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Motivation: Schadigungsmodell GISSMO

= GISSMO = Generalized Incremental Stress State dependent damage MOdel
= Trennung von Plastizitatsformulierung und Schadigungs-/Versagensprognose
=  Kombination mit beliebigem Konstitutivmodell, z. B. *"MAT_024 (von Mises)
= Versagensdehnung in Abhangigkeit der Triaxialitat (Haupt-/Mises-Spannung)
= Schéadigungsevolution, Versagen, Instabilitat (Beginn der Netzabhangigkeit)
=  Kopplung der Schadigung mit den Spannungen, postkritisches Verhalten

' DCRIT, FADEXP: Post-critical behavior
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Versuchsdurchfuhrung und -auswertung
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Charakterisierung einer GISSMO-Materialkarte

= FlieBkurvenanpassung

= Konstitutivmodell (Plastizitat): S B m ser  mw mn mm
von Mises in *MAT_024 s c »  1ss  1csR ve

= @s./dyn. Zugversuche

- LS-OPT: Vql. Teil 1 des Vortrags

= Kalibrierung von

Schadigung / Versagen (GISSMO)

= *MAT_ADD_EROSION Rt e fe e e e

= gs. Flachzug-, Scherzug-, s iwmEs  s1p1  srovm  wmes  mssn stom  mouise  manim
Kerbzugversuche ¢ o

= |dentifikation des fading exponent |* =% T T T EE =
FADEXP und der beiden _ . B
LoadCurves LCSDG (Versagen) Gl . e i
und ECRIT (Instabilitat) AT ——— i

= reverse engineering" il (cnvedefnon)

> LS-OPT




Kalibrierung von Schadigung / Versagen mit LS-OPT

Beispiel fir Parameteridentifikation — Was wird benotigt?
= Wahl der zu optimierenden Parameter/Punkte auf LoadCurves
= Anzahl an Lastféllen ,stages” (~Geometrien/Elementarproben)

= Je stage ein LS-DYNA-Eingabedeck (Parameter/Variablen) u. eine Versuchskurve

= Evil. userspezifische Skripte

Metamodel-based optimization =
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16 parameters

| 7vars, 13 d-opt designs 0
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Kalibrierung von Schadigung / Versagen mit LS-OPT
=  Setup =D

.. Sampling Gissmo
Tvars, 13 d opt designs

= Automatische Auflistung aller Parameter ) TRy T R Tmy
aus den Eingabedecks ——

= Definition von Minimum-/Maximum- =L
und Startwert

Build Metamodels
Ohnear sutaces

( iz () Problem global setup —————— ©® £y
Parameter Setup | Stage Matrix | Sampling Matrix | Resources | Features
[] Show advanced options
[Type | Name | starting ' Minimum | Maxirmum | Delete |
Continuous ‘;J 0 0 0
Continuous ‘;J 0 0 08
Continuous [v | 0 0 0@/
g w5 < FEE—
Continuous ‘:J 0 1] 0 [ 1O phing @® ®
Continuous \:J 0 0 0 Sampling & Metamodel Settings | Active Variables Features Constraints
M‘:;J d 4 08 Metamodel Pointselection
Continuous {;El 0 0 0 @ Polynomial ) Full Factorial
Constant ‘JJ 0 A o O Sensitivity O Linear Koshal
<] | E] () Feedforward Neural Network (C) Quadratic Koshal
Add \ Def|n|t|on der Vanablen (' Radial Basis Function Network (_) Composite
|| ) Kriging (® D-Optimal
oK
und KonStanten [@—J () Support Vector Regression ) Monte Carlo
() User-defined () Latin Hypercube
() Space Fillin
Order = ? o
P () User-defined
(@ Linear
() Linear with interaction Number of Simulation Points (per Iteration per Case)
() Quadratic 13 (default)
| | S | I M | S I LR |.Set Advanced D-Optimal Options >/
ampling & Metamodel Settings - -
| Joxk |
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Kalibrierung von Schadigung / Versagen mit LS-OPT

= Stage Setup

gz () stage a_Fz

Setup ‘ Parameters I Histories i Responses | File Operations |
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Input File | .finput-flachzug key

copies _/input-flachzug.xkey and 2 include:
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LS-DYNA-Eingabedeck
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Browse l
Browse |
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Execution
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a_Fz 1 8 o
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Anzahl von

Use Queuing

AQS c|
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[] Envirenment Variables
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[_] Run Jobs in Directory of Stage
Recover Files
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Add file manually Select file type

satup |
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Kalibrierung von Schadigung / Versagen mit LS-OPT

. .
.
= Stage Histories: secforc = Gy
I Finish Domain reduction
G4 @ Stagaa Fx e ® : By sienl e IR eSS
" N verificatian Temminatian criteria
Setup Parameters | Histories | Respenses | File Operations 2unian N B barmton
T
History definitions Add new aptimization
{! 4 ot 1
x|  Generic
USERDEFINED Coposites
a_NODOUTh * | | GENEX
NODOUT: x_displacement of node 472
- EXPRESSION
a_NoDOUTn * | | FuNCTION
NODOUT: ¥_displacement of node 409
INJURY & O Edit history ——————— ©e
a_techn_dehnung *| | perived
EXPRESSION: abs(a_NODOUTh - a_NODOUTn) / 10.0 Name Subcase
Crossplot a_SECFORC
a_techn_spannung x -
EXPRESSION: a_SECFORC / {-5.0) LS-DYNA
ABSTAT Section ID
a_sig_eps x | | 2E0L 1 - _ H _
Crossplot: X: a_techn_dehnung, Y. a_techn_spannung BNDOUT Cross SeCtlon |D
D3PLOT Component
DBBEMAC @ X force ) X moment ) X center
DEFSI O ¥ force O Y moment O ¥ center
() Z force C () Z center
DEFORC
() Resultant force ) Resul moment
ELOUT K ftk t
GCEOUT L] i rartkomponente
MNone 2
GLSTAT _
NTFORC
MATSUM | ﬁ Cancel | I <F ok I
NCFORC
NODOUT
NODFOR H
r ion:
p— cross sectio
RCEORC force
BRWFORC
copTOlLlT
SECFORC
SPeroR
SPHOUT [~]
Flle Histories |
I <Fok Q:x
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Kalibrierung von Schadigung / Versagen mit LS-OPT

. .
= St Hist : nodout =
age nistories: nodou T N t=zae
I Finish Domain reduction
G4 @ Stagaa Fx e ® : By sienl e IR eSS
" N verificatian Temminatian criteria
Setup Parameters | Histories | Responses | File Operations A | B bmricens
T
History definitions Add new aptimization
o
a_SECFORC x| | Generic T —— Wi
SECFORC: X force of section 1 USERDEFINED cf:‘:mi:‘.:: m;i::wm:::m?el:o
B | conex il
EXPRESSION
a_NoDOUTn * | | FuNCTION
NODOUT: ¥_displacement of node 409 )
INJURY & O Edit history ee &
a_techn_dehnung *| | perived
EXPRESSION: abs(a_NODOUTh - a_NODOUTn) / 10.0 Name Subcase
Crossplot a_NODOUTh
a_techn_spannung x = |
EXPRESSION: a_SECFORC / (-5.0) LS-DYNA |
Component Direction 1
a_sig_eps x | | ABSTAT . ? . R|Chtung der
Crossplot: X: a_techn_dehnung, Y: a_techn_spannung BENDOUT O Coordinate @ X Component Kn t n
D3PLOT @ Displacement ) Y Component O e
O Wel &) e t
DBBEMAC & B i komponente
() Acceleration () Resultant
DEFSI| —~
(0 Rotational Displacement
DEFORC O Rotational Velocity Knotenkomponente:
ELOUT *) Rotational Acceleration V hi b
GCEOUT ) Deformation erSC Ie ung
GLSTAT () Distance
INTFORC IdentifierType 1D
MATSUM D 3] 472 -+— Knoten-ID
Filtering
NODOUT ‘ None
history_node:
CeouT database_history_node
RCFORC displacement
BRWFORC
SBTOUT
SECFORC
SPCFORC
SPHOUT [~]
Flle Histories |
I <Fok Q:x
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Kalibrierung von Schadigung / Versagen mit LS-OPT

.
= Stage Histories: expression —— -
0O © ® rhisn e S 230 s
@i () stage a_Fz we ¥ T e T ) i 7 ) N ) S
n N verificatian Temminatian criteria
Setup Parameters | Histories | Responses | File Operations e ¥ B bmricens
:
History definitions Add new Optimization
a_SECFORC «| | Generic b | Q
= ALiL
SECFORC: X force of section 1 USERDEFINED s | s o |
a_NODOUTh x — —
NODOUT: x_displacement of node 472
- EXPRESSION
a_NODOUTR x
NODOUT: x_displacement of node 409
INJURY & O Edit history @e @
x
Dened Name Subcase
Crossplot a techn_dehnung
a_techn_spannung x
EXPRESSION: a_SECFORC / (-5.0) LS-DYNA Srrsm
a_sig_eps « | | ABSTAT abs(a_NODOUTh - a_NODOUTN) / 10.0
Crossplot: X: a_techn_dehnung, Y. a_techn_spannung BNDOUT r y
| X cancel || <ok I
D3PLOT . J
DEBEMAC
DEEs| Technische Dehnung
DEFORC A
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ELOUT
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GLSTAT
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NODFOR
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Flle Histories |
| <5 ok
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Kalibrierung von Schadigung / Versagen mit LS-OPT

.
= Stage Histories: expression = =
ﬁ ﬁ m Finish Domain reduction L L
@i () Stage a_Fz v & T e T ) i 7 Y SRy e
verificatian Temminatian criteria
Setu| Parameters | Histories | Responses | File Operations wn N rbion
p p p R s
History definitions Add new aptimization
a_SECFORC x | | Generic — Wi
SECFORC: X force of section 1 USERDEFINED cf:‘:mi:‘.:: L, m;i::wm:::m?el:o
a_NODOUTh x — —
NODOUT: x_displacement of node 472
- EXPRESSION
a_NODOUTR x
NODOUT: x_displacement of node 409
INJURY & O Edit history @e @
a_techn_dehnung *| | perived
EXPRESSION: abs{a NODOUTh - a_NODOUTn) / 10.0 Name Subcase
N Crossplot a techn spannung
(LrEn L0 Expression
a_sig_eps « | | ABSTAT a_SECFORC / (-5.0)
Crossplot: X: a_techn_dehnung, Y. a_techn_spannung BNDOUT | % | -Q:ﬂ
. Cancel I oK I
D3PLOT \ \ J
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SETOUT
SECFORC —
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SPHOUT [~]
File Histories |
| <5 ok
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Kalibrierung von Schadigung / Versagen mit LS-OPT

= Stage Histories: crossplot

iz () stage a_Fz

History definitions

a_SECFORC
SECFORC: X force of section 1

a_NODOUTh
NODOUT: x_displacement of node 472

a_NODOUTR
NODOUT: x_displacement of node 409

a_techn_dehnung
EXPRESSION: abs(a_NODOUTh - a_NODOUTn) / 10.0

a_techn_spannung
EXPRESSION: a_SECFORC [ (-5.0)

Setup Parameters | Histories | Responses | File Operations

)
G

Add new
Generic
USERDEFINED
GENEX
EXPRESSION
FUNCTION
INJURY

~Derived ___
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Kalibrierung von Schadigung / Versagen mit LS-OPT

= Composites
Zielfunktion:

Fehlerberechnung zwischen Versuchs- und Simulationskurven - Minimum

Mean Square Error

! GF |
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| €| | . |
i Versuchswerte l
: Interpolierte Versuchskurve G(z) i
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Curve Mapping

Witowski [2013]
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Kalibrierung von Schadigung / Versagen mit LS-OPT

=  Composites — —_

st paramears t a1 s @)
Fehlerberechnung zwischen T S e e s | Leisated
verificatian | | Terminatian criteria

Versuchs- und Simulationskurven: e T

Optimizaticn

Mean Square Error

i () composites ®@ £y i () composites ® @ £y
Composite definition Add new Composite definition Add new
x| | Composites x
Exporcclan]
Curve Matching b_Kurve x
b_Kurve x Curve Matching: Measure 'b_sig_eps' against target 'b_Exp’ using MSE of ordinate
Curve Matching: Measure 'b_sig_eps' against target 'b_Exp' using MSE of ordinate e values m
values Composite Composite
Standard c_Kurve * | Standard
c_Kurve % | | Deviation Curve Matching: Measure 'c_sig_eps' against target 'c Exp' using M5E of ordinate Deviation
Curve Matching: Measure 'c_sig_eps' against target 'c_Exp' using MSE of ordinate values
values
d_Kurve x
d_Kurve x Curve Matching: Measure 'd_sig_eps' against target 'd_Exp' using M5E of ordinate
Curve Matching: Measure 'd sig eps' against target 'd Exp' using MSE of ordinate values
values iz ) Curve Matching Composite ——————— ®@® ()
Name:
a_Kurve
iz () Expression Composite ————— (@) ()
Mean Square Error (difference in curve Y values) Name:
el rr' Nt i TRT=TP-TA1 a_lQ..Jr\.le
Target curve ‘ EXprESSToT
a_Exp |~ |add new file history MeanSqErr(a_Exp.a_sig_eps.0,0.0)|
Computed curve - ‘ % Cancel ‘ | QﬂOK |
a_sig_eps ‘v| \ ' o
Regression Points

) From target curve

() Fixed number (equidistant, interpolated)
You can convert this composite to an expression for further fine-tuning.

™ Curve Matching“ oder ,Expression®

‘_ 3 cancel H <ok |
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Kalibrierung von Schadigung / Versagen mit LS-OPT

=  Composites =

= an. 13 oot oo G
Fehlerberechnung zwischen | R ) e i emd

werificatian Teminatian criteria

Versuchs- und Simulationskurven:
Curve Mapping

(LT}
Build Metamadels
0 wtare

@0 c ites

Composite definition Add new
x| | Composites
Curve Matching
b_Kurve ®
Curve Matching: Measure 'b_sig_eps' against target 'b_Exp' using Curve Mapping e
algorithm Compaosite
Standard
c_Kurve * | | Deviation
Curve Matching: Measure 'c_sig_eps' against target 'c_Exp' using Curve Mapping
algorithm
d_Kurve x
Curve Matching: Measure 'd sig eps' against target 'd Exp' using Curve Mapping
algorithm | i (") Curve Matching Composite ——————— =@ (673]
Name:
a_Kurve
Algorithrm
oo o S e
@ Curve Mapping (size of area between curves)
Target curve: \
a_Exp |v ‘add new file history
Computed curve
a_sig_eps (v
Regression Points
() From target curve
@ Fixed number (equidistant, interpolated): 100
\ H 7
,Curve Matching
‘ 3 cancel ‘ | <ok |
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Kalibrierung von Schadigung / Versagen mit LS-OPT

=  Optimization

Satup Samplng Giszme
16 parmetans | T | a3 3 ot s @
T Demain recuction | Li ' L] L) & ]
RS aFz G FrRA HEE o canbdeg e ergsoen
o] O oPtimizﬂtiﬂn P —— O O ® — B T 10 pan, & hitts ° 10 pars. T hinks. o 1D pan. & hints ° 10pan. & hinky o
verificatian Temminatian criteria
= 1 davan 5 tarstoms
Objectives | Constraints || Algorithms|
Optimzation
Optimization Algorithm et
O LFOP e
— Compasites L Build Metamadels
) GA | i e G
ASA
Switch to LFOP
[ showLroP settings |
ey i ) optimization ———————— @ £y
| showAsAsettings |
Objectives | Constraints = Algorithms
["] Maximize the Objective Function (instead of minimize) W|Chtu ng der
[C] Create Pareto Optimal Frent (Multi-Objective Mode) Z|e|funkt|0nen
Objective components: Add new
l | Response/Composite | Weight | Responses
Composites
* a_Kurve 1 (default)
x b Kurve 1 (default)
x c_Kurve 1 (default)
. R R R * d_Kurve 1 (default)
=  Terminat t
ermination criteria
(s () Termination Criteria — ©® ® <5 ok
Tolerance Required for Termination
@ Design AND Objective AND Metamodel Accuracy
() Design OR Objective OR Metamodel Accuracy
Design Change Tolerance
0.01 (default)
Objective Function Tolerance
0.01 (default) Run
Maximurm number of Iterations 4/—-— Anzahl an Itera‘“onen
8 B
<ok

Identifikation von Materialparametern mit LS-OPT, Effelsberg, Dezember 2014




Kalibrierung von Schadigung / Versagen mit LS-OPT

= Viewer
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Kalibrierung von Schadigung / Versagen mit LS-OPT

= Viewer
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Kalibrierung von Schadigung / Versagen mit LS-OPT

= Ergebnis
Materialcharakterisierung 9 a
: o o
mit 4 Elementarproben = =
(@] (@)
= £
Versuchskurve 5 5
o (O]
MSE - Mean Square Error = = l
“ (p— | |
CM — Curve Mapping @ @ i
Flachzug l\ Kerbzug 1
engineering strain engineering strain
Scherzug 0° Scherzug 45°

= | Versagen % §
+ %) 17
£ | 2 £
: _ Instabilitat =3 =
8 & 2
(O} (O]

-0.2 -0.1 0 0.1 02 03 04 0.5 0.6 07

triaxiality engineering strain engineering strain

Regularisierung: ElementgréBenabh. Anpassung von Schadigungs-/Versagensparam.
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Kalibrierung von Schadigung / Versagen mit LS-OPT

= Ergebnis
Materialcharakterisierung 9 a
- o o
mit 4 Elementarproben = =
(@] (@)
= £
Versuchskurve 5 5
o (O]
MSE - Mean Square Error = = )
q 5 H 5 * - “
CM - Curve Mapping @ @ i
weitere Variante Flachzug Kerbzug >
engineering strain engineering strain
Scherzug 0° Scherzug 45°
= .| Versagen % % m
2 7 ®
£\ 2 2
= £ £
a — O 3
& Instabilitat 5, =
(O] c [
(O} (O]

-0.2-0.1 0 0.1 02 03 04 05 0.6 07

triaxiality engineering strain engineering strain

Regularisierung: ElementgréBenabh. Anpassung von Schadigungs-/Versagensparam.
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Kalibrierung von Schadigung / Versagen mit LS-OPT
= Einflussfaktoren auf das Ergebnis

= Anzahl und Triaxialitat der Lastfalle ,stages” (~Geometrien/Elementarproben)

= Wahl der Parameter auf den LoadCurves
LCSDG (Versagen) und ECRIT (Instabilitat)

= Definition von Minimum-/Maximum- und Startwert der Parameter
= Algorithmus zur Fehlerminimierung

= Wichtung der Zielfunktionen

= Beschreibung der Plastizitat/FlieBkurve

= Vernetzung der Proben, Elementkantenlange




Zusammenfassung

= Anwendung von LS-OPT firr die Charakterisierung
von Schadigung und Versagen bei Metallen
ist sinnvoll und hilfreich

= Bestimmung der FlieBkurve(n) vorab

o | L l
= Basis zu einer GISSMO-Materialkartenerstellung =i Stauchve ey

bilden Versuchskurven zu unterschiedlichen
Geometrien (= Triaxialitat),
je ein Lastfall/stage bei LS-OPT

Simq:lvétion

|dentifikation der Materialparameter mit LS-OPT:
* Einfache Handhabung 3-Punkt-éiegeversuch
= Gute Ergebnisse | ‘ A
= Viele Wege flhren zum Ziel.”




Vielen Dank fur lhre Aufmerksamkeit!




