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Outline

M Overview of LS-OPT

M New features in LS-OPT 6.0
DIC-based parameter identification
Support Vector Classification
Interactive tables
Other new features
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B Optimization
MDO
MOO
Shape
Optimization

Body Dynamics

Multi-case MDO

-----

B Material Calibration
Curve matching
Hysteresis
Noise
Full-field Calibration

B Statistics and Uncertainty

Robust Design
Sensitivity Analysis
LS-DYNA® Statistics

Outlier Analysis

.

LS-OPT® - Optimization, Probabilistic Analysis & System Calibration

standard deviation
of y-displacement




Parameter Identification
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Parameter Identification

B Parameter Identification problems are non-linear inverse problems solved using

optimization

B Computed curves (from LS-DYNA®), dependent on parameters, are matched to

experimental curves

B Optimization provides a calibration , |
of the unknown parameters computed

curve

experimental
curve
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Calibration of material parameters - Standard approach

B Global data from experiment is used
B Problems:

Instability typical in calibration
problems, especially complex
models with many parameters

Local phenomena such as
coupon necking/barreling missed

Local <

- Use full-field data deformation
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DIC data:
deformation states

Full field test result
(4557 pts)

from optical scan is
mapped and tracked
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Digital Image Correlation

B Optical method for tra

Tensile testing
equipment

S

Measurement
system

gom/ARAMIS setup at DYNAmore GmbH
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Import DIC data into LS- OPT

M Interfaces (LS-OPT 6.0)
Multihistories and

File|MultiHistories, )

Defined file multihistories MultiHistory Name

Preview

| ,.| [force_eps)(

. . force_epsY x || @ ARAMIS S
Histories Add new e 2000 —
ARAM IS ( Om) Filename Template (wildcard) 1?52_“/
g [MFZ-00-0475x87Au5r\chtung.xm\” Browse | 150
= 1250
X-Component
G EN EX [FIachenkomponenteSxS epsX | w | % 1000
Extraction from [:p o 2 750
Kraft.DiM ~
ASCII files - 500 =
Defined file historie History Name Preview
DIC data may B (o l e |
be stored in multiple Add new & 0B BN
H () GEMEX 0.3 \
fl|eS ) ARAMIS 0.2 \ N
9 One ﬁle per time Filename 0.2 — |
MFz-00-04-FINALcsv | Browse | 0.15
Stage Show plot 0.1 \
0.05
\
0 0.25 0.5
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Alignment of test and simulation data

B Test and simulation geometries are typically in different coordinate systems
B Transformation of coordinates using least square formulation
min|[$XTestT — Xpg|

XTest: Test points (subset), Xpe: FE model points, T transform, $: Isotropic scaling

E ;.)S-DVNA keyword deck by LS-PrePost
[7] Assembly 1

E"‘ gl Test

Database
Define

Set
T I
i 1

Alignment

G Simulation *
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Extraction of Multihistories from simulation

1=

Nan fEast, [oli=pp! =)
. D3 P LO I I nte rface LS O P I 6 O Fle Misc. View Geometry FEM Application Settings Help
s ,LS-DYNA keyword deck by LSs-PrePost 1Y
2 Assembig 1 SelPart  RefGeo
- Edit multipoint history 4 FEM Parts
2 Goom Pats @ v
Name Subcase Fpatt H | H H H LS P P SR
g5 <
D3PlotXStrain00 ] [ V I S u a Izatl O n I n Creent  surf
Results Type Component M
Z) Ndv L_surf_plastic_strain U_surf_xy_strain L_surf_min_princ_strain
Stress U_surf_plastic_strain U_surf_yz_strain L_surf_effective_strain
Result L_surf_xx_strain U_surf_zx_strain U_surf_max_princ_strain
Strain L_surf_yy_strain M_surf_xx_strain U_surf_2nd_princ_strain ‘
Misc L_surf_zz_strain M_surf_yy_strain U_surf_min_princ_strain P Model
Infinitesimal L_surf_xy_strain M_surf_zz_strain U_surf_effective_strain e
Green-5t Venant L_surf yz_strain M_surf_xy_strain M_surf_max_princ_strain o3
-
FLD L_surf_zx_strain M_surf_yz_strain M_surf_2nd_princ_strain P T
() Beam U surf_xx_strain M_surf _zx_strain M_surf_min_princ_strain &
ubsys
3 U_surf_yy_strain L_surf_max_princ_strain M_surf_effective_strain / ° = ” wf
ource
U_surf_zz_strain L_surf_2nd_princ_strain - % ey
ARAMIS s 8
- ‘Alignment =] o reen
Coordinate File
Views

ARAMIS multihistory
| force_epsx = |
FE Interpolation

| Nearest node ‘

Distance Tolerance

L

[] Cluster source points

align < ‘

Align test and simulation geometry |Nsw al\gnmsntl

N
Open in LSPP)

Parts to be included
) All Parts

List of parts
x1, @

Add new

Transformation Name

[transftensw\e

alignment .~

>

Fast Renderer

Test Simulation

| Coordinates z ” Node ID < |
Test x coord Test y coord Test z coord Node ID

[—8 47391 ][ 78577 HZ 02715 H495 l*

[17 57689 ][6 08299 HZ 38169 H1435 l*

[—8 19484 ][—6 23842 HZ 0367 HIQZS l*

[16 96481 ][—3 20172 HZ 38046 HZ??I l*

Add

Scale factor |1 0 (default)

LSTC
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Calibration: Computational challenges

B Experimental and computational results can be difficult to compare

Hysteresis

Material 125 -
Loading/Unloading

—> Partial Curve Mapping

0.bs o1 ols
b_techn_dehnung///

Partial Matching

Failure model: GISSMO -
post-failure oscillation

of coupon

—> Partial Curve Mapping

Noise

Failure model: GISSMO -
element erosion a discrete
process
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Dynamic Time Warping
B Suitable for noisy curves
B Not suitable for partial mapping

B Warping path: minimum accumulated distance
which is necessary to traverse all points in the curves

DTW distance: 83.150879

3
X-axis
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Postprocessing: Multihistory plot

M Visualization of test and simulation curves

e [Project: FFC_M aliso of @ yield curve odified Hock h 'approachlbasedlonDIC ILSTOPT Viewer' EE®E
xR (ke e BE SR KM 2 [y [t v G m——
teration - ®
10| | oal
8 225t 0.05292
w
0.05243
Setup | Options | Ranges
— 2000 0.05195
Entity X Y Z C value [
No entity (2d mode) 0.05146
time
 Histories 1750 0.05008
(TensileTest)
Force00
negForce1000 0.05049
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~ Responses E 3
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~ Multiobjective =
fe 0.04564
¥ Max Constr. Violation
[e 0.04515
7 Color entities 250
Feasibility e = 0.04467
(with previous in b/w)
Iteration
Neutral 0. 0.04418
0y
x
a 1) R ol 0’2 o3 0’4 als ole 07 ' 0.9 0.0437
‘ml D3PlotXStrain00/ x force_epsX
— [l B
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Postprocessmg Contour plots in LS-PrePost

sted x-componant (Dyramie Tie Warping map)

cy -component (Dynamic Time Warping map)

compx diffx

Scale .73 | 2 o Scale .73

Computed Difference to scale

pancy x-component (Dynamic Time Warping map)
ent x-component (Dynamic Time Warping map) tx
x

xxxxx

Scale .73 | = Scale .051

Experiment Difference (magnified)
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Support Vector Machine
Classification
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Metamodeling Challenges

B Discontinuous responses
Tube impact
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Metamodeling Challenges

M Binary responses
Blood leakage from stent

Fluid Flow

orta: Lagrangian Mesh

X

Blood Flowe
Aorta Excluded Graft
| Anaurysmm Sac
Kidney -
. i ! . .............................. .’
Abdominal Aortic ——§
Aneurysm ' E
Mo leak Leak S dE N
Graft: Lagrangian eshk

Layman, R. et al. "Simulation and probabilistic failure prediction of Binary information:
grafts for aortic aneurysm." ] )
Engineering Computations 27.1 (2010): 84-105. Failed (leaked) or not (no leakage)
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Support Vector Machine Classification

B Discontinuous and binary responses
Map input data to category

Design space samples Response values Response approximation Constraint approximation Respoense/feasibility prediction
Metamodeling ° o
Xz
o
® L
X;
feasible prediction
Design space samples Sample classification Decision boundary Class prediction
. (threshold or clustering)
Basic
e : o e @ ]
classification . ° |, *| . i ®
2 2 2 2
methOd L o ® L ?‘______..--feasible prediction
| ® [ ] r e
[ ] ® [ ] [ ]
X; X; X; X;
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Application 1: Discontinuous Constraint Reliability

M Side Pole Impact
Random/Noise Variables (Normal distribution)

Beam thickness
Floor thickness

Reliability assessment = Feasible >

 OFailedRun

B-pillar intrusion < 585 mm
Lower beam intrusion < 710 mm

Door intrusion < 638.23 mm

750 discontinuity

Atbeam: 0.08 mm
Atfloor: 0.1 mm
Response change: 27 mm

B-pillar intrusion response

[N

5401

2

tfloor

tbeam 5

175
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Application 1: Discontinuous Constraint Reliability

B Classifier able to approximate highly nonlinear boundaries accurately
Failure probability using Neural Network Metamodel (400 samples): 0.0217
Failure probability using SVM Classifier (400 samples): 0.0218
Actual Failure probability (20,000 LS-DYNA runs): 0.0219
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Neural net approximation of constraint (inaccurate) Actual constraint feasibility (LS-DYNA) SVM classifier-based constraint (accurate)

4
tbeam
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Application 2: Multidisciplinary Analysis

B Optimization Cost Savings
NVH analysis followed by crash analysis

NVH Samples (400)

Because classifier is used, crash analysis needed only at feasible NVH points

Crash simulation savings: 246 out of 400 (61.5 %)

Crash Samples (154)
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Interactive Tables
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Interactive Tables

Point selectior
. \
. ~-Fux s/ AAverF Bd »oVYE® &> BAA[ < > A
7 1
) . ) L I3 A/ R
Variables Composites Constraint Objectives Sl Madcons B
Points Marked Category Type tbumper thood Intrusion Intrusion Mas, Acc_hax HIC Objective Violation ¥ run |-
1.1 (] M Design 1 |Analysis & 1 573.647 573.647 0532248 2.64094e+06 57.56 5756 140940 (]
1.9 i O M Design 1 |Analysis 411111 1 570.969 570.969 0.478048| 2.63235e+06 57.74 X B @\ e e BE LB E!EIParalleIConrdma:eH F— Hnmsz Cl
10 O [EEE w A Analysis 455556 1 571,191 571191 0505178 2.61078e+06 5152 [ ®
= 1.0 n @ 51 59 T
1.21 “ HA AnalysiT = = < _ -3 1.44444 554096 554096 0.633217 257591e+06 1109
1.8 i“ | %4 Analysis 3.66667 = TI™ = <37476 57476 0.450978| 25734e+06 65.39 L
e ——— Parallel Coordinate: ®
1.20 :“ HMA®  Analysis 455556 1.44444 554918 554978~ ~0:606147_253865+06 115.8 E——
13 =“ AR Analysis 1.44444 —|aa 189432105 T ~ ~esssl_ | _‘
X . | 5 Plot entlEs = = o
15 O A x Analysis 233333 | M Design 1 (14points) x 46 2.25051e+06 775 - =
esponse
1.4 1 A % Analysis 1.88889 76 2.06904e+06 83.49 b O composite
H H ® b {# constraint
1.2 ' O A % Analysis 1 A Design 2 (20 points) _ | |74 1.70386e+06 98.21 b Objective
1.6 3 2 . 1 77 2.39803e+06 63.36
Mame Color Shape € Feasible designs (1 points) X a]
1.1 11 2.45462e+06 68.02 [ select from active points
- [ only selected
i Design 1 _l cube $ Design 5 (16 points) x | | |11 2459862e+086 £8.02 [ User-defined colors
[ user-defined points
1.7 Descripticn Add new || 46 2.4982e+06 59.06 1.6e+06
114 T K L~ |44 1.89487e+06 137.4
[Thls is design 1 —] o0
[T’—1—13— 1311 71508 e+0R 15 tbumper thood Intrusion Mass Acc_max HIC
-———— -
Cance
Dutput i [ ® =
utp [ &) cancel l I " 0K
- [
I
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Interactive Tables

M Interactive Constraint management

B Statistics of selected point

Constraints are only changed for the active tab Reset a & = @ A By @ M P F @@ “ O VT E ®
Constraint Lower Bound  Strict Upper Bound  Strict Variables Composites TS
Points tbumper thood Intrusion Intrusion Mass Acc_max
Intrusion Setlower bound ® 550| O Nominal I:I 0 0 0 0 [
Mean 297523 293732 521.056 521.056 0.849357| 1.99565e+0g
Mass Setlower bound x 07| O StdDev 1.27034 1.29872 333185 333185 0306708 288499
55 1086.83 1071.02| 2.83503e+07| 2.83503e+07 847155 422765e+14
Acc_max Setlower bound x 25e+06| [ Min 1 1 450.81 450.81 0.288374 1.4871e+0¢|
Max 5 5 583545 583.545 144187 2.64094e+0H
Lower Constraint N/ A /A (TS MN/A (TS MN/A
Lower Exceeded N/A MNIA N/A MNIA N/A MN/A
Prob. Exceed Lower N/A MNIA N/A MNIA N/A MN/A
Upper Constraint N/ A /A (TS 550 05 25e+0g
Upper Exceeded N/A N/A N/A 24 88 o
Prob. Exceed Upper MN/A /A MN/A 0.230769 0846154  0.0576923
MNum. Values 104 104 104 104 104 104
Output | Table1 | Table2
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Interactive Tables

M Virtual points

2

@ Generate in Viewer

Foint selection

REE]-

Virtual points

X BB |=aAMPF

Run simulations

Evaluate &
Simulate
|

Foints Marked
vol1.109
vol.144 [l
vol.149 4}

Type

Wirtual
Wirtual
Wirtual
Wirtual
Wirtual
Wirtual
Wirtual

\ariables
thumper thood
2.25259 1.86465
2.18286 1.87575
2.23566 1.8226
2.16694 1.83914
23141 1.89203
212218 1.88888
2.3527 1.84454

Intrusion
544755
544.488

S42.64
542235
543545
544171
545,248

Constraints

Mass Acc_max

0.561377 1.88085e+06
0.560259 1.85526e+06
0.573522 1.85635e+06
0.573085 1.82604e+06
0.571354 1.89467e+06
0.558934 1.82481e+06
0.562309 1.92413e+06
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Other new Features
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Other new Feature
B Taguchi method

Classical robust design approach using Orthogonal Arrays

B Interface to LS-TaSC

Facilitates LS-TaSC to work with complex |

design schemes and constraints
B Export and import of stages

Individually

Full case-based process

E.g. Frontal Crash including its
pre- and post-processing could be
imported/exported as a unit with a
given name

| sampling CRASH é

CRASH

LUNA LS DYNA_FRONT UMY LS_DYNA_SIDE
1resp lresp

s New stage =
Rin reduction
SRSM)
Import
/LSOPT/6 O/stages/| Browse |
Post_CRASH
ation criteria
iterations
PrePro_CRASH
Tensile_LS_DYNA

1 ohjective

timization

+ — BETA + —
META_FRONT META_SIDE
2 resps 2resps

S T
Build Metamodels




More Information on the LSTC Product Suite
B Livermore Software Technology Corp. (LSTC)

www.Istc.com
B LS-DYNA

Support / Tutorials / Examples / FAQ
www.dynasupport.com

More Examples
www.dynaexamples.com

Conference Papers
www.dynalook.com

European Master Distributor
www.dynamore.de

B LS-PrePost

Support / Tutorials / Download
www.Istc.com/Ispp

B LS-OPT/LS-TaSC

Support / Tutorials / Examples
www.lsoptsupport.com

[THUMS®  www.dynamore.de]

Livermore Software
Technology Corp.
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Thank you for your attention!
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