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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
B User-defined Interface

B Current production version is LS-OPT 5.1

L]
Bearbean gnsicht Chiond Lesszeknen Egras Hine

B S-OPT Support web page iy |

- www.lsoptsupport.com

Welcome to LS-OPT Support Site...

B Download of Executables

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

H Tutorials
B HowTos / FAQs

B Documents
I

System-/Parameter Identification

+ more
Feb 02,2011 Design Exploration
mure .£“
- Meta Modgels: Interretalian design variables vs. system responses |
- Study of design changes
« more

P ‘Sensitivity Studies



http://www.lsoptsupport.com/

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”

Tasks  View & o=
Save Tas

Read Task

Common Mod®

Nastran Load Case
LS-DYNA Load Case
Pam Crash Load Case >
Radioss Load Case e
Abagus Standard Load Case
Abagus Explict Load Case -
Optimization Task

M Interfaces to Preprocessors
(= Shape Optimization)

B | S-PrePost, ANSA, HyperMorph, ...
W User-defined interface

~?
W
N
[
]

]
2
=
z
>

[ 7%

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

=>» About LS-OPT
H L S-DYNA Integration
B Checking of LS-DYNA keyword files (*DATABASE )

B Importation of design parameters from LS-DYNA keyword files
(*PARAMETER) P | @‘

Setup Parameters Histories espol

Response definitions Add new

B Support of include files - i apense B fl[orer

Name Subcase Multipiler Offset DBBEMAC

(*INCLUDE) o I | cuss

DDDDDD
[] Not metamodel-linked

ELOUT
. = . ELD
O n Ito rl n g O - Component Direction
- — FREQUENCY -
) Coordinate @ X Component GCEOUT
(@ Displacemen t () ¥ Component
rogress : :
p ) Velocity () Z Component
NTFORC
) Acceleration ) Resultant
MASS

) Rotational Displacement

B Result extraction of most

() Rotational Acceleration

LS-DYNA response types S o

IdentifierType 1D REDOUT

[0 2l |420001zs ] RRRRRR

B D3plot compression

H | Maximum Value C.‘ [ ] [ l SBTOUT
(node and part selection) i
SWFORC
Frequency Time unit
THICK

[60| ] ‘ Seconds 3. = el




Introduction

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

B Sequential Response Surface Method (SRSM)
->Metamodels

® Polynomials

pBRSE¥ESE

B Radial Basis Functions

ISEEREE R R

p333888s8

B Feedforward Neural Networks ...

B Genetic Algorithm (MOGA->NSGA-II)

. Direct ‘ : Setupt ] [ ':Szamplwsndg- Stardnp\ln(glg
B Metamodel-based e | | P
. |
B Monte Carlo Analysis ; T HTJ @
W Direct [
‘ 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 b= 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 optl mlze 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.




Applications of LS-OPT

B Parameter ldentification with Test Curves

Computed curve: F(x,2) Map

/

Computed curve

\
L]
)

Residual ¢,

1 Test results
Interpolated test curve G(z2)

Target curve




Applications of LS-OPT. t

B Computed history curves vs. Target curves

wixRle o M@ 8 BIE B [ vy ) s || [0 weey |t | ) ey ) rerason |- ) itony |_toraton

My - (o] oy ®
Sstup  Optons  Ranges 1.38E404 | e 5 M 1. 388404 Sstup | Options  Ranges
— 3 l
') Predicted Hissory 1.36E+04 % — 1.36E404 ('] Predicted Hisory
X Y C val 1.35€+04 Entity XY cyv
o - : 7' LA 304 * i oty
Tost_TXCi4n ¢ SVSEpsC1e «
Test TXCI4D 1346408 | 1.34E404 Daig 14 !
Tost_TXCIdC . €20
netxcons o = 1326408 | = 0 : 1. 326404 ;9;_3?’ <
Tost, Y06 * 93 L
7 Vaeiabies 2 1316408 @& ‘ 2 ’ 1.31E404 © ops 2220 <
& ) [ 5 SigVsERsCa0 @
G 2 319,20 (s
g kS 1296404 2 401 1298404 ity
Sigh_C34 C
n 1.28E404 1.28E404 Sip3.C34 b
X0 20 Tl ops 2234 CC
= 1 204 | 1.27€404 1.27E+04 gzw;gscu S
W 0. (
o . 129E+0% LZEH04 e =)
X B o o
25 1.246+04 : 1.24€404
Time xTast TXC34c |- Time xTest TXC14 |-
{CT o T T
ey ® & 5
Setup | Options | Ranges 1. 386404 225 1.38€+04 Setup | Options | Ranges
] Prodicted History LSEHU 290 1.36E404 ] Pradactad History
yy LK R 1.35E404 175 1.356404 ey Xpriely
£o2 = I Testrd oM
4igL_C69 1.34E404 150~ 1.34E404 T':m‘l;ﬂl
5ig3 069 ( st L
;gd:’:?ug 2 1.326408 2 S : 1.326404 ::::—::c"". y
i . Test TeCTt
Osig 6% ‘a‘ 1.31E+04 O ‘i 1.31E+04 © Test_TRC14 &
% atiey o |2 El S 7 i | Tost TACZ09
Test, UNCL s 2 0 1.29€+04 = 1,29 +04 Test THCI43 5
Tost_UNKI a 75+ Tosl YREIAL M
“UNICS 1.28E404 Test TC3dc @
St — . | | 1.26E+04 Tost TxChia ol =
20 3 Test TRC6%0
il e i :' 1.276408 | || ovadiabies
2:3;?, ST = 1.25E404 254 aried a Co
& Ti Tast TXCI0 i 5 o By 2sea0a
ime % a | .
o - T — \=) Time xTest_ TXC69b =
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Applications of LS-OPT.

= DOE-Studies, Design Exploration
= \isualization: 2D/3D sections of the surfaces, 1 or 2 selected variables

- S 93
| Sptap—Ramges——Fomts——Frma, | -
(e vz g slider controls for
B e o) . . .
~ Responses
e ) interactive browsing
Femurli05a 's) 77
FemurRe-05 0
BrustSx-05 o}
BrustA3ms-05 ®© 1571
(H350aktiv)
HIC15-50a o)
FemurLi-50 o) 6.6
FemurRe-50 0
BrustSx-50 o
BrustA3ms-50 o) A 6.1
(H350passiv)
HIC15-50p 0
FemurLi-50p o) 56
FemurRe-50p 0
BrustSx-50p o)
rustA3ms-50p .
~ Variables
FAB_VENT o} —
SBA_VENT o) ——— 4.5 .
FAB_ADTI 05a O @— s ) =
GUR_FOR1 ® 5 g
GUR ENDEDSa ) d g e =
&
2.9
24
18
13
08
02
H GUR_FOR1 49.7
Variableand &
- Center variable sliders on 492
response selection ;-
[ XY | xz | vz EFeasible
I infeasible
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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
% Influence on Responses/Composites




Applications of LS-OPT

= Robustness/Reliability Analysis

1] i
- Q‘fﬁfj”' B o

| ]

front mid

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




Applications of LS-OPT

B Robust Parameter Design (RDO)

® Improve/Maximize the
robustness of the optimum

M Reliability Based Design Optimization (RBDO)

® Improve failure probability of optimum

x2
Area
N Stress = Force / Area
< - % Force

VAN

Area

Stress

LY




New developments in V 5.1




Multi-level optimization

= Subdivision of problem into levels

= Nesting the optimization problem

= Variables and responses are transferred between levels

= [nner level optimization is done for each outer level sample

*outerlsopt - LS-OPT 5.1.1

H E + /o } B Metamodel-based optimization X ¢
Setup | Sampling 1 4

1 parameter |1 war, 10 sp filling designs

o o
Finish 1
1 par, 5 resps

Verification ’—{IMJ LS'C)PT Stage type
[

Variables

" inner.lsopt - LS-OPT 5.1.1
H E + /" | 4 l Direct simulation based optimization OO l 1=

) 1 objective 1|
1 design

1 constraint I

Composites Build Metamodels
1 definition 5 rbf surfaces

Outer Level

" Setup | [

2 parameters | |

- Termination criteria ®—
Finish LS-DYNA 1
10 generations ‘

2 pars, 5 resps

Small car crash optimization pro
fhomefkaw/LSTC aptQA/Opt/MULTILE

m———l  LS-DYNA
Optimized Variables | 7 __Stage type

and Responses | | composites

1 definition
Inner Level
Infotag, Stuttgart, 01.12.2014
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Multi-level optimization: Why?

= Organization. Easier to organize the problem as a collection of subsystems
= Efficiency. Solution algorithm takes advantage of the subproblem type

= Can match optimization methods with different variable types, e.g. materials
(categorical), sizing/shape (continuous).

= Robustness and accuracy. Smaller sub-problems are typically solved in a relatively
low-dimensional space

= Critical framework for rational decomposition methods: Analytical Target Cascading

= |terative method which resolves inconsistencies between individual processes
with shared variables




Multi-level optimization: Applications

= Applications:
= System Optimization (component sublevels)
= Design of Product families

= Tolerance optimization

(Basudhar, A. and Stander, N. Tolerance Optimization using
LS-OPT, Proceedings of the LS-DYNA Forum, Bamberg,
October, 2014)

= Robust design using Random Fields

(Craig, K.-J. and Stander, N. Optimization of shell buckling
incorporating Karhune-Loeve-based geometrical

imperfections, Structural and Multidisciplinary Optimization,
2008, 37:185:194)




Variable deactivation (iterative methods)

= Optimization: large number of function evaluations, especially in multi-level setup
= Variables can be manually de-activated
= Save computational effort (variable screening)
" Variable is frozeno___
= Seamless restart ~Tteea__ : e

4. 5= —troof
““““ ~—trailb
4 - ]
A ~/_( —trailf
-
35 i
2.5

tbumpetitroofttrailb/trailf

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

Reset

% 5
§ I -0 2 3
> : i Number of Iterations
=
Optimization History (Computed)
th Per @ @ for HIC/Frequency/Intrusion/Mass
trgof OQg —Hic
1.75E+04
trals ¥+ w * —Frequency
& 1.5E+04 —Intrusion
trailf M M Eg 1.25E404 —Mass
5 1E+04
£ 7.5E+03
g SE+03
% 25E+03
o
o
w
S -2.5E+03 | | |
I
-0 ! 2

Number of Iterations




Parallel Neural Networks: Motivation

= High metamodel accuracy required. Even with screening, appropriate metamodeling
tools needed

= Feedforward Neural Networks
= High accuracy global approximation. Good bias-variance compromise. Variance
information available (illustrated below)

= Expensive. Vehicle crash often 100+ responses. Solved independently due to
nonlinearity. Reduction (as when linear) not possible.
e Ensembles (sorting through hidden nodes to get the right order)
- Committees (Monte Carlo method to improve prediction)

= Ensembles and Committees are suitable for parallelization

3.63E+04 287
q

3.27E+04

2.91E+04

HIC

Standard deviation

3.63E+03

5 tbumper @ Optimum Run Feasible
B Optimum Run Infeasible

non Optimum Run @ Optimum Run Feasible

B Optimum Run Infeasible
non Optimum Run




Parallel Neural Networks: Interface e

. . . . . . . Show status for; |Metamodel Sampling? | g ] Tools
|
FunCtlonaIIty Slmllar to SOIVer JOb monltorlng Job ID/PID Component lter  ResplD  Nodes Status
= Jobs can be distributed e P ; 5 : T
Sampling & Metamodel Settings ‘ Active Variables | Features | Constraints ‘ Execution 30228 Sampling1 1 3 4_
20231 Sampling1 1 3 5 Running...
Execution options for FFNN calculation 373 samping) 1 4 1 NomalTeminaton
Resources
Resource Units per job Global limit Delete 30283 Sampling? 4 4 4 / Running...
FFBUILDER. [1 ][120 x 30287 Sampling1 1 4 5 Running...
Create new resource 30291 Sampling1 | 5 1_
30294 Sampling1 1 5 ﬁ Running...
. 30297 Sampling1 1 5 / 3 Running...
Use Queuing 30303 Sampling1 1 s 4 4 Running...
30307 Sampling1 1 514 S Running
SLURM ~ 0 Sampling1 1 4 1 Waiting. .
Use LSTCWM praxy 0 Sampling? 1 V4 2 Waiting. .
0 Samnlinat 1 /& a Waiting P rog reSS
Command | ${L SPROJHOME}fbuilder_script ” Browse | | fr-----------7
/
/
D%
/
- I l
Dialog g /
ng S remalning nets /
[STDOUT] l/
[STDOUT] Found input data file: S AnalysisResults
[STDOUT]
[STDOUT]
[STDOUT] Response # 3
[STDOUT]

[STDOUT] Training primal net
[STDOUT] Training primal net
[STDOUT] Training primal net
[STDOUT] Training primal net
[STDOUT] Training primal net
[STDOUT] Training primal net (3 layers, Neurons:
[STDOUT] Training primal net (3 layers, Neurons
3

: -
[STDOUT] Trainin% Erimal net ( laﬁers, Neurons: - ]

o | o

(3 layers, Neurons:
(3 layers, Neurons:
(3 layers, Neurons:
(3 layers, Neurons:
layers, MNeurons:

HoHHHHE R RR
00 =l O LN I L) b -
—_

[#5)

[0 VI ST NS I S S W)
VVYVYYVYY
[SESENENEN YRS
\

W
HEHHHE
e e e e e e
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Excel Interface (Substitution) R

Inputs from LS-OPT

x| | data - Mi

Setup | Parameters‘ Histories ‘Responses| File Opelations‘

NODOUT1
History definitions. NODOUT: Last req
Displacement of node w

xaccel 432 NODOUT2
NODOUT: x_displace nent of node 432 NODOUT: Last registered X Fompanent of
Coordinate of node with IDR67

Home Insert Page Layout Formulas

- [p—
fx = AutoSum i@ Logical - @&l

l
l
|
I et & Recently Used ~ A Text - ﬂ'
nse ame
| | Function [ Financial - [ Date & Time ~ ﬁ' Manager
— o —
I l P _Function Library |
I Setup ‘Parameters|Histories|Responses File Operations I 'ﬁ'—|| 4 |
[ C D
General R | s
I Package Nama-‘ Excel I\O) / I
1) y 4 2
| Excel File data.xisx vV epte H Refresh ‘ | E
I "] Do not copy Excel file to job folder I 2
I Input definitions I
I Sheet PTEN Type Value Fill direction //  Delete
Sheet1 A3 ) v | Parameter V1 v | Vertical I
I Sheet1 Parameter Vertical
e | x| | data - Microsoft Excel
I ertical
Sheet2 NGDOUT2 Vertical I Home  Insert  Pagelayout | Formulas | Data  Review
| Af;hdeetz [ | raccei 432 '\ v History v | xaccel 432 v| Vertical vl I ﬁ % aosme @ logels  B- g o DeneName -
I H H I & Recently Used - & Text ~ b - — £2 Use in Formula
I Execut|on H IStorIeS I FU:;EH & Financial - B Date & Time ~ - Ma:;ngeer B8 Create from Sel
Function Library Defined Names
I Resources l
7
— — - HS - £
Resource Units per job Global limit Delete
| EXCEL i i * of previous | A [ B | ¢ | o | E F
I Create new resource Stages I 1 Stagel_lsopt_output => Stage2_excel_input
2
. I
3
I 4 Inodoutl nodout2 xaccel_432
[[Juse Queuing I 5
| L Use LSTOVM proxy | 6 | -736.719 -26.1055 0 0
I [] Environment Variables
[]Run Jobs in Directory of Stage I y 0009333 -15.516
I 8 0.019992 -305.94
I 9 0.029999 -452.651
| I 10 0.039994 -595.531
I 11 0.049999 -736.719
12
|
- 2
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Excel interface (extraction) e

Pl data - Microso
Name
Home Insert Page Layout Formulas Data |)(acce|74327mod
ﬁ = AutoSum - i@ Logical - @ - i3 Defi _
f Recently Used = [fA Text - s - — 57 Use File

FLr;s;:ir;n & Financial -~ [ Date & Time ~ (i ~ MNE:;ngeer B Creg |data.)(ls:( |
PR _Fu:u'tion Library | Defined Worksheet

: intrus.inc:n_dis.tI ML _;ﬁ:| =nodoutl-nodout2 |Sheetz = e _|V|

A —| B | C | D | E X/time range Y/value range

13 I |)(acce|_432_mod v| I

14 Stage2_|sopt_output ] Auto increment I_ - e mm == =

15

16 |

17 | intrusion xaccel 432 mod

18

19 —71[).614! 1 0

20 2 -53.4974

?2_; j jg:ijz Name Subcase Multipiler Offset

23 5 -204.863 ‘intrusion_dist ‘ ‘ v‘ n/a n/a

24 6 -253.431 [ | Not metamodel-linked
25

File

. : ‘data.xlsx ‘
Excel fields as LS-OPT | | worsneet

histories/responses ! E- v/ Refresh
4 I‘ intrusion_dist v||
I
I
I
B

Value cell 1

23



Design Point Categorie§

-

= Picking, displaying and saving designs of interest

R Name Color Shape
ign_A (13 points)
vesign A | | NN | [owe o
A Group_B (12 points) x
Description
< Group_C (13 points) x [Preferred Design l
=k Group_D (14 points) x
lAdd selected points to category
#® Group_E (84 points) x
Add new

o | [@ue]

Dialog

Scatter Plot
Variable *t1" vs. Variable "t10" vs. Response "N1_disp"
(Results of lteration 1)

WDesign_A L8 01 01 i = ° 0
A Group_B
@ Group_C
+Group_D
X Group_E
OOther

Ni_sccel  N2_sccel  timetozerovel  timeto 2000  tmeto 40D  tme_to maiD

Scatter Plot
Variable "t1" vs. Variable "t10" vs. Response "N1_disp*
(Results of Iteration 1)

mDesign_A
A Group_B
@ Group_C
4+ Group_D
XGroup_E

Categories + Other
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Histogram Plot: Attributes

Li‘ Ej |K‘® a @ % @E & Ej @! E‘; E| Statistics H Iteration \E\ Statistics H Iteration \E\ Statistics ” Iteration |

e — Variable: T1 Variable: SIGY Statistics =
Setup Options | Axes 1000000 samples: Mean =1 Standard Deviation = 0.05 1000000 samples: Mean =1 Standard Deviation = 0.05 Setup = Options | Axes

Flot type AE+04- =Mean =Mean “-axis scaling
@ Histogram —Standard Deviation 3.5E+04- —Standard Deviation Frequency
Summary 3.5E+04- Probability
) Probability of constraint violation SE+04 ) PDF I e
. 3E+04:
) Correlation e Number of Bars _
O Covariance ] 5 = o
- = 2.5E+04 = Mean value
E £
+04 Standard deviation
¥ Variable wa SE+04 ﬁ 2E+04-
5 5 Constraints
siey 2 qsEe0s g 15E+04 Feasibilty
¥ Response g g Value
¥ SOLVER_1 =z =z A
TOP_DISP e 1E+04 Upper Bound
P Constraint SE+03 SE403 oo B
Use Metamodels and Distributions
o]

%
Metamodel Points | 1000000 0.8

[ Add Residuals
[] Use Opt. Iter. Start Design

1.2

Response: TOP_DISP
1000000 samples: Mean =-228 Standard Deviation = 7.29
P[x<-245] = 0,00368

Mean

Statistics ®
Setup | Options  Axes
A —Standard Deviation
Y-axis scaling 1 8E+04 —Constraint LB
@ Frequency S d D
Frobability el t eV
& PO 1.4E+04
Number of Bars
4
Mean value o g
=
Standard deviation E .
) Cneurs § e Const.
=]
g 8E+03
g bound
5 ou
AE+03
AXis
0

limits
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Global Sensitivities: Subregions

= Sensitivities within specific design proximity
= Can set up multiple sub-regions interactively

Number of Points for Integration
[10000 (defaulty ]

[J Overwrite global computations

Subregion definitions

MName Active Overwrite Delete
[Subragmm ] I W x
[5ubreg|un2 ] 14 =
Add....

All active [] All overwrits

Mean value

775
30
484
339
93
tbumper
47.5
775
30
484
339
93
tbumper
47.5

Mean value

Name

Subregion?

Active
Ovenwrite

Bounds - Global bounds used for variable if not specified below

Variable Lower bounds Upper bounds

Delete

[ tbumper 3“2 ][4

[ thoad 5 ] 2 |[4

Add.

Global Sensitivities Plot

thood (71.2% - 71.2%)

tbumper (28.8% - 100.0%)

mDisp2
mDisp1
mAcc_max
EMass
BHIC

20 40 60
% Influence on Responses/Composites

Global Sensitivities Plot

thood [2:4] (71.6% - 71.6%)

tbumper [2;4] (28 4% - 100.0%)

mDisp2
mDisp1
EACe_max
mMass
BHIC

20 4o 60
% Influence on Responses/Composites




Outlook

= Viewer (post-processing, data mining)
= Result table manipulation: integration of categories into tables, etc.
= Speed improvements to Viewer displays
= Predicted design displays: generate cluster of surrogate results
= Reliability
= Probability Density Function approximation from empirical data
e Kernel density approximation
= Sequential reliability analysis
e Convergence of probability of failure value
e Adaptive sampling
= Tolerance-based optimization
= Metamodels: performance and usability
= Multiple metamodel type displays: comparison of metamodels
= More solver interfaces:
= Matlab
= | S-TaSC




