight part
A stability by dimension

A Minimize transport volume
A Versatile shape
A Customizing
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fehmarene Minimal transport volume




‘

Gewmarene CoNtrolled compaction

ESME Tempus
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fehmarene Regaining shape
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ehwar=ne Prototype mould concept
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=

1stinjection Placing of heating 2ndinjection final

heat and
(interior) bundle (exterior) shape(heating compress
bundle
embedded)
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fehmerene Design challenges

1. Functional use: dimensional stability
0 Optimisation of the geometry
2. Creating the temporary shape
o Analysis of the deformation of the foam
o Design of the compaction process
3. Returning to the permanent shape
0 Stimulus requirement
0 Completeness of recovery
0 Repeatability
4. Triggering the transformation
0 Selection of heating elements
0 Optimisation of distribution and heating control
5. Surface finish

0 Scratch and wear resistant
0 Nl ook O
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{ehwar=ne What is a composite material?

An artificial attempt to mimick the complexity of nature

Ex. bamboo

= Hemicellulose
Lignin |
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MATENG Hierarchy in composites
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{ehwene The constituents
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A Fibred

o Areverythin (0.01lmm)hencevery flexible (
intrinsicallystiff)
o Canbe woven, braided, knitted... andremainf
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A Thepolymer matrix
o Islight, colourful or transparent, easy toshape,

o Canbe liquid like water and henceeasy toimpre
reinforcements
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MATENG Elementary steps for the manufacturin @8l
V of a composite part

Braiding etc

: Weavin : :
Fibres J Resin/matrix

Filling (weft)

Consolidation

covpdsie
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MATENG Thermosets (epoxy, polyester)

Composite
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MATENG ThermOplaS“CS (polypropylene, nylon,

PVC, PC)
Composite
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" Other

Steel 5%
10%
Titanium Composites
15% 50%

Aluminu
20%
. Carbon laminate

- Carbon sandwich

B Fiberglass
- Aluminum
D Aluminum/steel/titanium pylons




MATENG The first composites in furniture desigriEll e

A Charles Eames (19€1078) !
Awl CET AAO EIT A 30AAI -EIl 8 AOA

8 I EOETC ET ,10 'TCAlAO EI

E centre of modern airplane industry

F glass fibres and polyesters invented
mid-Y P 6 O

£ first used in (military) airplanes during
WWII
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Verner Panton
1968
(glass fibre-polyester,

later glass fibre-polyurethane)

Eero Arnio
1971
(glass fibre-polyester)
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MATENG The introduction of carbon fibres...

Alberto Meda
1987
(carbon fibre-epoxy)

Pol Quadens
1993
(carbon fibre-epoxy)
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L : :
Hehmarens Thermoplastic composites ...

A Glass fibre-polypropylene, a thermoplast!
A Production method: injection moulding of short-fibre reinforced PP!

Jasper Morrison, 1999

(glassfibre-polypropylene) Stefano Giovannoni, 1999
(glass fibre-polypropylene)



ESME Tempus

devarene COMposites inspire designers

A Freedom

o to experiment insmallseries
o of shapes colours, textures in the material

A) Chét€ah
o light, stiff and strong!
o Beware offibre orientation andvolume fraction

A Onthe wave of sustainability
o Lighter products A lessenergyconsumption



Tempus

KeRmarene Freedom of design and shaping
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Zaha Hadid
Yacht Blohm & VVoss
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devarene COMposites inspire designers

A Freedom

o to experiment insmallseries
o of shapes colours, textures in the material

A) Chét€ah
o arealneed: light, stiff and strong!
o Beware offibre orientation and volume fraction

A Onthe wave of sustainability
o Lighter products A lessenergyconsumption
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MATENG Criteria for minimising the mass of a
square rod / flat plate (thickness free)

ESME Tempus

M = mass stiffness strength
tension/compression M ~ L M ~ L
of a rod or plate E S,
Bending of a square r r
rod: M~ — M ~
VE 3/s?
Bending of a flat plate: ’ M r
M _~ [
JE VS
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and bending stiffness (E)Y2/r
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MATENG Unidirectional carbon fibre composites
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I.\}IMATENG Carbon reinforced composite (50% fibres): Ko
& weaves, random mats, short fibre composites
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devarene COMposites inspire designers

A Freedom

o to experiment insmallseries
o of shapes colours, textures in the material

A) Chét€ah
o arealneed: light, stiff and strong!
o Beware offibre orientation andvolume fraction

A Onthe wave of sustainability
o Lighter products A lessenergyconsumption
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MATENG Lightness is important for transport ...
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Binmarene Lighter cars A lower fuel
consumption !
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MATENG Boeing 787 Dreamliner: 50% - [—
composites
Materials used in 787 body _
Fiberglass M Carbon laminate composite - Total materials used
M Aluminum W Carbon sandwich composite By weight other

Aluminum/steel/titanium

Steel 3% Composites
10% 50%

Itanlurrl
15%
A.!ummum

By comparison, the 777 uses 12 percent
composites and 50 percent aluminum.
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composites all over (yet)?
Composites face some challenges

o Freedom in shape
A Yes, If you have

A Enough time to make the part
A Enough money to pay for it

o| High performance
A Yes, but

A Not in all directions
A Not all properties are high

o Light and thus environment friendly

A Yes, but
A High energy needed to produce the part
A Low level of recycling
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R}.MATENG Properties drop tremendously due to
° fibre misorientation

/

o For carbon-epoxy
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(EMMATENG Fibre length has a significant effect on

& composite performance
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Les :
{ehmarene Autoclave curing

. Pressure limited to 15 bar
. Large pressure chamber (autoclave)
. Complete temperature cycle (up to 15 hours!)
. High performance composite parts
. Aerospace
. Sports
. Base material opreprego




