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Technological challenges in the automotive industry
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Technological challenges in the automotive industry
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Motivation

Lightweight steel/aluminium design!
Can we predict failure modes (brittle, ductile, time delayed)? -,
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Motivation
Material behavior dependent on local history of loading s

Institut




-

Closing the process chain: Standard materials / state of the art

_____________________________

Crash simulation

= yv. Mises or Gurson model

= Hill based models

= Anisotropiy of yield surface E i = Strain rate dependency
= Kinematic/Isotropic hardening | } ﬂ i = |sotropic hardening

= Damage evolution

= State of the art: Failure by FLD
(post-processing)

= Failure models

= NEW: Computation of damage (mapping of damage variable)
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Preliminary considerations
for plane stress




Plane stress condition

Typical discretization with shell elements:

Principle axis Plane stress Parameterised
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Haigh-Westergaard coordinates in principle stress space
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A toy to visualize stress invariants
(downloadable from the www.dynamore.se)

Crafting instructions page 1
» Download the PDF-file . _
» Printon thick piece of paper Stress Invariant Simulator (SISi) #

» Cut out where indicated
» Add four wooden sticks (15cm)

* Add some glue where necessary
(engineers should find out the locations without
further instructions — all others contact their
local distributor)

* Have fun!

[1 Definition of stress invariants

L =0, +0oy+0y =0,=-3p=30,
I,

1 &
- = L = -0,
= J, =Sy Sy where 5, =0, 3%




A toy to visualize stress invariants
(downloadable from the www.dynamore.se)

Crafting instructions page 2:

+ Page 2 of the set may be added for further
clarification of the triaxiality variable. B
Stress Invariant Simulator (SISi)

Final shape of toy
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. - | 2
. . - o -
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Plane stress parameterised for shells

b ok+)  (k+)
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Triaxiality 7=

Bounds:
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How to define the accumulation of damage ?
A comparison of model approaches

Investigation of failure criteria for the following case:

= Plane stress: 03 = 0

= Small elastic deformations: & = &,; and &, = ¢,

= |sochoric plasticity: €3 2 Epg — TEp T Epg

- - i g, = \/é e 1+ +0 i
= Proportional loading: 0, = a0, 1420 i P 3 ! i
ng — bgpl a= 2 + b i Oum = \/0-12 1 + (1;2 —a :

P 1+a
g

vm _3'\/1+a2_a
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How to define the accumulation of damage ?

A comparison of classical model approaches

Some typical loading paths

{comprassion)

G—g 2 2 p
P oot b coczcoe £ T;II oo

O—l Epl O—elm
Uniaxial stress 0 05 -0.3333
{tension)
Biaxial stress -I%']- 1 1 -0.BB66
Uniaxial tension = _L
laterally confined E? 0.5 0 -0.57735 = J3
Fure shear [] -1 -1 0
Uniaxial stress l:::l ~ ) 03333
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How to define the accumulation of damage ?
A comparison of classical model approaches

Some typical loading paths

O—l EPI O—elm
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' Principal strain:
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Failure models in the plane of principal strain

failure citeria for metal sheet

AN \ ¢ AY data
N
AN \2
‘//~® N \93,5. A_equivalent plastic strain
L RN \S =Badiffuse necking (FLD)
SN \ _C_principal strain
. \ D_thinning
\\
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“\ a | B | :
AN Failure strain under
0

I
I 1
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— | - - . . |
< S~ ' uniaxial tension is :
= N o 1 ] |
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- I - . I
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» A o~ : .. . !
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Failure models in the plane of major strain vs. b

fadlure criteria in metal sheet {isochoric plasticity)

XY data

S_principal strain eps1=m
B_equivalent plastic strain epsp=m
=L tiffuse necking (FLD)

1.5 2D_thinning eps3<-m/f2
N /_T\
- B
T B
B
0.5

epsZfepsi +




Failure models in the plane equivalent plastic strain vs. b

fallure criteria in metal sheet (isochoric plasticity)

XY data
=Sprincipal strain eps1<m
=H_thin ning eps3<-mf2
/ C_equivalent plastic strain epsp<m
135 D_diffuse necking (FLD)
5
g2 41_<¢ c c c
g | R=" | ,
= |
5 ' Calibrating different criteria
= 1 . o . |
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| . o
' different response in other |
' load cases. !
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Failure models: equivalent plastic strain vs. triaxiality

2 failure crteria for metal sheet (FL)

| = data
LLequivalent plastic strain<m

=H_diffuse necking (FLD}
=L_thinning eps=mf2
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Johnson-Cook criterion (Hancock-McKenzie )

2 failure crteria for metal sheet (FL)

| = data
LLequivalent plastic strain<m

=H_diffuse necking (FLD}
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Parametrized for 3D stress space




Lode-angle: Extension- and Compression test

A Cu

Possible value for first
principle stress
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View not parallel to hydrostatic axis

View parallel and on hydrostatic axis
(perpendicular to deviator plane)




3D-Stress state parameterised for volume elements
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Invariants in 3D stress space
Failure criterion extd. for 3D solids

: Parameter definition
I =

Plane stress

W =
I
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Stress domain in
sheet metal forming
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Failure Prediction for UHSS:
Adding some damage
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Closing the process chain: Standard materials / state of the art

_____________________________

Crash simulation

= yv. Mises or Gurson model

= Hill based models

= Anisotropiy of yield surface E i = Strain rate dependency
= Kinematic/Isotropic hardening | } ﬂ i = |sotropic hardening

= Damage evolution

= State of the art: Failure by FLD
(post-processing)

= Failure models

= NEW: Computation of damage (mapping of damage variable)
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Produceability to Serviceability: Modular Concept

Material model Material model

A
D|! DI
|

| |
I |

o, &y

o, &,

Damage model

Damage model

Modular Concept:
» Proven material models for both disciplines are retained

» Use of one continuous damage model for both
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Produceability to Serviceability: Modular Concept
Current status in 971R5

' Forming simulation i Crash simulation |
i L o, E E | i
. |Barlat| — - ¢ 5 > | Mises :
i O, &y i i = i | £, E
| | D T ., 0 [ :
. [CISSMO | ——— G| | ——>! |cissMO| !

Ebelsheiser, Feucht & Neukamm [2008]
Neukamm, Feucht, DuBois & Haufe [2008-2010]

bvnna
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GISSMO - a short description

Effective stress concept (similiar to MAT_81/224 etc.)

Fig.1 Damaged element

J. Lemaitre, A Continuous Damage
Mechanics Model for Ductile Fracture

- Phenomenological description

™ L e e
oG mm | o
tl_/_EQ_ _C_>_ - .>’, ’ ,,/ /,
> | Measure of .
. Damage !
Overall Section Area Reduced (“effective®) | =" ""==77===""~
containing micro-defects Section Area S §
A D - _ =
S S <3S ~ S
E Reduction of effective cross-section leads to i
! : o N !
E reduction of tangential stiffness G =6 (1 _ D) |




GISSMO

Failure criterion for plane stress and extd. for 3D solids

Bruchdehnung
Bruchdehnung

-1 0

0 o057 7 0% Lode & 1 0
Triaxialitat 77 Parameter ' 05 70 Lode ét
Triaxialitét 77 Parameter
___________________________________________________ 1

= For shells (2D with the assumption of plane stress ) triaxility

2 and Lode angle depend on each other.

c

% - fracture strain is a function of the triaxiality

[S]

&
= For Solids (3D) both the Lode angle and triaxiality are

T o5 o o5 1 independent
Triaialitat 77

________________________________ . - fracture strain is a function of triaxiality and Lode angle

Baseran [2010]
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GISSMO

Failure criterion extd. for 3D solids

-

Plane stress

W=
I

Il
0| N

1295 ) \ ’ )
8 \# Axial symmetry, tensjon EE*)
- ; /\1 ”
8 - Stress domain in
sheet metal forming
0.5_
Z
Axial : .

05 0

n 08 A 5

[Source: Wierzbicki et al.]

Haigh-Westergaard-coordinates
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von Mises




GISSMO

Failure criterion extd. for 3D solids

| 1
! 1
. 1 2 i :
n =gl - : 1
. ) 1
| Lo :
1.5 ‘ : 77 = - 3 :
on ;§+) | O-VM GVM '
! 1
1
s — ! J '
& 9 Stress domain in L E= E 3 mit J. =5.S.S |
h | formi | 3 3 19293 |
sheet metal forming | 2 O M ,
1 Vv 1
o e mmmm o 1
0.5 2R
. s : /_1
Axial symm ; - - =
O—wﬂe%\_/ 4 Aluminum alloy 2024-T351
05 0 . i ; i = 2 \ ; ; ; .
[Source: Wierzbicki et al.] B N | AR S R R Xue
A : : .
16k | VPR ) TSR | TP = Hutchinson |...-
1 T T T T T T T T T T U T T T — Gurson Std.
N P ] Ak | JUURS SO 0 VORI | Y
05 [ i
5 0 B ﬁ’J \\ ]
05| i
- *— 0.2F -rormeeens .............. ...... '.....‘..'.: ._‘._.:‘.- R SEEREERREEL S
C ] Lower bound (x=0.5) ' TS ;
_1 1 1 1 1 1 1 1 1 1 1 1 1 1 \ 1 1 0 1 1 1 1 1
1 05 0 05 1 -1 -2/3 -1/3 0 1/3 2/3 1
[Experimental data
n n by Wierzbicki et al.]
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triaxiality

Wierzbicki et al. (and many more...)/ Neukamm, Feucht, DuBois & Haufe [2008-2011]

Failure Curve
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GISSMO - a short description %%

Engineering approach for instability failure

Material Instability

n 0%
— n
AF = — F"7VAg,
gv,loc
;
d

089 | — - - Johnson-Cook L [

ik i

oz | ——GI55MON=2 e !

: -
0 osq | — — Gurson e II
W 05
:*-E 04

Wensh
0.1 , o
! Forming:
| | Material Instability
—— Simulation 0.0 ’ | i | | ! | |
Versuch 0.0 02 | 04 06 0.8 1.0
triaxiality

Neukamm, Feucht, DuBois & Haufe [2008-2011]
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GISSMO - a short description

Inherent mesh-size dependency of results in the post-critical region
Simulations of tensile test specimen with different mesh sizes

element size l
— — [ T T P e P PP 1
o o~ i Regularization of |
' e ' mesh-size dependency i
a ‘ ' Influence of damage in N e e E LR e
< ; I postcritical region ! \
(/) - ] \
=2 I
£
3
£ 021 — — Experiment
(@)
c — 0,5mm
LU
— 1mm
2,5mm
0,0 r r r r r
0,0 0,1 0,2 0,3 0,4 0,5

Engineering Strain
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GISSMO - a short description

Generalized Incremental Stress State dependent damage MOdel

DMGTYP: Flag for coupling (Lemaitre) DCRIT, FADEXP: Post-critical behavior

FADEXP
o = 1_(D_DCRITJ
1- DCRIT

o =0 (1— D)

m=2

True Stress
True Stress

— — m=5

- 'm=8

= GISSMO dmgtyp2

- MAT_024

True Strain True Strain




GISSMO vs. Gurson vs. MAT 24/81

Comparison of experiments and simulations

Versuch
— GISSMO

e
. GU rson

|

Institut
Werkstoffrmechanik

constant (v. Mises)

Small tensile test specimen Notched tensile specimen, notch radius 1Imm Shear test, inclined 15

0,60 0,6 0,50
0,50 0547 ]
0,40 0 / — o4

r A 0,30 *
0,30 1 0,3
0,20 02 0,20
0,10 1 01+ 0,10 9
0,00 . = . N i 0.00 4

0,0 0,2 0,4 0,6 0,8| |-0,10 0,10 0,30 0,50 0,00
Tensile specimen DIN EN 12001 Shear test, straight Arcan
0,60 0,60
0,50 1 = | Jos0 1
0,404 ~ . 0,40 §
-
0,30 ‘ 0,30 1
0,20 1 0,20 ¢
0,10 1 0,10 +
0,00 . —_— | |000 4 . — 0 oo pane .
0,00 0,10 0,20 0,30 0,40 0,00 0,05 0,10 0,15 0,20 0,0 05 10 15




Process chain with GISSMO

Forming simulation:

*MAT_36 (Barlat 89)

*MAT_ADD_EROSION
(GISSMO)

Plast. strains

Crash Simulation:

*MAT_24 (Mises)

*MAT_ADD_EROSION
(GISSMO)
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Summary

Features of GISSMO:
= Use of existing material models and respective parameters
= Constitutive model and damage formulation are treated separately

= Allows for the calculation of pre-damage for forming and crashworthiness
simulations

= Characterization of materials requires a variety of tests

= Offers features for a comprehensive treatment of damage
in forming simulations and allows simply carrying aver to crash analysis







