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Introduction

= About LS-OPT
B | S-OPT is a standalone optimization software
—> can be linked to any simulation code
B Interface to LS-DYNA, MSC-Nastran, Excel, Matlab
B User-defined Interface

B Current production version is LS-OPT 5.2

L]
Bearbean gnsicht Chiond Lesszeknen Egras Hine

B S-OPT Support web page Tt 3
- Wwww.lsoptsupport.com

LS-OPT Support C—

Welcome to LS-OPT Support Site...

LS-OPT, the graphical aptimization tool that interfaces perfectly with LS-DYNA,

B Download of Executables

H Tutorials
B HowTos / FAQs

B Documents
I

r\ System-/Parameter Identification

« more
i Design Exploration
a£“

- MEt Magels, IRLEMmealion design vanasies vs. System respanses
- Study of design changes
« more

P ‘Sensitivity Studies
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Introduction

=» About LS-OPT — General Aspects
B Job Distribution - Interface to Queuing Systems
B PBS, LSF, LoadLeveler, SLURM, AQS, User-defined, etc.

| S-OPT might be used |

as a “Process Manager” AT
: Save Tas 1IN
® Interfaces to Preprocessors iR | 22:0
Nastran Load Case

LS-DYNA Load Case

(= Shape Optimization)
B LS-PrePost, ANSA, HyperMorph, ... S

Abagqus Standard Load Case
Abagus Explict Load Case -

B User-defined interface

Optimization Task

[l
i

b
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B |nterfaces to Postprocessors

B META Post: Allows extraction of
results from any package (Abaqus,
NASTRAN, ...) supported by
META Post (ANSA package)

B User-defined interface
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Introduction

LS-OPT - Overview Methodologies
B Response Surface Method (RSM)

B Sequential Response Surface Method (SRSM)
->Metamodels

® Polynomials

pBRSE¥ESE

B Radial Basis Functions

ISEERER R R

$333888s8

B Feedforward Neural Networks ...

B Genetic Algorithm (MOGA->NSGA-II)

M Direct =2 [ e
B Metamodel-based e | | P
. |
B Monte Carlo Analysis ; T HTJ @
W Direct L T
‘ OIPEL::E:IE:IM — Build Metamodels&
B Metamodel-based "




Applications of LS-OPT.

= Optimization

Size-/Shape optimization
Constraints
Mixed continuous/discrete variables

Specify sets of discrete variables
(e.g. sheet thicknesses)

Multiple load cases
Multi-disciplinary optimization (MDO)
Multi-objective optimization (Pareto Frontier)

Reliability based design optimization
Methodologies
Meta-model based approaches

Genetic Algorithms
(MOGA->NSGA-II)




Applications of LS-OPT

B Parameter/System ldentification

M Calibration of test and simulation curves

2
or scalar values 1 iW F(X) -G,
i
® Visualization of test and simulation curve P b1 S
for comparison / /
il |
ot / - History mat ching composite &
Name:
2.5E+04 T~/ [MSEl / / l
Sta rt / Algorithm:
2E+04- @ Mean Square Error (difference in curve Y/value
5 J\.,-—/ JA/ ) Curve r\-?apping (size of area between glrve
E 1.5E+04-{} ] | / Target curve:
B //\}—-/ lTestl / | w | add new file history
1E+04 I 1 opti mize d Computed curve:
[Fl_vs_dl v | v
5E+03 Regression points
j @ From target curve
o () FAixed number (equidistant, interpolated)
40 025 05 075 1.25 15

-Disp1/ ; i You can convert this composite to an expression for further fine-tuning.
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Applications of LS-OPT

B Parameter ldentification with Test Curves

Computed curve: F(x,2) Map

/

A
_'_,_,_,—'—'—
Az) y \.R
~ #

\Y) ’,'
(._U |
3 |
S - .
O Computed curve |
e

\
L]
)

1 Test results
Interpolated test curve G(z2)

Target curve
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Applications of LS-OPT. < i

= DOE-Studies, Design Exploration

= \isualization: 2D/3D sections of the surfaces, 1 or 2 selected variables
VS. any response

B4 Project: com

] s | teaion |
SSSSSSS - =
. - :
B xivizv) 4 slider controls for
- No entity (2d mode) O - - -
e ) interactive browsing
Femur-Li-035= O i
FemurRe-05: O
BrustSx-05; O
BrustA3ms-05: ) 7y,
(H350aktiv)
HIC15-50a O
FemurLi-50; O 6.6
FemurRe-50: O
BrustSx-50; ®
BrustA3ms-50: O / 6.1
(H350passiv)
HIC15-50p O
FemurLi-50p O 5.6
FemurRe-50p o
BrustSx-50p O
rustA3ms-50p 5
~ Variables
FAB_VENT O —_——
SBA_VENT O —_—t— 4.5 o
FAB_ADT1 05a O @ = . 3
GUR_FOR1 ® 5 g
GUR_ENDEO5a O 6 g od =
=
2.9
2.4
1.8
1.3
0.8
0.2
H GUR_FOR1 49.7
Variableand
- Center variable sliders on 492
response selection |
[C» T = [ w | mEeae

Infotag ANSA/LS-OPT/META, Stuttgart, 29.2.2016 11



Applications of LS-OPT

m Sensitivity Studies (ANOVA, Sobol)
m Contribution of variables to system performance
m Identification of significant and insignificant variables
m Ranking of importance

Global Sensitivities Plot

B ThickMin
B ThickRed

yield stress (71.4% - 71.4%)
BindForce (13.3% - 84.8%)
fricl (6.8% - 91.6%)

fric3 (4.4% - 96.0%)

fric2 (3.1% - 99.0%)

fric4 (1.0% - 100.0%)

20 40 60




Applications of LS-OPT

= Robustness/Reliability Analysis
m Consideration of uncertainties

Evaluation of reliability (probability of failure)

Statistics (mean, std, ...) PDF
Correlation analysis Jk
Confidence intervals [eSponse

Outlier analysis failing fraction

Fringe statistical results on FE model

standard deviation of y-displacement

2 g Lo A
[

front mid




New developments in V 5.2




Integrated Job Progress Window

= Qutput, progress, job control, post- processmg mtegrated Wlth GUI
- Unifies platforms (Win/Linux) e [t :

= Global progress shown \'

Domain reduction ]

2 pars, 5 resps. .
1 1 L] Verification Termination criteria
= Diagnostics: H raen cern |
Warnings and errors highlighted e o o T o
Show status for: . Tools EE
H_ ﬁ_ 't /‘; ’-.- 24 Vetamodel-based optimization O RPN Global progress Iteration:3 ] 37 % |
Job ID/PID Component Iter Exp Status (4
Setup | | Sampling 1 Z=s oo NemaTmnwe
2 parameters J | 2vam 5 deapt designs s oo NemaTeminaten
Domain reduction zo oo NomaTemnaor
o } e } .~ — o o e
I “erification Termination criteria 25769 1 2 4_
! 1 desion =z o5 NemaTemnsen
| Output () | Output W) [ Output (E) lpmgfe“ | me s NemaTmiaten
09:13:10 AM  REMARK: Point 6 removed (closer than 0.01 tolerance from fixed point 1) - = = —
09:13:10 AM
09:13:21 AM
09:13:21 AM ERROR: All analysis jobs failed.
09:13:21 AM Double-click on the red Stage LED.
09:13:21 AM Select a failed run and then "View log" to display the solver log.
09:13:21 AM Common causes are:
09:13:21 AM Wrong name for the executable.
09:13:21 AM Job memory exceeded,
09:13:21 AM
09:132:21 AM
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_— —
Setup W Sampling sampling
4 paramaters 2vars, 4 dopt designs

N | s —— Outer level

Verification Termination criteria OP
1 design 3 iterations. YIELD_OPT
] 2 tesps

T
.

S __— Navigate to ...
|

" Composites  Show status for: Taols .
o iDPD Component ter  Exp Status | View log | uSI n
= TELD.or
N NI
a “JELD OPT 1

I 12847

VIELD_OPT 2
128439 YIELD_OPT 2
12962 VIELD_OPT 2
12969 “YIELD_OPT 2 ‘ Setup ] \ Sampling Casel
13188 YIELD_OPT 3 2 panametais 1 var & dopt designs

.— Inner level

Casel
2 pais, 3 hists

[ " Domain reduction
Finish (SRSM) LS-DYNA

= Controlling LS-OPT from | - | ?]

LS-OPT for multi-level B R
problems, e.g. multi-scale N e )

parameter identification, ome |

0 linear |12471 Casel

t I t' - t' 12473 Casel

olerance optmization. 27 Jouma
Parameter identification using histon-based MSE (single case)

Ihome/nielen/LS 0P TITRUNK/DEV/opt QA/PROCESS_SIMULA T ON/RESPONSEVARIABLES/MULTILEV

——

1 definition

[ D

12517 Casel
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Tolerance Optimization

* Parameters

= 6 thicknesses bounded by tolerance: t € U[t(1 — &), t(1 + 6;)]

= 1 relative tolerance (%) parameter: §; Sasudhar A Tolerance
= Objective Functions: Optimization using LS-OPT,

B DYNAMore Forum, Bamberyg,
- mgn Mass(t) October 2014
t,0¢

" max §;
£,5¢

* Performance constraints
" P(pulse,(t) > 1) <¢
= P(pulse,(t) > 1) <«
» P(disp(t) > 1) <¢




ScaledMeanMass

Trading performance and design tolerance

Total vehicle mass: 1800 kg
Mass of optimized parts: 138 kg

Maximum Mass Reduction: 23 kg
) Basudhar, A. Tolerance
Maximum Tolerance: 0.031 Optimization using LS-OPT,
with corresponding mass reduction 18 kg DYNAMore Forum, Bamberg,
October 2014

Scatter Plot

Tradeoff Plot : g [r— ; "
Variable "tol" vs. Composite "negative_scaled_mass

Objective "obj_tol" vs. Objective "ScaledMeanMass"

(Results of Iteration 50) s of Iteration 1)
-0.835-ay—5 -0.83
asl g A ppa . K [~ DIJ)
0.84 i .0.84 . [.‘_. - 1.01
;f/ i !
-0.845 .0.845 I
2]
-0.85 A é 085 . 0.998
/ o 0.993
-0.855 A © - 5 ) e
/ "IN % 085 & a Io.989 2
-0.86 0 ] -% -0.86 0.984
el 2% tolerance with 22 - P . e
ol kg mass reduction :, o . 0075
Al -0.0/
| i | | #
0.005 0.01 D.fl:js_tol 0.02 0.025 0.03 ob1 oha 0.b3 I0.971
tol . 0.966
Exploration Validation
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Tolerance Optimization using Statistics Interface

= Example was done using a multi-level setup: Optimization cycles over
Metamodel-based Monte Carlo

= Automated import of existing metamodel can be done
= Reliability Statistics interface extracts probability of failure
= Future implementation simplified to single level

H' E' '|" /‘: " l~  Direct simulation based optimization B0 : Mame Subcase Multiplier Offset

_ Pf_scaled_stage2_puise | |

Setu Sampling Sampling1
P ] * | ping ping [_J Mot metamodel-linked [| Dump formula file
T parame ters | | 7 wvars, 100 designs
Component Iteration
= B — T ) — Global () Last iteration
. Termination criteria 0] — i o -
Finish Stagel P Variables @ fteration: |1
50 genera tions —
A . 7 pars, 9 resps P Dependents
T ’ P Responses Statistical entity
' o B 3 i ) Mumber of samples
Optimization Composite responses - P
‘ = 2 objectives = Objectives ) Mean
3 9 ¥ Constraints () Standard deviation
""" = Disp O P[Resp<LB]
— — - - scaled_stagel_pulse @ P[Res|
- _ X _stagel | s p>UB]
Setup I | Sampling Sampllhg‘\ scalad_stage2_pulse i .
) Frmme | & vars. 100 sp filling designs I d = ) Number of samples > LB
: <~ scaled_mass =
- () Mumber of samples < UE

—

‘ s _ Monte Carlo Stage1
_ ([ dconstons ) 15 tesps tion

T Y015/ TOLERANCE_OPTIMZATION/outer_c2500_dynaforum_Optltol lsopt

Composites Build Metamodels
4 definitions 15 rbfsurfaces

Reliability calculation using imported metamodel
homelnielen/europe2015/TOLERANCE_OPTIMZA TIONinner-rbf-import lsopt




Transfer responses/histories to input files

YModRV
Response —

eter Setup | Stage Matrix | Sampling Matrix | Resources | Features

|

BB+ & Pk vemmoderbased optimization e (BRI = Sequential with Domain Reductis

=
e LED
Setup 1 o =
e Variable « oo g
. p Sus
) 1 ) o ¥ > >
‘ Finiln ] ‘ DﬂmingrS;l;ct\un ] uf] VMSE;?PT YModRY £ [l

Tl .[ vieldRv & [ 1

) 1 ) et tbumper &) 1

‘ VErchun Termination criteria ] OP thood D I

1 desi 3 iterations I

! Legend: [ - Parameter found in filefs) (hover mouse above to see filename(s) - Parameter manually added
g Cpimzation I - Parameter defined upsfream &7 - Parameter linked to a response
‘ 1 ohjective 1 I

— I ok

|
|
|
|
1 [ Composites [ Buld Metamadels
l 1 definition 2 lingar sul faces
|
|
|
|

MULTILEVEL WITH RESPONSE-VARIABLES

Edmond Laguerre

homeinielen/L S 0P TVTRUNK/DEV jopt QA/PROCESS_SIMULATION/RESPONSEVARIABLES/MULTILEVEL/DY NA_SIMRESUL Timulti |sopt

1
|
|
|
| = Response: Substitute a

' ! response of a parent stage in

:
|
|
|
|

Parameter Setup | Stage Matrix = Sampling Matrix = Resources = Features

[] Show advanced options

a downstream input file

Tunp WQ o tifg hAinimurr b= i h}:

= History: Create LS-DYNA
*DEFINE_CURVE to use as
|Response Variable | v | | Yield_OPT_EXPR ¢ || *INCLUDE file down stream

IContinuous | hd | I 3“ ‘IH 5‘

[Response Variable | v | | iod_OPT_EXPR = ]@

(oo [+) | ! ] 8




Settings: FE Postprocessors & Text Viewer ‘ e

Path to executables

LS-FREFOST
[[] Use default (LS-PREPOST v2)

Custom path: [.-fhomemielenibin.-’lsprepost l

Text-file viewer
[] Use default (genex)

Custom path: [/ust/binvi |

User-defined postprocessors:

= Browse LS-PrePost executables
= Third Party FE post-processor
= Third Party text viewer

Name Fath Delete

[LSF’F’_4 l[.-’home.-’nielen.-’bin.-’lsprepost l Browse X
LSPP_2 || momermietenisOPT_ExEfsprepost ] x

Add

E - Sequential with Domain Reduction

Show status for: | All Tools

Global progress Iteration:2

Wiew log

Job ID/FID Component Iter Exp Status
25038 1
25040 1
25043 1

Open folder

LS-PrePost

LSPP_2
Accelerg
C LSPP_4




Post-processing: Comparison Metamodels

L *E (ke e e BME &E B [0k e | Ay | w5 ] Ay | o | ] A ] e

Metamodeling Accuracy Metamadeling Accuracy

M swp | Foms | For Respanse Functon e mar For Response Funclion *Acc_max’ .p " Poimts |
= Define any number of e Gl
. . M 2 - :f::::ﬁf. Pz B TR
Krgnn
metamodel configurations : ~
. RBF_Gaussian 5 ,/. / REF_Gaussian
Entity % - A Entey
for con parison 1| 32 P i. —
' Disp2 g 2 2 .:‘. ' Dispz
Disp1 i - B g = Dispt
= |LS-OPT tes metamodel === | pal :
createsS metamodels o . i,
. . . b Campuste o H s - > compostie
In addition to main metamodel == i ~
b Objective 14 ® Objectwe
2E106 258405 175EW06  2E06  225E+06  25E405
- Computed Response Vake Computed Response Vahue
Sampling & Metamodel Settings } Active Variables I Features I Constraints | Comparison Metamodels —""‘::Tr e ey Meramocelng Accuacy, e T
| i matamodal B N:Jrﬂesﬁvu‘“;érr:;lcl TVZEMN‘QIAQ %), R-squared = 0.996 R& :5WR"|’:=S Eﬂ-liemﬂ 55 %), SqrtPRESS = 7.33e+04 366 %), R-sq=0976 Weal mvEarodel
Name Active Overwrite Delete  Type Polymomal_ quad BFeastie " BFessble || Foynomal_guas
Kngng 26E+06 /(' Winfeasible winfeasible | ygng
[F’olynom\al_quad ] Edit  |* Polynomial o L
RBE_Gaussian B 2 248
. ; e s / ¥ /'/ —
[Krlglng ] 2 r N Kriaina ~ Rusponss f: 2 Z % 2% A © Responsa
ame 1 H # -
FFNN_E& x 2 2 Dispz
EEOE ] = [Frnn_s | < =
g
[RBF_Gaussian ] ¥ b Active § E s s
! A . .=
[SVR ] @ s Overwrite &]e. cmion J§[ T _Suhca | _smaton [ ] _wtucs | tawion JAFT | Suce | tumien
-Metamodel DeEws i i . ) ) 2645406
Aad.. ) Paolynomial 2786406 2 535406
@ Feedforward Neural Network o606 [243€+06
All active M1 Al overwrite () Radial Basis Function Network s e
O Krigin i 221E+06
ging e B g 1IE6 2
) Support ector Regression o i
¥ 226405 E«0s
T ¥ P s o pc
S7E+06 TBE+06
| set Efficiency Options | Reset e SR
1.74E406 1.S7E+06
“Mumber of Hidden Nodes in Ensemble Aremtye! o —
Lin 1 2 3 2665405 2655406
4 o) 3] Oz 2556406 2556406
s (ml:] 110 2445408 12 456406
Default = Lin-1-2-3-4-5 2348408 2356406
[223E406 [2.24E406
Mumber of Committee Members 2 2
§2.12E406 g [214E+06 2
[5 @efaury | § H
[201E+06 §2.04E406
Half Mumber of Discarded Mets 1 91E+06 h 94k 405
[2 (default} 11.8E405 [183E+05
h.69E+06 |1 736406
atesie atcsic.
e
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2E+03 I 26406 6
70
0. AU 2
N P 1.5E406
-2E+03, \\J Ve ’ 1 38
544 y
-4E+03 . 34
= 531 | 1406
% -6E+03 " < g 3
8 S J 3 ]
< [ s18 2 ¢ §:]
> 8E+03 = o
505
1E+04|
1/ 92 22
126404 |
78 18
-1.4E+04 |
65 14
o 001 0.02 003 004 00s My obs M,
57 s
~ 31
s |
x c
-] s
£ 18 é ;' §
2 g £ 17 2
|
3 £
5
492
490
478
477
465
464




Reliability Statistics: Boxplot

300

Constraint: TOP_DISP
10000 samples: Mean = -228 Standard Deviation = 7.28

=Mean
Standard Deviation

250

200

150

100

Number of Samples

50

-250

= Whisker types:
= Min/max
= Interquartile range
= Standard Deviation
= 9%/91%

-240

Boxplot with w

|
2% |

1. Quartile

A)
220 -2
iskers from 9 p(;eih'&qn percentile

3. Quatrtile

Median




Other Features

= Matlab interface

= Recognizes and substitutes design variables in Matlab input
= Encryption

= Encrypt LS-OPT input file
= Metamodel import

= Import and apply to optimization or Monte Carlo analysis. Currently
used in tolerance optimization.

= Parallel extraction repair

= Parallel mode tracking

= Improvement of efficiency of curve mapping

= Additional feature to GenEx for extraction of history data
= Response file option

= GUI support for Abnormal Termination options

= Image of flow chart can be saved




Current and Future Development

- Classification (Basudhar) Ty =T
= Decision surfaces for instability in design &+ = o
= Multi-objective optimization e e R
= Material design optimization - ———————
= Integration of tables, plots and simulations == EE———

= Filters, statistics, highlighting, sorting, categories, visualization

= Digital Imaging Correlation
= Material calibration using DIC spatial/temporal test results

= Integrated Computational Materials Engineering
= Multi-scale Material Modeling and Identification
= Integration of material design into structural design

= Reliability
= Accuracy: small probabilities. Sequential Adaptive Reliability Analysis
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