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Zeitalter tragen die Namen von Materialien 



Technology Status A380 – Material Distribution (courtesy Airbus) 

20% Composite 

62% Aluminum 10% Titanium / Steel 

4% Glare 

2% Surface protections 

2% Miscellaneous 

Fly 
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• Improved Stiffness 

• Improved hot-wet shear 

• Material Optimised Hybrid 

• Cost reduction 

• Design rules 

• Fiber dominated  

• Bonded Metal laminate  

Technology Status A380 – Material Distribution (courtesy Airbus) 

GLARE: "Glass Laminate Aluminium 

Reinforced Epoxy“ 

 

several thin layers of metal (usually 

aluminium) interspersed with layers of 

glass-fibre "pre-preg", bonded together with 

a matrix such as epoxy.  

 

Uni-directional pre-preg layers may be 

aligned in different directions to suit the 

predicted stress conditions. 

 

Next generation: CFK 

http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Glass-fibre
http://en.wikipedia.org/wiki/Glass-fibre
http://en.wikipedia.org/wiki/Glass-fibre
http://en.wikipedia.org/wiki/Pre-preg
http://en.wikipedia.org/wiki/Pre-preg
http://en.wikipedia.org/wiki/Pre-preg
http://en.wikipedia.org/wiki/Epoxy
http://en.wikipedia.org/wiki/Stress_(physics)
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New materials automotive (courtesy BMW) 
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New materials automotive (courtesy BMW) 
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New materials automotive (courtesy BMW) 
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New materials automotive (courtesy BMW) 



„Neutral Fiber “: Center line remains unchanged during 

bending  

material is compressed below 

the neutral fiber 

Material is under tensile stress 

above the neutral fiber 

F

Construction stiffness: how design parts with light-weight materials  
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1 m 
supported on one 

end 

1 m 
supported on both 

ends 

1 m displacement 

1 N load 

1 m beam thickness 

1 m beam length 

1 m beam width 

1 N/m2 Elastic modulus 

Beam thickness a:  3rd power against displacement, modulus acts only linear 
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Construction stiffness: beam bending 
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Construction stiffness: how design parts with light-weight materials  

1) Intrinsic elastic stiffness of the material (elastic modulus) 

 

2) Dimension of the structure that is made of the material (third order 

increase of structure stiffness with cross section) 

same force 

same cross section 

different materials 
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Construction stiffness: how design parts with light-weight materials  

1) Intrinsic elastic stiffness of the material (elastic modulus) 

 

2) Dimension of the structure that is made of the material (third order 

increase of structure stiffness with cross section) 

same force 

same mass of beam 

same material 
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Overview 
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Theory of polymers (slide with courtesy from Prof. Kurt Kremer) 
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Structure of polymers 
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• Macromolecules are formed by linking of repeating units 
through covalent bonds in the main backbone 

 

• Properties of macromolecules are determined by 

– molecular weight 

– length 

– backbone structure 

– side chains 

– crystallinity 

 

• Resulting macromolecules have huge molecular weights 

Structure of polymers 
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Types of polymers 
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Types of polymers 
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Types of polymers 

Structure Source-Based Name Application 

R = -H Polyethylene Plastic 

R = -CH3 Polypropylene Rope 

R = -Cl Poly(vinyl chloride) "Vinyl" 

X = -H, R = -C2H5 Poly(ethyl acrylate) Latex paints 

X = -CH3, R = -CH3 Poly(methyl methacrylate) Plastic 

R = -H Polybutadiene Tires 

R = -CH3 Polyisoprene Tires 

X = -F, R = -F Polytetrafluoroethylene Teflon® 

—C—C— 

H    H 

H    R 

—C—C— 

H    H 

H    R 

—C—C— 

H    H 

H    R 

• • • • • • • • 
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Types of polymers 
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Polymer structure: large variety in conformation 
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Polymer structure 
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Polymer structure 
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Polymer structure 
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Polymer structure 
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Polymer structure: overview 

Schematic illustration of polymer chains.  

(a) Linear structure; thermoplastics such as acrylics, nylons, polyethylene, and polyvinyl 

chloride have linear structures.  

(b) Branched structure, such as polyethylene.  

(c) Crosslinked structure; many rubbers and elastomers have this structure. Vulcanization 

of rubber produces this structure. 

(d) Network structure, which is basically highly cross-linked; examples include 

thermosetting plastics such as epoxies and phenolics. 
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Effect of molecular weight on mechanical properties 

Effect of molecular weight and degree of polymerization 

on the strength and viscosity of polymers. 
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Polymer structure, crystals 
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Polymer structure, crystals and amorphous structure 
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Structure, scales, partially crystalline polymers 



30 

Structure, scales, partially crystalline polymers 



Structure, scales, partially crystalline polymers 

The crystalline unit cell for 

PET (a = 4.56 Å, b = 5.94 Å, 

c = 10.75 Å; a = 98.5°, 

b = 118°, g = 112°), 

 

M Durell (2002) 

31 
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PET / AFM: M Durell, J E Macdonald, D Trolley, Europhysics Letters (2002) 

Polymer structure: spherulite growth 
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Polymer structure: spherulite growth 
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Polymer structure: spherulite growth 
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1 micron square, AFM  

M. Miles, M. Antognozzi, H. Haschke, J. Hobbs, A. Humphris, T. McMaster 

H.H. Wills Physics Laboratory, University of Bristol, Materials Today, Feb. 2003 

1 millimeter square, OM 

Polymer structure: spherulite growth 

http://spm.phy.bris.ac.uk/people/JamieHobbs/images/33_40p.pdf
http://spm.phy.bris.ac.uk/people/JamieHobbs/images/60seriesp.pdf
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1 millimeter square, OM 

Bamford, Nature 173 (1954) p. 27;   Astbury, Endeavor 1(1942) p. 70 

Polymer structure: spherulite growth 
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d (A)                  (hkl)                     2theta 

(Cr) 

 

8,718 (001) 15,12 

5,399 (0-11) 24,52 

5,059 (010) 26,2 

4,17 (-111) 31,92 

4,135 (-101) 32,2 

3,944 (-110) 33,8 

3,775 (011) 35,36 

3,467 (100) 38,64 

3,204 (1-11) 41,94 

2,73 (101) 49,68 

2,696 (11-1) 50,36 

2,355 (110) 58,28 

2,003 (111) 69,84 

 

 

Polymer structure: PET: XRD 
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Polymer structure: PP: XRD 
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Polymer structure: deformation of semi-crystalline polymers 

Structure of semicrystalline polymers on a molecular scale can be 

approximated as consisting of two phases:  

(a) crystalline regions  

(b) disordered quasi-amorphous interlamellar (IL) regions.  

 

Crystal regions typically consist of crystal lamellae by regular folding chains. 

Within the IL regions four types of molecules are present  

(a)- tails with one free end;  

(b)- loops, which start and end in the same lamellae;  

(c)- bridges (tie molecules) which join up two lamellae  

(d)- floating molecules which are unattached to any lamella 



Reorientation 

Polymer structure: deformation of semi-crystalline polymers 
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Polymer structure: deformation of semi-crystalline polymers 

Specific volume of polymers as a function of 

temperature. Amorphous polymers, such as 

acrylic and polycarbonate, have a glass-

transition temperature, Tg, but do not have a 

specific melting point, Tm. Partly crystalline 

polymers, such as polyethylene and nylons, 

contract sharply at their melting points during 

cooling. 

Glass-Transition and Melting 

Temperatures of Selected Polymers 
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Polymers: mechanical properties – trends 

General terminology describing the 

behavior of three types of plastics. PTFE is 

polytetrafluoroethylene (Teflon, a trade name). 

Source: After R.L.E. Brown. 
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Polymers: mechanical properties – the influence of temperature 

Behavior of polymers as a function of temperature and  

(a) degree of crystallinity and (b) crosslinking. The combined elastic and viscous behavior 

of polymers is known as viscoelasticity. 
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Polymers: mechanical properties – the influence of temperature 

Effect of temperature on the stressstrain 

curve for cellulose acetate, a thermoplastic. 

Note the large drop in strength and increase in 

ductility with a relatively small increase in 

temperature. Source: After T.S. Carswell and 

H.K. Nason. 

Effect of temperature on the impact strength 

of various plastics. Note that small changes in 

temperature can have a significant effect on 

impact strength. Source: P.C. Powell. 
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Polymers: mechanical properties 

Durability of polymer composites 

 

Polymer composites change with time and most 

significant factors are 

 
• Elevated temperatures 

 

• Fire 

 

• Moisture 

 

• Adverse chemical environments 

 

• Natural weathering when exposed to sun’s ultra-violet radiation 
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Polymer composites: mechanical properties 
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Polymer composites: mechanical properties 
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Polymer structure: deformation of polymers-based composites 

Typical properties of reinforcing fibers 


