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Parameter identification: Objectives

= Parameter Identification problems are non-linear inverse problems
solved using optimization

= A computed curve (from LS-DYNA®), dependent on parameters, is
matched to an experimental curve

= Optimization provides a calibration of the unknown parameters

= An LS-OPT feature dedicated to Parameter Identification
(MeanSgErr) has been available since LS-OPT v3

= Principle technologies involved:
= Optimization algorithm
= Curve Matching metric

computed
curve

 experimental
curve

------
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Current Ordinate-based Parameter Identification

(MeanSqErr) - Example-

= Example: Material properties of a foam
Experiment:

Elastoplastic

_ Displ Force
material | |

0.36168 10162

10.72562 12964
11.0903 14840
14538 17672

Rigid base

*PARAMETER
rYMod,7e5,rYield,15e2
*MAT_PLASTIC_KINEMATIC
1 10E-3&YMod>  0.8&Yield) 100 0.

0.0 0.0 0.0 0.0 Parameters:

* Young's modulus
* Yield stress
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Current Ordinate-based Parameter Identification
(MeanSqErr) - Example-

. Setup in LS-OPT GUI — Deflnltlon of Ioad cases

"Parameter identification using history-based MSE (single case)" (File: com.msehistory single correct) Metamodel-based optimization

File Wiew Task Help

< Info Strategy  Solvers  Dist  Variables Sampling Histories Responses Objective  Constraints  Algorithms  Run Viewer >

_ Pre-Processor Package Mame | Mone s
List of
load cases
Solver Package Mame LS-DYMNA s

Files  Envvars Extrainputfiles ImportUser Results Checkpoints  Evaluate Metamodel  Advanced

Command Is871_s_T7600 Browse

Browse

Input File foam1.k
Appended File \ Parameterlzed Browse
LS-DYNA input file

ik

Post-Processor Package Mame Maone

Mame of Analysis Case Casel Add Replace Delete Clear
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Current Ordinate-based Parameter Identification @Lgﬂqw
(MeanSqErr) - Example-

. Setup in LS- OPT GUI Definition of variables

(OFT I "Parameter identification using history-based MSE (single case)" (File: com.msehistory.single.correct) Metamodel-based optimization

File View Task Help

< Info Strategy Solvers Dist Variables Sampling Histories Responses Objective Constraints ~ Algorithms Run =~ Viewer >

Design Variables

Type Name Starting Init. Range (Minimum Maximum
variable | 8] YMod 7.5 ] [ 5e5 2.e6 | saddle Direction
variable 4| &/ vield 11500 [ 500. 23 Minimize 5
Cases
o Al
 List

Variables defined
in input file
automatically read

J
v

Add a Variable Delete a Variahle
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Current Ordinate-based Parameter Identification
(MeanSqErr) — Setup in'LS-OPT GUI

= Setup in LS-OPT GUI — Definition of test and simulated curves

H < Info Strategy Solvers Dist Variables Sampling Histories  Responses  Objective  Constraints  Algorithms
= Reads test curve files
. . ~  Inputfile name |~ Histories
dlreCﬂy Crossplot H Test! bd 1| Browss A Ca;?;m

Snecial Fun

ABSTAT  Z.  Component Direction 7 Histories E:rc\,e; p
BNDOUT : v Casel > Case2
_ Displacement X Component ase
D3PLOT = 3 m Disp2
DBBEMAC . Velocity Y Component Forcel Force?
) Fvs_d F2_vs_d
DBFSI _ Acceleration e ZComponent Test! -
DEFORC (M = : &
L Interfaces to mOSt ELOUT _ Rotational Displacement _ Resultant Test2
GCEOUT __ Rotational Velocity < el >
LS-DYNA response types osm | |
INTFORC __ Rotational Acceleration
MATSUM . Deformation -
- 2 ace Delete
_ Distance ;
RBDOUT
- RCFORC
= Crossplots can be defined, rworc || wemmemee o
. SBTOUT D 3|12
eg StreSS VS. Stra|n1 SECFORC Filtering ' File ~ A crossplot will create the histary F@), given F(t) and z().
. SPCFORC | | Niia - a General expressions are allowed.
Force vs. deformation ... | sewour § peralrun | | 20
Injury Criteri -Disp1 L
ABSTAT F
BnDouUT | | Foreel =2
DAPLOT P_\Jumber ofpo?nts (blank for default)
DEBEMAC
DEFSI Expert mode
DEFORC e
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Current Ordinate-based Parameter Identification

(MeanSqErr)
+ G,F
Computed curve: F(x,z)
i Response Surface constructed
; for each interpolated matching
_ ~point
| )i | §
S A 3 5 i é .
B | ' : ' 7
O ; 2 6
1a i 4
v ' 5
1
Test results
Interpolated test curve G(z)



http://www.dynamore.de/

Current Ordinate-based Parameter Identification
(MeanSqErr) — Setup inLS-OPT GUI

. |\/|5E(x)=%gwi Fi(xi__Gi

—> min

»Test curve

Simulation curve

< Info  Strategy  Solvers Dist  Variable Samplin Histories Responses Ohjective  ?

LISERDEFIMNED Target curve =~ Responses
GEMeric Extraction Testl W Casel
Composite Computed cu Casel
. MSE1
Composite-Express F1_wvs_d1 W WSS
Special Functions Number of equidistant interpolated regression points .
Injury Criteria (blank implies use points from Target curve only )
Cunve Mappin
PpIng Expert mode
Response-Express _—
CtmrAdard Paviatinm | ¥ W
< el > < | K
Case nfa ~  Subcase  (none) -
Multiplier = n/a Offset  nia ot metamodel-linked
Response MSE1
Show def... Add Replace Delete

= Advanced options: number of points,
start point, end points, weighting/scaling options
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Current Ordinate-based Parameter Identification
(MeanSqErr) - Example”

= Results

3E+04 / [ !3
2.5E+04 ,_._./\/
Sta I‘t _— 1 1k

2E+044 “/-/ . =

= ™SN———] —

7] — R T 2
g h -\/ S
= 1.5E+04 & g ©
o Z
(=]

w

e !

|
5E+03 |
-0
-0 0.2 0.4 06 08 1.2 14 16 1.8 a

-Disp1/ X Testi

Optimization History
for "MSE"

0.14
0.12
0.4 ™~
0.08 ™~
0.06 ~
0.04 ~.
0.02 ~

. - - r

MSE

MNumber of terations
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Problems with ordinate-based curve matching

= Steep parts of the response are difficult or impossible to incorporate,
e.g. linear elastic range or failure (damage models such as the
GISSMO model in LS-DYNA®)

desired —1

MeanSqErr
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Problems with ordinate-based curve matching

= Ranges of the computed and test curves do not coincide in the
abscissa at an interim stage of the optimization resulting in

Instability

Range test

Range
computed
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Problems with ordinate-based curve matching

= Hysteretic test curves or springback cannot be matched since the
ordinate values are non-unique

¥
=
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Problems with ordinate-based curve matching

= Partial matching is not robust, i.e. where only a part of the test curve
or a part of the computed curve is available

- Requires Curve Mapping
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Partial Curve Mapping

== {€ ST
— computed
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Partial Curve Mapping algorithm

= Normalize the curves to the test (experimental) curve

= Avoids problems with different magnitudes for abscissa and
ordinate

= Unit independent

= Map the short curve onto the long curve so that the lengths are
equal (mild filtering of curves by user is recommended)

= The distance is defined by the area between the short curve and the
mapping

= Optimize the offset to find the smallest distance between the curves

= Implemented into LS-OPT as

A 19

CurveMapSegment (“testcurve”, “computed_curve”)
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Optimization

= Metamodel-based, sequential

= Metamodel constructed at each time step to produce a virtual
history at an arbitrary design point (similar to ordinate-based metric)

= Optimization convergence is ensured through sequential
Improvement (classical Sequential Response Surface Method)

= Avoids any additional nonlinearities due to the curve matching
metric
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LS-OPT 4.2 Interface for Curve Mapping

Imported experimental curve in 2-column format

Eile \iew Task Help

Info = Strategy  Solvers  Dist | Variables =

USERDEFIMED Target curve

BLSTC

S Livermore Software
y ia7p Technology Corp.

ling = Histories | Responses | Objective | Constraints = Algorithms = Run | Wiewer | D¥MA Stats

¥ Responses

GEMeric EXtraction lTestz ‘ W | Case’
Composite Computed curve gz:fhm 1
Composite-Expressiol lFE_‘u‘S_dE ‘ w | 3 Cur\rel'-u"laz
Special Functions

Injury Criteria

MeansgErr |8
Response-Expression

Standard Deviation | —

] i [[>) v

Case Subcase

Multiplier Offset

R =l CureMap 3 \ ] | Show def .. | | Add H Replace H Delete

AN

Computed history/crossplot
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Partial Curve Mapping: Hysteresis examples

Problem data Curve Match vs. Iteration number
Experimental curve
= 4 parameters \\
=  Loading & unloading in one S AN —
curve NI i
' 100 s
= Partial experimental curve ;o™ =
g jz A 2
“g’] 20 // // r2
N |
N ? OICOSZDiSplacemeorlltg}Rigid/ 0o anb_ForceZ_vs_DisplZ
Resu Its o for "Multiobjective"
ke
: : : o\
= Converges in 2 iterations | N _
(17 simulations) ER| N\ i
73 E Namber of lteration ! :

Courtesy TRW Optimization history of Discrepancy
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Partial Curve Mapping: Hysteresis examples

Problem data Curve Match vs. Iteration number

Experimental curve

= 5 parameters

: o m
= Loading & Unloading in one "
curve 3 s £
5‘ t 2!
) -20 10 0 lo
x_displ/ x force_displ_test
Optimization History
for "Multiobjective"
0.125 ‘\\
Results TN
9] 0.075
g_’ 0.05 AN
. . . E 0.025 \L
= Converges in 3 iterations ok : : . : :
(31 Slmulatlons) Number of Iterations

Optimization history of Discrepancy
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Example: GISSMO Material Model (LS-DYNA)

= GISSMO (Neukamm, Feucht, Haufe)* is a material model available
in LS-DYNA

= Damage model for use in both stamping and crash simulations

= Experiments used to calibrate GISSMO are often characterized by a
steep failure curve. Springback could be present

= Example has 3 test cases and 7 unknown parameters. Typically
tensile and shear tests

*Neukamm, F,, Feucht, M., Haufe, A. Consistent damage modeling in the Process Chain of
Forming to Crashworthiness Simulations. Proceedings of the 7" LS-DYNA Anwenderforum,
Bamberg, 2008.
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Example: GISSMO Material Model (LS-DYNA)

= Experimental test program for calibration

Te

22

Shear test
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Infotag LS-OPT, 21.05.2012, DYNAmore GmbH » www.dynamore.de
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Example : GISSMO Material Model (LS-DYNA)

MeanSqErr
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Conclusions

= Partial Curve Mapping allows the identification of hysteretic curves
= Short/long test curves or computed curves can be handled
= Both the ordinate and the abscissa are incorporated

= Curve normalization ensures that the result is independent of the
chosen measurement units

= LS-OPT input specification is very simple

Curve mapping is available in LS-OPT Version 4.2
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