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Problem Description

Steel tubes crushed with falling rigid wall
Objective: Minimize mass of the structure
Constraints: maximum crush

Three design variables:
— thickness of inner tube — t1
— thickness of inner plate — t2
— thickness of outer tube —t3
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Task Selection

Go to Task Tab and

Select Metamodel — based Optimization

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization

U Livermore Software
Technology Corp.

=10l ]

S | Responses | Objective | Constraints | Algorithms | Run | viewer | ovnz | »]

LS-OFT User Interface
Version 4 (Revision 56627)
by
Livermore Software Technology Corparation
{C) Copyright 2000-200% - All Rights Reserved

Task: Metamodel-based Optimization

Problem description

ITUEE-CRUSH-DESIGN-DPT
Author

ICezary Bojanowski

Current working directory
E:\DOCS\L5-OPT-COURSE-CB\1_DESIGN_OPTIMIZATION_FOR_CRASHWORTHINESS\TUBE\LINEAR
Current project file

com. TUBE_CRUSH

Last modified

Mon Oct 05 12:42:50 2009
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Linear Response Surface - First Iteration

Go to the Strategy panel

Choose Sequential with

Domain Reduction (SRSM)

Leave the defaults for the convergence tolerance

B "TUBE-CRUSH-DESIGN-OPT" (F
File WView Task Help

‘Info {5 Yl Solvers I Dist

[~ Create Pareto Optimal Frontier

Strategy for Metamodel-based Optimization

" Single Stage
' Seguential

¥ Sequential with Domain Reduction (SRSM)

1. Sampling points are added sequentially in an

adaptive subregion.

2. Metamodel optimization is done at each stage

and is limited to the subregion.
3. Suitable for finding a converged
(e.q. system identification).

4, Generally unsuitable for global exploration.

Tolerance required for termination
{* Design AMD Objective
{” Design OR Objective

Design Change Tolerance

=0l x|

ile: com.TUBE_CRUSH) Metamodel-based optimization

I l‘ar‘iablesl Sampling I Historiesl Responses I Dbjectivel Constraintsl Algorithmsl Run I Vigwer | DYMA Smtsl

solution

|0.01

Object Function Tolerance

|0.01

[ SRSM Advanced Settings

U.S. Department of Transportation
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Solvers Panel

In the Solvers panel browse to your LS-DYNA® executables (Windows) or to
lsoptscript (Linux system at TRACC) at Command line

"  Forthe input file find the TUBE-CORRECT .k file
= Type SOLVER_1 in the Name of Analysis Case field and hit Add

B "TUBE-CRUSH-DESIGN.OPT" (File: com.PICKUP-FRONT-IMPACT-CORRECT) Metamodel-based optimization i ] [
File View Task Help

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

Pre-Processor Package Mame INone j

Salver Package Name [LsDYNA

Le.

Fies | Extrainput files | Import User Resuits | Checkpoints | Evaluate Metamodel | Advanced |

Cormmand IjmntfgpfsfhomefcbojanowsldfscrahdfFUEEﬂ.INEARﬂsoptscript Browse |
Input File I;’horne,.'cbojanowskifs::ratm;"l'UBEfI'UEE—CORRECT. k Browse |
Appended File I Browse |
Post-Processor Package Mame Mone j
Mame of Analysis Case ISDLVER_l Add | Replace Delete Clear

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

In the Variables panel Add three variables:

t1 with starting value of 1 with lower bound 0.8 and upper bound 1.2

t2 with starting value of 0.8 with lower bound 0. 64 and upper bound 0.96
t3 with starting value of 0.9 with lower bound ©.72 and upper bound 1.08

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization

o [=] [
File View Task Help

‘Info | strategy | Solvers | Dist '-I’amb*ES| sampling | Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | D¥NA Stats |

Design Variables
Type Mame Starting  Init. Range  Minimum  Maximum
[variable & 1 | [os 12 =l o irection
IVariabIe j Al ItZ IU.B I |0.64 IU.QE Im
Cases
[variable cléfs [0.8 | [0.72 [ros o
" List

U.S. Department of Transportation
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Sampling Panel

In the Sampling panel select Polynomial Metamodel with Linear order

For Point Selection choose D-Optimal criterion

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization

File View Task Help

‘Info | Strateay | Solvers | Dist | variables {2

METAMODEL
" Polynomial
€~ Sensitivity
= Feedforward Neural Network

Order

% Linear

 Linear with Interaction
" Quadratic

" Elliptic

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 = 7
™ Discrete sampling
[~ Advanced

=10l x|

'3 | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

U.S. Department of Transportation
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Histories Panel

= In the Histories panel from the right window select NODOUT file
= For ID identifier type 99999 — the node on rigid wall

= For the component choose Z Component of the displacement
= Give it a name TOP_DISP_HIST and confirm by Add button

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | strateay | Solvers | Dist | variables | Sampling Histories | Respanses | objective | Constraints | Algorithms | Run | viewer | DYNA Stats |
USERDEFINED

Expression
File
Crossplot
ABSTAT
BNDOUT
D3PLOT
DEFORC
ELOUT
GCEOUT
GLSTAT
INTFCRC
MATSUM
MCFORC

NODFOR.
REDOUT
RCFORC
RWFORC
SETOUT
SECFORC
SPCFORC
SWFORC

[=]- Histories

IdentifierType D

|1D [ |99999

Compaonent Direction

* Displacement ™ X Component
" Velodty ™ ¥ Component
™ Acceleration ¥ 7 Component
" Rotational Displacement " Resultant

" Rotational Velodty
" Rotational Acceleration

Filtering

INone j

d

Case |SOLVER_1

Histary Name ITOP_DISP_HIST

Show def... Add | Repace | Delete |

U.S. Department of Transportation
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Responses Panel

In the Responses panel also choose NODOUT from the left window

For Z Displacement Component choose Identifier Type ID and type 99999 in ID

window

Select minimum value

In Response Name type

TOP_DISP and hit Add

Note the difference
response and history

U.S. Department of Transportation

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization

Fle View Task Help

'Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Responses | abjective | Constraints | Algorithms | Run | viewer | DY Stats |

USERDEFINED -

1|l = Responses

Composite IdentifierType D
Compaosite-Expression IID j IQQQQQ —
MeanSgErr =
Response-Expression Component pirecton 1 = MASS
ﬁg;giig{i‘;‘:::” " Coordinate " X Component
ABSTAT * Displacement ™ ¥ Component
BNDOUT " Velodty %' 7 Component
D3PLOT " Acceleration " Resultant
e C Rowsroltiscen
FLD " Rotational Velodty
FREQUENCY " Rotational Acceleration
GCEOUT " Injury Coefficent
GLSTAT
INTFORE
MASS Select From time To time
MATSUM | Minimum value =] Jo.0000
MCFORC
Filtering
NODFOR =
PSTRESS [Mone =l _
REDOUT
RCFORC =
RWFORC =l 4 | _.|_I 1] |
Case |SOLVER_1 =]
Multiplier |1 Offset |0 I~ Not metamodek-inked
Response Name ITDP_DISP Show def... Add | Replace | Delete

TRACC Transportation Research and Analysis Computing Center
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Responses Panel

=  From responses window select MASS

= Select All Parts to be included and leave the Attribute Mass
= For Response Name enter MASS _TOTAL

= Hit Add to create the response

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Responses | Objective | Constraints | Algarithms | Run | Viewer | DYNA Stats |

USERDEFINED 21 Pparts bo be induded Attribute El-Responses
Composite - SOLVER_1
Compasite Expression " List of parts IMESS =l L TOP D
MeanSqgErr ' All Parts o
Response-Expression w
Standard Deviation
Matrix-Expression
ABSTAT

BNDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEOUT

GLSTAT

IMTFORC

MATSUM
MNCFORC

NODOUT
NODFOR.
PSTRESS
REDOUT
RCFORC

RWFORC =l A | &
Case |SOLVER_1 |

Multiplier |1 Offset |0 ™ Mot metamodeldinked

Response Name  [MASS_TOTAL Show def... Add | Repace | Delete |

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

= |n Objectives panel select MASS_TOTAL with default weight 1.0

BFf "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization

11




Constraints Panel

®"  From Responses select TOP_DISP
= For lower bound type -63 and leave the Upper bound default (+in¥)

BFf "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization

12
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Run Panel

Select PBS for QUEUING software (TRACC cluster users)

For Concurrent Jobs enter 8

For Number of Iteration enter 1 and

Check Omit last verification run and Clean Start from iteration 1

Hit Run to start
simulations

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization - |Elli|
Fle View Task Help

'Info | Strategy | Solvers | Dist | Variables | Sampling | Histories | Responses | Objective | Constraints | Algoritims Run | viewer | DYNA Stats |

SEQUENTIAL OFTIMIZATION

¥ Gimit last verification run
[ Clean Start from Iteration
|1

Time Ste
|}Gneﬁc Erﬁlerié Mo Processes Selected

Total Energy
Energy Ratio
Global X velocity
Global Y Velocity
Global Z Velocity
Total CPU Time
Time to Completion

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer
=  Go to Viewer panel and the viewer
options should pop up automatically

B New plot x|

Select placement ...
===
and plot type

=  From Metamodel menu select
Surface

=  New window should appear

Y

U.S. Department of Transportation

Simulation Statistics
Correlation Matrix

[l oz,
1 . . 4. Scatter Plots
%Hm m'.h""“’fwef'mal on valves, seatter plots and. 1 I+, 2D or 3D scatter phots of simulation results
L3N I
= lati Statistical Tools
= Cn: Jat harhl rs 1Irmadivelmlsfwliwngmnmmd
= deviation, probability of exceeding constraints
Metamodel
Surface 1 . Accuracy
30 plot of del surface and simul ' o Seatter plot of simulation results vs, el
paints, Interactive toolks ; predictions. Emror and oross validatk
- Sensitivity > Stochastic Contribution
= Sensitivity of response o varizble change, 4 Cantribution of wariable noise (stochastic input)
"= Confidence intervals s amor bars A b watiation of the response
Optimization
Optimization History Tradeoff

See how varishles and responses davelop with
sons. Detsiked ontimizes hi

Parallel Coordinates
Explore and|Eliminate optimal designs by
interactively moving constraints

TRACC Transportation Research and Analysis Computing Center

20 or 30 scatter plots of optinnal designs (Farste
Crptimal set)), 40 Wisualization in color

Hyper-Radial Visualization
Explore optimal designs by interactively,
weighting objectives

14



Linear Response Surface

"  From the Points Menu select All Iterations

= Check Feasible and Infeasible, For Status select Feasibility

= |n Setup menu Select TOP_DISP as a Response to plot

= First axis select t1 and the second t2

= Check Constraints and Isolines

Surface

| Setup | Ranges | Points | Fringe |

B LS-OPT Viewer

LK s RG]

O Feasible
H Infeasible
= TOP_DISP = -6.30e+001

x

Iterations
IA]I hd I

Show

¥ Feasable

[¥ Infeasable

[~ Predicted Optimum
[~ Computed Optimum
™ Failed Runs on Surface
[~ Points only

Functions

™ Project Points to Surface
[~ Show Residuals
Status (colors)

IFeasabiIity 'I

e

\__

Response to plot

fsoLver_1/Top_prsp

TOP_DISP

4 \ U.S. Department of Transportation

TRACC Transportation Research and Analysis Computing Center
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Accuracy

In the Viewer tab press Restart
viewer

Select Accuracy in the
Metamodel menu

Select TOP_DISP from Responses
to see the metamodeling errors

Locate the same data in
lsopt_output data file

B LS-OPT Viewer = 3]
HODERECEEE ) e
S— - Wetamodeling Accuracy
For Response Function "TOP_DISP"
Linear: RMS Err = 1.24 (1.89 %), Sqrt PRESS =2.77 (4.21 %), R-sq=0.989
Entity
J @ Feasible
M Infeasible
-50
-b5
@©
=
= 60
©
2
2 5 s
w
@
i
= -7
o
5
=
fd TG
o
-80
-80 -70 -60 -50
K I Computed Response Value
!] Isopt_output - Notepad = |E||5|
File Edit Format View Help
Global error parameters of response surface B
Linear Function Approximation:
Mean response value = -65.7494
RMS error = 1.2423 (1.89%) 1
Maximum Residual = 2.0201 (3.07%)
Average Error = 1.0297 (1.57%)
Square Root PRESS Residual = 2.7651 (4.21%)
std. Dev. of the residuals = 1.8976
RM2 = 0. 9890
rRAZ (adjusted) = 0.9780
RM2 (prediction) = 0.945%
peterminant of [x]"[x] = 17.277

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

Select MASS_TOTAL from
Responses to see the
metamodeling errors for the
mass

Verify the perfect fit in the
lsopt_output file

U.S. Department of Transportation

BFf LS-OPT Viewer

ke e HB e R B E

Accuracy

=lol x|

I:"Tacy Tteration '

Metamodeling Accuracy
Setup | Points For Response Function "MASS_TOTAL"
Linear: RMS Err = 2.57e-007 (9.05e-006%), Sqrt PRESS = £.86e-007 (2.42e-005%), R-sq =1
Entity
£l Responses . | Feasible
- ToPDISP 33 Winfeasible
y OTA s / P
31
©
= o
= 3
= /./
© O
w o /./
c
o
7y 8 v
i8]
14
o 7 vd
JiE)
5 &
h= N
o
& 25
2.4
245 275 3 325
JC Computed Response Value

!] lsopt_output - Notepad = |Elli|
File Edit Format View Help
Global error parameters of response surface B
Linear Function Approximation:
Mean response value = 2.8341
RMS error = 0.0000 (0.00%)
Maximum Residual = 0.0000 (0.00%) iy
Average Error = 0.0000 (0.00%)
sguare RooT PRESS Residual = 0.0000 (0.00%)
std. Dev. of the residuals = 0. 0000
RM2 = 1.0000
rA2 (adjusted) = 1.0000
rR*2 (prediction) = 1.0000
peterminant of [x]"[x] = 17.277 _I

TRACC Transportation Research and Analysis Computing Center
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Sensitivities

=  Go back to the Viewer tab and restart the viewer
= Select Sensitivity in the Metamodel menu

= See the importance of variables for the response
" Locate the same data in the 1sopt_output file

=0 B

Fle Edt Format View Help LN eI E Y m e
d - Sensitivities Plot for TOP_DISP

with 80% Confidence Interval

Individual regression coefficients: confidence interwvals

T
10 15 20 25
Terms in expansion of TOP_DISP

| coeff. | confidence Int. (90%)| confidence Int. (95%) |% Confidence

Coeff. | R [mmmmmmmmmmmmem D22 | not t —
I value I Lower I Upper I Lower I Upper I zero -

Tl | 22.07| 18.14]| 26| 16.75] 27.38| 100

T2 | 5.248]| 1.411] 9.086] 0.05851] 10.44] 95 t3 —

T3 I 8.819] 4 BBBI 12.?4I 3.51I 14.13] 99 T

__________________________________ OPT Viewer ;IEIEI
| 18.14 | 10.0 X[ © O B3| 8 E| By [ e _tiwaton |
€3 4.893 2.7 :
t2 I 1.411 I 0.8 - = Sensitivities Plot for MASS_TOTAL
| |

with 890% Confidence Interval

I I T T
—————————— |- 02 0.4 0.6
| | - Terms in expansion of MASS_TOTAL

A‘\ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Repair Tool - Quadratic Response Surface

= Select Repair from the Task menu
= Go to Sampling panel to change the Order of polynomial to Quadratic

=  We will build Quadratic response surface without loosing already obtained
data. Points can be augmented to existing vector.

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Metamodel-based optimization

=10l ]

Eile View | Task Help
Metamodel-based *

“Info I 4 =it Variables Sampling |His1:on'es| REsponsesI Objective I Constraintsl Algorithrnsl Run I L’lewerl DYMNA. Smtsl
soLver] Repar METAMODEL POINT SELECTION
Tools % polynomial " Full Factorial

' Sensitivity ' Linear Koshal

" Feedforward Neural Network " Quadratic Koshal

" Radial Basis Function Netwark ' Composite

™ Kriging {* D-Optimal

" User-defined € Monte Carlo
{~ Latin Hypercube

Qrder "~ Space Filing X

" Linear ) Duplicate

" Linear with Interaction "~ User-defined X a X =

& Gindrai P Al x

" Eliptic Total number of Simulation Points p
Default = 16 T T T
™ Discrete sampling maX‘XaXa =maX‘X X +A
[ Advanced

= & U.S. Department of Transportation TRACC

-

Transportation Research and Analysis Computing Center
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Run Panel

Go to Run Panel

From Repair menu select Add Metamodel points, press Run

Select Run jobs, press Run

Select Extract results, press Run

Select Build Metamodels

and press Run

Select Optimize and
press...??? RUN

U.S. Department of Transportation

B "TUBE-CRUSH-DESIGN-OPT" (File: com.TUBE_CRUSH) Repair
Ble view Task Help

=10l x|

'Info | Strategy | Solvers | Dist | Variables | Sampling | Histories | Responses | Objective | Constraints | Algoritims Run | viewer | DYNA Stats |

Job ID FID Progress

QUELING REPAIR
1 |(13540}
INone 'I Iteration
;I (4052) Concurrent Jobs. 1
3 |(11495} 5 " Read points " Extract results

* fdd Metamadelnaintsl  Impart results (.csv)
" Add Monte Carlo poi"ltsf- Build Metamodels

" Run jobs " Analyze chedkpaints
" Rerun failed jobs = Optimize

Case

4 | (14072)
5 | {13080)
3 | (13972)

Time Step
Kinetic Eners

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

Run Stop

No Proc

TRACC Transportation Research and Analysis Computing Center
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Viewer

= Go to Viewer panel and Restart Viewer

= Select Surface from Metamodel menu

= Show all points in the plot selecting this option in Points tab

= Show constraints on the surface checking this option in the Setup tab

= (Clicking on a point we are obtaining numerical values in Point Selection
window

B LS-OPT Viewer : Eg}azi_t;);SP > _6.30e+001

R 1_,‘ ”EG{ Q |% EE m Infeasible

Setup | Ranges | Points | Fringe

Iterations
IAII v I

Show

¥ Feasable

[¥ Infeasable

[~ Predicted Optimum

™ Computed Optimum
™ Failed Runs on Surface
[~ Points only

Functions

[ Project Points to Surface
™ show Residuals
Status {colors)

IFeasabiIity 'I

Response to plot
|soLver_1/mop_prsp

TOP_DISP

L\ ”




Accuracy

Go to Viewer panel and Restart
Viewer

From Metamodel menu select
Accuracy

Display accuracy of the
metamodeling of TOP_DISP
response

Locate the error parameters in
the 1sopt_output.s file

Compare them with results from
linear metamodel

ORI

d b

g [ 3]

Setup | Points
Entity
[El- Responses
\.TOP_DISP
i MASS_TOTAL

Predicted Response Value

I:" Accuracy Tteration '
Metamodeling Accuracy

For Response Function "TOP_DISP"
Quadratic: RMS Err = 0.395 (0.616 %), Sqrt PRESS =1.48 (2.31 %), R-sq=0.998

50 BFeasible
B Infeasible

-80 -T0 -60 -50
Computed Response Value

| lsopt_output - Notepad |B] Isopt_output.5 - Notepad 10 x|

Fie Edit Format View Help

File Edit Format View Help

Global error parameters of response surface

Linear Function Approximation:

v

Mean response value

RMS error

Maximum Residual

Average Error

Square Root PRESS Residual

|

|
=]
L

7404

std. Dev. of the residuals

RAZ .

RAZ (adjusted) L9780
RA2 (prediction) . 9455
peterminant of [x]°[x] 7.277

U.S. Department of Transportation

Global error parameters of response surface

Quadratic Function Approximatipn:

Mean response value = -64.1259
RMS error = 0.3948 (0.62%)
Maximum Residual = 0.7381 (1.15%)
Average Error = 0.3276 (0.51%)
Square Root PRESS Residual = 1.4804 (2.31%)
5td. Dev. of the residuals = 0.6447
RA2 = 09983
rRA2 (adjusted) = 0.9969
rAZ2 (prediction) = 0.9783
peterminant of [x]"[x] = 0.22778

TRACC Transportation Research and Analysis Computing Center
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Accuracy

Display accuracy of the
metamodeling of MASS TOTAL
response

Locate the same error
parameters in the 1sopt_output
file

U.S. Department of Transportation

Bl LS-OPT Viewer -10] x|
L EEERER e
S— - stamodeling Accuracy
Setup | Points r Response Function "MASS_TOTAL"
Jadratic: RMS Err = 1.11e-007 (3.89e-006%), Sqrt PRESS = 2.99e-007 (1.05e-005%), R-sq =1
Entity
[l Responses " | m Feasible
: 33 M Infeasible
32 /
3.1
@
3 a
= 3
: /.’.'
@ 2.9
=
o /{
o 28
L)
i ‘-/
o 2.7
o
[5)
= 26
e
& 25
2.4
25 275 3 325
KN Computed Response Value
I8 lsopt_output.5 - Notepad 1O =|
Flle Edit Format View Help
Global error parameters of response surface B
Quadratic Function Approximation:
Mean response value 2.8526
RMS error = 0.0000 (0.00%)
Maximum Residual = 0.0000 (0.00%)
Average Error = 0.0000 (0.00%)
sguare Rool PRESS Residual = 0.0000 (0.00%) [
std. Dev. of the residuals = 0. 0000
RA2 = 1.0000
rRA2 (adjusted) = 1.0000
rRA2Z (prediction) = 1.0000
peterminant of [X]"[x] = 0.22778

TRACC Transportation Research and Analysis Computing Center
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Linear Response Surface - lterations

Go to back to the command file created for linear metamodel

Make sure that the Task is Metamodel-based Optimization

Then go to Run panel

Select PBS as QUEUING software and request 10 iterations, press Run

B "TUBE-CRUSH-DESIGN.OPT" (File: com.PICKUP-FRONT-IMPACT-CORRECT) Metamodel-based optimizatio = ||:||i|

File WView | Task Help
Metamodel-based » Optimization

Info I 5 Liesl Rfsponsesl Objective I Cmstraintsl Algorithms ~ Run I'.ﬁewer I DYMA Smtsl

Direct Simulation ~ # DOE Study
Job ID Repair Monte Carlo Analysis

Took REDO QUEUING SEQUENTIAL OPTIMIZATION

-

PBS - Mumber of iterations
[10

Concurrent Jobs
H [~ Omit last verification run

™ Clean Start from Iteration
Case

Time Step
|}Gneﬁc EneriE No ltem Selected

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

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

= Go to Viewer panel and Restart Viewer

=  Select Scatter Plots from the Simulations
Statistics menu

= Inthe new window go Points and change
Status (colors) to iterations

| Setup | Iteration | Points | Ranges |

Show
¥ Analysis Result

[™ | Pareto Optimal salutions
[T Use reduced|set of points
Status (colors)

terations

U.S. Department of Transportation

-

=T
and plot type

Simulation Statistics
Correlation Matrix

L]
EEm histograms of all . and

[
Select placement ...

Matri of correlation values, scatter plots and
b a5 i

- Correlation Bars
= Correlation bar charts
Metamodel
Surface

3D plot of metamodel surface and simulation

3 Sensitivit
=] Sensitivity of response to variable change.
= Confidence intervals as emor bars
Optimization
Optimization History

Ses how warisbles and responses develop with
one. Detaikd ontimizes hi

P
TT

Parallel Coordinates
Explore and Eliminate optimal designs by
interactively. mowving constraints

TRACC Transportation Research and Analysis Computing Center

Scatter Plots
2D or 3D scatter plots of simulation results

N

Stochastic Contribution

Contribution of vatiable noise (stochastic input]
to wariation of the responze

Tradeoff

20 o 30 scatter plots of optinnal designs (Farets
Optirnal set], 40 Wisualization in colar

Hyper-Radial Visualization

Explore optimal designs by interactiveliy
weighting objectives

25



Scatter Plot

In the Setup tab select for X-axis variable t1 and TOP_DISP for y-axis

=101
. I_X W@ o) ‘% BE‘& E|@:EE I:" Scatter | Iteration

Scatter Scatter Plot
| Setup | Iteraton | Points | Ranges | Variable "t1" vs. Response "TOP_DISP"
(Results of All Rerations)

B
X-Axis Entity
I Variables

L
|
n
L=}
L
w0

L]
i
tn
T
a

@
!
Lo

B0 = it

[=]- Responses

R TOP_DISP
. MASS_TOTAL
[#- Constraints

[ Y e,

I« L b
n
%
0]
|
=]

Z-pis Enbity

[#- Variables

= Responses

- TOP_DISP

.. MASS_TOTAL

LI
TOP_DISP
o
lterations

L

o B P S

Calar Entity H
&1 Variables

b
LI+
4
[ 4]
[ =]
[m]

1
pul |
a2
b
1
3 La
i
1
1
1
[«

-80

;
3

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

= Goto Viewer panel and Restart the Viewer
= Select Optimization History in the Optimization menu
= Follow the optimization process of various thicknesses t1, t2, t3

Shrinking bounds
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Optimization History

Select from Responses TOP_DISP

See the difference between computed (LS-DYNA®) value and the approximated
one by Response Surface

Computed value
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Optimization History

= Select from Objectives MASS _TOTAL

= There is on difference between calculated and approximated values — the
metamodel was exact for the mass — it is linearly dependent on three design
variables
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Optimization History

= (Click on one of the points in the graph to open Point Selection Window
= |n Point Selection window Check the initial and optimal values of Variables
= The overall mass was reduced from 2.856 to 2.769
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Constraint Violation

Select Max Constr. Violation
At the first iteration violation of constraints is dealt
Then actual optimization progresses
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