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Project MAI gfast BASF

4 Y Y, 2)

concept design manufacturing simulation/testing

. /

duration 2.5 years, 11/2012 — 04/2015

budget 2.146 million €

Material system carbon fiber with different matrices
AUDI AG, BMW Group, BASF SE,

partner Fraunhofer ICT, (Krauss Maffei —

associated partner)
project coordinator Dr. Julius Rausch, Audi AG
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BASF

We create chemistry
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e Design space J, ' generic steel reference
i o R Mass: 3.27 kg
Twisting load Operating load Impact load

Target e Target Target —
Spring stiffness: 19.5 N/mm Spring stiffness: 5000 N/m Spring stiffness: 25000 N/mm

Strength: 366 N Strength: 7500 N Strength: 25000 N
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ULTRASIM®
for Continuous Fiber Reinforced Plastics [kt

Process simulation
Mechanical Simulation
Mathematical Optimization =~

* Anisotropic N =
q Lol 7
* Nonlinear j’% ¥
¢ Strain-rate sensitive (&
. . ; . Parameter
* Tension-compression asymmetric Shape

* Failure modeling - Topology
. Composite
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ULTRASIM®
for Continuous Fiber Reinforced Plastics [kt

process

draping f CERP

molding

* anisotropic
* nonlinear

* strain-rate sensitive
* tensile-compression
asymmetric

« anisotropic failure modelling
« anisotropic degradation

« delamination

* temperature dependent
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load path driven design of the RTM part  [ritisteds

-> non quasi-isotropic layups, no airplane laminate

- local reinforcements

concept dimension layup

F

fiber direction? number of plies? stacking order?

Anzahl § Lagenaufbau l )
ena\or'\em'\erung

Qe -Mat

thickness distribution for discrete number of single best sequence

each fiber orientation plies
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Possible results from optimization

dependent on setup BASF
Souion:——— Lplane" L pnamacy' | mplomentaton”
Weight 2.00 kg 1.49 kg 1.60 kg
Number of blanks 13 35 (8 different geometries) | 21 (4 different geometries)
Thickness 4.7 mm 1.4 mm-—7.2mm 2.5mm-5.4mm
Processing (effort) + - 0
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0 -BASF

Final design and layup ;o e

Ground layup
7 complete layer

A

1.26 mm

1.26 mm
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gasislagen *

7 vollflachige Manufactured part mass:

asislagen
e | 53 g
Basisiagen
6 x 0°-Lagen
0°-Materialorientierung
tunnel A
Cross member — 'T‘
| 2.34 mm
-ozmm 1.98 mm
\i: 1.62 mm 1.98 mm 2.34 mm
\4
v
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twisting load

targets and test setup BASF

Lagerung ,Junnel” Lagerung ,Schweller”  Krafteinleitung Hydraulikzylinder Lagerung ,Tunnel”
\ mit Drahtseil [

B Quasistatic test Seilzugwegaufnahme Umlenkrolle Seilzugwegaufnahme
B Targets: Comparions of stiffness

B between test and simulation

B For different composite systems under temperature influence

B Maximum 80 mm displacement possible due to test setup
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twisting load
overview

0:d3plot : LF1: RTM, EP-CF_MAI-11-2014 str. rate 1E : STATE 1 ,TIME 0.00000000E +000

Y
~
¥

von Mises stress

0:d3plot : LF1: RTM, EP-CF_MAI-11-2014 str. rate 1E : Scalar: Stresses,Von Mises,Max of In Out Mid : : STATE 1 ,Tlﬂf
Ll

0.00000000E+000

Von Mises Stress [GPa]
>1

0.9
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We create chemistry

ULTRASIM® global failure

0:d3plot : LF1: RTM, EP-CF_MAI-11-2014 str. rate 1E : Scalar: Extra Variables,History var#1,Max of In Out Mid : : SI’A'I"I
,TIME 0.00000000E + 000 » X
P

ULTRASIM Global Failure

>2
1
<0

ULTRASIM® delamination

0:d3plot : LF1: RTM, EP-CF_MAI-11-2014 str. rate 1E : Scalar: Extra Variables,History var#2,Max of In Out Mid : : S1AY§II
,TIME 0.00000000E +000

)
t’x

ULTRASIM Delamination

>1
<0
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twisting load

extraction of damaged layers o DASF

tunnel — cross me

0° IP1=A

ﬁ 0° IP2 =B

element 66353 element layup
[ ] Seases selection definition Base
- setup I
7 layers

B P11=K

0° IP12 = L

LF1: RTM, EP-CF_MAI-11-2014 str. rate 1E-03 Oo 6 DI Pl%
critical ‘I damaged C

O:dplot : LF1: RTM, EP-CF_MAT-11-201 str. rate 1E : Scalar: Extra Variables,History var# 1 Max of In Out Mid s STATE 215 TIME 2.12000107E4002 '
Falk d

History Variable#1

0.5 A A

|

O +BCDEFGHILJKIN ABCDEFGHI JKIM ABCDEFGHI J 1 M| BCDEFGHIJ LM} LICDEFGHI LM
50 100 150 200

Time
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History Variable#3

twisting load
mode of failure Sl

LF1: RTM, EP-CF_MAI-11-2014 str. rate 1E-02, ILK, V7, final, ELTYP16, 0.

K
1 / " LF1: RTM, EP-CF_MAI-11-2014 str. rate 1E-02, ILK, V7, final, ELTYP16, 0.

>1: fiber failure =

=)
=
History Variable#10
=)

| ‘ | fiber i
e fl r ! { ‘ 50 ‘ 100 I 150 ‘ 200
be stress

failure (GPa)

failure mode of layer J (45°) and K (90°):
compression

part
damage
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twisting load

force-displacement curve BASF

2000

! ! ! I
Auslegungspunkt - - - -
Epoxy, Ultrasim
1750 - EP-B041, Wegbegrenzung 80 mm ——
EP-B042, Wegbegrenzung 80 mm ——
EP-B043, Wegbegrenzung 80 mm

2 1500  EP-B045, Wegbegrenzung 80 mm
g i
S 1250 Hocal force drop due to
'S rdelaminationg(2CT scan) .
S 1000 F e
= g
@
E o~ -
250 - . i
0 L : | L 1 L 1 .
0 20 40 60 80 100

Displacement [mm], Node 70009252

 Initial stiffness target 19.5 N/mm nearly fulfilled
« strength target overfulfilled
« perfect match between simulation and experiment
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CT scan of critical area

twisting load
O -BASF

We create chemistry

scan
direction

231436 11_ A g Lo sk EP_EO

scan
direction

2 Tlz a4 5 &
~ 8 cm delamination in both directions visible.
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operating load
test setup . DASF

Rotation um
x-Achse frei

B Quasistatic and cycle load test for comparison
B Simulation done for quasistatic load
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BASF

We create chemistry

PO ———— ‘ ULTRASIM® global failure

1:d3plot : LF3a, r013: RTM, PU-CF_MAI-06-2015 V2 EL : Scalar: Extra Variables, History var#1,Max of In Out Mid : ST
/TIME 0.00000000E+000 X

Ultrasim Global Failure I

von Mises stress ULTRASIM® delamination

1:d3plot ‘olg:"“r WI‘JE:;ETO"")'OP“{F—“”‘“‘”“ V2EL: Scalar: Stresses,Von Mises,Max of In Out Mid : : STATEL1 1:d3plot : LF3a, r013: RTM, PU-CF_MAI-06-2015 V2 EL : Scalar: Extra Variables, History var#2,Max of In Out Mid : 1
:000000) X ,TIME 0.00000000E+000 ¢ x

Ultrasim Delamination I

Von Mises Stress [GPa]
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operating load
damaged, failed parts 0 -BASF

We create chemistry

Zoo6\z_HMq Lot _EP. Roce

Cycle load
« part EP-B0O58
« Compression force -1 to -30 kN

—> 4000 cycle till stiffness drop of 25%
—> Outer layers failed
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Force [N]

operating load

100000

80000

40000

20000
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force-displacement curve

T T T T T T T T T T T T T T T
: : : : : Mindestanforderung - - - -
Epoxy, Ultrasim —— |
EP-B054 ——
EP-BO57 ——
EP-B059 ——
EP-B060
EP-BO79

NN S SR U R E RO SRR SR B
0 2 4 6 8 10 12 14 16 18 20
Displacement [mm]

stiffness and strength target overfulfilled

< 2mm: good correlation

2 — 11 mm: stiffness under predicted due to delamination
> 11 mm: force plateau as in experiment
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We create chemistry
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Impact load
test setup

Ansicht vorne:

241x25 mm
Spannbereich (oben)

241x25 mm
Spannbereich (unten)

11.10.2016

Ansicht hinten:

Lasteinleitung

Kraftmessdose

Prifkérper

Flaschenzug

Kamera 2

Beleuchtung

Kamera 1

25x25 mm
Spannbereich

K1

B Static tests

B Dynamic tests

0 -BASF

We create chemistry

Detailansicht:
Kraftmessdose \1

Prifmaschine

Prifkérper /

Flaschenzugsystem

Seitenansicht Prifaufbau:

Prufkérper

L

Kraftmessdose
\‘

\
Lastangriffs-
] punktverschiebung
\
\\
\
.,‘\
\

Lastangriffspunkt
\ (optische Punktverfolgung)
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Impact load
overview

0:d3plot : LF3b: RTM, EP-CF_MAI-04-2015 delam str. : STATE1 ,TIME 0.00000000E +000 )
»

von Mises stress

0:d3plot : LF3b: RTM, EP-CF_MAI-04-2015 delam str. : Scalar: Stresses,Von Mises,Max of In Out Mid : : STATE1 ,TIME
0.00000000E +000 L

-

von Mises Stress [GPa]
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0 -BASF

We create chemistry

ULTRASIM® global failure

0:d3plot : LF3b: RTM, EP-CF_MAI-04-2015 delam str. : Scalar: Extra Variables,History var# 1,Max of In Out Mid : : STATE 1
4+ TIME 0.00000000E +000 N X

Ultrasim Global Failure

ULTRASIM® delamination

0:d3plot : LF3b: RTM, EP-CF_MAI-04-2015 delam str. : Scalar: Extra Variables, History var#2,Max of In Out Mid : :SI’AIGI
TIME 0. +000 0 x
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Impact load
damaged, failed parts BASF

dynamisch (EP-B64)

YT RPN TWOcanot

guasistatisch (EP-B70)
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Impact load
effect on part BASF

experiment simulation

|

|
] ’:I
f
S jf
'm w
Y //

delamination in the radius of the cross member coincides with simulation results.
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Impact load

force-displacement curve BASF

140000 L ' | — e e L '
f f f f : Mindestanforderung - - - -
Epoxy, Ultrasim, 0.05 m/s —— 7
Epoxy, Ultrasim, 7 m/s

120000 statisch: EP-B066 ——
statisch: EP-B067 —— |
statisch: EP-B068 ——

100000 statisch: EP-B069 .

statisch: EP-B070 |
dynamisch: EP-B062 --------

— ... dynamisch:EP-B063 - |

£, 80000 e A dynamisch: EP-B064 -
2 : : : : : ~ dynamisch: EP-B072 . -
40000 A B

AN
L
20000 .
0 . . . . . i . i .

0 2 4 6 8 10 12 14 16 18 20

Displacement [mm)]

» load case was performed with different velocities in experiment
» strain-rate effect of different velocities is visible in simulated curves
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summary and conclusion

11.10.2016

simulation describes mechanical behavior in a very good way
weight saving is 50% to generic steel reference
Test setup with a high impact on results
influence on part performance
— design with and without ribs
— best use of continuous fibers by anisotropic design
— best design by optimization methods
material model
— Homogenization for fast calculation time
— considering behavior and failure modes of CFRP

- detailed analysis of failure mechanism possbile for a better
understanding
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We create chemistry
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Thanks. Any Questions? oDASF

™ BMW
CAZD  GRoup

Vorsprung durch Technik
)\ Rolls-Royce
Q:; 7 Motor Cars Lmywtm:

\

~ Fraunhofer AL KraussMaftei

ICT

’ Vi-A-I|

CARBON

GEFORDERT VOM Gefordert durch

Bundesministerium
fir Bildung
und Forschung

Bayerisches Staatsministerium
fur Wirtschaft, Infrastruktur, Verkehr
und Technologie
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