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New materials?

·At the start of the construction of the 

Sagrada Familia (1882):

a few hundred materials:

·Virtually no plastics

·Now > 45000

·No light-weight metal alloys

·Now a few thousand

·No composites

·Now a few hundreds

·Today: more than 160.000 materials

Antoni Gaudi
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Scientific American: 

9 Materials That Will Change the 

Future of Manufacturing

Anisotropic plastics

Ultrathin platinum

coatings

Cheaper carbon fibre
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Mega-magnets

Nano-crystals

Hard coatings

Thermo-electrics

Electric ink Intelligent foam
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Filling the gaps in the Ashby maps

HOLE E/ɟ

Contours of 

E/ɟ

Vector for

material development
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Anisotropic and hybrid materials

Smart materials

GOAL: Energy efficiency ï

material efficiency
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Shape memory alloys
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Shape memory polymers

Source: http://www.ctd-materials.com/products/emc.htm
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Characteristics of the materials

response

TMA results
peak stress relaxation stress spring back recovery stress

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° 5.9 ± 1.3 3.9 ± 0.5 2 ± 1 3 ± 1
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Shape memory foam

Å Light-weight part

Å stability by dimension

Å Minimize transport volume

Å Versatile shape

Å Customizing 
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Minimal transport volume
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Ultra compressible

Controlled compaction
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20 

MIN

Regaining shape
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diatom structures
Highly patterned with a variety of patterns, ribs,
minute spines, marginal ridges and elevations

Internal heating by radiation
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Prototype mould concept

1st injection 

(interior)

Placing of heating 

bundle

2nd injection 

(exterior)

final 

shape(heating  

bundle 

embedded)

heat and 

compress
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Design challenges

1. Functional use: dimensional stability

o 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

o Stimulus requirement

o Completeness of recovery

o Repeatability

4. Triggering the transformation

o Selection of heating elements

o Optimisation of distribution and heating control

5. Surface finish

o Scratch and wear resistant

o ñlookò
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What is a composite material?

An artificial attempt to mimick the complexity of nature 

Ex. bamboo

Hemicellulose

Lignin
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Hierarchy in composites

3 meter

50 mm

5 mm

0.05 mm

0.005 mm
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The constituents

ÅFibres!

o Are very thin (0.01mm) hencevery flexible (even if the materialis 
intrinsicallystiff )

o Canbe woven, braided, knitted... and remainflexible, easy to handle

ÅThe polymer matrix

o Is light, colourful or transparent, easy to shape, 

o Canbe liquid like water and henceeasy to impregnatethe fibrous
reinforcements
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Elementary steps for the manufacturing 
of a composite part

Impregnation

Resin/matrix

COMPOSITE

Consolidation 

Knitting

Weaving
Braiding etc

Fibres
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Thermosets (epoxy, polyester)

Fibers Force Composite

Curing time

matrix

Resin Hardener

Thermoset
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Thermoplastics (polypropylene, nylon, 

PVC, PC)
Fibers Heat

Force

Composite

Thermoplastic

matrix
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Prime application field: moving 

objects

Carbon laminate

Carbon sandwich

Fiberglass

Aluminum

Aluminum/steel/titanium pylons

Composites

50%

Aluminum

20%

Titanium

15%

Steel

10%

Other

5%
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The first composites in furniture design

ÅCharles Eames (1907-1978) !
Å%ÎÇÉÎÅÅÒ ÉÎ Á 3ÔÅÅÌ -ÉÌÌ ȣ ÁÒÃÈÉÔÅÃÔ ȣ ÄÅÓÉÇÎÅÒ ȣ ÁÒÔÉÓÔȣ

Ɇ ȣ ÌÉÖÉÎÇ ÉÎ ,ÏÓ !ÎÇÅÌÅÓ ÉÎ ÔÈÅ ÌÁÔÅ ȭΦΡÓ
Ɇ centre of modern airplane industry
Ɇ glass fibres and polyesters invented 

mid-ΥΡȭÓ
Ɇ first used in (military) airplanes during 

WWII
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Charles Eamesô discovery of 

materials - 2
Å ȰÐÌÁÓÔÉÃȱ ÃÈÁÉÒÓ ÏÆÆÅÒÅÄ ÔÈÅ ÓÏÌÕÔÉÏÎȡ glass fibre reinforced polyester(both 

materials developed only 10 years earlier!!)
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The 60ôs: technical experiments...

Verner Panton

1968

(glass fibre-polyester,

later glass fibre-polyurethane)
Eero Arnio

1971

(glass fibre-polyester)
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The introduction of carbon fibres...

Pol Quadens

1993

(carbon fibre-epoxy)

The lightest chair in the world!

(< 1 kg)Alberto Meda

1987

(carbon fibre-epoxy)



32

Thermoplastic composites ...

Å Glass fibre-polypropylene, a thermoplast!

Å Production method: injection moulding of short-fibre reinforced PP!

Jasper Morrison, 1999

(glassfibre-polypropylene) Stefano Giovannoni, 1999

(glass fibre-polypropylene)
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Composites inspire designers

ÅFreedom
o to experiment in smallseries

o of shapes, colours, textures in the material

Å)ÔȭÓ hi-tech
o light, stiff àndstrong!

o Beware of fibre orientation andvolume fraction

ÅOn the wave of sustainability
o Lighter productsĄ lessenergy consumption
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Freedom of design and shaping

òFlorisó, 1967, Günther Beltzig

(Glass-polyester)
òJet Deskó, 2008, Brodie Neill

(carbon-epoxy)
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Freedom of design and shaping

Zaha Hadid

Yacht Blohm & Voss
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Composites inspire designers

ÅFreedom
o to experiment in smallseries

o of shapes, colours, textures in the material

Å)ÔȭÓ hi-tech
o a realneed: light, stiff àndstrong!

o Beware of fibre orientation andvolume fraction

ÅOnthe wave of sustainability
o Lighter productsĄ lessenergy consumption
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Comparing strength su vs. stiffness E
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Criteria for minimising the mass of a 

square rod / flat plate (thickness free)

Bending of a flat plate:

Bending of a square 

rod:

tension/compression

of a rod or plate

strengthstiffness
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Unidirectional carbon fibre composites

60%

50%

60%

50%

30%

40%

Polyme

r 0%

Carbon 

fibre 100%

Polymer 0%

60%
Ec,l = Vf*Ef + Vm*Em

Ec,t = (Vf/Ef + Vm/Em) -1
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Carbon reinforced composite (50% fibres):

weaves, random mats, short fibre composites

60%

50%

Polymer 

0%

Carbon 

fibre 100%

40%

50%50%

30%
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60%

50%

60%

50%

40%

Polyme

r 0%

Carbon 

fibre 100%

Each fibre architecture gives different composite propertiesé

randomly

oriented long 

fibre

composites

unidirectional

composites

Woven or

cross-ply

composites

Injection molded short 

fibre composites
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Composites inspire designers

ÅFreedom
o to experiment in smallseries

o of shapes, colours, textures in the material

Å)ÔȭÓ hi-tech
o a realneed: light, stiff àndstrong!

o Beware of fibre orientation andvolume fraction

ÅOnthe wave of sustainability
o Lighter productsĄ lessenergy consumption
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Lightness is important for transport ...
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Lighter cars Ą lower fuel 

consumption !
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Boeing 787 Dreamliner: 50% 

composites
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Then é why donôt we use 

composites all over (yet)?
Composites face some challenges

o Freedom in shape

ÅYes, If you have 

ÅEnough time to make the part

ÅEnough money to pay for it

o High performance

ÅYes, but

ÅNot in all directions

ÅNot all properties are high

o Light and thus environment friendly

ÅYes, but

ÅHigh energy needed to produce the part

ÅLow level of recycling
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Properties drop tremendously due to

fibre misorientation
o For carbon-epoxy

Properties of laminated structures 50

q
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Fibre length has a significant effect on 

composite performance

Source: Spörrer, Sandler, Altstädt, UniBayreuth
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Autoclave curing

l Pressure limited to 15 bar

l Large pressure chamber (autoclave)

l Complete temperature cycle (up to 15 hours!)

l High performance composite parts

l Aerospace 

l Sports

l Base material òprepregó


