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Parameter ldentification Using Response Surfaces

= The material identification is in essence a non-linear optimization process

= |t uses experimentally measured data to determine the parameters describing
some constitutive model of a material

= A non-linear simulation is performed with the model parameters as input

= The deviation of the simulated performance from that measured, also called
distance function is used as a criterion for minimization.

= Two approaches for system identification can be used within LS-OPT depending on
the formulation of the problem:

— Mean Squared Error (MSE)
— Min-Max formulation
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Problem Formulation
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Problem Formulation

Variables (system parameters)

/» Independent variable

F(2).G(2) Computed curve  F(X,z)
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Problem Formulation

Variables (system parameters)

/» Independent variable

F(2).G(2) Computed curve  F(X,z)
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Mean Squared Error

= |f an overall fit is required without distinguishing any specific features, a Least
Squares Residual approach is used.

= Based on this approach, in LS-OPT Mean Squared Error function is defined as:

2

18, (F(x)-G) 1&. (e(x)
_ = W. i I — W.| <
‘ Pizzll | S, Pizﬂ: s,

P Number of regression points

F (x) Simulated value

G, Test value at regression point

e, Residual

W, Weight applied to the square of the scaled residual (importance factor)
S Scale factor for residuals (error normalization)
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Example

= Given: results of two tensile tests with
= different loading speeds.

Stress (MPa)
S
3
\

200 100 mm/s ||
100 —2500 mm/s [
0 | |

0.00 005 010 015  0.20 025  0.30
Strain (%)

= find unknown C and P strain rate parameters for a given steel.

1
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Solvers panel

Command: specify path to 1soptscript generated for this case

Input File: find path to EXPERIMENT-C40P5-V_100.k file

Name of Analysis Case: 100

Hit Add button to save it

Repeat the same steps for case with file EXPERIMENT-C40P5-V_2500.k

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization - | Ellil

File View Task Help

‘Info | Strategy {50Wers || pist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

2500

Pre-Processor Package Mame INone j
Solver Package Name fLs-DYNA =l
Fies |Extra input files | Import User Resuits | Checkpoints | Evaluate Metamodel | Advanced |
Command IC:\J.SDYNA\program'\JsQ?l_s_Rﬂr.Z_Winxﬁfu:l.exe Browse |
Input File I:B\Z_PARMI:‘I‘ER_IDEN‘I‘IFICA‘I‘IDN‘\TEI‘ﬂSILEWUL‘I'I—CASE\EXPERIMEI\IT—C Tries |
Appended File I Browse |
Post-Processor Package Name Mone j
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Variables panel

Add Variable: pparam with starting value 11, lower bound 2 and upper bound
12

Add Variable: cparam with starting value 50, lower bound 20 and upper bound
120

[veriaole =] Efpparam i e
varicble | @fepsram s ] o o




Variables in the k-file

*PARAMETER
rpparam,11
rcparam, 50

*MAT_PIECEWISE_LINEAR_PLASTICITY_TITLE

STEEL_24
$# mid ro e pr sigy etan fail
tdel
2 7.8000E-7 2.0700E+5 0.280000 200.00000 0.000 0.250000
0.000
$# C p lcss lcsr vp
&cparam  &pparam 13 0 -1.000000
U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center

° 10



Sampling panel

"  For case 100 select Metamodel Polynomial

=  QOrder Linear with D-Optimal Point Selection method

= For case 2500 choose Duplicate Point Selection from Case 100

B "Parameter Identification” (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization
File WView Task Help

‘Info I Strategyl deersl Dist I Variables Sampling |Histm'es| Rfsponsesl Objective I Const'aintsl Algomhrnsl Run I '.l"lewerl DYMA Siztsl

2500

METAMODEL

' Polynomial

' Sensitivity

{~ Feedforward Neural Network
™ Radial Basis Function Metwork
" Kriging

" User-defined

Order

& Linear

' Linear with Interaction
" Quadratic

€ Eliiptic

POINT SELECTION

= Full Factorial

" Linear Koshal

" Quadratic Koshal
" Composite

{* p-Optimal

" Monte Carlo

" Latin Hypercube
™ Space Filing

" puplicate

™ User-defined

Total number of Simulation Points

Default = 5
[ Discrete sampling
[ advanced

=10l x|

& U.S. Department of Transportation
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ective | Constraints | Algorithms | Run | Viewer | DYNA Stats |

POINT SELECTION

 Full Factorial

™ Linear Koshal
" Quadratic Koshal
" Composite

" D-Optimal

" Monte Carlo

™ Latin Hypercube
" space Filing

' Duplicate

" User-defined

Case
100 i

=10l x|
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Histories panel
Select ELOUT on the left window

Select Identifier Type ID and type 73 (for element ID# 73)

File View Task Help

For Shell Stress in Element Type choose YY stress component
Choose SAE Filter with 60 Hz frequency
Name the variable STRESS 100 and hit Add

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization - | Ellil

‘Info | Strateay | Solvers | Dist | variables | Sampling Histories | Responses | objective | Constraints | Algorithms | Run | viewer | DYNA Stats |

USERDEFINED

. H- Histaories

Expression IdentifierType D :
File 3 =l =
Crossplot
ABSTAT Element Type Component i —
BMDOUT " Brick %X stress " Y7 stress -~ 5TRESS_STRAIN_100
D3PLOT =1
DEFORC " Beam {* ¥Y stress " Z¥ stress = 2?00
¥ Shell Stress  { ZZstress " Plastic strain | STRESS_2500
GCEOUT ~ Shell Strain XY stress .~ STRAIN_2500
GLSTAT  Thick Shel .. 5TRESS_STRAIN_2500
INTFORC - EXPERIM_DATA_100
MATSUM B - EXPERIM_DATA_2500
NCFORC Integration Point Mumber - —
NODOUT 1
NODFOR
REDOUT Filtering
RCFORC y -
Ao [saE Filter |
SETOUT Frequency Time unit
SECFORC
SPCFORC [50.0000 [seconds =l
SWFORC

1] | | K1l ]
Case [100 |
History Name |STRESS_100 showdef... |  Add | Repace | Delete |

TRACC Transportation Research and Analysis Computing Center
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Histories panel

= Select ELOUT on the left window

= Select Identifier Type ID and type 73 (for element ID# 73)

= For Shell Strain in Element Type choose Upper YY strain component
= Name the variable STRAIN 100 in History Name field and hit Add

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strateay | Solvers | Dist | variables | Sampling Histories | Responses | objective | Constraints | Algorithms | Run | viewer | DYNA Stats |

USERDEFINED )

Expression IdentifierType D
File I3 =l [
Crossplot

ABSTAT Element Type Component
EI;EPUU-F " Brick L9 Upper XX strain i Upper XY strain = Lower XX strain - STRESS_STRAIM_100
DEFORC " Beam = UpperYYstrain  { UpperYZstrain  { Lower YY strain - 2500

(" shellStress " UpperZZstrain (" Upper ZXstrain (" Lower 27 strain - STRESS_2500
GCEOUT ¥ Shel Strain - STRAIN_2500

riall " Thick Shell .. 5TRESS_STRAIN_2500
INTFGRC - EXPERIM_DATA_100

MATSLM - EXPERIM_DATA_2500
NCFORC

NODOUT

NODFOR

REDOUT Filtering

RCFORC =
RWFORC Nene []
SETOUT

SECFORC

H- Histories

SPCFORC
SWFORC

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Histories panel

Select crossplot from left window

As z(t) — independent variable select STRAIN_100

As F(t) select STRESS 100

That would create stress vs. strain curve;

Type STRESS_STRAIN_100 in History Name field and hit Add

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization

File View Task Help

=0l x|

‘Info | Strategy | Solvers | Dist | Variables | Sampling Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

USERDEFINED A crossplot will create the history F(z), given F(t) and z(t). - Histories
Expression General expressions are allowed. =100

z(t)

| STRAIN_100

F()

| STRESS_100

Mumber of points (blank for defaul ;

=L 0 . STRESS_STRAIN_2500
- EXPERIM_DATA_100

MATSUM - EXPERIM_DATA_2500
NCFORC Expert mode i _
NODOUT
NODFOR
REDOUT
RCFORC
RWFORC
SETOUT
SECFORC
SPCFORC
SWFORC

< | |« [+

Case |100 |
History Name  [STRESS_STRAIN_100 Show cef... | | Repace | e |

U.S. Department of Transportation
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Histories panel

From the Case menu at the bottom select 2500

Repeat the same procedure to create STRESS 2500, STRAIN 2500,
STRESS_STRAIN_2500

For STRESS 2500 use SAE Filter with frequency 1000 Hz

File View Task Help

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization

=0l x|

‘Info | Strateay | Solvers | Dist | variables | Sampling Histories | Responses | objective | Constraints | Algorithms | Run | viewer | DYNA Stats |

USERDEFINED : H- Histories

Expression IdentifierType D 5100

File I3 =l = =

Crossplot

ABSTAT Element Type Component

EJI;EI?OU'IT "~ Brick X stress " YZ stress

DEFORC " Beam & ¥V stress " 7¥ stress

+ shellStress  ( ZZstress " Plastic strain

GCEOUT " shell Strain 7 %Y stress

GLSTAT  Thick Shell - STRESS_STRAIN_2500
INTFORC - EXPERIM_DATA_100
MATSLIM T ErTE - EXPERIM_DATA_2500
NCFORC -
NODOUT 1

NODFOR.

REDOUT Filtering

RCFORC . -

AFORE | A€ Fitter |

SETOUT Frequency Time unit

SECFORC

SPCFORC IlUUU.UUUU ISeconds j

SWFORC

<] | o | K >

Case [2500 |
History Name  |STRESS_2500 Show def... | Add | Replace | Delete |

TRACC Transportation Research and Analysis Computing Center
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Histories panel

Select ELOUT on the left window

Select Identifier Type ID and type 73 (for element ID# 73)

For Shell Strain in Element Type choose Upper YY strain component
Name the variable STRAIN 2500 in History Name field and hit Add

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization - |Elli|
Fle View Task Help

'Info | strategy | Solvers | Dist | Variables | Samplng Histories | Responses | Objective | Constraints | Algoritms | Run | viewer | DYNA Stats |

USERDEFIMED ERmbherime D = H!stones

Expression =1 100

File R - | |7 - STRESS_100
Crossplot -

ABSTAT Element Type Companent STRAIN_100
BNDOUT " Brick " UpperXXstrain " UpperXYstrain ¢ Lower XX strain & 2;6?“555—51“””—10”

D3PLOT
¢ Beam [0 YYstran YZstrain ¢ Lower YY strain ;
DEFORC LR Upper ‘. STRESS_2500

" ShellStress (" UpperZZstrain (" Upper Z¥strain " Lower ZZ strain
GCEOUT % shell Strain {

GLSTAT " Thick shell - STRESS_STRAIN_2500
INTFORC - EXPERIM_DATA_100
MATSUM - EXPERIM_DATA_2500
NCFORC

NODOUT

NODFOR

RBDOUT Filtering

RCFORC -
RWFORC Mone [
SETOUT

SECFORC

SPCFORC

SWFORC

A I | KX 2]

Case |2500 |

History Name |STRAIN_2500 showdef.. |  add | Repace | el |

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Histories panel

Select crossplot from left window

As z(t) — independent variable select STRAIN_ 2500

As F(t) select STRESS 2500
That would create stress vs. strain curve;

Type STRESS_STRAIN_ 2500 in History Name field and hit Add

B "Parameter Identification” (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization

File View Task Help

=0l x|

‘Info | Strategy | Solvers | Dist | variables | Sampling Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

USERDEFINED A crossplot will create the history F(z), given F(t) and 2(1). =1 | Histories
Expression General expressions are allowed. - 100
- STRESS_100
- - - STRAIN_100
- STRESS_STRAIN_100
] - 2500
| STRESS_2500 4 - STRESS_2500
; - STRAIN_2500
Mumber of ts (blank for defaul i —
e o STRESS_STRAIN_2500
- EXPERIM_DATA_100
MATSLIM - EXPERIM_DATA_2500
NCFORC Expert mode i _
NODOUT
NODFOR
REDOUT
RCFORC
RWFORC
SETOUT
SECFORC
SPCFORC
SWFORC —
=
| | W >
Case [2500 |
History Name  |STRESS_STRAIN_2500 Show def... | Add | Replace | Delete |

U.S. Department of Transportation
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Histories panel

From left window select File based History
Browse to sig-eps-V-100. txt file for Input file name
Type EXPERIM DATA 100 in History Name and hit Add
This will save the “experimental” data as history in LS-OPT

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization

File View Task Help

‘Info | Strateay | Solvers | Dist | variables | Sampling Histories | Responses | objective | Constraints | Algorithms | Run | viewer | DYNA Stats |

=0l x|

USERDEFINED Inout file - Histories

Expression - Browse | [=-100

| \2_PARAMETER,_IDENTIFICATION\TENSILEMULTI-CASE \sig-eps-V-100. txt -

Crossplot s ey 55_100
ABSTAT -~ STRAIN_100
BNDOUT .. 5TRESS_STRAIN_100
D3PLOT [=1- 2500

E_ESS_TSC . 5TRESS_2500
GCEOUT -~ STRAIN_2500
GLSTAT .. STRESS_STRAIN_2500
INTFORC - EXPERIM_DATA_100
MATSLIM - EXPERIM_DATA_2500
NCFORC

NODOUT

NODFOR.

REDOUT

RCFORC

RWFORC

SETOUT

SECFORC

SPCFORC

SWFORC

<] | e >

Case Infa j
History Name |EXPERIM_DATA_100 showdef... |  Add | Repace | Delete

U.S. Department of Transportation
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Histories - txt File

= sig-eps-V-100.txt file contains “experimental” data
= s built as files produced from LS-PREPOST

Curveplot

Exiperiment Data

upper surface Y-strain

Y-stress

Element id

1 #pts=50001
-4.227777e+001 at
6.392031e+002 at

* Minval=
* Maxval=
.000000e+000
.000000e+000
.000000e+000
.000000e+000
.000000e+000
.000000e+000

R R R R R R

time=
time=

.024795e+001
.061309e+001
.098138e+001
.135281e+001
.172739%e+001
.210511e+001

U.S. Department of Transportation

0.246730
0.249200

TRACC Transportation Research and Analysis Computing Center

19




Histories panel

From left window

select File based History

Browse to sig-eps-V-2500. txt file for Input file name
Type EXPERIM DATA 2500 in History Name and hit Add
This will save the “experimental” data as history in LS-OPT

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization

File View Task Help

‘Info | Strateay | Solvers | Dist | variables | Sampling Histories | Responses | objective | Constraints | Algorithms | Run | viewer | DYNA Stats |

=0l x|

USERDEFINED Inout file - Histories
Expression - Browse | [=-100

|2_PARAMETER_IDENTIFICATION\TENSILEMULTI-CASE \sig-eps-V-2500. b :
Crossplot s ey 55_100
ABSTAT -~ STRAIN_100
ENDOUT - STRESS_STRAIN_100
D3PLOT = 2500
E_ESS_TSC . 5TRESS_2500
GCEOUT -~ STRAIN_2500
GLSTAT . STRESS_STRAIN_2500
INTFORC - EXPERIM_DATA_100
MATSLIM - EXPERIM_DATA_2500
NCFORC
NODOUT
NODFOR
REDOUT
RCFORC
RWFORC
SBTOLT
SECFORC
SPCFORC
SWFORC

| S | K f+]
Case Infa j
History Name |EXPERIM_DATA_2500 showdef... |  Add | Repace | Delete

U.S. Department of Transportation
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Responses panel

From left window — responses types select MeanSqErr

For Target curve select EXPERIM_DATA_ 100

For Computed curve select STRESS _STRAIN 100

Type 20 for Number of equidistant regression points

Enter the Response Name: MSE_SS 100 and push the Add button

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

USERDEFIMED - - [=]- Responses
= Target curve — N
Compasite S H

Comﬁﬂmfﬂemm | ExPERIM_DATA_100 | ;‘;gu
Response-Expression Computed curve MSE_Sa_ 100
Standard Deviation [ sTRESS_STRAIN_100 | - MSE_55_2500
Mafrix-Expression
ABSTAT Mumber of eguidistant interpolated regression points
BNDOUT (blank implies use points from Target curve anly )
D3PLOT 0

DEFORC
&SUT Expert mode
FREQUENCY
GCEQUT
GLSTAT
INTFORC
MASS
MATSLIM
MCFORC
NODOUT

MODFOR
PSTRESS
RBDOUT
RCFORC
RWFORC Ll

Case Infa j

Multiplier Infa Offset Infa [™ | riat metamodelinked

Responise Name  [MSE_55_100 showdef... |  Add | Replace Delete

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Responses panel

From left window — possible responses types select MeanSgErr
For Target curve select EXPERIM_DATA_2500

For Computed curve select STRESS_STRAIN 2500

Type 20 for Number of equidistant regression points

Enter the Response Name: MSE_SS 2500 and push the Add button

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

USERDEFIMED - - =- Responses
= Target curve —
Compasite ==

— ————— 5""100
Comﬁﬂmfﬂemm XPERIM DATA_2500 | 2500

Response-Expression Computed curve MSE_55_100
Standard Deviation | sTRESS_STRAIN_2500 | .. MSE_S5_2500
Mafrix-Expression
ABSTAT Mumber of eguidistant interpolated regression points
BNDOUT (blank implies use points from Target curve anly )
D3PLOT 50
DEFORC
&SUT Expert mode
FREQUENCY
GCEQUT
GLSTAT
INTFORC
MASS
MATSLIM
MCFORC
NODOUT

MODFOR
PSTRESS
RBDOUT
RCFORC
RWFORC Ll

Case Infa j

Multiplier Infa Offset Infa [™ | riat metamodelinked

Response Name | M5E_55_2500 Show cef... | add | Replace Delete

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Objective panel

= Inthe Objective panel select MSE_SS 100 and MSE_SS_ 2500 as the objective
functions

= Leave default weight factors equal to 1

‘ U.S. Department of Transportation RA ransportation Research and Analysis Computing Center
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Run panel

= Inthe Run panel type in 10 for Number of iterations and

= |fthe jobis run on the TRACC cluster select PBS for QUEUING
= And select desired number of Concurrent Jobs

= For desktop machine specify only number of Concurrent Jobs
= Push Run button to star the optimization process

B "Parameter Identification™ (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization - | Ellil

File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories | Respanses | Objective | Constraints | Algaritms  Run | viewer | DYNA Stats |

Job ID PID Progress

97 | (15824)
98 | (13520)
99 | (13316)
100 | (15540)
101 | (15738)
102 | (15300)

Time Stey
|K]neﬁc Eﬁergé Mo Praces

Total Energy
Energy Ratio
Global X Velocity
Global ¥ Velocity
Global Z Velocity
Total CPU Time
Time to Completion

SEQUENTIAL OFTIMIZATION

[~ Omit last verification run
¥ Clean Start from Iteration
|1

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer

B New plot x|

= Go to Viewer panel and the viewer

options should pop up automatically SEiHel e s

REELEEE
and plot type

®"  From Optimization menu select
Optimization History

= New window should appear Simulation Statistics

-

U.S. Department of Transportation

& Correlation Matrix g
o i Scatter Plots
T A )
gmm Marric of comelation vahtes, scater plos and "+", 2D or 30 scatter plots of simulation results
= — e Statistical Tools
i cC:rdaunn = Bal rs Interactive tools for histograms, mean, standand
Metamodel
Surface Accuracy

3D plot of metamodel surface and simulation

= Sensitivit
= Sensitivity of response ta varizble change.
T Confidence intervak as emor bars
Optimization
Dptimization History

See how varizsbles and responses develop with
jons, Diatsiled optimizer hi

Parallel Coordinates
Ezplore and Eliminate optimal designs by
interactively, mowing constraints

TRACC Transportation Research and Analysis Computing Center

Scatter plot of simulstion results vs, metamaodel
predictions, Ermor mezsures and cross walidation

Stochastic Contribution
Contribution of wariable nojse (stechastic input]
Lo wariation of the response

Tradeoff

20 ar 30 scatter plots af optimal designs (Parets
Optirnal set], 40 Wisualization in color

Hyper-Radial Visualization
Explore optimal| designs by interactivel i
weighting objectives

25



Viewer - Optimization History

=  From Variables list select pparam

= (Click on the plot window near iteration 6 to read Computed and Predicted
values of variables and objectives

Bl LS-0PT Viewer

pparam

™ Core Solver Progress

[#4]

10.0pt i
oo MSE_S5_100  4.73633e-005  4.5663-005
e MSE_SS_2500  7.04993e-005 3.93285e-005 __|
------------ Multiobjective 0,000117863 8,439152-005 -
-
Py

7S
/

.
<

P

Number of lterations

U.S. Department of Transportation

TRACC Transportation Research and Analysis Computing Center

Point selection |
I:' OptHistory alll | lad il:lE _Im
: 0.0pt Entity | Computed | Predicted |
Optimization History ;gg: “E-Point a)
For *pparam” = Opt ~El-Variables
4.0pt L 5.13202 5.13202
ﬁk bocparam 40,8529 40,8529
----E--Composites
foeeMSE_S5_100  4.73633e-005  4.5663e-005
'g: SE_55_2500 7.04993e-005 3.93285e-005

26




Viewer - Optimization History

®"  From Variables list select cparam to see its history of optimization

=Tk

k© O MBS K| BIE ooy

Optimization History
For "cparam”

= 'u'_ariables 120
" oparem \
(= Composites \
--MSE_S5_100 100
i MSE_S5_2500
= O_bjectives
MSE_55_100
- MSE_S5_2500 20
- Multiobjective
. Max Constr, Violation £ /\ L
Rt
©
. @ =
20 :
-0 2 4 G 8 10
™ Core Solver Progress Mumber of lterations

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer - Optimization History

= From Objectives list select Multiobjective
® Track the history of the combined error

JRT=TEY
K2 C HEF S BME e

ke
- il Optimization History
Setup | Range For "Multiobjective"
I_——_I--V_ariables 0.05 n
.. pparam
----- cparam
(- Compasites
i MSE_S5_100 0.04
.. MSE_S5_2500
EJ- Objectives
i MSE_S5_100
.. MSE_S5_2500 . 0.03
- Max Constr, Violation -E
1k}
2,
o
= 0.02
=
0.0
n
.—*——.
0 . — -
-0 2 4 (5] 8 10
™ Core Solver Progress MNumber of lterations

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Final results

"  From folder ...\100\11.1 plot data stored in history. 2 file
= From folder ...\2500\11.1 plot data stored in history.5 file

IH

= Add to the graph “experimental” curves

M

500 /j /

300 =100 mm/s experiment
——2500 mm/s experiment

Stress (MPa)
F-N
3

200 . i
——100 mm/s simulation
100 ——2500 mm/s simulation
0 I I I
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Strain (%)
U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Min Max Formulation

= |f certain characteristics (overshoot, discontinuity, etc) in the experiment result
curve is to be matched in the simulation model then alternative -- maximum

violation of a constraint approach is used:

Minimize(Maximum violation )= min maxi‘ ‘(X)_Gi‘

P Number of regression points

F (x) Simulated value

G, Target value at regression point

S Scale factor for residuals (error normalization)

TRACC Transportation Research and Analysis Computing Center

U.S. Department of Transportation
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Min Max Formulation - Responses

B "Parameter Identification™ (File: com.sdfgdgdf) Metamodel-based optimization - | jm] |5|

File View Task Help

Info | Strategyl Solversl Dist I '.I'ariabJesI Sampling I Histories Responses |Dbjech've I Constraintsl Algon'ﬂ"lrnsl Run I '.I"lewerl DYMA Stats

USERDEFIMED - . = [=]- Responses
Composite Enter an algebraic expression ;
Composite-Expression IFDI'CE(D.DDE}I
MeanSgErr
Re: se-Expri
Standard Deviation
Matrix-Expression
ABSTAT
BMNDOUT
D3PLOT
DEFORC L arameter Iden ion" (File: com.sdfgdg etamodel- optimization -
B P ter Identification™ (Fil sdfgdgdf) Metamodel-based optimizatio O x
ELouT File View Task Help
FLD
FREQUENCY 1| [ (= | strategy | Solvers | Dist | Variables | Sampling | Histories Responses |Dbjech've | constraints | Algorithms | Run | Viewer | DYNA Stats |
Case IIDD j |JSERDEFIMNED - Composite Components I Responses Variables | El-Responses
e - 100
Multiplier ~ |n/a Offset [n/a [~ Mo : : B
I I Eﬂzrgﬁggg:rer{xpressmn Response Multiplier Divisor Target i —Force_0005
Response MName IForce_DDDS Response-Expression |1 |1 I]DS = i -Force_0010
Standard Deviation I FirE e 2500
— e [ Bxpression | Force_0010 [ [1 [105
BMNDOUT
D3PLOT
DEFORC
ELOUT =l
FLD
FREQUENCY =] Composite Function Type:  |Sart MSE |
Case Infa j
Multiplier II‘IJ’B Offset Im‘a ™ Hok metamodel-Hinked
Response Name  [Residual showdef... |  Add | Replace Delete
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Min Max Formulation - Objective and Constraints

B "Parameter Identification” (File: com.sdfgdgdf) Metamodel-based optimization - |EI|5|
File View Task Help

Constraints | Algorithms | Run | Viewer | DYNA Stats

'Info | Strategyl Sol\rersl Dist I Van'ablesl Sampling | Histories | Responses

[~ Maximize the Objective Function {instead of minimize)
Response Weight
Force_0005 | -
Force_0010 |
Residual |

B "Parameter Identification” (File: com.sdfgdgdf) Metamodel-based optimization - |EI|1|
File WView Task Help

"Info | Strategyl Solversl Dist I '.‘ariablesl Sampling I Historiesl Responses I Objective COﬂSt'ElntS Algorithrnsl Run I 'ﬂewerl DYNA Stats

Response Lower Bound Upper Bound
1. Create the Response definitions (Responses 7 I Force_0005 I:l[15 I~ strict IIDS [~ strict I™ Move =
5. Enter the femtve weihis fo e components | Force_0010 [109 ™ swit [105 I~ swit I~ Move
e — Resiual |

1. Create the Response definitions (Responses Tab).
2. Select Responses to use as Constraints.
3. Enter the Constraint Bounds.
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Min Max Formulation

= This approach is automatically activated in
the LS-OPT when specifying both the lower
and upper bounds to the same, targeted
value.

= There is no need to specify the objective

function then. Optimization problem is then

defined as:

min e e — infeasibility

Fi (X)_Gi <

e>0

$ COMPOSITE RESPONSES
$
composite 'Residual’ type targeted
composite 'Residual’ response
'"Force_0005' 105
composite 'Residual’ response
'"Force_0010' 109
$
$ NO OBJECTIVES DEFINED
$
objectives ©
$
$ CONSTRAINT DEFINITIONS
$
constraints 2
constraint 'Force_0005'
lower bound constraint
'Force_0005' 105
upper bound constraint
'Force_0005' 105
constraint 'Force_0010'
lower bound constraint
'"Force_0010' 109
upper bound constraint
'"Force_0010' 109
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