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Motivation: Orthotropy
Typical aluminum extrusion — mechanical behavior

Small tensile test
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» Stress and failure can be direction-dependent
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Motivation: Orthotropy
Limitations of isotropic material and failure models (e.g., *MAT_024 + GISSMO)

Small tensile test
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» Different stress levels and fracture strains cannot be captured
with isotropic plasticity and isotropic damage/failure models
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Damage and failure
with isotropic GISSMO
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GISSMO

Failure criterion in planes stress and 3D stress states
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GISSMO - A quick overview

GISSMO - Generalized Incremental Stress State GISSMO
dependent damage MOdel Instabilitat
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Modular Concept

Plasticity model and isotropic damage model: GISSMO

Plasticity
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Damage and failure
with eGISSMO
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plastic strain tensor [

Modular Concept: Toolbox sestimated: _

Plasticity model and anisotropic damage model: eGISSMO le, = fi (é— %5):
L__d 7 ]

Plasticity

oV =Ce-¢p)

i i i _éll ?12 J?lg 0 0 0 ] i
i g, = ag(ae ) i i QQl QQQ 923 0 0 0 i
P Oo <l i | with M- — |Psr Ds2 Pass o 000 0 where Dy = Dyj(Dy, Da, Ds)
i , ; 0 0 0 Dy 0 0 |
§ . dq | c‘reﬁ7 Epy | 0 0 0 0 Dy 0

i — }\a i HIS i | 0 0 0 0 0 D | i
i & i i
| | i ) e |
: f(O-Eﬁ: q) <0, A=0 | : D =n D(l nl)L et = fi1(eb,,eb (eb b &P éP) or HISI I
| ! 1 1+ I 1 Tx =Yy Yy i
i i | .9 |
= effy _ ‘ : b =) ey d i p p p i
i f(a- ) - Barla't’ Hlll’ Tt i ! DQ - TLQDQ( 2) Wig) qu = jQ(E£I=€§yJEgz:‘eggﬁEﬁzaEgz) or HIS2 i
| : i 2 i
i effy _ eff | L -%) &5 . n e e ap ap . i
i 9o = f(o ) ; i m:mé Jaéa €51 = fy(e8, €0, 6P &P &P &P ) or HIS3 i
1 : : 3 ) :

Development of a generalized orthotropic damage Model (eGISSMO) rDY N.A



Setting up coordinate system for plane stress

= Element coordinate system: a-b b
= Material direction=rolling/extrusion direction= x-y [’}

(L]

= Principal strains are denoted 1-2 ° )
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Damage accumulation:
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Damage accumulation in material coordinate system:
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plast|c strain tensor [

SyStemZ .
either  max(Dgg, Dop, D45) <1 with D;= /Dl dt

g(aeﬁ) = f(aeﬁ) according to IFLG3
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Orthotropic damage in plane stress pusoisetal;

IFLG3=0

N

Example for 77 = const.
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Orthotropic damage in plane stress pusoisetal;

IFLG3=1

N

Example for 77 = const.
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Application
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eGISSMO in LS-DYNA
Orthotropic damage through *MAT _ADD GENERALIZED DAMAGE (eGISSMO)

Example: The user can define three different instability (ECRIT) and failure (LCSDG) curves.

These curves can have any shape and even cross each other.
2 T

/_\

Failure curve in 0°

(LCID=100) 15 |
Failure Cuive in 90° Curves must match at
(LCID=190) Efail 1 | equibiaxial stress

(triaxiality=2/3)

Failure curve in 45°

(LCID=145) —_ 05 |
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eGISSMO in LS-DYNA
Orthotropic damage through *MAT_ADD_ GENERALIZED DAMAGE (eGISSMO)

IDAM=1 2 GISSMO is used for
damage accumulation

DTYP=1 2 element

failure occurs at D=1.0

| *MAT ADD_ GENERALIZED DAMAGE

: $ mid refsz numfip

| 10

: $ hisl his2 his3 iflqgl iflg2 iflg3
| 2 1 1
l s di1 d22 d33 da4 d55 d66
| 141 142 144 143 144 144
| s d12 d21 d24 d42 d14 da1
|

: $ lcsdg ecrit dmgexp decrit fadexp lcregd
| 100 -200 2.0 2.5 400
: $ lcsrs shrf biaxf

| 1.0 0.0

: $ lcsdg ecrit dmgexp decrit fadexp lcregd
[ 190 -290 2.0 2.5 490
: S lcsrs shrf biaxf

| 1.0 0.0

: $ lcsdg ecrit dmgexp dcrit fadexp lcregd
: 145 -245 2.0 2.5 445
15 lcsrs shrf biaxf

: 1.0 0.0

Number of history

variables for the
accumulation of

define functions for damage
the damage tensor
\
Direction (0°)
Usual GISSMO
Transyerse . > definitions but now
Direction (90°) in three directions

(0°, 90°, 45°)
Diagonal

|
|

|

|

|

|

|

|

|

|

|

|

|

:

Rolling/Extrusion :
|

|

|

|

|

|

|

|

|

|

:

Direction (45°) :
|
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eGISSMO in LS-DYNA
Orthotropic damage through *MAT_ADD_GENERALIZED DAMAGE (eGISSMO)

*MAT_ADD_GENERALIZED_DAMAGE is very flexible and has many features embedded.
For the simulation of orthotropic damage, we currently recommend the following configuration:

[
*MAT ADD GENERALIZED DAMAGE

|

' |
: $ mid idam dtyp refsz numfip nhis :
| 10 1 1 3 |
| $ hisl his2 his3 |
|
| |
' |
- - - - - N I

IFLG1=2: IFLG2=1: IFLG3=1:

Predefined functions of plastic The coordinate system for the Erosion occurs when a single

strain rate components for damage accumulation is the damage parameter D reaches

orthotropic damage. material system. It requires a unity.

IFLG2 should be set to 1. non-isotropic material model

with the AOPT feature

Development of a generalized orthotropic damage Model (eGISSMO) rDY N.A

MORE



eGISSMO in LS-DYNA

Orthotropic damage through *MAT_ADD_GENERALIZED DAMAGE (eGISSMO)

IFLG1=2, IFLG2=1

*MAT ADD GENERALIZED DAMAGE

I |

I |

| $ mid idam dtyp refsz numfip pddt nhis :

| 10 1 1 3 |

: S hisl his2 his3 iflgl iflg2 iflg3 :

I 2 1 1 :

|

S j

[ Predefined functions ] [ Instability Damage ]
- ) Aegd 1-7) Agil
o Acfl = 2|Ac| (cos® ) — [cos D sind|) 4/ l(1 +b+b?) AFy = nOOFo(U ) % ADqgy = n(]CID()(() ) fioo
3 €60 () £00(n)
o 1 _ (1-75) Aegh (1-75) Acll
o 20 Pl ain2 10 _ leesad o Z 2 AFy = ngo L — ADgy = nggD, %0/ 90
& Acgl = 2|Ael| (sin® ¥ — |cos v sin ) 3 (1+b+052) 90 90490 e&rit(n) 90 = M90l/gp Sgg(ﬂ)
o . ) /1 A _ (1_¢) Acys
Lé_? Al = 4]|Ael | |cos I sin V| §(l +b+02) AFy5 = nasFyy 4") Ei?t? ) ADys = nys Dy 5{5(7])
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Example
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Material modeling in LS-DYNA
Aluminum sheet (*MAT_036E, no failure)

Rolling direction 0°

Strain fields
prior to failure

Simulation Experiment ~ t---mo--mmoommo
0.45
0.4 ] 7.000e-01 0.700
- S i 0.613
— 6.125¢ o1]
035 / 5.250e-01 _ 0.525
g 03 /’ 4.375e-01 P—ﬁ 0.438
S oz 3.500e-01 0.350
a / 2.625e-01 [ o
E 0.2 1.750e-01 0.263
2 s 8.750e-02 0.175
o 0.000e+00 | 0.088
Rolling direction 0° ——— 0.000
0.05 Diagonal direction 45° =——
o Transversal direction 90° ———
0 0.2 0.4 0.6 0.8 1
Plastic strain D | d t 45° H i o
iagonal direction Transversal direction 90
0.25 T
T Simulation Experiment Simulation Experiment
s 6.150e-01 0.615 6.610e-01 0.651
© -
g \} sanen B 0538 s704e01 0579
@ . 0.461 -956e-01 | 0.436
g 015 \ 4.613e-01 4.131e-01
Z ! 3.844e-01 0.384 3.305e-01 0.413
$ o1 3.075e-01 0.308 2.479e-01 1 0.331
d%:’ \ 2.306e-01 0.231 1.653e-01 0.248
g | 1.538e-01 8.263¢-02 h 2
0 Rolli Egperi:]“ en(l; 7.688e-02 0.154 0.000e+00 | 0.165
olling direction —
Diagonal direction 45° ——— 0.000e+00 | 0.077 0.083
o Transversal direction 90° =——— 0.000 0.000
0 005 01 015 02 025 03 035 04
Engineering strain
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] . . Rolling direction 0° [Experiment —
Material modeling in LS-DYNA —————— Sriaen
. * 0.25 b R S S,
Aluminum sheet (*MAT_036E + eGISSMO)
EL“? 02 b
e
w
. . . 2 015
orientation-dependent failure B
&
14 4‘ T T T / T T Ij 0.1
12 - & SSRSUUOS SO S b 0.05
DR TR SRS O R S S i 0 i . i . * . ‘
R 0 005 01 015 02 025 03 035 04
% sl Y LN S Eng. strain
2 Diagonal direction 45° ———— : Transversal direction 90° |—— ‘
o Experiment Experiment
= o8l N 227 : : : : Simulation : : : Simulation
‘© . I N : : : ;
£ 0.25 | 1 0.25 |
04 _ _
= 0.2 = 0.2
: : : : o) o
0.2 b Rolling direction 0° —— | @ a
Diagonal direction 45° ——— & 015 g 0I5
Transversal direction 90° ——— o ‘.
0 ' ' ‘ ' ' ' g 01 g o1}t 0 1
0 0.1 0.2 0.3 0.4 0.5 0.6
Triaxiality 0.05 005 b e 1
0 H i H i L 1 L 0 H H H H L L L
0 005 01 015 02 025 03 035 04 0 005 01 015 02 025 03 035 04
Eng. strain Eng. strain
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Final remarks

= Areasonable description of orthotropic plasticity is crucial for accurate plastic strains and, therefore, for an accurate
failure prediction.

= |n case of orthotropic damage, special components of the plastic strain tensor are evaluated.
These are the drivers for the damage accumulation in three material directions.

= *MAT_ADD_GENERALIZED DAMAGE / eGISSMO is a highly flexible damage/failure model that can consider
orthotropic damage, among other things.

= eGISSMO may also consider damage due to other contributions (e.g., deviatoric and volumetric splitting).
Consider a mighty constitutive toolbox!

= eGISSMO is available since LS-DYNA version R9. U /
@\‘~ i
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eGISSMO

Give it a chance!
We will support you.
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