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Cluster 3
Materials & Manufacturing

Less weight — less cost - less
CO, - more dynamic — more
efficiency
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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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Drivers for weight saving

» Transport responsible for 23%™** of EU-27 CO, Emissions and
is expected to become 50% in 2050.

» The largest share of this comes from Road Transportation

Other

0.7% Total Civil
Aviation
12.5%

Total Navigation
15.3%
Railways ***
0.6%

*** Excluding indirect Emissions
from Electricity Consumption, Road
otherwise, 27% of EU-27 CO2 ————— Transportation
emissions is often quotad. 70 9%

Source hitp:/ec.eurcpa.euenergy/publications/doc/statistics/ext co2 emissions sector.pdf

NOAE |Jury-Workshop 22. Juni 2012 Page 3



5TH,PROJECT-DAY

e e e N iaReqion. m
/% EnergieRegion.NRW Q)

des Landes Nordrhein-Westfalen '\
2 Cluster Nordrhein-Westfalen

Reduction of the vehicle weight
F=Fy,+ Fo+ F~+F
s a must

1.Aerodynamic
resistance

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

W

F k 2
,=:2-ot‘“‘vol'-

4 Acceleration
resistance

Fo=k ogea
—

Reducing the mass is very
efficient for reducing the fuel
consumption

2.Rolling
resistance

F =l? ° eQZecosx
R="r £
i 4

3.Gradient
resistance

F =@)eg « sin o 100kg weight reduction saves
0,25 - 0,35 1/100km
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Motivation for lightweight design

» BMW 3er A BMW Ser Mazda 323 . mazda 626
4 L. JBMWTer  «OpelKadett +AudiA3 AudiAd
1850 - t eOpeiCorsa  »OpelOmega - AudiAG AudiA8
+ VW Polo VW Golf Audi A2 Audi 100
1650 - o — - VW Passat VWiupo  + AudiB0 Audi 90
VW1 Literauto « Mazda 121 BMW ter
s Safety and comfort
2 1250 - overcompensated the
B o lightweight design efforts
% Reduction of CO, Emissions [g CO,/km)] in car body development
§ 850 - 43 835 iz8
L
950 g 150
450 - .
, g 100
250 : L ]
1960 1970 1980 1990 2000 2010 %’ 50
Year
_ _ 0,15 03 045
SO urce: U nive rs|ty Pa d e rbo rn Reduction of fuel consumption [IF100 km]
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eLightweight design history in Europe

*1937 . +1999
-Mg Bus trailer . +AUDI A2 with the
i 2nd ASF :
generation i beginning of the

carbon fibre wave

-1993 ; -2001 ; -2009
*Audi A8 with an VW 1ltr car *More and more
aluminium space -Mg structure with Ejnul_nmatenal
: : esigns.
frame (ASF) CFRP panels 5 J
*AUDI A6, Q5 ...
*‘BMW

Daimler Benz

*Porsche
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Audi TT Roadster UL
Rohkarosserie Aud

Structure

1106

Casting (alurminium}
s Profle (AN
Section (atumnium/
e Blech (Ak)
Sheot (alominium)
© Blech {Stabl)
Shaot (stovl)
mmm Profile {Seahl)
Section (steel)

Source: AUDI
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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

www.techmag-ag.com



5THPROJECT-DAY

e ¥ EnergieRegion.NRW m
es Lande A o
Cluster Nordrhein-Westfalen

L s Nordrhein-Westfalen A

Cost pressure in Automotive

Steel: l1kg Xx 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
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Specifica of mobility markets

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
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Specifica of mobility markets

Steel in Automotive

structures  18m tonsly

_ Aluminum in
Aircraft structures

Automotive Structures
0,1m tonsly

3,6m tonsly
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Specifica of mobility markets

NoAE |Jury-Workshop

1,0

e Automotive

HS-

stas

Alurniniurn
shea

4 8 12
specific costs [E/kg]

22. Juni 2012
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20

NcAE
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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
Basel: 10 Innovation winners

Base2: ideas and needs from
the auditorium

Moderation Prof. Grienitz
and Mr. Anderseck

11.45am - 12.00 am

Activity plan

Prof. Grienitz and
Mr. Anderseck
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eReserve
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they run on
e

*COZ emissions by power train technology (Well to wheel perspective)
*In g CO, per km, lower medium segment example, Germany

1
200 1
1
165 1 1
155 1 162 !
150 140 ! |
1 |
I 107 !
1 |
100 I !
1 |
1 |
1 |
50 1 1
1 |
1 |
| 5 :
1 .
0 | i
Otto Diesel Mild-Hybrid Full-Hybrid Plug-in 1 Black coal %) Renewable |
(PHEV) 1 energy German energy 1
I 100% energy mix 100% !
| | | [ |
I I 1 I |
ICE Hybrids 1 BEV 1
1
o y
*Vehicle emission . *Indirect emissions (process chain)

* Source: UBA, BMU 2008, WWF 2009



*Optimization
fields

*Main levers

*Potential

s importanylever for\d cost NZ/AE

Cluster Nordrhein-West
solution
*Objective: Driving range extension (EV)
v v v v v
*Electric/ *Design / surface *Weight / roll *Battery *Vehicle operation
Electronics resistance
= Number of users = Aerodynamic = Material = Battery chemistry = Optimization
= Electricity (Clrfcul_atlon, = Vehicle concepts | = Larger size d]?f_gr_ee of .
consumption per perfusion) » Mechatronics * Improvement E rasney o
ser = Purpose Design : -machine
u P g = Optimization of battery capacity
- R i (degree of Optimization o E density) * Driving behavior
ecuperation freedom) tires roll resistance | (Energy density)

D

®

= |nfrastructure
optimization

®

-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



des Landes Nordrhein-Westfalen

-What materlal ?

Trenrs: Meaterialc

Cluster Nordrhein-Westfalen

*Metals *Plastics
Steel Thermoplastics
Aluminium Organosheets
Magnesium GFRP
CFRP

Nano-material
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Strength and stiffness relevance for typical car

body components (ika, 2009)

1 | @ |
0.9 = ‘
0.8
0.7 —p & —

0.6 '
05 (2 P ' O
0.4 T m
0.3 @ //" ,—"’ y 'y
0.2 e
o1 e A
o Lo~ e =
0 0.2 0.4 0.6 0.8 1

Strength Relevance in Crash

Maximum values front, rear and side crash

eSource: IKA, 2009

* CM-System
B [ ongitudinal Front
Firewall
IP Crossmember
Strut Tower Front
® Floor
B Tunnel
#® Floor Crossmember
B Hearwall
+ Longitudinal Rear
B Rear Crossmember
A Strut Tower Rear
® Qoofrail
4 A-Billar
® B-Pillar
C-Pillar
4 Sidewall
Sill
* Roof
B Roof Crossmember
4 Longitudinal Upper
B Cowl

oor Panels

oor CM-System

oor Frame

oor Hinge Reinforcement

NcAE

eStrength and stiffness relevance
for typical car body components:

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

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

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

eUsing Magnesium MnE21 in a
stiffness determined component
can reduce the weight by 50 -
75%
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Young’s modulus

ot Structure

[Strength1/2/Density]

® Competition of Structural parts

S h &
PRy Competitors

" Competition of Outer Panel

Young’s modulus / Aluminium
Density : | Casting AlSioMgMn

[E1/3/Density]

for stiff plates Aluminium
Extrusion 6060

Magnesium

AME0

Steel
Young's modulus Young's modulus / Sheet DP800

Strength / [GPa] Density | | c 3
Density E1/2/Densi \ omposite  SMC
[Strength®/2/Density] Outer Panels Sor it baames _ UP/GMSR50
for strong plates \

s Ductility
trength . 2 s
b Competito It — %]

M———
Material CO;‘

[DM/kg] Thermal Expansion
[10-6/K]

Composite
Carbon Fibre
SMC (not avail.)

Young’s modulus / Aluminium
Density p Sheet 6016 T4P)
[E1/3/Density] ‘
for stiff plates \ \ Steel

Sheet ZStE26

Density Plastic
Ikg/dm3] RSN

Composite SMC
it UP/GMSR30
‘'oung’s modulus /

Density 1 AN g
[E1/2/Density] ] 4 Composite

for stiff beams / EP-CW

Ductility
[%]

[DM/kg]

Thermal Expansion
[10-6/K]
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eProcess stability

N

seFuel consumptio

¢CO>-emission
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Aluminium is an important automotive material

Aluminium-intensive cars:

> 450 kg upper class models
> 300 kg middle class models

Average aluminium content in European car models:

170

150 —
.

90 /
70 //
50 4 /

.__.--'

* 157

=]

kg Al per car

30 r T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

jon: A'"%i"ii"r'l?rgieRegion.NRW

Cluster Nordrhein-Westfalen

Lightweighting with aluminium - today

* Primary weight savings, typical values:

Typical relative and average absolute weight savings
Relative weight saving Absolute w. s. Market penetration
e Engine and transmission parts: i \\\\\\\ LY
® Chassis and suspension parts E 3 \\\\\\\ ,
* Hang-on parts® o \\\\ 7
* Wheel ims® [ N y
¢ Bumper systems oyl \ ®
R N

Secondary weight savings typically 0 — 50% extra

* Significant growth potential, in particular for aluminium sheet,
exists in car body applications:
Closures (doors, hoods etc.)
« Structural applications
but also in chassis and suspension
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*Sheet manufacturing in China

«Samples to show deforming capability
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*Process Innovation

(OB PIatorm ] Jaguar, XJ350
_ Aluminium Hem Flange Bonding - all closures

Hood hem flange

= No distortion

= Less than 30 seconds cycle time
= Aluminum

= High Oil compatibility

‘ SA 5027 \ w

Door hem flange
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«New materialsfeed new or improved joining:technolodi O

oCMT, Laserhybrid, ... Welding processeseFriction- Stir- Welding

*MIG- Brenner o

L aserstrahl Werkstiick

Werkzeugschulter

feste Unterlage

profilierter Stift

*Schweissrichtung
-
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*Knowledge *CAE *Testing

many testing methodologies were

To become a multi-material engineer All modern lightweight materials do
developped, to test steel

is a big challange not have an isotropic behavior!
Predictive Simulation
The experience in steel is existing

The aluminium knowledge is available

r N BN BN BN BN BN . \
iterative

The carbon fibre knowledge is ' MAT ' ' | recalibration
— 3 Uf materléﬂ
concentrated at some locations data with
standard simulation
The magnesium knowledge is in the test programme realistic results
growing phase load case
= . prediction
: of results
B — q MAT ﬁ # \ ' )
Where are the engineers familar with Comc G — % El:tmoet:'t
all these materials? comprehensive calibration

test programme *Picture: Matfem, Munich
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*Picture: Matfem, Munich

*Flow characteristics of a magnesium alloy

Cluster Ni

Der innere Aufbau eines Knochensystems

Trapecular (Spongiosa)

Corticalis

«transfered into a church
architecture of the 16th
century
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*Prototype of an engine support

*metal-foam bone-structure

*Picture: Prof. Wellnitz, Ingolstadt

*Picture: BMW
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.3
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- CO2EyUEeitE and obility is leveraging lig AESIN wectalen
» Weight saving targets in Europe are at a level between 50 to 250kg\ -

« The European OEM ’s tried out a lot of lightweight approaihes -

» Actually we realise a lot of multimaterial design in premiu « Therefor China has a
”h strong need for

« CFRP has an important role for luxary cars lightweight design .

» Suitable lightweight design for mass market ca-

* in China e-mobility is important part of

* needs a lot of efforts o -
- the mobility in mega-cities

* Theghewsalloy MNE21 ¢ t of
- a/solution f

-a » for e-mobility lightweight design is necessary for achieving a cost
- effective car. Secondary savings are much higher compared to

combuston engines
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What has to be fulfllled by a new material?




5TH,PROJECT-DAY

Pd ndes Nordrhein-Westfalen
er

I Criteria:forc mer value mémeﬁWdustriM

ormance indicator magneSIum appllcat|0ns Cluster Nordrhein-Westfalen
*MnE21 sheet warm-in-warm process
wegresany [N o
30 40 50 60 70 80 :: o
*Aluminium sheet
Engineered scrap -l ‘ I. .
*CFRP part
20 30 40 50 60 70

Investment intensity d .
12 3 4 5 6 7 10 11

speonccoss (I 1l
20 17 14

add. costs / kg saving m ‘ l.

8 5
109 8 7 6 5 4 3 2 1 0

Weight saving [%] (weight of steel or aluminum component compared to MnE21 part)
Green: 65% - 75%

Engineered scrap rate [%] (component weight / blank weight) only interesting for warm-in-warm process Green:
>50%
Investment intensity [-] (lifetime revenue / capital employeed for this component)

Green: >10

Specific costs TEURO / kal (part costs / part weiaht)
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Less weight — less cost — more
dynamic — more efficiency
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