
Cluster 3 

Materials & Manufacturing 

 

Less weight – less cost – less 
CO2 – more dynamic – more 

efficiency 
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NoAE 

 

Let us define projects, to find solutions for issues, we 
can´t solve alone! 

 

 

Let us look into the entire mobility industry to learn from 
each other!  
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Reduction of the vehicle weight 
is a must 

 

Vehicle weight is directly 
proportional to the energy 
required to move the vehicle, 
except for aerodynamic 
resistance 

 

Reducing the mass is very 
efficient for reducing the fuel 
consumption 

 

100kg weight reduction saves 
0,25 – 0,35 l/100km 
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Safety and comfort 
overcompensated the 
lightweight design efforts 
in car body development 

Source: University Paderborn 



•2007 

•BMW M3 CFRP 
roof – the 
beginning of the 
carbon fibre wave 

•1937 

•Mg Bus trailer 

•1999 

•AUDI A2 with the 
2nd ASF 
generation 

•1993 

•Audi A8 with an 
aluminium space 
frame (ASF)  

•2001 

•VW 1ltr car 

•Mg structure with 
CFRP panels  

•2009 

•More and more 
multimaterial 
designs. 

•AUDI A6, Q5 ... 

•BMW 

•Daimler Benz 

•Porsche 

•...... 

•Lightweight design history in Europe 
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•Source: AUDI Source: AUDI 



www.techmag-ag.com

Lightweight-design pressure around the world 

NA 

legal regulations 
support lightweight 
design more than in 
EU  

 

Suppliers have to 
achieve -50% 
weight on part level 

EU 

center of lightweight 
design based on new 
materials 

A/P 

clever and pragmatic 
lightweight design 
with proven 
materials 

 

first innovations 
comming from China 
in western markets 



Cost pressure in Automotive 
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Steel:  1kg x 3,00€/kg = 3,00€ part price 

 

lightweight competitor: 

  0,5kg x 10,00€/kg = 5,00€ part price 

      = +4,00€/kg  

 

pragmatic window for lightweight design = 2,50 – 5,00€/kg 

for mass market car producers         = 0,00 – 5,00€/kg 

some niches allow up to 18,00€/kg  



Specifica of mobility markets 
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Automotive: 

- enormous volume 

- missuse cases 

- big players 

Railway: 

- robustness 

- straight lines 

- higher level of market-concentration 

Aircraft: 

- 100% under control; no undetected misuse 

- high entry barriers 

- few players 



Specifica of mobility markets 
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Steel  in Automotive 

structures      18m tons/y 

Aluminum in 

 Automotive Structures 

3,6m tons/y 

Aircraft structures 

0,1m tons/y 



Specifica of mobility markets 
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Magnesium 

Automotive 
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Workshops No. 3 MATERIAL & MANFACTURING 

Time Acitvitiy presenter 

10.30 – 10.35 am Opening Workshop 3 „Material & 
Manufacturing“ 

Mr. Anderseck, 
Prospecting Partners 

Member of the Jury 

10.35 – 10.50 am New Materials: Synergies 
Automotive, Aircraft und 
Railway 

Mr. Dr. Kirschfink, 
Lufthansa Technik, 
Member of the Jury 

10.50 – 11.10 am Project.Proposals 

   iMaut: 3 Projects 

Carlos Moliner 

Martin Pohl 

10.10 – 11.20 am Project-Proposal  „iMDP“ Mr. Anderseck 

11.20 – 11.45 am Project-Generation 

Base1: 10 Innovation winners 

Base2: ideas and needs from 
the auditorium 

Moderation Prof. Grienitz 
and Mr. Anderseck 

11.45 am – 12.00 am Activity plan Prof. Grienitz and 

Mr. Anderseck 
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•Reserve 



Electric cars are only as green as the electricity 
they run on 

• Source: UBA, BMU 2008, WWF 2009 

•CO2 emissions by power train technology (Well to wheel perspective) 

•In g CO2 per km, lower medium segment example, Germany 

Otto Diesel Mild-Hybrid Full-Hybrid Plug-in 
(PHEV) 

Black coal 
energy 
100% 

 
German  

energy mix 

Renewable 
energy 
100% 

ICE Hybrids BEV 

BEV emission 
depends on the 
energy source of 
electricity 

•Vehicle emission •Indirect emissions (process chain) 
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Lightweight as important lever for a cost 
efficient BEV solution 

•Objective: Driving range extension (EV) 

•Optimization 
fields 

•Main levers 

•Potential 

 Number of users 

 Electricity 
consumption per 
user 

 Recuperation 

•Electric/ 
Electronics 

 Aerodynamic 
(Circulation, 
perfusion) 

 Purpose Design 
(degree of 
freedom) 

•Design / surface 

 Material  

 Vehicle concepts 

 Mechatronics 

 Optimization of 
tires roll resistance 

•Weight / roll 
resistance 

 Battery chemistry 

 Larger size 

 Improvement 
battery capacity 
(Energy density) 

•Battery 

 Optimization 
degree of 
efficiency of 
E-machine 

 Driving behavior 

 Infrastructure 
optimization 

•Vehicle operation 

•Light weight technology is strongly gaining importance  as competitive advantage, especially in 
topics such as  fuel efficiency and fleet emission for ICE as well as driving range for BEV 

• Source: Oliver Wyman 



•Metals 

Steel 

Aluminium 

Magnesium 

•Plastics 

Thermoplastics 

Organosheets 

GFRP 

CFRP 

Nano-material 

•What material ? 

Trends: Material competition 



Trend: Material competition 

•Strength and stiffness relevance 
for typical car body components: 

 

•For most of the components, 
strength is still not the limiting 
factor. Many parts are primarily 
stiffness-determined 

 

•Components with high stiffness 
relevance are not suitable for 
efficient lightweighting by using 
steel grades with high yield 
strength 

 

•Using aluminium in a stiffness 
determined component can reduce 
the weight by 30-50% 

 

•Using Magnesium MnE21 in a 
stiffness determined component 
can reduce the weight by 50 – 
75% 

•Source: IKA, 2009 

•What material should I choose? 



 

 Competition of Structural parts 

 Competition of Outer Panels 

•Trend: Material competition, wide range of properties available 



•Sicherheit 

•Kraftstoffverbrauch •Process stability 

•CO2-Emissionen •Kosten 

•Comfort •Driving performance 

•Weight 

•Safety 

•Fuel consumption 

•CO2-emission •Costs 

•Trend: Material competition, challange to balance the car behavior 

•lightweight design 



Material Competition: Aluminium 

•Al •St 

•weight 

•x2 

•x3 



Magnesium: Castings, Extrusions, Sheets 

•Bumper 

•Sheet manufacturing in China 

•Porsche console cover 

•Samples to show deforming capability 

•Mg •Al •St 

•weight 

•x1 

•x2 

•x3 

•MnE21: new light weight material for mass market production with a new process route 



•Process Innovations are key for the usage of new materials 



•New materials need new or improved joining technologies 

•CMT, Laserhybrid, ... Welding processes •Friction- Stir- Welding 

•Laserstrahl 

•MIG- Brenner 

•Schweissrichtung 

•Trends: Process innovations 



•Knowledge 

 To become a multi-material engineer 

is a big challange 

 

 The experience in steel is existing 

 The aluminium knowledge is available 

 The carbon fibre knowledge is 

concentrated at some locations 

 The magnesium knowledge is in the 

growing phase 

 

 Where are the engineers familar with 

all these materials? 

•Complex material behavior is changing the design process 

•CAE •Testing 

 All modern lightweight materials do 

not have an isotropic behavior! 

 many testing methodologies were 
developped, to test steel 

•Picture: Matfem, Munich 



•Effective lightweight design is not isotropic 

•Picture: Matfem, Munich 

•Flow characteristics of a magnesium alloy 

•Structure of a human bone 

•transfered into a church 
architecture of the 16th 
century 



•Challanges in a multimaterial design approach 

•Structure of a human bone 

•Picture: Prof. Wellnitz, Ingolstadt 

•metal-foam              bone-structure 

•Prototype of an engine support 

•Picture: BMW 

•Bionic principles 



•A-pillar 

•Tunnel 

•Siller 

•Front-crash forces 

Trend: Car architecture  

•A-pillar 
lower 

•Architecture and crash performance 



•  CO2 regulations and e-mobility is leveraging lightweight design 

 

• Weight saving targets in Europe are at a level between 50 to 250kg 

 

• The European OEM´s tried out a lot of lightweight approaches 

 

• Actually we realise a lot of multimaterial design in premium cars 

 

• CFRP has an important role for luxary cars 

 

• Suitable lightweight design for mass market cars 

• needs a lot of efforts  

 

• The new alloy MnE21 can be a part of 

• a solution for mass market cars  

 

 

 

 

 

 

 

•  Therefor China has a 

strong  need for  

lightweight design .  

•  in China e-mobility is important part of  

the mobility in mega-cities 

•  for e-mobility lightweight design is necessary for achieving a cost 

effective car. Secondary savings are much higher compared to 

combuston engines 



3 Criteria for customer value in the automotive industrie 
 
What has to be fulfilled by a new material? 

•new material 

•trust 

•price markup between 3 and 5 €/kg weight saving is in discussion 

•high weight saving potencial 

•simple car integration 

•sourcing guarantee 

•CAE capabilities 

•global availibility 

•supplier configuration acceptable 

•testings ok 

•package ok 

•production stability ok 

•CO2 emissions ok 

•many different semi finished products needed 

•joining technologies must be available 



3 Criteria for customer value in the automotive industrie 
•Performance indicators for magnesium applications 

 

(1) Weight saving [%]                            (weight of steel or aluminum component compared to MnE21 part)                              

Green: 65% - 75% 

(2) Engineered scrap rate [%]               (component weight /  blank weight) only interesting for warm-in-warm process            Green: 

>50% 

(3) Investment intensity [-]                    (lifetime revenue / capital employeed for this component)                                             

Green:  >10 

(4) Specific costs [EURO / kg]              (part costs / part weight)                                                                                                 

Green: <12.5 

(5) add. costs per kg weightsaving       ( [costs – costs of steel comp.] / weight saving)                                                             

Green  < 4,0  

•MnE21 sheet warm-in-warm process 

 

 

•Aluminium sheet 

 

 

•CFRP part 



Cluster 3 

Materials & Manufacturing 

 

Less weight – less cost – more 
dynamic – more efficiency 

 NoAE |Jury-Workshop                                                      22. Juni 2012 Page 34 


