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What is LS-OPT?
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Task Selection

Choose type of analysis:

Metamodel based
Direct Simulations
Repair tasks

B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization

LS-OPT User Interface
Version 4 {Revision 53993)
R — i}
Livermore Software
Technology Corp.

b
Livermore Software Technology Corporation
{C) Copyright 2000-200% - All Rights Reserved

=101 x|

iek | Responses | Objective | Constraints | Algorithms | Run | viewer | D¥NA Stats |

Task: Metamodel-based Optimization
Problem description

IBAY_RDLLDVER
Author

|Cezary Bojanowski

Current working directory
E:\DOCS\L5-0PT-COURSE-CBY1_DESIGN_OPTIMIZATION_FOR_CRASHWORTHINESS\ROLLOVER.
Current project file

com,BAY-CORRECT-SINGLE-STAGE

Last modified

Fri Mov 13 11:23:16 2009
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Info Tab

= Problem description
= Author information

BFf "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization




Strategy Tab

= Strategy for the analysis
=  Tolerance for termination

Ff "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization




Solver Tab

= Define path to the input file
= Define path to the solver

B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strateqy i Dist | variables | Sampling | Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | D¥NA Stats |
LINEAR-SINGLE 5 Pre-Processor Package Name INone j
Salver Package Name [LsDYNA =l

Fies |Extrainput fles | Impart User Resuits | Checkpoints | Evaluate Metamode! | Advanced |

Cormmand IC LSDYMNAprogramYs371_s_R4.2_winxG64_p.exe Browse

Input File IE :\DOCS'L5-OPT-COURSE-CE\1_DESIGN_OPTIMIZATION_FOR _CRASHWC Tz

Appended File I Browse

JL

Post-Processor Package Mame Mone

Neme of Analysis Case  |LINEAR-SINGLE_STAGE Add | Replace Delete Clear
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Distributions Tab

= Define distributions of variables for probabilistic studies

B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strategy | Solvers Dist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

Type Mean Standard Dev
INormaI j IU IU.UE
L5 Mean =0
Std Dev=10.0
= =
P CI: o
Distribution Name  [SAMPLE_DISTRIBUTION Add Replace Delete Clear

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



-

Variables Tab

= Define: Variables, Constants, Dependents, Noise variables, Discrete variables

=  To ensure communication between LS-DYNA and LS-OPT definition of variables
and constants will require modification of your key word file.

B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist sampling | Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | DYNA Stats |

Design Variables

Type Name Starng  Int.Range  Minmum  Maximum
‘IDiscrete var | & [tpotwal [1.27 Values [11111.27 1,429 1.56875 1. || sadde Direction
‘|Discrete var x| i [trbow [1.27 Values [11111.27 1.429 1.5875 1. [iinize =
IDiscrete var x| Itﬁoc |1.984 Values |1.429 1,588 1.786 1.984 2, C;SE:I
[Discrete var x| & Jroofu [3.174 Values |1.?ss 1,984 2,381 2,773 3.  List
‘IDiscrete var x| i} [tfol |a.782 values [1.786 1.884 2.381 2.778 3.
‘|Discrete var | & froof [t.27 Values [1.1111.27 1.429 15875 1.
‘IDiscrete var x| i Jupwal [127 Values [11111.27 1.429 1.5875 1.
‘lDiscrete var x| &} Jtwaist [1.27 Values [1.1111.27 1.425 1.5875 L.
‘IConsiﬁnt =l | [2300
‘IConsIﬁnt =l [7a8
[constant x| e [1027

Add aVariable | Delete a Variable |
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Variables Tab

In the LS-DYNA input file the variables should be defined in the following way:
*PARAMETER

r<your-variable-1>, <initial-value-1>

r<your-variable-n>, <initial-value-n>

For example:
*PARAMETER
rvarone, 1.0
rvartwo, 4.5

In the place where the variable should be used type &varone and so one.
For example:

*SECTION SHELL

2,2,0.,0.,0.,0.,0.,0.

&varone, &varone, &varone, &varone
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Variables Tab

Another method to feed the data from LS-OPT® to an input file is by using:
<< >> symbols

For example:

*MAT _ISOTROPIC ELASTIC PLASTIC

$# MID RO G SIGY ETAN BULK
1 9.999E-06 7. <<sigy>> 0. 16.

This approach is more general and can be used also when other solvers are involved.

F 0 r‘ exa m p I e | n Pe rI SC r‘| pts : B "Parameter Identification” (File: com.PARAM-IDENT-MULTI-CORRECT) Metamodel-based optimization ;[Qlil
o File View Task Help
$variable=<<value>>;

‘Info | Strategy | Solvers | Dist '-‘arﬁHeS|s'.anﬁ1g| Histories | Responses | Objective | Constraints | Algerithms | Run | viewer | 14| *
Design Variables

Type Name Startng  Init. Range  Minmum  Maximum

| variable =] (i [praram 11, | [ [12 2| saddie Direction

I'u'ariable i iG] Icparam 50. I IZD' Im IMinimize vI
Cases
& Al
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Sampling Tab

= Metamodel type selection
= Sampling method

BFf "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization

ﬂ! E! ﬂ! |:_.__ |:__._ ':Q_

ﬂ! |:_.__ ﬂ! |:_g_
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Histories Tab

= Defining time history curves from LS-DYNA output

BFf "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization
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Histories Tab

For example y-displacement of node ID 6674

B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization

Fle Wew Task Help

'Info | Strategy | Solvers | Dist | variables | Samping Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | DA Stats |

=101 %]

USERDEFIMED ) [=]- Histories
Expression  — | | £} LINEAR.
File o | 40 E32 | -
Crossplot
ABSTAT Component Direction
BNDOUT . »
D3PLOT iy Wt arnanes
DEFORE ™ velodty {* ¥ Component
ELOUT " Acceleration 7 Component
GCEQOUT (" Rotational Displacement " Resultant ' difea
GLSTAT " Rotational Velod - ditference
INTFORC  Rotat tvaﬁon - difference
mé;l’ggﬁ - difference
NODOUT Filtering - difference
e EE INOFIE j - poyl
RBDOUT - pDzl
RCFORC S
RWFORC EE:H
SETOUT
SECFORC DI
SPCFORC - DIT
SWFORC - lower_dis
- upper_dis
« I3 JE I
Case |LINEAR-SINGLE_STAGE =]
History Name ~ [ya_hist Showder Add Replace | Delete |
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Histories Tab

= Binary output has to be requested in *DATABASE_OPTION card BINARY =3

ﬂ
[~ Use *PARAMETER (Subsys:4 ) Setting
*DATABASE_OPTION (23)

¥ MPGS DT BINARY LCUR I00PT |
Jo D e |1 =

¥ NCFORC DT BINARY LCUR I00PT
g Co—C E—

v HODFOR DT BINARY LCUR I00PT
g E— F—

v nODOUT DT BINARY | CUR I00PT DTHF BINHF
[0.1 [3 - [1 o o

[v RBDOUT DT BINARY LCUR I00PT
Jos lo =l 1 =

v RCFORC DT BINARY LCUR I00PT
|o.1 =]

o
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Responses Tab

Calculate values for defined responses

The response can be a result of mathematical expression or some quantity directly
extracted from LS-DYNA output files

B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization - |EI|5|

File View Task Help

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

hses
HEAR-SINGLE_STAGE
- mass_all_resp

- max_int_energy_re

Standard Deviation - lower_dist_resp
Matrix-Expression - upper_dist_resp
ABSTAT
BMDOUT
D3PLOT
DEFORC
ELOUT

FLD
FREQUENCY
GCEQUT
GLSTAT
INTFORC
MASS
MATSLIM
MCFORC
NODOUT
NODFOR.
PSTRESS
REDOUT

RCFORC
RWFOREC = 4 | Ll LI _I _'I
Case ILINEAR-SINGLE_STAGE vI

Mulipler [/ Offset [0/ I™ Not metamodel-inked

USERDEFIMED - . .
Composite = Enter an algebraic expression

Composite-Expression |max_int_energy_respfmass_all_respflnol.']

gratio_energy_mass|

Response Mame Iratio_energy_mass Show def... | Add | Replace | Delete |

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

= Define objectives in terms of responses
=  Multiple objectives are admissible

BFf "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization
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Constraints Tab

= Impose constraints on the Responses

B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization 1Ol x|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories | Respanses | Objective | viewer | DYNA Stats |
Response Lower Bound Upper Bound

| mass_all_resp |o.1149 [~ Strict |u.14 [~ Strict ™ Move =

max_int_energy_resp |

I lower_dist_resp |2433-? [ Strict |+ir'IF [~ Strict [~ Move
I upper_dist_resp |2592-1 [ Strict I-H'r'IF [~ Strict [~ Move

ratio_energy_mass |

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

= Choose the optimization algorithm

BFf "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization
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Run Tab - Tracking Jobs Progress

= Hof iterations
= # of concurrent jobs
= scheduler type

L] trac k| N g pro g ress B "BAY_ROLLOVER" (File: com.BAY-CORRECT-SINGLE-STAGE) Metamodel-based optimization =]
Fle View Task Help

'Info | Strategy | Solvers | Dist | variables | Sampling | Histories | Responses | Objective | Constraints | Algoritms [RiR | viewer | DA Stats |

Job ID PID Progress

1 |(3254}

QUELING SEQUENTIAL OPTIMIZATION

o INone vl Mumber of iterations

5
Concurrent Jobs I
[~ Omit last verification run
™ Clean Start from Iteration

IR
i

L«
=

Time Step

Kinetic Energy

Internal Energy

Total EnerEE 0

Global X Velocity

Global Y Velocity

Global Z Velocity o e

Total CPU Time c —
Time to Completion
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Run Tab

= The job scheduler will mark an error-terminated job.
= Results of abnormally terminated jobs are ignored.

= |f there are not enough results to construct the approximate design surfaces, LS-
OPT will terminate with an appropriate message.

B "PICKUP_FRONT_IMPACT" (File: com.PICKUP-FRONT-IMPACT-CORRECT) Metamodel-based optimization -0l x|

File WView Task Help

"Info | Strategyl Solversl Dist I '.‘ariablesl Sampling I Historiesl Responses I Dbjectivel Constraintsl Algorithms ~ Run |l"|ewer | DYMNA Stats

Job ID PID Progress
W |

o I

QUELING SEQUENTIAL OFTIMIZATION

FES - Mumber of iterations
1

Concurrent Jobs
|4 ™ Omit last verification run

¥ Clean Start from Iteration
Case Ij_

Kinetic Ener Time History

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

Internal Energy |:x10'L:':]

-
___-.iii-l-l-l-l-l--

35 4 45

g
Simulation Time (x1077)
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Command File

Number of solvers, variables, histories etc. needs to be specified

{

Definitions with single quotes ‘

Standard mathematical entities are acceptable

Math expressions are givenin { }
Lines starting with S are ignored

] com.TUBE_CRUSH - Notepad

File Edit Format View Help

=10l

"TUBE-CRUSH-DESIGN-OPT"

Author "Cezary Bojanowski"

§ Created on Wed Sep 30 18:31:38 2009
solvers 1

responses 3

histories 1

-

$ DESIGN VARIABLES
3

variables 3
variable "t1" 1
Lower bound wvariable 't1' 0.9
upper bound varijable "t1' 1.1
variable 't2' 0.8
Lower bound variable 't2' 0.72
Upper bound variable 't2' 0.88
variable 't3" 0.9
Lower bound variable 't3' 0.81
Upper bound variable 't3' 0.99

$555993555539935555933355559933%
g SSSSSSSSSSSSS?;E%ESSSSSSSSSSSSS
bpt'i mization Method SRsSM

3333593353359 9359359955995933389
L $$$$$$$$$$$$$$$$$$$§§%$$$$$$$$$

§ DEFINITION OF SOLVER "SOLVER_1"

solver dyna960 'SOLVER_1’
solver command "C:\LSDYNA‘programi1s5971_s_R4.2_winx64_p.exe"
solver input file "E:\DOCS\LS5-OPT-COURSE-CB“1_DESIGN_OPTIMIZATION_FOR_CR
solver check output on
solver compress d3plot off
$ ————- Pre-processor --------
§  NO PREPROCESSOR SPECIFIED

| com.TUBE_CRUSH - Notepad

File Edit Format View Help

[ — POST-ProCessor —---—--—--— -
NO POSTPROCESSOR SPECIFIED

$ ———— Metamodeling --—----—-—-

solver order Tinear

solver ex eriment design dopt

information —-----

solver concurrent jobs 8

§ RESPONSES FOR SOLVER "SOLVER_1"

_response 'TOP_DISP' 1 0 "BinoutResponse -res_type Nodout -cmp z_displace
response "MASS TOTAL 1.0 0.0 'DynaMass MASS'

response 'INT_ENE' 1.0 0.0 "BinoutResponse -res_type GLStat -cmp intepnal
§ HISTORIES FOR SOLVER "SOLVER_1"

_h'istory 'TOP_DISP_HIST' "BinoutHistory -res_type nodout -cmp z_displacem
composites 1

§ COMPOSITE EXPRESSIONS

“composite 'RATIO_ENE_MASS' {INT_ENE/MASS_TOTAL/1000}

§ OBIECTIVE FUNCTIONS

_object'ives 1

maximize

objective 'RATIO_ENE_MASS’

: CONSTRAINT DEFINITIONS

constraints 2

constraint 'TOP_DISP'

lower bound constraint 'TOP_DISP' -55
constraint "MASS_TOTAL'

upper bound constraint 'MASS_TOTAL' 3.14

: PARAMETERS FOR METAMODEL OPFTIMIZATION
“Metamode]l optimization Strategy SINGLESTAGE
3

iterate param design 0.01

iterate param objective 0.01
iterate param stoppingtype and

4
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Command File

= Commands

solvers number of solvers

constants number of constants

variables number of variables
dependents number_of dependent_variables
histories number of response_histories
responses number_of responses
composites number_of composites
objectives number_of objectives
constraints number of constraints
distributions number of distributions

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