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Problem description

B CFD model

B External aerodynamics of a ground vehicle
B Reynolds Number ~ 1.0e7
B RANS turbulence model using realizable K-e

B Objective: fuel efficiency
- maximize down force and minimize drag force,
more relevance to drag
— Optimization objective function
max(down force / drag force”2)
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Parameters

B 2 Morphing Parameters
TP: top point
BP: bottom point
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Model modifications

B ANSA doesn‘t support LS-DYNA CFD input files

B Manual modifications:
*MESH _SURFACE_ELEMENT - *ELEMENT _SHELL (3D)
*MESH_SURFACE_ELEMENT - *ELEMENT_BEAM (2D)
*MESH_SURFACE_NODE - *NODE
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| 3) Task Manager

Setup in ANSA

3

Lmsks |1 D[ (DD
Foot Type (=i
& || g OPTIMIZATION TASK 1 Optnization Rem

homefdelpmLSTCAS-OPTtests/ansa ¢ . DV file

= e(p

e MORSH PARAMETER
= R v Design Vanable
3 e MORPH PARAMETER
ansa_carkey FE_output

1. Morphing Boxes

Dasign Variable

3. Optimization Task

- Interface to LS-OPT _
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Setup in LS-OPT

B LS-OPT main GUI

Metamodel-based optimization, metamodel type RBF (Radial Basis Functions)

Strategy sequential with domain reduction, 5 iterations

2 parameters

\ Setup

.

)

Sampling ansa
i2 vars, 5 sp filling designs

ANSA Y
- Domain reduction ansa
Finish
| _ (SRSM) 2 pars
I
| Verification | Termination criteria _ +
1 design S5 iterations

A

Optimization

change_mesh J

1 objective l LS-DYNA Idena
0 constraints )

‘ Global Sensitivitie

10000 points

'

A

Composites
1 definition

@

2 resps

\
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Build Metamodels
2 rbf surfaces

o

D=

v Nna

VIORE



Setup in LS-OPT

B Stage ansa

-

Seng 1 Sarmgiing mise
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|Setup| Parameters | Histories ‘ Responses | File Operations

Domsn reoucts
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General

Package Name[ ANSA

Command [fhomeffdelpinfsOFT{BETA_CAE_Systemsfansa_v 18.0.1/ansab4 sh -lm_retry 60
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[[] Do not add input file argument

DV File [ansa_car_DV.txt

[ erowee |

and substitutes parameters

copies ansa_car_DV.txt (0 includes) to ansa/it.run/ [ ANSAOpt.inp

Create new resource

(] Extra input files Setup |Parameter5| Histories ‘ Responses ‘ File Operations |
Model Database[5{LSPROJHOME}fansa_car.ansa Name Found in file(s)
tp ansa_car_DWVixt
Execution bp ansa_car DVixt
Resources \
Resource Units per job Global limit Delete
AnsA . Ic : Parameters read from

ANSA DV file

[] Use Queuing
[[] Use LSTCWM proxy

[ | Environment Variables

Isdyna

Run Jobs in Directory of Stage

-

]/

Generate output in
Isdyna directories
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Setup in LS-OPT

m Stage python b ’
ANSA generates structural LS-DYNA input file o) e G
Python script converts to CFD input file ==y "'"”--‘-?'-'f""
*ELEMENT_SHELL - *MESH_SURFACE_ELEMENT ‘fi'.'ll;"fl"' o " o
*ELEMENT_BEAM -> *MESH_SURFACE_ELEMENT S | s || s
*NODE - *MESH_SURFACE_NODE

™ Stage change_mesh x

Setup | Parameters | Histories | Responses | File Operations

General

Package Name| User-Defined <

Command[python ${LSPROJHOME }/set_mesh_icfd.py ansa_cark ” Browse |

Do not add input file argument

Input File [ ” Browse |

[[] Extra input files
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Setup in LS-OPT
B Stage LS-DYNA

ANSA output (modified by Python script) is include

in main LS-DYNA input file

[oFT] Stage Isdyna

Setup | Parameters ‘ Histories ‘ Responses ‘ File Operations

General

Package Name[ LS-DYNA

Command[foptfintelfimpifS.1.3.210{bin64fmpirun -np 5 metmaszmas2_1ffdelpin{L59?lfBUILD_trunk_“ Browse I

Input File [i_ansa_ext_aero.k

“ Browse l

copies | ansa_ext aero.k and 1 include to Isdyna
and substitutes parameters | ansa_car.key

[[] Extra input files

it_run/| DynaOpt.inp

LS-DYNA Advanced Options

Execution
Resources

Resource er job Global lirnit
LSDYNA |2

Create new resource

Delete
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Setup in LS-OPT

B CFD responses extracted using GENEX

—
oPT

Setup | Parameters ‘ Histories

Response definitions

Responses

Stage Isdyna

File Operations ‘

X

Add new

drag

down_force

GENEX: drag extracted from icfdraga.dat

GENEX: down_force extracted from icfdraga.dat

Generic

USERDEFINED

EXPRESSION
FUNCTION

INJURY
MATRIX_EXPRESSION

LS-DYNA
ABSTAT
ENDOUT
D3PLOT
DEEEMAC
DBFSI
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Setup in LS-OPT
B GENEX: extract da from ASCII file

Fie Edt
E&0O

3 <5.8M11SE.61 3. MSE51E.@3 0.00000E+00 L A54ISEE-Bl - L.216L2EE-BI7] Eanty
b i dery 1 -5.807032£.81 -1.003266€.03 0.0000E+0E -1 853072E-61 J.uv&)sl-:{— i

End of Fie 3 5.BOSTTSE.01 1, (NOISHE. 0.0000006 106 -1 RSIPME-OL -1 LEIISEE- |arag
g 0. -5 BGHA3E-H1 3. J0LN3E- 0.000000E 100 -1 RSIGOVE-OL 1 LIE0E -0
) 5. B0ASBE-B1 5 4840 - 0.0000006 100 -1 053427E-81 Ongn
- 0,000000C v08  -1.853248(-01 End of Rile -
Edit response 0.000000C 00 -} A%07IE -0
0.0000006400 -1 §52055E-01
5 i & ©.000000E+00 -1 §52721E-01 Z”;‘:""‘W
0,0000006400 - L 8%2548E-01 ( ar
Name Subcase Multiplier Offset e . ok
[drag ] [ ‘ l [n = l [n = l 0.000000E+00  -1.852268E-01 (0 Column vector
~ f / 0.000000E+00 -1 852041E-01 A
: : ©0.000000E+06 -1 85187601 Aepeitad anchec vortor
0.000000E+08 . 1.851713E-61 Nt formas

0.000000€+00 -1 851SS3E-61
0.00006E+0e -1 8S1ISE-OL
0.00000EE - L 851238E-81
6.000080E+08 - L 851884E-01

—_—

¥ Do separatoriel |
& Exponert charscter(st |Eo

[] Not metamodel-linked [] Dump fermula file

Input GenEx file

0.00000E 100 -1 RSOTEI-01 2 | Bve iaetesiseiniii
i 0.0000006 100 -1 uso6at-61 o6 3exed-nl | L0 [ Space
[drag.gs ] [ Browse l [CreatefEmt] 0.00000C 100 -1 ASOLEIL-01 -, B4 56454 -01)
©0.0000006 400 -1 85019 )E-01 location:
: 55 7% ©.00000CE+06 - 1. 9%0213E-01 R
Input data file 1% - |1
18017 0.000000E+00 - S43543E-61 =
: 1261€ 0.000000E+06 -1 943814E-01 3 &
[Icfdraga.dat " Browse l 156 0 0000B0E+G0 -1 B45687E 0L ‘ - hs
1784E 0.000000E+00 -1 B4956)E 61 Cobenn Separatorn
- HOBHE 0.000060E+06 - L 843442E -1 ) S >
Entities G484E . 0.000000E+08 . 1 849325E-61 1 Tt (7 Spate ¥ Whiespare
b719%€ - 0.0000006+00 -1 B49210€-61 = - A
Fa13:€ 0.CO0G0EV0 -1 B49O8E-OL
8273 0.C00GME0 - L 843081E-B1 £ Othat:
SEEE 60000006106 - L S43806E 61 L xié
81166 0000006100 -1 048 75SE-01
37416 0.00000CEv00 <L MAASKETE-O1 1. SEONE -

0,0000000 100 -1 9485930-61 -1, 2nasp60-u) | [ Masireim length characteris)
0, COO0OKE: +00 -1 aeasme-01 -9, TIRSASE - -

0.000000E 400 -1 G4S215E-01 -, 72W200E -
0.00000CE+06 -1 BASIN2E-01 -3, 054341 -0 .
0.0000006+400 -1 §49232E-01 -0, 57927IE- |

Reread entities

Anchor 10 repest

H
CBRSBRRARAAREELEERR8RRAARASREEREERRSRRAARA2EER
o
2
g
A
2

cancel | [ ox_]

5, IRVEJeE -1 . . O.00000E 8 L B40ES7E-01 2 OMBI8E. 0
0. 00000600 -1 BUTELE-CL 3, 28351 -0
0.000000€ 00 - L 04TSMIL-01 3.5

0,0000000 00 -1 BeTSSAL-01 3 s :q

value to be extracted
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Setup in LS-OPT

B Composite Expression

fﬁﬁ Composites E]ﬁ
Composite definition Add new
LD Composites
EXPRESSION: down_force/abs(drag*drag) EXPRESSION
Curve Matching
Standard
Composite
Standard
Expression Composite
MNarme:
Lo |
Expression:
[dnwn_furcefabﬂdrag*drag} l
Cancel | [ QK J
|
[ 11T ] [ Pacta ]
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Setup in LS-OPT

B Objective function

Opktimization

Objectives | Constraints ‘ Algorithms

|I"-'Iaximize the Objective Function (instead of minimize)

EIbJECtI\uI'E components: Add new
onse/Composite Weight Responses
drag
® LD 1 (default) down force
Composites
\\
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Results

B Convergence: Optimization History

bp

LD

8.26-00-

-0.0511

0,144

-0.15+
0.2

0 i 2

0.2

Optimization History
for “bp*

e

Giabal Sensitivities Plot for LD
Mean « .7 87524206, Total variance « 8.88811e.06, Noise variante « 0

tp (98,3% - 98, 3%)
bp (1.7% - 100.0%) !
0

20 40 £0 &0 160
% Infuence on Compasite

0.154
0.1+
0.054

Optimal value

converged?
GSA - bp not

——

X : significant

0.2+

Number of Iterations

Optimization History
for *tp"

i [

Subregion bounds

0151+
0. X111

0.05

-8.2E-00
0054+
0.3+

0.15+

000351+
0.0031+
0.0025++
0.002-1+
0.0015++

0.001+

0.000511

Number of [terations

Optimization History
for *LD"

0 i

I

| Predicted optimum

—Predicted
alomputed

Computed optimum

Iteration
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Results

B Metamodel with predicted and computed optimum
3D Surface plot and 2D interpolator plot
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Results

B Metamodel accuracy
Surface plot with points
Points are close to surface

Error measures (only for responses) LD ..
RMS error

SPRESS - predictive capability!

b p 02 0.2 t
Metamodeling Accuracy Metamodeling Accuracy
For Response Function ‘du\g avy" For Response Function “lift_avg*
RBF Net: RMS Err = 0,21 (2792 %), Sqrt PRESS = 14,7 (4.65 %), R-sq = 0,968 REF Net: RMS Err = 10,4 (B.63 %), Sqrt PRESS = 44,3 (10.7 %), R.sq = 0.993
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A /
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Results Point with highest

B Simulation results: Scatter plot objective function value

Scatter Plot

Variable “tp" vs. Objective “LD"
(Results of All lterations) A/

Optimum /G . I
found by SRSM | - i
0,002--+ 4 ! ! !
0,001+
LD 4,75E-11- ! ! ! ! 1 ! ! ! g
0,001+ : . - : - - . 0 &
-0.002=+
2
-0.003++
. | | k
£0.2 0.15% 0.1 -0.05 0.0 0 0 0.2
tp 1
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Results

B Optimal design

Initial design Optimal design ,Best” design
(6.1) (5.2)

0.022 0.062
tp 0.0 0.105 0.132
LD predicted - 0.00376 0.00366
LD computed 0.00094 0.00364 0.00384
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Results

B Optimal design
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More Information on the LSTC Product Suite

B Livermore Software Technology Corp. (LSTC)
www.|stc.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.Isoptsupport.com

[THUMS®  www.dynamore.de]
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Thank you for your attention!
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MORE
Your LS-DYNA distributor and more
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