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Design Optimization Process - Model Preparation

= Request only necessary output from LS-DYNA to prevent from storage space
depletion — use “clean” script properly: rm -rf d3plot* elout nodout rcforc

= Run one simulation and check if the termination time can be decreased.

Response (time) — Max. response
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Model Preparation - Data Filtering and Resolution

= The model used for design should be stable and user should have confidence in its
accuracy.

= |f you are comparing maximal values of responses, make sure that you filter them
to have reasonable values
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Model Preparation - Number of Cores

= Problem description:
— Arrigid pad is pressed down into the soil with the rate of 1 in/sec
— Model is built of 20,256 solid elements + 104,512 SPH particles
— Simulation lasts 20 sec what corresponds to 20 in of penetration

Z - stress (kPa)

- 0.00E+00
- -8.50E+01
I -1.70E402
- -255E+02
- -340E+02
S- 4.25E+02

= -5.10E+02
i~ -5.95E+02

- -7.65E+02

il
=- -6.80E+02
f

- -8.50E+02
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Model Preparation - Number of Cores

= Requesting more nodes for your job doesn't always mean that you will get your
results faster
= Your job is scalable only up to some point that depends on the number of
elements in your model and type of analysis you perform.
= As number of cores increases your waiting time in the queue grows accordingly.
63:27:20 Running time Scaling factor
72:00:00 4.00 -
60:00:00 : 342
48:00:00 3.00
36:00:00
AP 213103 250721 =i
12:00:00 53 | 1.00
0:00:00 0.00
. 16 5 . e
32
quad core nodes i dual core nodes

Lidual core nodes ® quad core nodes
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Model Preparation - Number of Cores

Scaling efficiency = Actual scaling factor / Ideal scaling factor * 100%
®= |nideal case, linear scaling is expected and 100% of efficiency

When requesting 8 cores, the run time dropped for this particular job to 36% of
the time requested for 1 core.

= However, the efficiency of scaling was only 34.9%.

If you are planning to submit multiple jobs, always request low number of cores.

100
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40
20

M quad core nodes i dual core nodes

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



Model Preparation - Decomposition

=  Check how your model is decomposed. To do it use pfile:

decomposition { numproc 8
show }

= The default decomposition method in LS-DYNA (Recursive Coordinate Bisection -
RCB) works by recursively dividing the model in half, each time slicing the current
piece of the model perpendicularly to one of the three coordinate axes.

= Theresultis that it tends to generate cube shaped domains aligned along the
coordinate axes. This is often not the behavior desired.
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Model Preparation - Decomposition

= How to decompose the model? Two things are important:
— Amount of messages passed between the nodes,
— What is happening in the elements?

Z - stress (kPa)

- 0.00E+00
I -8 50E+01
I- -1.70E+02

- 2556402

- -340E+02
S-  4.25E402
l- 5.10E+02
N -5.95E+02

i- -6.80E+02
.— -7 65E+02

- -8.50E+02
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Model Preparation - Decomposition

decomposition 1 - default

decomposition {

-

numproc 8
show }

U.S. Department of Transportation

decomposition 2 - wedge type

decomposition {
numproc 8
C2RO 000001100
SY 5000 }

TRACC Transportation Research and Analysis Computing Center

decomposition 3 — cylindrical

decomposition {
numproc 8
C2RO O OO0 1100
SX 100 }




Model Preparation - Decomposition

1200 1041
1000
800
600
400
200
0
default
wadgetype cylindrical
# Decomposition efficiency
decomposition 1 - default decomposition 2 - wedge type decomposition 3 — cylindrical
decomposition { decomposition { decomposition {
numproc 8 numproc 8 numproc 8
show } C2ROO0O0OO1100 C2ROOOOO1100
SY 5000 } SX 100 }
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Model Preparation - Decomposition

decomposition 1 - default decomposition 2 — slice type
decomposition { decomposition {
numproc 32 numproc 32
show } RZ -3.5 SX 200
show }
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Model Preparation - ANOVA

= Select suitable design parameters. Use many variables at the beginning if you are
not sure which of them contribute the most to the changes in response.

= Stop after first iteration and scan for insignificant variables by performing ANOVA.

Sensitivities Plot for Force_Res
with 90% Confidence Interval

eencase
bulk
shear
atwo

fpres

-1.00 0.00 1.00 2.00 3.00 4.00
Terms in expansion of Force_Res (e+04)
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Design Optimization Process - Model Preparation

= Choose a design space by setting absolute bounds on the design variables. Be sure
that the simulation is stable for these values.

= Choose suitable initial range. Too small region may require many iterations to
converge to global optimum. Too large region may exhibit large accuracy error.

= Choose appropriate order of design approximation when using polynomial
response surfaces.

= |n many cases it takes only 2 to 3 iterations to achieve reasonably optimal design.
An improvement can be achieved within one iteration.
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Problem Description

®  Frontal impact of the C2500 Pickup truck (58,354 elements)

= Objective: Maximize the internal energy to mass ratio (for selected 12 parts)
= Variables: thicknesses of 12 parts of the model

= Constraints: bounds on mass




Task Selection

=  Goto Task Tab and
= Select Metamodel — based Optimization

=10l x|

es | Responses | Objective | Constraints | Algorithms | Run | Viewer | DYNA Stats |

LS-OPT User Interface
Version 4 (Revision 56627)

- by
L Livermore Software Technology Corporation
Livermore Software {C) Copyright 2000-2008 - All Rights Reserved

Technology Corp.

Task: Metamodel-based Optimization
Problem description
|PICICIJP_FRONT_IMPACT|

Author

ICezary Bojanowski

Current working directory
E:\DOCS\L5-OPT-COURSE-CE\1_DESIGM_OPTIMIZATION_FOR._CRASHWORTHINESS\PICKUP\LIMEAR-SIMGLE-STAGE
Current project file

com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION

Last modified

Mon Dec 21 17:05:31 2009
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Info Tab

= Type in the description of the problem and the name of the Author
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Strategy Tab

=  Go to the Strategy panel
= Choose Sequential with Domain Reduction (SRSM)
= Leave the defaults for the convergence tolerance
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Solvers Tab

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

For the input file find the Combine.k file
Type LINEAR-SINGLE-STAGE in the Name of Analysis Case field and hit Add

Bef "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-TTERATION) Metamodel based optimi: -0 x|
File View Task Help

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

LINEAR-SINGLE-STAGE Pre-Processor Package Name INone j

Solver Package Name fLsDyna =l
Fies |Extrainput files | Import User Resuits | Checkpoints | Evaluate Metamode! | Advanced |

Command Ifmntjgpﬁfhomefcbojar'|owskifscratdﬂPIClCl_.lP-FRONTﬂ_INEAR-SINGLE-STAE Browse |

Input File Ifmntfgpfsm::mefcbojanowsldfscratdu'PICKL.lP-FRONTﬂ.INEAR—SINGLE—STnG Browse |

Appended File I Browse |

Post-Processor Package Name Mone j

Mame of Analysis Case ILINEAR-SINGLE-‘STHGE Add Replace Delete Clear

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

In the Variables panel Add seven variables:

thicl with starting value of 3.137 with lower bound 2.8233 and upper bound 3.4507
thic2 with starting value of 3.112 with lower bound 2.8008 and upper bound 3.4232
thic40 with starting value of ©.703 with lower bound ©.6327 and upper bound ©.7733

File View Task Help

=lol x|

‘Info | Strategy | Solvers | Dist  {Variabies Y sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

Design Variables

Type Name Starng  Int.Range  Minmum  Maximum
[variable =l | [3.137 | [2.8233 |3.4507 =
[variable =l fwie2 [3.112 [ [2.8008 [5.4232
[variable x| Jticao [-703 | 6327 [ 7733
| variable [ I |78 | [-702 | 858
[variable x| Jticss [.753 [ [.6777 [ 8283
[variable x| fwicss |.804 [ [-7236 [ 5344
[variable = ficsa |69 [ | 6264 [7856
[Dependent x| [thic3 Definion ~ [thic1
[Dependent x| [thic Definion ~ [thic2
[Dependent x| [thic47 Definiion  [thic46
‘IDependent i [ = Definiion  [thic4
[Dependent x| [thicss Defirion  [thics4

KN

Add a Variable |

Delete  Varizble |

Saddle Direction
Cases
= Al
= List

U.S. Department of Transportation
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Variables Tab

= Inthe Variables panel Add seven variables:

thic41 with starting value of ©.78 with lower bound ©.702 and upper bound 0.858

thic46 with starting value of ©.753 with lower bound ©.6777 and upper bound
0.8283

thic48 with starting value of 0.804 with lower bound ©.7236 and upper bound
0.8844

thic54 with starting value of 0.696 with lower bound 0.6264 and upper bound
0.7656

= And five Dependent varaibles:

thic3 defined as thicl

thic4 defined as thic2
thic47 defined as thic46

thic49 defined as thic48
thic55 defined as thic54

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

In the Sampling panel select Polynomial Metamodel with Linear order

For Point Selection choose D-Optimal criterion

Leave the default number of Simulation Points

Bef "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-TTERATION) Metamodel based optimiz
File View Task Help

=lol x|

‘Info | Strateay | Solvers | Dist | variables Sa'm*u' Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | DYNA Stats |

LINEAR-SINGLE-STAGE

METAMODEL
' Polynomial
' Sensitivity
~ Feedforward MNeural Netwark
" Radial Basis Function Network

Order

¢ Linear

~ Linear with Interaction
" Quadratic

"~ Eliptic

POINT SELECTION
" Full Factorial

" Linear Koshal
™ Quadratic Koshal
" Composite

' D-Optimal

" Monte Carlo

" Latin Hypercube
" Space Filing

) Duplicate

™ User-defined

Total number of Simulation Points

Default = 13
[ Discrete sampling
[~ Advanced

U.S. Department of Transportation
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Histories Tab

= Inthe Histories panel from the right window select MATSUM file
= For Part ID identifier type 2000001

= For the component choose Internal Energy

= Name the History as INT_ENE_2000001

" Repeat the same for pa rtS: Bef "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based opti =10l x|
Fle View Task Help
— 2000002

'Info | Strategy | Solvers | Dist | variables | sampling Histories | Responses | Objective | Constraints | Algorithms | Run | Viewer | D¥iA Stats |

— 2000003 USEROEFINED | pare1p =) Fistories
Ei’rgfes‘“'j“” [2000001 - LINEAR-SINGLE
- 2@@@@@4 Crossplot . .
ABSTAT omponen ~INT_ENE_
— ENDOUT X momentum ¥ rigid body velodty - INT_ENE_2
2000040 moo Cxronen o bty ey e
E_ESS-?C © Z momentum " Kinetic energy -~ INT_ENE_2
- 2@@@@41 GCEQUT = X rigid body velodty % Internal energy - INT_ENE_2
INT_ENE_2
GLSTAT  INT_ENE._
INTFORC = - INT ENE 2
- 2000046 MATSLM Fitering | T B 2
MCFORC |"'|°r1e T o 2
NODOUT _ENE_
- 2000047 MODFOR - INT_ENE_2
RBDOUT -~ INT_ENE_2
RCFORC
— 2000048 RWFORC SUM_INT_E
— 2000049 SPCFORC
SPHOLT
SWFORC
— 2000054
— 2000055 I IR T
Case |LINEAR-SINGLE-STAGE i
History Name  [INT_ENE_2000001 Show def... Add | Replace | Delete |

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

In the Histories panel from the right window select Expression

For the algebraic expression type INT_ENE_ 2000001 + INT_ENE_ 2000002
INT_ENE_2000003 + INT_ENE_2000004 + INT_ENE_2000040 +
INT_ENE_2000041 + INT_ENE_2000046 + INT _ENE_2000047 +
INT _ENE_ 2000048 + INT _ENE 2000049 + INT ENE 2000054 +
INT_ENE_2000055

Name it as SUM_INT_ENE

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based opti = IEIIEI
File Wiew Task Help

"Info I Strategvl Solversl Dist I 'Jariablesl Sampling Histories Rfsponsesl Objective I Constraintsl Algoriihmsl Run I 'ﬂewerl DYMNA. Smtsl

P ress Ad d USERDEFTNED Enter an algebraic expression = HEST;:::AR—SINGLE
File [rNT_ENE_2000001-+INT_ENE_2000002-+INT_ENE_2000003-+INT_ENE_2000004-+INT_ENE_20000+ = INT BN 3
Crossplot -
AESSTSADIT - INT_ENE_2
BNDOLUT - INT_ENE_2
D3PLOT - INT_ENE_2
E-ESS_IF‘:C - INT_ENE_2
GCEOLT - INT_ENE_2
GLSTAT - INT_ENE_2
INTFORC - INT_ENE_2
NCFORC INT_ENE 2
NODOLT - INT_ENE_2
NODFOR. ~INT_ENE_2
REDOUT - INT_ENE_2
RCFORC M INT F
RWFORC
SETOUT
SECFORC
SPCFORC
SPHOLT
SWFORC

A | M1 B
Case |LINEAR-SINGLE-STAGE i
History Name ISUM_INT_ENE Show def... Add | Replace | Delete |

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

= Inthe Responses panel from the right window select MATSUM file
= For Part ID identifier type 2000001

=  For the component choose Last value of Internal Energy

= Name the Response as INT_ENE_2000001 RES

" Re peat the same for pa rts: B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based opt =1

— 2000002
— 2000003
— 2000004
— 2000040
— 2000041
— 2000046
— 2000047
— 2000048
— 2000049
— 2000054
— 2000055

U.S. Department of Transportation

-

File Wiew Task Help

"Info I Strategvl Solversl Dist I 'Jariablesl Sarnplingl Histories Responses |Dbjective I Constraintsl Algoriihmsl Run I 'ﬂewerl DYMA Smtsl

USERDEFIMED - [=]- Responses
) = Part ID ;

Eommsif ] |20000u1 - LINEAR-SINGI
omposite-Expression gy
MeanSqEr INT_EME
Response-Expression Component - INT_ENE_
standard Deviation € X momentum ¥ rigid body velocity -~ INT_ENE
ARsar Tomen ¥ momentum " Z rigid body velocity -~ INT_ENE_

: - INT_ENE
BMDOLT = Z momentum " Kinetic energy —ENE
D3PLOT = ¥ rigid body velodty % Internal energy ~INT_EME_
DEFORC - INT_ENE_
ELOUT Select - INT_ENE_
FLD
FREQUENCY ILast value j iﬁ—gg—
GCEOUT , ENE
GLSTAT Filtering - INT_ENE_
INTFORC |N‘mE j - INT_EME_
MASS - SUM_MAE
MATSUM o
Mastran-Frequency — INT_ENE
NCFORC ~ RATIO_ET
NODOUT
NODFOR
PSTRESS
REDOUT
RCFORC =l a ol
Case |LINEAR-SINGLE-STAGE 4
Muitiplier |1 Offset [0 I™ Not metamodel-inked
Response Name |INT_ENE_2000001_RE5 Show def... Add | Replace | Delete |

TRACC Transportation Research and Analysis Computing Center

24



-

Responses Definitions

In the Responses panel from the right window select MASS file

For Parts to be included Add parts: 2000001, 2000002, 2000003, 2000004,
2000040, 2000041, 2000046, 2000047, 2000048, 2000049, 2000054,

2000055

Name the Response as SUM_MAS

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based

File WView Task Help

=lol x|

"Info | Strategyl Solversl Dist I l‘ar‘iablesl Sampling I Histories Responses |Dbjective I Constraintsl Algorithmsl Run I Vigwer I DYMA Smtsl

USERDEFINED 2| Parts to be included Attribute esponses
Composite . Fl- LINEAR -SINGLE-ST#
Composite-Expression (¥ Listof parts |Mass j - INT_ENE_20000
MeanSqErr " Al Parts ——
Response-Expression - INT_ENE_2000C
Standard Deviation List of Parts - INT_ENE_2000¢
Matrix-Expression - INT_EME_2000C
Ii = _ENE_
gﬁgggr 20nant im - INT_ENE_20000
D3PLOT |2000002 - INT_ENE_20000
DEFORC - INT_ENE_2000(
ELOUT |2000003 - INT_ENE_2000(
ElﬁEQUEch I— - INT_ENE_2000C
2000004 -
CCEOLT - INT_ENE_2000(
GLSTAT 2000040 - INT_EME_2000C
INTFORC - INT_ENE_2000(
[2000041 SUM_MAS
MATSUM - INT_ENE_SUM
Mastran-Freguency — ;I
NCFORC - RATIO_EME_MA
NODOUT
NODFOR < |ndd > | Delete |
PSTRESS
REDOUT
RCFORC | o] D M
Case |LINEAR-SINGLE-STAGE |
Multiplier |1 Offset |0 I™ Not metamodeHinked
Response Name ISUM_MAS Show def... Replace | Delete

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

= |n the Responses panel from the right window select Response-Expression
= For the algebraic expression enter INT_ENE_2000001 RES +

INT_ENE_2000002_RES
INT_ENE_2000040 RES
INT_ENE_2000047_ RES
INT_ENE_2000048 RES
INT_ENE_2000049 RES
INT_ENE_2000054 RES
INT_ENE_2000055 RES

= Name it as INT_ENE_SUM

= Press Add

U.S. Department of Transportation

-

INT_ENE_2000003_RES + INT ENE_2000004 RES +
+ INT ENE 2000041 RES + INT ENE_ 2000046 RES +

+
+ Bl "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based o — Ol x|
File Wiew Task Hel

+ ] il 1 Oelp

+ 'Info | Strategy | Solvers | Dist | Variables | Samping | Histories Responses | objective | Constraints | Algorithms | Run | Viewer | DA Stats |
USERDEFINED 21 Enter an algebraic expression ESRONSES
Composite H- LINEAR-SINGLE-ST2
Composite-Expression fINT_ENE_2000001_RES +INT_ENE_2000002_RES+INT_ENE_2000003_RES-+INT_ENE_2000 . INT ENE 20000
MeanSgErr - -
Response-Expression - INT_EME_2000C
Standard Deviation - INT_EME_2000C
Matrix-Expression - INT_EME_2000C
QESBT_JTT - INT_ENE_2000C
D3PLOT . INT_EME_2000C
DEFORC . INT_EME_2000C
ELOUT . INT_EME_2000C
E;EEQUE“CY - INT_ENE_20000
GCEOLT . INT_EME_2000C
GLSTAT - INT_EME_2000C
INTFORC . INT_EME_2000C
MASS - 8UM_MAS
MATSUM
Mastran-Frequency —
NCECRC - RATIO_EMNE_MA
NODOUT
MODFOR
PSTRESS
REDOLT
RCFORC Jd Y | 0
Case |LINEAR-SINGLE-STAGE 4
Multipler [1/2  Offset [1/= [ Notmetamodel-inked
Response Name IINT_ENE_SUM Show def... Add | Replace | Delete |

TRACC Transportation Research and Analysis Computing Center
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Responses Definitions

= |nthe Responses panel from the right window select Response-Expression
= For the algebraic expression type INT_ENE_SUM/SUM_MAS/1000

= Name it as RATIO ENE_MASS

=  Press Add

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based opti -0 x|

File WView Task Help

"Info | Strategyl Solversl Dist I l‘ar‘iablesl Sampling I Histories Responses |Dbjective I Constraintsl Algorithmsl Run I Vigwer I DYMA Smtsl

Eﬁﬁﬁ”m | Excecmcmmer ;SIE‘I,S:;;—SINGLE—ST.C
Composjte{xpressjon IIM_E\JE_SUMISUM_MAS”.OUU _INT ENE 20000
- INT_ENE_2000(
- INT_ENE_2000(

Mafrix-Expression - INT_ENE_20008
Qﬁ?ﬁ} - INT_ENE_2000C
DIPLOT - INT_ENE_2000(
DEFORC - INT_EME_2000C
ELOUT - INT_ENE_2000(
ElﬁEQUEch - INT_ENE_2000C
CCEOLT - INT_ENE_2000(
GLSTAT - INT_EME_2000C
INTFORC - INT_ENE_2000(
Hi‘srgum - BUM_MAS
Mastran-Freguency — I—E—SUM "
NCFORC 0 ATIO_ENE M
NODOUT

NODFOR

PSTRESS

REDOUT

RCFORC =l 4 | Mg =/ M
Case |LINEAR-SINGLE-STAGE |
Multiplier |1/ Offset |/ ™ Not metamodeHinked
Response Name IRJ'-‘-T[D_ENE_MP-SS Show def... Add | Replace | Delete |

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

o 27



Objectives Tab

= |n Objectives panel select to maximize the RATIO_ENE_MASS with default
weight 1.0

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based = ||:I|i|
File WView Task Help

"Info | Strategyl Solversl Dist I l‘ar‘iablesl Sampling I Historiesl Responses Constraintsl Algorithmsl Run I Wiewer I DYMA Smtsl

¥ Maximize the Objective Function {nstead of minimize)

Response Weight

E]

INT_ENE_2000004_RES

INT_ENE_2000040_RES

INT_ENE_2000041_RES

INT_ENE_2000045_RES

INT_ENE_2000047_RES

INT_ENE_2000043_RES

INT_ENE_2000045_RES

INT_ENE_2000054_RES

INT_ENE_2000055_RES

SUM_MAS

INT_ENE_SUM

RATIO_ENE_MASS 1

1. Create the Response definitions (Responses Tab)
2. Select Responses to be part of an Objective
3. Enter the relative weights for the components. Weights are ignored for Pareto Frontier computation

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

= From Responses select SUM_MAS
= For lower bound type -0.095 and the Upper bound +0.105

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based i = ||:I|i|
File WView Task Help

"Info | Strategyl Solversl Dist I l‘ar‘iablesl Sampling I Historiesl Responses I Objective C | Algorithmsl Run I Vigwer I DYMA Smtsl

Response Lower Bound Upper Bound

E]

INT_ENE_2000003_RES

INT_ENE_2000004_RES

INT_ENE_2000040_RES

INT_ENE_2000041_RES

INT_ENE_2000046_RES

INT_ENE_2000047_RES

INT_ENE_2000048_RES

INT_ENE_2000045_RES

INT_ENE_2000054_RES

INT_ENE_2000055_RES
SUM_MAS |0.095 [~ Strict |0.105 [~ Strict [~ Move

INT_ENE_SUM |

RATIO_EME_MASS |

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

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

Select PBS for QUEUING software (TRACC cluster users)

For Concurrent Jobs enter 4

For Number of Iteration enter 1 and

Check Omit last verification run and Clean Start from iteration 1

H It R u n to Sta rt B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-SINGLE-ITERATION) Metamodel-based opti -0 =|

simulations

File Wiew Task Help

‘Info I Strategyl deersl Dist I '.l’ariablesl sampling I Historiesl Responses I Objective | Constraintsl Algorithms Runl Wiewer I DYMA Siztsl

Job ID PID Progress

QUELING SEQUENTIAL OPTIMIZATION
Y

PBS - MNumber of iterations

1
Concurrent Jobs I
|4 [+ Omit last verification run

™ Clean Start from Iteration

Time Step
||qneﬁc Eneriii Mo ltem Selected

Total Energy
Energy Ratio
Global X 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
) . B New plot x|
= Goto Viewer panel and the viewer Select bl .
: : ele acement ...
options should pop up automatically P

< [y (=] Bl

=  From Metamodel menu select |D 1 &) &

Sensitivity and plot type
= New window should appear Simulation Statistics
[ Correlation Matrix Tie ,
e eiainkipar- o ol sl il 1 . mxﬁmdmmﬁ
g= " = Statistical Tools
::E c": "dmlha:::u mmhlﬁngmﬁ.mmd
= See the sensitivities of responses:
Metamodel
— Sum of the mass Surface Accuracy
30 plot of del surface and simul Seatter plot of simulztion resuhs s,
paints, Interactive toolks predictions. Emror and oross valid
> Stochastic Contribution
4 Cantribution of wariable noise (stochastic input)
A b watiation of the response

Sum of the internal energies
;
= Sensitivity of response o varizble change,
"= Confidence intervals s amor bars

Ratio of the internal energy to mass
Optimization

(objective)

%

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

Optimization History
See how varishles and responses davelop with
- imizer hi

Tradeoff
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

U.S. Department of Transportation

31

TRACC Transportation Research and Analysis Computing Center



® ® o [
Sensitivities
Sensitivities Plot for RATIO_ENE_MASS
with 80% Confidence Interval

thic1

thic2

thic40

thic41

thic46

thic48

thich4

thic1

thic2

thic40

thic41

thic46

thic48

thich4

Sensitivities for RATIO_ENE_MASS
from 1lsopt_output file

-1E+005

Sensitivities Plot for SUM_MAS
with 90% Confidence Interval

-5E+004
Terms in expansion of RATIO_ENE_MASS

U.S. Department of Transportation

Terms in expansion of SUM_MAS

0.005

TRACC Transportation Research an

thic2

thic40

thic41

thic46

thic48

thich4

SI=
File Edit Format \iew Help

ranking of terms based on bound of confidence interwval

Coeff. |Absolute value (90%)|10-5cale
thicl 1.123e+005 10.0
thic2 7.897e+004 7.0
thicd4l 1.743e+004 1.6
thics4 4247 0.4
thic40 1517 0.1
thic48 968.7 0.1
thicdé Insignificant 0.0

Sensitivities Plot for INT_ENE_SUM
with 90% Confidence Interval

thic1

-4E+006 -2E+006 0
Terms in expansion of INT_ENE_SUM
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Solvers Tab

Copy the input files to another folder

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

For the input file again locate the Combine.k file

Type LINEAR-ITERATIONS-REDUCED inthe Name of Analysis Case field and hit
Replace

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-REDUCED) Metamodel-based optimization

Salver Package Name fLsDYNA =]

Files | Extrainput files | Import User Resilts | Checkpoints | Evaluate Metamodel | Advanced |

Command IfmntfgpfsmomefcbojanowsldfscratdﬂfPICHJP-FRONTﬂ_INEAR-RE]UCEI]ﬂsop Browse |

Input File I,.'mntfgpfsmomefcbojanowskifscratd'u’PICKIJP—FRDNTﬂ.INEAR—REDUCEDICon Browse |

Appended File I Browse |

Post-Processor Package Name Maone j

T I £

Name of Analysis Case  [LINEAR-ITERATIONS-REDUCED

U.S. Department of Transportation ransportation Research and Analysis Computing Center
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Variables Tab

In the Variables panel change Type of the variables to Constant for:

- thic40, thic41, thic46, thic48, thic54

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-REDUCED) Metamodel-based optimization

File View Task Help

‘Info | Strategy | Solvers | Dist

Design Variables

Type Name Stertng  Init. Range  Minimum  Maximum
[variable =l & fwic [3.137 [ [28233  [5.4507
[variable =l & fwicz [3.112 [ [2.8008 [5.4232
[constant | {5} [thica0 [0.703
[constant | (& [thic41 [o.78
[constant ] {5 [thicae [0.753
[constant | (5] [thicas [0.504
[Constant | (5] [thics+ [n.696
[Dependent | (& [thic3 Definion ~ [thic1
[Dependent | (5] [thic Definion ~ [thic2
[Dependent x| (& [thic47 Definiion  [thic46
‘IDependent x| 6 Jthicas Definiion  [thic4
[Dependent 7| (5] [thicss Defirion  [thics4

=lol x|

"] sampling | Histories | Responses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

Saddle Direction

Cases
= Al
= List

U.S. Department of Transportation
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Sampling Tab

= Inthe Sampling panel leave Polynomial Metamodel with Linear order
= The default number of simulation points per iteration will drop from 13 to 5

Bef "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-REDUCED) Metamodel-based optimization ) [=][E4]
File View Task Help

‘Info | Strateay | Solvers | Dist | variables 1| Histories | Responses | Objective | Constraints | Algorithms | Run | Viewer | DYNA Stats |

LINEAR-TTERATIONS-REDUCED METAMODEL POINT SELECTION

" Palynomial " Full Factorial

" Sensitivity " Linear Koshal

" Feedforward Neural Network " Quadratic Koshal

" Radial Basis Function Network " Composite

" Kriging &+ D-Optimal

" User-defined ~ Monte Carlo
{~ Latin Hypercube

Order " space Filing

%' Linear ") Duplicate

~ Linear with Interaction " User-defined

" Quadratic

" Elliptic Total number of Simulation Points.
Default = 5
[ Discrete sampling
[~ Advanced

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

Select PBS for QUEUING software (TRACC cluster users)

For Concurrent Jobs enter 4

For Number of Iteration enter 10 and

Check Omit last verification run and Clean Start from iteration 1

H It R u n to Sta rt B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-REDUCED) Metamodel-based optimization = Il:llil

simulations He vew Tosk Hep

‘Info I Strategyl Solversl Dist I !.I’ariablesl Sampling I Hisboriesl Responses I Objective | Constraintsl Algorithms lel Wiewer I DYMA Siztsl

Job ID PID Progress

QUELING SEQUENTIAL OPTIMIZATION
s
m INone vI Number of iterations

[10
Concurrent Jobs
|1 [~ Omit last verification run

[" Clean Start from Tteration

Time Step
|mneﬁc EneriiE Mo ltem Selected

Total Energy
Energy Ratio
Global X 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 the viewer
options should pop up automatically

From Optimization menu select
Optimization History

New window should appear

U.S. Department of Transportation

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

{0

B New plot
Select placement ...
5 [=] [EN
SRR
and plot type
Simulation Statistics
[ Correlation Matrix b -
= ! ' % Scatter Plots
%HI"‘I m:m“ef"d;"‘,““ e bl 1 "t'", 2D or 3D scatter plots of simulation results
LI
= . Statistical Tools
- Correlation Bars
= 5 Interactive tools for histograms, standand
E = 1. e M e R e
Metamodel
Surface 1 . Accuracy
30 plot of del surface and simul ' o Seatter plot of simulation results vs, dzl
paints, Interactive toolks predictions. Emror and oross validatk
= Sensitiviby 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

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
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Optimization History

= Select the variable thicl and thic2
= The problem became easy and the number of simulations was reduced

considerably

B LS-OPT Viewer

=121

HUEREEEEE e e

IEEE S we=s

=lolx|

Optimization History
For "thic1"

Optimization History
For "thic2"

\

thic1
/

thic2

\ 29

~

™ Core Solver Progress

05 1 15 2 -0
Number of lterations

0.5

1 15
Number of lterations

. U.S. Department of Transportation
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v

Optimization History

The Dependents follow the history of the Independent Design Variables

il

OptHistory

Setup | Range

Ik el

[=]- Variables

o thicl

‘.. thic2

[=]- Dependents
i thics

o thicd?

o thicag

‘... thic5s
[#]-Responses
- Constraints
[+- Objectives

- Multiobjective
- Max Constr. Violation

™ Core Solver Progress

o

[ & k| B [

Optimization History
For "thic3"

NN

3.05 \

\

[}
o

thic3

A

2.85 \

-0 05 1
Mumber of lterations

15 2

U.S. Department of Transportation

TRACC
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Optimization History

= Select RATIO ENE_MASS from objectives list to see its optimization history

= (Click on the graph to see exact values of the responses

—ioix . ;
RN @ o | . e o Point selection 2

bt 4 Optimization History — .
Setup | Range For "RATIO_ENE_MASS" Entity |  computed |  Predicted |
é'g':'z -El-Point -
'?:""'?”:_Ib_le: 1 19E+006 i " =P ~[=-Variables Il
- thic )
thica 3.137 3,137
+- Dependents 3.112 3.112
Responses 1.18E+006 -Dependents
Constraints / - [#-Responses
I?;‘ Ofbj ENE_MASS 1IEATLE = Constraints
 Mdicbecive o / ESUM_MAS 0099362 0.099362
. Max Constr. Vilation g1.16E+00€- E" Objectives
uJI - F 1.11361e+006 §.11181e+005
Z 1 15E+006 1.11361=+006 §l.11181e+0056 __|
EI Max Constraint Viol 0 0
E1,14E+006 /
1.13E+006
/ Point selection =]
1.12E+006 R||ﬁ=‘| $|=f= 23
/ .Opt Entity | Computed | Predicted |
2 05 1 15 2 Lopt ~E-Paint =
I™ Core Solver Progress Number of lterations - [=1-Variables
H 2.82331 2.82331
2.97293 2.97293
| 0.094399 0.0943
= Objectives
H H H o) e RATIO_ENE_MA 1.19555=+006 H.18911=+005
=  The value of the objective increased 7.36 % - idtopjecive | 1195550 006 | 18911c 006
- Max Constraint Viol 0.000101 J 0.000100001
=]

in the optimization process

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

= Select SUM_MAS from objectives list to see its optimization history
= (Click on the graph to see exact values of the responses

=10l
L Xk e e EHE|S e B [ o

OptHistory Optimization History

Setup | Range For "SUM_MAS"

. S thicss =] 0.105
E--Responses

- INT_EME_2000001_RES
- INT_EME_2000002_RES
- INT_EME_2000003_RES

- INT_EMNE_2000004_RES

- INT_EMNE_2000040_RES

- INT_EMNE_2000041_RES

- INT_EMNE_2000046_RES

- INT_EMNE_2000047_RES

- INT_ENE_2000043_RES
. INT_ENE_2000049_RES
. INT_ENE_2000054_RES
. INT_ENE_2000055_RES
- SLUM_MAS

- INT_ENE_SUM

- RATIO_EME_MASS x|
—Value to plot
&+ Value

= REDO Lower Bound Probability
™ REDO Upper Bound Probability 0.095

™ RBDO Lower Reliability Index I
-0 0.5 1 15 2

SUM_MAS
(=]

= REDO Upper Reliability Index

Mumber of lterations

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

= Select again RATIO ENE_MASS from objectives list to see its optimization history
=  Select RMS Error value to plot
=  When the region of interest is shrinking, the modeling errors may increase

WsopTviewer =10l
L Xk e e EHE|S e B [ o

OptHistory Optimization History

Setup | Range For "RATIO_ENE_MASS"

- INT_ENE_2000004 RES |

- INT_ENE_2000040_RES 3. 5E+003

- INT_ENE_2000041_RES

. INT_ENE_2000046_RES

- INT_ENE_2000047_RES 3E+003

- INT_ENE_2000043_RES

. INT_ENE_2000049_RES

- INT_ENE_2000054_RES 2 5E+003

. INT_ENE_2000055_RES
- SLUM_MAS
- INT_ENE_SUM
W ATIO_ENE_MASS
=)+ Constraints
| LeSUM_MAS
EI--Objecﬁves

.. RATIO_ENE_MASS
- Multiobjective 1E+003

- Max Constr. Violation

2E+003

I 1.5E+003

RATIO_ENE_MASS

[+

—Value to plot 500
= Yalue
‘ {+ RMS Error

™ MAX Error

e -0 0.5 1 15 2

Mumber of lterations

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

= Select again RATIO ENE_MASS from objectives list to see its optimization history
=  Select MAX Error value to plot

=10l
L Xk e e EHE|S e B [ o

OptHistory Optimization History
Setup | Range For "RATIO_ENE_MASS"

- INT_ENE_2000004 RES | /
. INT_ENE_2000040_RES 6E+003
- INT_ENE_2000041_RES /
- INT_ENE_2000046_RES /
. INT_ENE_2000047_RES

— = - 2
- INT_ENE_2000048_RES 2E+003

- INT_EMNE_2000049_RES

- INT_ENE_2000054_RES
- INT_ENE_2000055_RES
- SUM_MAS
. INT_ENE_SUM
- RATIO_ENE_MASS
=)+ Constraints
| LeSUM_MAS
EI--Objecﬁves
.. RATIO_ENE_MASS
- Multiobjective
- Max Constr. Violation

4E+003

3E+003

2E+003

RATIO_ENE_MASS

[+

1E+003

-0 05 1 1.5 2
Mumber of lterations

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

= Select again RATIO ENE_MASS from objectives list to see its optimization history
= SelectR2 Error value to plot

= R2 Error represents ability of the model to capture the variability of the real
response

=10l
L Xk e e EHE|S e B [ o

OptHistory Optimization History

Setup | Range For "RATIO_ENE_MASS"

- INT_ENE_2000004 RES | H

. INT_ENE_2000040_RES

- INT_ENE_2000041_RES

. INT_ENE_2000046_RES

. INT_ENE_2000047_RES 0.8

- INT_ENE_2000043_RES

- INT_ENE_2000049_RES
- INT_ENE_2000054_RES
- INT_ENE_2000055_RES
- SUM_MAS
. INT_ENE_SUM
- RATIO_ENE_MASS
=)+ Constraints
| LeSUM_MAS
EI--Objecﬁves

.. RATIO_ENE_MASS
- Multiobjective
- Max Constr. Violation

0.6

0.4

RATIO_ENE_MASS

L«
=
i)

-0 05 1 1.5 2
Mumber of lterations

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

= Go to Viewer panel and Restart Viewer

=  From Metamodel menu select Accuracy

= Display accuracy of the metamodeling of RATIO _ENE_MASS response

= Locate the error parameters in the 1sopt_output.1 file

B LS-OPT Viewer

Xk e e |HE S BB

T e

| Tteration

=lol x|

yd

Linear: RMS Err = 3.7e+003 (0.324 %), Sqrt PRESS = 8.02e+003 (0.7 %), R-sq = 0.996

M Feasible

B Infeasible
|| Isopt_output.1 - Notepad -10] x|
File Edit Format View Help

yd

cob

RAZ

1.15E+006

Aceiracy Metamodeling Accuracy
Setup | Points For Response Function "RATIO_ENE_MASS"
Entity

= Responses
- INT_ENE_2000001_RES
- INT_ENE_2000002_RES 1.2E+006
- INT_ENE_2000003_RES
- INT_ENE_2000004_RES 1 18E+006
- INT_ENE_2000040_RES
- INT_ENE_2000041_RES @
- INT_ENE_2000046_RES & 1-16E+006
- INT_ENE_2000047_RES i
- INT_EME_2000045_RES 21 14E+006
- INT_ENE_2000043_RES g
- INT_ENE_2000054_RES o
- INT_EME_2000055_RES o 1. 12E+006
- SLM_MAS =
- INT_ENE_SUM & .
B ATIO_ENE_MASS = 1.1E+006
[ -
o
1.08E+006
Iteration x 1 _06E+006—/
1 2 2
| 1.1E+006
| i

Computed Response Value

nomial approximation: using 5 points
al error parameters of response surface

Mean response value

RMS error
Maximum Residual
Average Error
sgquare Root PRESS Residual
std. Dev. of the residuals

rRA2 (adjusted)

12 (g3 (prediction)

peterminant of [X]°[X]

1144668, 5957

3703.
6435.
3215.
BO18.
5855.
. 9955
.9911
L9791
. 6634

Hooo

3840 (0.32%)
8B8BO (0.56%)
6682 (0.28%)
3039 (0.70%)
5643

&\ U.S. Department of Transportation
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