Optimierung mit ANSA, LS-Opt & Meta:
Prozesskopplung & praxisnahe Beispiele

29. Februar 2016

‘ Constellium



Inhalt

B Firmenvorstellung Constellium

B Strukturierung in 3 Kernbereiche
B Produkte Automotive Structures

B Crashmagagementsysteme & Anforderungen

B Optimierung = Automatisierung des FE-Arbeisprozesses
B Signalverarbeitung & Datenfluss im Optimierungsprozess

B Arbeitsschritte beim Aufbau eines Optimierungsprozesses

B Aufbereitung + Parametrisierung ANSA-File
B Bereitstellung des META-Auswertefiles
B Prozesskopplung ANSA / META/ Solver / LS-Opt

B Ergebnisvisualisierung

‘ Constellium



Constellium: Strukturierung in 3 Kernbereiche

Aerospace and Transportation ‘

= € 1.197 billion in revenues
= #1 worldwide for aerospace plates
= #1 In the USA for large coils

€ 2.573* billion in revenues

#1 worldwide in closure stock

#2 in Europe for can body stock and #3 in North America
Major player in auto body sheet: #4 worldwide

Automotive Structures and Industry ‘

= € 921 million in revenues

= #1 in Europe for large profiles

. Y “ = #1 in Europe for hard alloy extrusions

“f“\ = #2 worldwide in crash management systems

* The combined unaudited pro forma revenue information for the year ended December 31, 2014 presented above gives effect to the acquisition of Wise as if it had occurred on January 1, 2014, This

information is presented for information purposes only and does not purport to represent what Constelium actual revenues would have been had the acguisition occurred on the date indicated, nor is it
necessarnily indicative of fulure resulis
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Constellium: Produkte Automotive Structures

Main products
[+

Crash Management Systems
+~70% of sales

Side Impact Beams, other
Safety Systems
*~10% of sales

Cockpit carriers
*~10% of sales

BIW Structural Parts
*~10% of sales

i‘, Constellium
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Crashmanagementsysteme & Anforderungen
i

Crashmanagementsystem = auswechselbare Baugruppe
Dient der Energieabsorption im Low-Speed-Crash
Schitzt die Rohkarosserie vor plastischer Verformung
Aufnahme und Lasteinleitung beim Abschleppen
Kosteneffizienz

N2 200 20 2 2 2

Funktionsintegrierte Leichtbauweise

Lastfalle:

RCAR-Struktur Front: RCAR-Struktur Heck: RCAR-Bumper Front & Heck:
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Optimierung = Automatisierung des FE-Arbeitsprozesses

- Wie arbeitet ein Optimierungstool?

A 4

Modellerstellung

Optimierungssoftware

n.i.O. i.0.

35 Constellium

A 4

Ergebnis
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Signalverarbeitung & Datenfluss im Optimierungsprozess

- Kommunikation zwischen Preprozessoren, Postprozessoren, Solvern & LS-Opt:

Prozesstart
Stagel Inputfile
\ 4 ANSA
Prozessparameter _
» Prepro-VZ-Struktur > Preprocessor
[%2)
£ o |
< = Stage2 Resultfile LS-Dyna
5 5 v RADIOSS
» 2 PamCrash
< » Solver-VZ-Struktur > Solver Abaqus
2
e
LS-Opt £ I
E Stage3 Point-Data
?
i y META
Postpro-VZ-Struktur > Postprocessor
D < Dakt v
Auswertung
D > Dakt
A 4
Ergebnis
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Arbeitsschritte beim Aufbau eines Optimierungsprozesses

Prozesstart

Inputfile

e {1
R

Resultile

I |
o] sowervz-struktur | Solver ]
R

Point Data

H
i i
= L] Postpro-vz-stukr |-+ Postprocessor }J

Auswertung |

[}

(1) Aufbereitung & Parametrisierung ANSA-File:

- Konstruktion & Anpassung Morphingboxen

- Morphingparameter (MP) & Optimization Task

- Nested Elements

-> A _Parameter zur Definition von Wanddickenanderungen

Prozesstart

Inputfile

{ Prepro-vz-Struktur }—-[ Preprocessor ]

(2) Bereitstellung des META-Auswertefiles

& Constellium

\\\\\\\

pro-VZ-Struktur H Preprocessor }—

“T

Resultfile

\\\\\\\\\

L
mese{ == 1| > Lastfallberechnung “von Hand”
— - Programmierung Sessionfile
N > Erzeugung Diagramm-Annotations
© <om — w{m - - Optimizer-Setup
[ o]

(3) Prozesskopplung ANSA / META / Solver / LS-Opt

25 Constellium

- Stage-Setup, Startskripte & Kopplungsfiles
- Strategie,Optimierungsziel & Randbedingungen
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Aufbereitung & Parametrisierung ANSA-File

“p ) ANSA v15.3.2 64-bit (homekutscho/LSOPT_PPT_20160229/Animationen/MORFH1_Eoxmorphing.ansa) ) @\[ (%)
sle  Windows Contaners Tools  Utiltiss  Assembly  Help [Q <5carcit Func [=3 V]
Database (4 = r = ; r e = rFs 5 . .z X
(e e EMPM ZEBEBRQAN 2B 0 Q4 9. @ . H KW . CORYFIB R T, &
B Fars 1M _ Prepe Mater UpEF 002N, ARG Merge MEw | FArT Cnm_ lAse sen Jndn dsdn MEsh OuaAl R E terr lemwp 13m0 cpo Mesh VIVES AHA)  [Mamh|dexa Kirer
i Name ~  Number " _ > b3 St > a _ __ > 5 T d .
T 3 Eome@ BV " e NEEE LR Vet <
ASSIGN_VAL_TO_TICLD 44 Sexs Inclu |Deta FAN- ADAD. PAM-. Save Seve. Script Chec, Tz - Isazt  Snap CutPl, Tansi Deck. Meas. - Acke. Dot Comn. . = =
1 oX ek nro L3
. ?E)I;JATEE‘T'ETER ir) FCRFE1_Roznarphi virrent Pa«: *H1_Rexnorph-ng [ Now L Ofsct T Lin<s ]
0T .I‘.IL- e 17 [ 2DMaroh *| 12 Vorph * | Cylindrizal * |
+ DEPENDENCY ;_ [ soliE | tComvert | Helease ]
FNGF ) [ I oad L3 I Ne ele ] Hntiels e ]
¥+ ELEMENT 67353 Controlsr | Paremeters |
v # GLCOMLTRY 7 I Histary | Nesteo | Deform Map |
NAT‘:P‘ML 3 Control Points [ Info -
HOBE _ o ?83” [ Inset | HWambe- | Tem Doublz |
OPTIMIZATION_TASK 1 i Delete ]
+ PROPFRTY 83 =
55T 30 Edgese Info. -
SOLIDMACCT | Tangenzy »| Concentric | ToCurwe ]
1 STEP 2 Hatches Info -
[ Jor I Paste 1 Topo ]
[ Aajas: I ToFace ]
Box Marphing
Move I Ht v shdz2 3
[ Extend | Angle | Utrse: |
I Project L Lrect | Cyindnzal = |
Diract Marphing »
[ rirert | create e Foles |
| Slid= el MFla I Anmral?zsal |
Swees - Slde @ Checks Geonely Chetk| | |
[ Hul Lugded I nlerseclny ele ID\:.UILEU mu g ] B
Guideline Define the Sweep/Glide guideline Options List E
Cross-seclion
— View maode | Topg
% Curves Frevizw ]
Points
Cancel |
- Konstruktion & Anpassung Morphingboxen
[ (D ]
New>SwesnGlice 0 Sel=cl CLURWF FDGF SOLIDFNDGF
| = =y e — T f —_ |- mm [ . - ==
current distortion dstance: 20% (cld: 20%) = T \ 42° @ Q . .T'l b 4 + ! un I% (3] - 3‘ (IS FID @ l:ﬂ @ - l@ @ tg] 3>
current distartion angle: @ (old; 0) ENT Featl Loop Patr  Selec Or  Anc  hot  INot Al Inwert Lotk Melgh, Mear 21D _|57ad. [Higde. Fringe  Wre  C.No. [Bon
Ls-Dyna definition stylz "or current SECHON = st 50 [ r I
2| [T T DN IC) 3] a7 ¢ L[ X 1 D
= Geo. | FE-M. | Yolu. | Giids Cross. | Cunn Cruss. Coubl.| | Tiple
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Aufbereitung & Parametrisierung ANSA-File

- Morphingparameter & Optimization Task

MP_Tiefel

MP_Verpraegungl

MP_Tiefe2

Morphing-Parameter (MP) Tragertiefe

MP_Verpraegung2

Morphing-Parameter (MP) Verpragung

Root Type
- -l:[- OPTIMIZATION_TASK_1 Optimization item
JDVfile.txt DV file
= ﬁ TIEFE Design Variable
@ VERPRAEGUMNG1 MORPH PARAMETER
@ VERPRAEGUNGZ2 MORPH PARAMETER
@ TIEFE1 MORPH PARAMETER
@ TIEFE2 MORPH PARAMETER
& JMeasurements.txt Responses
SESSION=DECKINFO: /MASSE.txt Session Command
JInputfile.txt FE_output
‘5 Constellium Q‘Q Automotive Structures 29.02.2016 10



Aufbereitung & Parametrisierung ANSA-File

- Morphingparameter & Optimization Task

Kopplungsfile

Root
= [ 4% OPTIMIZATION_TASK_1
DVfile.txt
=[] W TIEFE

¥ VERPRAEGUNG1
¥ VERPRAEGUNG2

¥ TIEFE1
¥ TIEFE2

69 JMeasurements.txt
SESSION=>DECKINFO: /MASSE. txt

Jlnputfile.txt

Type
Optimization item
DV file o

Design Variable

MORPH PARAM%
MORPH PARAMETER
MORPH PARAMETER
MORPH PARAMETER

Responses

Session Command

#
# DV-File. txt

FE_output

%
o)
<
<
>
e
Ly
=
(&

Prozessp

>[ Prepro-vz-struktur_|—|

Inputfile

{

—-| Solver-VZ-Struktur |—-|

]

interner Algorithmus

Inputfile
Preprocessor }J
Resultfile
Solver }J
Point-Data

!
—-l Postpro-VZ-Struktur |—-|

Postprocessor

‘5 Constellium

ID TYPE RANGE

[ REAL -] | BOUNDS

Min Value Current Value Max Value
I
Comment

Name gilEgs

STEP
LIST

[l I

[+)

= ANDERUNGSBETRAG

Cancel

N )
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#
# DESIGH VARIAELES
#
# 10 DESIGH_VARIABLE NAME TYEE RANGE CURRENT VALUE HIN VALUE MAX VALUE
#
i, TIEFE, REAL, EOUNDS, 0., =5. 4 18.5
DESIGN VARIABLE [DESIGN_VARIABLE] ]
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Aufbereitung & Parametrisierung ANSA-File

- Morphingparameter & Optimization Task

A . N
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Aufbereitung & Parametrisierung ANSA-File

- Nested Elements

h H VN
& Constellium i ctures 29.02.201




Aufbereitung & Parametrisierung ANSA-File

- A _Parameter zur Definition von Wanddickenanderungen

*SHELL SECTION & ELEMENT TYPE [SHELL_SECTION] ]

BN o7 WD _VARL

FROZEN_ID FROZEN_DELETE DEFINED TRIM USE_IN_MODEL
no - YES __yes -] wo YES
MID CONTROLS ORIENT  DENSITY  POISSON  INTEGRATION  TEMPERATURE OFFSET
b [ ] |  [EIEMc o
Root Type
- -n- OPTIMIZATION_TASK_1 Optimization item
JDVfile.txt DV file
« [ ] Wi TEFE Design-\Varable
- ﬂ WDPARL Design Variable
i APl A_PARAMETER
= ﬂ WDPARZ2 Design Variable
@ AP2 A_PARAMETER
69 /Measurement.txt Responses
SESSION=DECKINFO: ./MASSE.txt Session Command
JInputfile txt FE_output

A H N
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Bereitstellung der META-Auswertefiles

Lastfallberechnung “von Hand”
Programmierung Sessionfile
Erzeugung Diagramm-Annotations
Optimizer-Setup

NN N2

RCAR-Bumper mit Rollbock

& Constellium

MAX_Beam_INTRUSION=1

. O
A/ /

0 01 02 03 04 05 06 07 08 09

Eindringung normiert [-]

1 12 13 14 15

Prozesstart

interner Algorithmus

Inputfile
Prozessparameter  t Preoro-VZ-Struktur H Preprocessor
[}
% Resultfile
13 !
—>| Solver-VZ-Struktur l—-l Solver
&
% __POint—Data
[
' Postprocessor

" +{ Postpro-VZ-Struktur |

"‘, Constellium

N )
¥ ¢ Automotive Structures 29.02.2016

15



Bereitstellung der META-Auswertefiles

Lastfallberechnung “von Hand”
Programmierung Sessionfile
Erzeugung Diagramm-Annotations
Optimizer-Setup

NN N2

Annotations ® OptimizerSetup ]
Annotations List % Plot  Type Model | Pid Response Variables
&8 Windowl Responses
[ 1:MAX Beam INTRUSION=%y # 1 Curve Max Point [1 MAX_Beam_Intrusion :l
MetaPost { » Add ,l
( All | Invert | Visible | Pick  |Filter v I Print Response Values ]
[ New J(Showonly| Show || Hde || v || Al | Del | LR RESFErEE HUES
Pointer | Text } Position ] [ Current l il ]
. . R
Model dependent visibility | | Hide shadowed [ emove - - l o ]
urren
¥/ Appearance
Rename Response
(=]
Co\or SIZE | MAX_Beam_Intrusion | a vl
- (=]
Style Width ﬂ History Variables
Attachment Places Histories
Detach 3D Pos Element Plane Selection Material Measure [ :l
20 Pos Node Part Group  Window I
Add -
l Print History Values ]
On Curve Update History Values
Position [Curve Max :] [ A l Al ]
Remove
C Id 10
urve Id/name/group [ Current l Al ]
Curve point Rename History
Pick H Adv.Filter ] [ vl
[ | Export Session | ]
[Set as defaults"Apply saved defaultsl
\ 4
Kopplungsfiles:
- sessionfile.ses
- sessionfile.ses.results
A H N
< Constellium 9 ¢ Automotive Structures 29.02.2016
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Prozesskopplung ANSA / META / Solver / LS-Opt

—> Stage-Setup, Startskripte & Kopplungsfiles

s () Stage Preprocessing ~ =~ [3)

SElup‘ Paramels:rsl H\stnriesl Kespnnsesl File Operaﬁnnsl

Measurements.txt

General Masse.txt
Package Name ANSA :‘
Startbefehl + Optionen Solwed UserOpt.inp
Command [startbefenl_ANSA + Optionen (z. B. "im _retry" bei Lizenzmangal | Browse
[ Do not add input file argument while [ ! -f UserOpt.sta ]
do
DV File [Dv-File.xt Browse sleep 10
3 Fat Useropt. i || ey T RS MRS (RE SRS s @
coples DV:File.xt (0 includes) to Preprocessing/it.run/|ANSAOpt.inp echo Norma
and substitutes parameters 91:§hﬂ e
£
O Extra input files done
Model Database ansafile ansa Browse ‘
(i () stage Berechnung ®
Execution
p— setup ‘ Pnrametersl H\sturlesl Respunsesl File Operatig,
Resource |Umts per job ‘G\ubal limit Delete ‘ Genenal
[ANSA B B x .
Package Name User-Defined 3
iCreate new resource
command| /solverskriptsh @ Browse
[ Do not add input file argument
[ use Queuing E g
o p—— Input File [Inputfle.txt Browse
[ Environment Variables copies Inputfile.txt (0 includes) to Berechnung/it.run/[UserOpt.inp
[J Run Jobs in Directory of Stage and substitutes parameters
[ Extra input files
\ ok
Execution i O stage Auswertung 00 ®
Resources
setup [ stores|
T [Unis perjob [ Giobat imt S etup | Parameters | Histories | Responses | file Operations
Berechnung B [x x General
Creat
feeate new resource Package Name METAPost :|
g Command [startbefen META Browse
/ Use Queuing
[ Use LSTCVM proxy Session Fle [sessionfile ses Browse
T r [ Environment Variables
Outputfile  [sessionfile ses results Browse
Setup — malipdsamaling L [ Run Jobs in Directory of Stage ‘
0 parameters ars, 0 d-opt designs BEEREE H\e‘ 1 e
P ok Execution
Preprocessing Resources
( e I oo el Resource ‘Umts per job |5mna\ limit Delete
(=t (SRSM) METAPOST [x B %
(Create new resource
Berechnung
; v
[ use Queuing

Verification
1 design

Termination criteria }
1 iteration
e v

‘ Auswertung

L

‘ Dpt\mlzatmn

ﬂub]eztwes 4——{

Build Metamcde\sJ

0linear surfaces

& Constellium

O Use LSTCYM proxy
[ Environment Variables
[ Run Jobs in Directory of Stage

<Jok

¢ Automotive Structures 29.02.2016 17

PN
L 4



Prozesskopplung ANSA / META / Solver / LS-Opt

—> Strategie, Optimierungsziel & Randbedingungen

MAX_Beam_Intrusion «—|

Setup .
O parameters L

Finish

_

Verification
1 design

Preprocessing
|
L
Berechnung
Termination criteria |

1 iteration
L

Auswertung

©Optimization
0 objectives

b
/. 0 omstaints 9

L]
Build Metamadels
@ bl surfaces

.. Sampling Samplingl
0 vars, @ spMling dei'ﬂ"‘?o

]

2l Sampling Sampling1

O parames ters 1 0 wars. 0 d.opt desigrs
Preprocessing
Domain reduction d
Firiish
[SRSM)
i i .
¢
Berechnung é
Verification | Temmination criteria
1 gesign r. 1 iterstion I
i \
Auswertung o.
Optimization .
P — Build Metamodels
B objectives
N A @ linear su daces ()

?, Constellium

VARZ2 & VARZ 4

-2 I T A o R .
= = : e Reduktion MASSE

. s o El

* o o &
= _ | LI S . B S =< L S
S T T = T 1

VAR1 VAR1
MIN MAX MIN MAX
A )
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Ergebnisvisualisierung

—>Beispiel Scatterplot RCAR-Bumper mit LS-Opt-Viewer
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‘ Constellium

website: www.constellium.com
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