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Problem description

This example is a Monte Carlo analysis of a sled test with a belted dummy
The goal is to find stochastic contribution of several noise variables on HIC

registered in the dummy’s head.

Noise variables:

Load curve specifying input mass flow rate or tank pressure versus time
Friction between belt and dummy’s torso

Load curve for stress versus strain for MAT_FABRIC used for seatbelt
Load curve for loading and unloading in SEATBELT _RETRACTOR

Fed length in SEATBELT _RETRACTOR
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Task Tab

= Select Task — Metamodel-based Monte Carlo Analysis

B "MC-DUMMY-SLED" (File: com.DUMMY-MC) Repair
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Solvers Tab

= |n Solvers Tab find previously generated 1soptscript

" Find Input file DUMMY-SLED. k

= Type DUMMY-MC in the Name of Analysis Case box and press Add

B "MC-DUMMY-SLED" (File: com.DUMMY-MC) Metamodel-based Monte Carlo Analysis

File View Task Help

‘Info | Strateay

DLMMY MC

Pre-Processor Package Name

Solver Package Mame

=lol x|

S"| pist | variables | sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

INone

fLsDyna

Fies |Extrainput files | Import User Resuits | Checkpoints | Evaluate Metamode! | Advanced |

Command

IC:\J_SDYNA\program\,lsg?l_s_R‘l.?__winxﬁ‘lj.exe

Input File

IE:\DDCS‘l.LS—OPT—CDURSE—CB‘\E_RBDD\DUMMYWC\dyﬂa.TernplaheForBE

Appended File |

~

Browse
Browse

Browse

Post-Processor Package Name

Mone

JL

Name of Analysis Case

IDUMMY-MC

Delete
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Distributions Tab

=  Go to Distributions tab
= Define Normal Distribution mean_1std 005 with mean 1 and Standard Deviation

0.05

=lol x|

B "MC-DUMMY-SLED" (File: com.DUMMY-MC) Metamodel-based Monte Carlo Analysis
File View Task Help
‘Info | Strategy | Solvers Dist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

Statistical Distributions
INormaI j |1 IU.UE

L5 Mean =1

Std Dev=10.0
s}
i) —
B — -~

|
Distribution Name II'I'IEEﬂ_l_Std_UO 5 Add Replace Delete Clear
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Variables Tab

= |n the k-file all the noise variables are used as multipliers to the initial values thus
they can be all defined the same way in LS-OPT

=  When k-file is loaded to LS-OPT all five variables should be already present in
Variables Tab

" C h an ge d I I Of t h em tO Bl "MC-DUMMY-SLED" (File: com.DUMMY-MC) Metamodel-based Monte Carlo Analysis =gl x|

Noise Variable type = ==& .

; . . Info | Strateay | Solvers | Dist  [Variabies | sampiing | Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | DYNA Stats |
and Use Distribution e Ve
mean 1lstd 095 Type Name Strtng It Range  Minimum  Maximum  Distribution
- - INoise Var j & ISFO_BiI'bag Imean_l_stc_i
INoise Var j & Iﬁ'ict Imean_l_stc_

INoise Var j El Is'Fo_beIt Imean_l_stc_ @
+ Al
INoise Var j El Isﬁ:_retr Imean_l_stc_ r List

INoise Var j El Isf_lfed Imean_l_stc_
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Sampling Tab

=  Goto Sampling Tab

= Choose Radial Basis Function Network Metamodel Type
= Pick Space filling Point Selection method and

= Request 300 simulations

B "MC-DUMMY-SLED" (File: com.DUMMY-MC) Metamodel-based Monte Carlo Analysis
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Histories Tab

dummy’s head

B "MC-DUMMY-SLED" (File: com.DUMMY-MC) Metamodel-based Monte Carlo Analysis

File View Task Help

Select NODOUT and for ID Identifier Type enter 1000001 — node in the CG of the

For the component select Resultant Acceleration
Enter History Name ACCEL_HEAD CG_HIST and press Add

=lol x|

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

USERDEFINED ) [l Histories
! IdentifierT D :

Expression L - DUMMY -
File fm x| [ro00001 .
Crossplot

ABSTAT Companent Direction

EJI;EI?OU'IT " Displacement ™ X Component

DEFORC " Velodity " Y Component

ELOUT ¥ Acceleration " Z Component

GCEQUT " Rotational Displacement %' Resultant

%?FFTSEC " Rotational Velodty

MATSLM " Rotational Acceleration

NCFORC

Filtering

NODFOR

REDOUT INone j

RCFORC

RWFORC

SETOUT

SECFORC

SPCFORC

SPHOUT

SWFORC

4 | | N |

Case [DUMMY-MC |
History Name  [ACCEL_HEAD_CG_HIST Show def... Add | Replace | Delete |
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Responses Tab

= Select NODOUT and for ID Identifier Type enter 1000001 — node in the CG of the

dummy’s head

= Select Injury Coefficient and HIC15 as a Component —

=  Units of time ms, Gravitational Acceleration = 0.00981

= Enter Response Name

B "MC-DUMMY-SLED" (File: com.DUMMY-MC) Metamodel-based Monte Carlo Analysis - |EI|5|
HIC and press Add e e ek e |
info | Strateay | Solvers | Dist | Variables | Sampiing | Histories Responses | objective | Constraints | Algorithms | Run | viewer | DYNA Stats |
USERDEFIMED Y ) A1l =-Responses
Composite IdentifierType D 1 DUMMY
Composite-Expression IID j IlUUUUUl
MeanSqErr .
Response-Expression Component Component
a‘:‘;iiigee‘;';:ﬁ” " Coordinate " Chest Severity Index
ABSTAT " Displacement + Head Injury Coef (15ms)
ENDOUT ™ velodty " Head Injury Coef (36ms)
D3PLOT " Acceleration £ CLIP3m
E.EC;S'IF}C " Rotational Displacement
o " Rotational Velodty Unit of time
FREQUENCY " Rotational Acceleration & Miliseconds
GCEOUT {% Injury Coeffident " Seconds
GLSTAT
INTFORC Gravitational Acceleration
MASS
MATSUM | |u.00981
Mastran-Frequency
NCFORC Filtering
NODFOR [one [~ —
PSTRESS =
RBDOLT
RCFORC jd [T | _>|J N I
Case |DUMMY-MC i
Multiplier |1 Offset |0 I™ Mot metamodel-inked
Response Mame IHIC Show def... Replace | Delete
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Run Tab

= GotoRunTab
= Type 4 for Concurrent Jobs and
= Press Run

B "MC-DUMMY-SLED" (File: com.DUMMY-MC) Metamodel-based Monte Carlo Analysis

File View Task Help

‘Info | Strateay | Solvers | Dist | variables | Samping | Histories | Responses | Objective | Constraints | Algarithms

Job ID PID Progress

QUEUING METAMODEL-BASED
MONTE CARLO AMNALYSIS
INone 'I ) . . _
Noise Variable Subregion Size
Concurrent Jobs {in Standard Deviations)

Time Step
Kinetic Eners

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

No ltem Selected

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

11




Viewer

= After the jobs are finished, go to
Viewer tab in LS-OPTui

= Press Restart viewer button

=  From Metamodel menu select
“Surface”

U.S. Department of Transportation
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' Optimization History
: See how vatiables and responses develop with

iterations. Detailed optimizer histary,

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

TRACC Transportation Research and Analysis Computing Center

B New plot x|
Select placement ...
P
DB EEREE
and plot type
Simulation Statistics
[] Correlation Matrix
E.—.-. Em““;?“fﬁ'ﬁﬁ!*’.“ ‘“'I ‘" 2D or 3D scatter plots of simulation resuls
= . Statistical Tools
= Correlation Bars
it - Interactive tooks for hi standard
B Comslavon bar chans Interactive tools for histograms, men, <tan:
Metamodel
Surface 1 . Accuracy
3D plot of metamodel surface and simulstion ' Seatter phot of simulation results vs, metamodel
= Sensitivity of response to varizble change, > i Contribution of variable noise (stochastic input)
5= Confidence intervals as emor bars —F_ to vanation of the response
Optimization

Tradeoff

2D o 30 scatter plots of optinnal designs (Farats
Optirnal set], 40 Wisualization in colar

Hyper-Radial Visualization
Explore optimal designs by interactively
weighting objectives
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Metamodel Surface

= Set the Ranges from 300 to 700
= Set the variables to 1.0 using sliders

B#f LS-OPT Viewer =]
LRGN Y
| Setup | Ranges | Points | Fringe | @ Feasible
H Infeasible
Response to plot 700
{pUMMY-MC/HIC =l 700
First axis variable 650 660
Isfo_airbag j
Second axis variable 600 P20
Iﬁ'ict j 550 580
[ Gridines [ Constraints
I™ Isolines |~ Predicted value &) 500 540 v
= =
Name Value W = 450 500 E
@
sfo_airbag 400 %
o - 460
sfo_belt | I 420
L 300
sfo_retr L 0.9 H 380
sf Ifed | 1 _
- v sfo_airbag 1.1 09 frict 340
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Viewer

»  Go to Viewer tab in LS-OPTui
=  Press Restart viewer button

=  From Simulation Statistics menu
select “Correlation Matrix”

U.S. Department of Transportation
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P Sensitivit
= Sersitivity of response to varizhle change,
“H—7 Confidence intervals as emor bars
Optimization

' Optimization History
: See how vatiables and responses develop with

iterations. Detailed optimizer histary,

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

TRACC Transportation Research and Analysis Computing Center

B New plot
Select placement ...
o]
DB EEREE
and plot type
simulﬂﬂnn Statistics
[] Correlation Matrix Tie, Scatter Plots
EI"‘I e Slor Ly L T 2Du3[:-rmplusuf:imiaﬁmrajs
= Correlation Bars Statistical Tools
:-:: e S mmful?‘pgammmd
Metamodel
Surface Accuracy
3D plot of metamodel surface and simulation Scatrer plot of simulztion results vs, metamodel
points, Interactive tools jpredictions. Error measures and cross validation

>4_k\ Stochastic Contribution
i Contribution of variable noise (stochastic input)
—F_ to vanation of the response

: Tradeoff
: 2D o 30 scatter plots of optinnal designs (Farats

Optirnal set], 40 Wisualization in colar

= Hyper-Radial Visualization
\% % Explore optimal designs by interactively

weighting objectives

14




Correlation Matrix

= (Click on the window HIC vs. sfo_belt to enlarge

=10 x|
g”ﬁg c ‘%BEH& E‘@!EE EI:”CorTelaﬁonMat'ix Iteration
Correlation Matrix X ] P
ot source coce Variables P Respo
[oumMMY-MC -] 022 7

2

AL it
_ @ @ d
o entites 02 gt g0 o 4 €

?‘"’?f_"g‘jﬁfim sfo_airbagw 004 | 005 || 009 | 000 | -0.34
S it _
L sfobet ||, frict 0.03 011 || -005 | 0.12
-4 sfo_retr %
. if sflfed | ® sfo_belt 001 || 004
Em Responses I}lﬁ
w4 HIC sfo_retr 0.05 0.26
q [ B sf Ifed 0.05
Column entities r} B
=47 Variables ;;' HIC & l

-4 sfo_airbe
-4 frict
-4 sfo_belt
-4 sfo_retr
i f fed
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Correlation Plot

= There is large scarcity in the results and no trend can be identified. The quantities
are not correlated

=10l x|
PRI e

Scatter Plot

4| Setup | Iteraton | Points | Ra b Variable "sfo_belt" vs Response "HIC"
(Results of iteration 1)

Z:] -

! = 650 L @ Feasible
X-Axis Entity B Infeasible

[=]- Variables -~
- sfo_airbag GO0 a

- frict
- sfo_belt

-Axis Entity

[=]- Variables -
- afo_airbag

- frict
- gfo_belt j

Z=fxis Enbity
- Variables
Bl Responses

HIC

[ Constr. Violation

Colar Entity:

L——_I--'\.l'_ariables -
sfo_airbag
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Viewer

»  Go to Viewer tab in LS-OPTui
=  Press Restart viewer button

"  From Metamodel menu select
“Stochastic Contribution”
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3D plot of metamodel surface and simulstion

P Sensitivit
= Sersitivity of response to varizhle change,
“H—7 Confidence intervals as emor bars
Optimization

' Optimization History
: See how vatiables and responses develop with

iterations. Detailed optimizer histary,

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

TRACC Transportation Research and Analysis Computing Center

[Bef Mew plot
Select placement ...
=EEENEE
and plot type
Simulation Statistics
;m f“:““%m?:ﬁagm*“gﬁ { m'ﬁmamm
Metamodel
surface Accuracy

Seatter phot of simulation results vs, metamodel
jpredictions. Error measures and cross validation

>4_k\ Stochastic Contribution
i Contribution of variable noise (stochastic input)
—F_ to vanation of the response

Optirnal set], 40 Wisualization in colar

= Hyper-Radial Visualization
\% % Explore optimal designs by interactively

weighting objectives

: Tradeoff
: 2D o 30 scatter plots of optinnal designs (Farats
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Stochastic Contribution

= The data shown is only based on results from metamodel

_Ioix

Xk @ C B S E B [ e

Response: HIC
Stochastic Contribution of Variables

sfo_airbag
frict
sfo_belt
I™ Hesidualsi
I™ Sum Variables Contrib sfo_retr
sf_Ifed
0 05 1 15

Response Standard Deviation due to Variable
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Stochastic Contribution in Metamodel based Monte
Carlo Simulations

Response
A / Metamodel
|
Finite Element simulations
|
O 2 (o2 2 O :
\_ total) residual deterministic !
/\ Design Variable
2
O-variable
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Stochastic Contribution

= Check the Residuals box. The Residuals govern the response. There response of
the dummy is very noisy.

_Ioix

Xk @ C B S E B [ e

StochContrib » RESpDFIE‘rEI HIC
Stochastic Contribution of Variables

sfo_airbag

frict

sfo_belt

¥ Hesidualsi sfo_retr
[~ Sum Variables Contrib
sf lfed

Residuals

0 10 20 30 40 a0
Response Standard Deviation due to Variable
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