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Constellium — More than a century of growth
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Alcan
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2000

Alcan Aluminium Limited
merges with Algroup/
Alusuisse

) 2003

Alcan Inc. acquires
Pechiney

RioTinto

D 2007

Rio Tinto
acquires Alcan

35 Constellium

January 2011

Rio Tinto sells 51%

of Alcan Engineered
Products to Apollo,

10% to FSl and keeps the
remaining 39% stake

May 2011

Alcan Engineered
Products is renamed
to Constellium

Constellium commences
trading on the New York Stock
Exchange and NYSE Euronext
Paris

January 2015

Constellium acquires Wise Metals
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Constellium — company overview figures

+27 3 ~12,000  €6.2 Bn

production facilities R&D centers employees 2021 revenues
m  Organized into three business units: m Focused on three core end markets:
m Packaging and Automotive Rolled Products m Aerospace
m Aerospace and Transportation m Automotive
m Automotive Structures and Industry m Packaging

2018 revenues per end market
(in percentage)

2021 revenues by business unit
(in millions of euros)

m Packaging and Automotive m Packaging

Rolled Products m Aerospace

m Aerospace and Transportation = Automotive

m Automotive Structures and
Industry

m Other

&
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Constellium — Gloabel leader in 3 Core Markets

Car body closures
Body-in-White

Crash Management Systems
Battery Enclosures

Chassis and mechanical parts
Decorative parts and equipment
Heat exchangers

Structural components

Some of our customers:
Audi, BMW Group,
Daimler, Fiat Chrysler
N Automobiles, Ford,
General Motors, Jaguar
Land Rover, Porsche,
PSA Peugeot Citroen,
Volkswagen

® Quter wing

X Some of our customers:
® Center wing box

- Airbus, ATR, Boeing,
Fuselage and nose Bombardier, Dassault
fuselage W"mw Aviation, Embraer,

® Engine (incl. gear boxes) Gulfstream, Lockheed
® Landing gear Martin, Pilatus, SpaceX

AEROSPACE

Aerosols Ardagh Group, Ball, Can-
Cosmetics packaging Pack, Crown, Coke

Foil stock

Beverage cans % .
Food cans Some of our customers:
Closures AB In Bev, Amcor,

PACKAGING

Constellium .-. Automotive Structures 2020
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Constellium Automotive Structures - Global partner worldwide

North America

A Lakeshore, ON, Canada

(Astrex joint-venture with Can Art)
/. San Luis Potosi, Mexico
A Muscle Shoals, AL, USA
A White, GA, USA
A Bowling Green, KY, USA

(Constellium-UACJ joint-venture)
B Plymouth, MI, USA
A® Van Buren, MI, USA

Europe
A Decin, Czech Republic
® A Neuf-Brisach, France
A Nuits-Saint-Georges, France
M Voreppe (C-TEC), France
A Crailsheim, Germany
A Dahenfeld, Germany
A© Gottmadingen, Germany
A A Singen, Germany
A Levice, Slovakia
A Zilina, Slovakia
A Vigo, Spain
B Uxbridge, United Kingdom

Asia
A Changchun, China

(Joint-venture with Engley)

A Nanjing, China

A Plant
@ D&DCenter
Il R &DCenter

‘ Constellium
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Anforderungen an ein Crash Management System
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Crash Management Systems - Basics

Was ist ein CMS ?
* Energie absorbierende Montage-Baugruppe zur kosteneffizienten Reparatur nach Low-Speed Crashs

Welche Aufgaben erfiillt ein CMS ?

e Schitzt die Rohkarosserie vor plastischer Verformung, Reduktion von Reparaturkosten
(Versicherungseinstufung)

e Aufnahme Abschleppvorrichtung und Lasteinleitung beim Abschleppen

* Krafteinleitung und Energieaufnahme beim High Speed Crash

Wie ist ein CMS aufgebaut ?

* Funktionsintegrierte Leichtbauweise hauptsachlich mit speziell ausgelegten Strangpressprofilen
* Hochfeste und duktile Aluminiumlegierungen

* Schweil$- und Schraubverbindungen

y
ﬁ Constellium .“ Automotive Structures 2020
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Crash Management Systems - Bauformen
¢ Crashbox an QTR mit C-Ubergriff, geschweiRt
e Crashbox an QTR mit C-Ubergriff, geschraubt
e Crashbox in QTR eingesteckt, geschweilt
— Endplatte
| / — Crashbox, Absorber
" s’ 4 ., _— Innengurt
SN ' Aussengurt :
Geschraubt . Geschweilt |

b Constellium 4 & Automotive Structures 2020 10

Welche prinzipiellen Bauformen gibt es fiir ein CMS ?

* Crashbox mit Endplatte / Crashbox in LTR eingesteckt
e Crashbox an QTR stumpf aufgeschweilt

¢ Crashbox an QTR mit L-Ubergriff




Parametrisierung eines Crash-Management Systems mit

ANSA Morphing und Optimierung mit LS-Opt

Crash Management Systems — Anforderungen / Lasfille

Gesetzliche Anforderungen :
(0-4km/h)

ECE-R 42

GB 17354

CMVSS 215

US Part 581

35 Constellium

Dimensionierende Lastfalle :

Versicherungs Anforderungen:
(10-16 km/h)

RCAR Struktur (AZT, Thatcham)
RCAR Bumper

IIHS Bumper

Konsumer & gesetzl. Anforderungen :
(>20km/h)

Euro-NCAP, US-NCAP

CN-NCAP,JNCAP, KNCAP

FMVSS208, FMVSS214

[IHS

[IHS
CMVSS
FMVSS
RCAR
AZT
NCAP

Insurance Institue for Highway Savety
Canada Motor Vehicle Safety Standard
Federal Motor Vehicle Safety Standards
Research Council for Automobile Repairs
Allianz Zentrum fiir Technik

New Car Assessment Programme

A .
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Crash Management Systems — Randbedingungen Lastfall RCAR Struktur

Bauraum :

wird begrenzt von LTR, Kihler (Front) Heckabschlussblech (Rear)
und PedPro-Foam bzw. Uberzug (Facia)

-> Definition von Bauraumparametern

Kraftniveau :

wird begrenzt vom Kraftniveau LTR

Intrusionswerte :

Werden begrenzt von Anbauteilen, die nicht beschadigt

werden dirfen (Kihler) Heckklappe ....

? Constellium

Intrusion [mm]

A .
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Crash Management Systems — Randbedingungen Lastfall RCAR Struktur

Optimaler Kraft-Weg-Verlauf :

Maximal mogliche Absorbierte Energie
Innerhalb der Randbedingungen :
150 kN * 180 mm = 27 kJ

orce [kN]

Tatsachlich absorbierte Energie :
Integral der Kraft-Weg Kurve

m 1500
Wirku ngsgrad : 23'5 / 27 = 87% 9% 16 250 SOREIREIRCOR s:?nts::;s:::;;o T30 140 150 160 170 180 190 2

Entweder Optimierungsziel : Maximierung Wirkungsgrad

Constraint : max. Kraft
Oder Optimierungsziel : Minimierung Abweichung Kraft-Weg Kurve von ldealkurve
Constraints : max. Kraft

% Constel[iu m ’-. Automotive Structures 2020 13



Crash Management Systems — Randbedingungen Lastfall RCAR Bumper

RCAR Bumper Intrusionen :

* Barrierenintrusion dunkelblau

* Quertragerintrusion
am Innengurt hellblau

Entweder Optimierungsziel :

140 vy e S s B R e 7000
_ Intrus r‘ B B E £ : g g
T {6500
1200 - 6000
110f - - 15500
goboiof i i i i L asoo
= 80} {4000
= ;
o 700 3500
£ ; L 5 e L L
50} |- {2500
404 [ 12000
30ff ©{ 1500
20} 2 i {1000

Intrusion [mm]

Minimierung Quertragerintrusion am Innengurt

Constraint : CMS Masse
Oder : Optimierungsziel : Minimierung Quertragergewicht mit
Constraint : Max. Quertragerintrusion

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 168

Energie [J]

Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

‘ Constelt'glg

£ Constellium

A .
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Parameter Definitionen und Modellierung in ANSA
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Parameterdefinition — Ubersicht Parameter

Bei den Parametern unterscheiden wir nach 3 verschiedenen Parametergruppen :

Bauraumparameter - Anpassung des CMS an den spezifischen Bauraum
(werden nicht optimiert)

Wandstarkenparameter - Wandstarkendefinition
werden Uber A-Parameter variiert und optimiert

Designparameter - Haben Einfluss auf Design und damit Funktion,
werden Uber Morphingparameter variiert und optimiert.

% Constellium “‘ Automotive Structures 2020 16
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Parameterdefinition — Bauraumparameter

Bauraumparameter - Anpassung des CMS an den spezifischen
Bauraum (werden nicht optimiert)

- BQT Biegeradius, angepasst an Bauraum bzw. Fahrzeugfront (Facia) BQT Ueberstand 25 mm bis 125 mm
- Abstand Crashboxen in Y-Richtung, angepasst auf LTR Abstand

- Abmessungen Crashboxprofil (Breite, Hohe) angepasst auf LTR Abmessungen
- BAQT Breite (CB- Uberst.j‘d nach aussen) wl, ~—l-

-> 5 Bauraumparameter

r rr T &

Biegeradius 1000mm < 2000mm < 3000mm  CB Y-Lage 800 mm < 900 mm < 1000 mm CB Breite 60 mm < 80 mm < 100 mm
CB Hohe 60 mm < 80 mm < 100 mm

MMMMMMMMMMMMMM

§ Constellium “0 Automotive Structures 2020 17
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[F] () ANSA v20.1.0 64-bit - ANSA_v20.0.1 ((home/ve/Param_CMS/V1l/ve_Param_CMS_V11_work.ansa)

File Tools Utilities Lists Assembly Plugins Windows Help [D‘ ch Functio d Filters

H — T = & ~
il B PM> &G > 9. 0T ¢ ¢ (3 IE> F2o@ SS9 m.
Open LS-DY LS.DY. Save © * Mode Mode DM Prope Mater ~  Batch. Featu Undo  Redo  Mesh. Quali. Delet. Com. Isolat, Snap. CutP|, Transf Deck. Meas. * Conn. Temp. Defin, Conu, Bolt Erase Topo  Mesh VMes LS-DY.

Task Manager ® Database = RO Modules Buttons

&

| Name Boxesk Info  »
ANSAPART
| New » Offset 20 Morph »
:Root ASSIGN_VAL_ [ - [ I ]
+ A PARAMETEI [ Split [ Release IlD Mcrph'l
“ DATABASE [ load »| Delete [cylingrical» |
¥ i+ DEFINE [ Undelete [ Links I Convert l
EDGE
¥ = ELEMENT Split2Penta
FE PERIMETER Controls Sensitivity
+ GEQMETRY
HOURGLASS [Parameters[ History I Nested l
LOCK_VIEW Deform Map | Tubes Depe.
+ MATERIAL
# MORPH Control Points Info  »
NODE [ Insert [ Number I Delete ]
OPTIMIZATION Rem Double
+ PROPERTY
SET Edges Info  »

[Tangency P[ ToCurve I Concentric

Direction At
Hatches Info  »

[ Join [ Paste Topo

ToFace Adjust
Box Morphing Match

[ Move [ Ft L4 I Project l
E}l DESIGN VARIABLE [DESIGN_VARIABLE] [ S ERRE [ = ICyhndri:a\b l
CB_YLage
ﬁ ] Name QeIR(IELT] Direct Angle
=[] B €BHeehe
= ﬂ D TYPE RANGE Direct Morphing» Depress
I [ ReAL [_ser [ DR [HolesTub. > [Design ch» |
- Min Value Current Value Max Value Step Value [ e [C””ma'”t - ]
Recenstruet8T— - -
u _oveet_[Nommaze | ft |
Gl - |: Al Comment ;]CWEEE(
= Checksr Geometry C
Design Variable: Intersecting .| Not Loaded
Options List )
CB_YlLage View mode Topo =
Freeze check v

) || TS SV T TG Ve e G
Image saved in fhomejve/Param_CMS/V1 - —
Please wait. Auto saving database (10:17:44) ..
Saving to file: fhome/ve/Param_CMS/V1l/ve_Param_CMS_V11 work.ansa_autosaved l.ansa

©e.8v.

Hidde. Fringe Wire  Boun

D WO o e v e W

Done S . = 5
e T RE EEHR

Info

ol

I
L o3HCCB. Il PorscheCavmanfront L BR223BR.____ Il Param CM5W11 Comolete]
s e L
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E!] O ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1ljve_Param_CMS_V1l_work.ansa)

Fle Tools Utilities Lists Assembly Plugins Windows Help
> [eT] > >
Bk R E R EPM &6
Open LS-DY. LS-DY. Save - Mode. Mode. DM _ Prope. Mater. Batch. Featu. Com,
Task Manager B Database o v Y11 work.a Current Part:
I .  Name
P ANSAPART
[t ASSIGN_VAL
© [ B evcpwo +-A_PARAMETEI
+- DATABASE
HIEL e v| ® DEFINE
* @ BY_CB WA EDGE

| #-ELEMENT
FE PERIMETEF
£ 0 oV cBwR +- GEOMETRY
A LNiB Al Ace

[E] PARAMETERS

+
2
id ‘Name

1 QT _Tiefe

2 QT_Bomb_Steg_oben

3 QT_Bomb_Steg_mitte

4 QT_Bomb_Steg_unten DFM TRANSLATE

5 QT_Sickentiefe DFM OFFSET

6 QT_Sickenpoesition DFM TRANSLATE

7 QT_CB_Innenstege_ZlLage DFM TRANSLATE

8 QT_Biegelinia DFM TRANSLATE

9 QT_Biegelinie_Korrektur_XLage DFM TRANSLATE

10 QTR Ueberstand DFM TRANSLATE

age DFM TRANSLATE

- 12 CB_Hoehe DFM TRANSLATE
3 CB_Breite DFM TRANSLATE
14 CB_Ecksicke LI OB DFM TRANSLATE
15 CB_Ecksicke_LI_UN DFM TRANSLATE
16 CB_Ecksicke_RE_OB DFM TRANSLATE
17 CB_Ecksicke RE_UN DFM TRANSLATE
18 CB_Ecksicken_XLage DFM TRANSLATE

] B Bv—eaw

'ype Movement

DFM TRANSLATE
DFM TRANSLATE
DFM TRANSLATE

-

PARAMETERS total 18 | selected 1
] | 344

Design Variable:

(«] " [ [vii3) ParametersEdl  Select PARAMETERS

Co_oIEie, 10 1T
Empty selection

Please wait. Auto saving database (08:52:15)

Saving to file: fhome/ve/Param_CMS/V11/ve_Param_CMS_V11_work ansa_autosaved_l.ansa
Done

ol I [v2

Info

;5 Constellium

$ -

ID 5 Fun

@ ¢ < @ @

Mesh. Quali. Delet. Com. lIsolat, Snap. CutP|, Transf, Deck. Meas. °

- > el . >

! o .8 9.

ot Al neign, © ENT, Hidde. Finge  Wire Boun,

> q = >

% =0T gERe
Box Shad Hatch

Cross Perim. Single Doubl| | Triple

O P In.

: Topo Mesh V.Mes. LS-DY.

Modules Buttons
Boxes» Info  »

New »| oOffset |20 Morph»
Split [ Release ]1D Morph »

Liste der

[ ]
[ ] .
{ Load | Delete ]cv.mmm} Morph|ng Parameter

Undelete | Links

Split2Penta

Controls

] Convert

Sensitivity

[Parameters[ History ] Nested ]

Deform Map |Tubes Depe
Info  »

Rechte Maus :

Control Points

[ Insert [ Number ] Delete ]
Rem Double
Edges Info  »

[Tsngen(y P[ ToCurve ] Concentric ]

Direction Fit

Hatches

Info  »

[ Join [ Paste ] Topo ]

ToFace Adjust
Match

'] Project ]

Box Morphing
[ Move [ Fit
[ Slide » [ Offset ]Cylmdrl(a\b ]

Direct Angle
Direct Morphing» Depress

[ DM [HolesTub » [Design ch v |
[ Create » [Constraint.' ]
[

Direct [NummleRe ] Fit ]
Crossec
Checksr Geometry C
Intersecting .| Not Loaded
Options List ®
View mode Topo £
+ Morphing v
Translate v
Freeze check v

A .
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E!] O ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1ljve_Param_CMS_V1l_work.ansa) =

Fle Tools Utilities Lists Assembly Plugins Windows Help [D‘i h Func

oE g — S\ N I
i e R EPM &6 9.@ Hw ¢ <@ @ < VWEHE LT Ol
Open LS-DY, LS-DY. Save © Mode. Mode. DM _ Prope. Mater. Batch. Featu. Com, { Undo Redo  Mesh. Quali. Delet. Com. Isolat, Snap. CutP|, Transf Deck. Meas. *  : Conn. Temp. Defin, Conv, Bolt Erase ¢ Topo Mesh V.Mes. LS-DY.

Task Manager B Database & Modules Buttons
[E] L Name Boxess Info  »
ANSAPART [ New »| offset |20 Morphe ]
IE[T]’ ASSIGN_VAL _ E
< @ v we +- A_PARAMETE [ Split [ Release ]1D Morph']
o[ @ + DATABASE [ load »| Delete |cylindrical* |
&® b o ¥l [ DEFINE [ Undelete [ Links ] Convert ]
3
2 7] Direct Morph Spiitzrenta
& B
= D Move Type [ﬁ
Controls Sensitivity
=0 o o| KT (o =]
e @ B - Control Entities [Parameters[ History ] Nested ]
Translate Vector Deform Map | Tubes Depe
s B|| = Translate
i @ B Control Entities Control Points Info  »
Translate Vector [ Insert [ Number ] Delete ]
* W e N Morphed Entities
Rem Double
3 B | ] Bounds
W o O Constraints Edges Info  »
&
@ [Tsngen(y P[ ToCurve ] Concentric ]
2 B
@ Direction Fit
+ B
@ d Hatches Info L4
&
@ o [ Join [ Paste ] Topo ]
3
@ ToFace Adjust
& B
| m ok e
~ [ Move [ Fit '] Project ]
Slide » Offset Cylindrical »
w : [ .
+ 1=
@ Direct Angle
£ (=
Direct Morphing» Depress
v e
l [ DM [HolesTub » [Design ch v |
R
[ Create » [Constraint.' ]
A [ Direct [NummleRe] Fit ]
ﬁ * @ Area Crossec
CI—— s/ FE Entiies
Line Checksr Geometry C
Geomet
Options List ®
View mode Topo £
entities for transformation Highlight controls o
— Morphing Fast E
A .
Empy selection s/ + - 1- i ¥ oo Te.e 9.
Plaase wait. Auto 4 |[ Back Il Next l‘ or And Not INot Al Invert| Lock | |Neigh, " ENT, Hidde. Fringe  Wire Soun.
Saving to file: fhom ansa
D P =
- i > % | S (I EEAR
£ D+ Grids  Cross. | Cof Perim. Single Doubl. | Triple Box Shad. Hatch
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E!] O ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1ljve_Param_CMS_V1l_work.ansa)

Fle Tools Utilities Lists Assembly Plugins Windows Help
> [elg] >
Bk R E R EPM &6
Open LS-DY. LS-DY. Save - Mode. Mode. DM _ Prope. Mater. Batch. Featu. Com,
Task Manager B Database &
»» o
ANSAPART
Elxk ASSIGN_VAL |
© [ B evcpwo +- A PARAMETEI
+- DATABASE
HIEL o v| ® DEFINE
=M B 7] Direct Morph
B = D Move Type
# = Translate

@ Control Entities

= Translate
Control Entities
Translate Vector
Morphed Entities
Bounds
Constraints

SERESRERRBRAREER
O

P P O N OMeSm oD O & O O © O O © © © T ©

() & & &

ﬂ'ﬁﬁ
+
& @

Design Variable: dz
Distance
translate vector
o oie

Empty selection

Please wait. Auto s |[ Back H Next l‘

Saving to file: fhom ansa

Done
2 7
E I0+H

“ Constellium

il

Grids  Cross.|Col

ID 5 h Func

@ ¢ < @ @

Mesh. Quali. Delet. Com. lIsolat, Snap. CutP|, Transf, Deck. Meas. °

::cj)v@

£ Undo  Redo

OSSP

: Topo Mesh V.Mes. LS-DY.

S S >
N T S P W
© Conn. Temp. Defin, Conv, Bolt Erase

Modules Buttons

Boxesw m
[ New »| offset |20 Morphe ]
[ Split [ Release ]1D Morph » ]
[ Load » [ Delete ]Cylmdrl(a\b ]
[ Undelete [ Links. ] Convert ]

Split2Penta

Controls

Sensitivity

[Parameters[ History ] Nested ]

Deform Map |Tubes Depe
Info  »

Control Points

[ Insert [ Number ] Delete ]
Rem Double
Edges Info  »

[Tsngen(y P[ ToCurve ] Concentric ]

Direction Fit

Hatches

Info  »

[ Join [ Paste ] Topo ]

ToFace Adjust
Match

'] Project ]

Box Morphing
[ Move [ Fit
[ Slide » [ Offset ]Cylmdrl(a\b ]

Direct Angle
Direct Morphing» Depress

[ DM [HolesTub » [Design ch v |
[ Create » [Constraint.' ]
[

Direct [NummleRe ] Fit ]
Crossec
Checksr Geometry C
Intersecting .| Not Loaded
Options List ®
View mode Topo £
Highlight controls v
Morphing Fast =

9.8 B

Hidde. Fringe  Wire Boun

£lakt>

'] > \¥]
1 I} ? F ENT
Or  And  Not !Not Al Invert| Lock | Neigh, ENT

o

Perim. Single Doubl. Triple Box Shad Hatch

5o =R
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E!] O ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1ljve_Param_CMS_V1l_work.ansa) =

Fle Tools Utilities Lists Assembly Plugins Windows Help ID 5 h Func
> o] > H m S) 7 = B > i
B RA, R EPM &6 9.@ Hw ¢ <@ @ < WE TR AT OO
Open LS-DY. LS-DY. Save - Mode. Mode. DM _ Prope. Mater. Batch. Featu. Com, i Undo  Redo  Mesh. Quali. Delet. Com. Isolat, Snap. CutP|, Transf Deck. Meas. *  : Conn. Temp. Defin, Conv, Bolt Erase : Topo Mesh V.Mes. LS-DY.
Task Manager B Database & Modules Buttons
[E] ¥ | Name Boxess Info  »
ANSAPART [ New »| offset |20 Morphe ]
IL_E[T]' ASSIGN_VAL _ E
< @ v we +- A_PARAMETE [ Split [ Release ]1D Morph']
o[ @ + DATABASE [ load »| Delete |cylindrical* |
&® b o ¥l [ DEFINE [ Undelete [ Links ] Convert ]
3
2 7] Direct Morph Spiitzrenta
& B
= D Move Type [ﬁ
Controls Sensitivif
sOW Bl & Translate _ 2
+ @ B @ control Entities [Parameters[ History ] Nested ]
® @ Translate Vector Deform Map | Tubes Depe
+ B
i @ B = Control Entities Control Points Info  »
Translate Vector [ Insert [ Number ] Delete ]
* W e N Morphed Entities
Rem Double
3 B | ] Bounds
W o O Constraints Edges Info  »
&
@ [Tsngen(y P[ ToCurve ] Concentric ]
2 B
@ Direction Fit
+ B
@ d Hatches Info L4
&
@ o [ Join [ Paste ] Topo ]
3
@ ToFace Adjust
& B
| m ok e
~ [ Move [ Fit '] Project ]
ﬂ [ Slide P[ Offset ]Cylm{!rl(a\b]
v e 0
@ Direct Angle
£ (=
Direct Morphing» Depress
v e
[ DM [HolesTub » [Design ch v |
R
l [ Create » [Constraint.' ]
A [ Direct [NummleRe] Fit ]
ﬁ * @ Area Crossec
CI—— s/ FE Entiies
Line Checksr Geometry C
Geomet
Options List ®
View mode Topo £
entities for transformation Highlight controls o
Morphing Fast =
o oie 9
Empy selection s/ + - 1- i ¥ oo Te.e 9.
Plaase wait. Auto 4 |[ Back Il Next l‘ or And Not INot Al Invert| Lock | |Neigh, " ENT, Hidde. Fringe  Wire Soun.
Saving to file: fhom ansa
Done & > & > = = Y
: - - : W RIEHAR
e e D+ Grids  Cross. | Cof Perim. Single Doubl. | Triple Box Shad. Hatch
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E!] O ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1ljve_Param_CMS_V1l_work.ansa) =

File Tools Utilities

Open L5-DY. LS-DY. Save

Task Manager

[>]0»)

Lists  Assembly

i e

Plugins Windows Help ID 5 h Func

Bl 8P M B & H “9.@ Hw ¢ <@ @ <

Mode. Mode. DM _ Prope. Mater. Batch. Featu. Com, £ Undo  Redo

B Database &
', Name
ANSAPART
Elxk ASSIGN_VAL
© [ B evcpwo + A_PARAMETEI
+- DATABASE
HIEL o v| ® DEFINE
=M B 7] Direct Morph
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

E!] O ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1ljve_Param_CMS_V1l_work.ansa)
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Parametrisierung eines Crash-Management Systems mit

ANSA Morphing und Optimierung mit LS-Opt

E!] O ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1ljve_Param_CMS_V1l_work.ansa) =
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

E!] () ANSA v20.1.0 64-bit - ANSA_v20.0.1 {/home/ve/Param_CMS/V1l/ve_Param_CMS_V11_work.ansa) = [®)
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Parametrisierung eines Crash-Management Systems mit
‘ ANSA Morphing und Optimierung mit LS-Opt b_i‘

Parameterdefinition — Bauraumparameter Y-Lage Crashboxen

Morphing Actiwve

‘ Constelliu m ”’ﬁ.@ Automotive Structures 2020 29



Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

Parameterdefinition — Wandstarkenparameter

Wandstarkenparameter Aufteilung der Wande zur Parametervergabe

CB Wand Oben

CB Wand Radius

~__

CB Wand Aussen

\

Innen Gurt
Steg Oben

Aussen Gurt

CB Steg Innen

AY

N —

CB Wand Unten
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Parametrisierung eines Crash-Management Systems mit

ANSA Morphing und Optimierung mit LS-Opt

Wandstarkenparameter Anlegen von DesignVariablen (DV) im Optimization Task
Definition der Wandstarken als A-Parameter
-> Insgesamt 17 Wandstarkenparameter

) ANSAV18.14 64-bit (home/ve/Param CMSVI1ve Param CMS V11.ansa)
Fle Tools Udities Usts Assembly Phugins Windows Help

A _PARAMETERS

3]
oEEa, et ]
P s o RN k-2

T — ' St | [ ©  [name Value Comment Y¢ Min Curr. Max Step &)
- 2;3:,::: RE oy L Lo 16001001 QT_AG_1 3 QT Aussengurt Flansch oben Real 2 3 8 0.2
T S e SEiE b pormets [fest2cuve | sice 16001002 QT_AG_2 3 QT Aussengurt oben Real 2 3 8 0.2
¥ SEZ::‘“ Conment - 16001003 QT_AG_3 3 QT Aussengurt unten Real 2 3 8 0.2
5 2322? — e 16001004 QT _AG 4 3 QT Aussengurt Flansch unten Real 2 3 8 0.2
i gm"c{‘c} T —— D 16001006 QT_IG_1 3 QT Innengurt Flansch oben Real 2 3 8 0.2
: 22:;12;; o | rase | New »|mcimesss 16001007 QT_IG_2 3 QT Innengurt oben Real 2 3 8 0.2
16001008 QT_IG_3 3 QT Innengurt unten Real 2 3 8 0.2
S"':;"*:}WW" o 16001009 QT _IG 4 3 QT Innengurt Flansch unten Real 2 3 8 0.2
toea > [0 210 0rd [aRecomstn 16001011 QT _SO_1 2 QT Steg oben Real 2 2 8 0.2
s e 16001014 QT SM_1 2 QT Steg mitte Real 2 2 8 0.2
= (18 ov.or Tiefe F""“‘I" t"f 2l “""“*" 16001017 QT_SU_1 2 QT Steg unten Real 2 2 8 0.2
: 3;:::::::::::1::; o 16002001 CB_WO 2 CB Aussenwand oben Real 2 2 35 0.1
S 16002002 CB_WU 2 CB Aussenwand unten Real 2 2 35 0.1
16002003 CB_WA 2 CB Aussenwand aussen Real 2 2 35 0.1
i J 16002004 CB_WI 2 CB Aussenwand innen Real 2 2 35 0.1
16002005 CB_WR 2 CB Aussenwand Radius Real 2 2 35 0.1
gl - DL - X ER 582> HER | A_PARAMETERS total 17 | selected 1

35 Constellium
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

Parameterdefinition — Designparameter

Designparameter - Haben Einfluss auf Design und damit Funktion,
werden Uber Morphing Parameter variiert und optimiert.

- BQT Tiefe (1 Parameter)

- BQT Bombierung Stege (3 Parameter)

- BQT Innensteg Z-Lage (1 Parameter)

- BQT RCAR Bumper Triggersicken (Sickentiefe und Y-Position — 2 Parameter)
- CB Ecksicken (Sickentiefe und X-Position — 2 Parameter )

-> Insgesamt 9 Designparameter

% Constellium “‘ Automotive Structures 2020 32



Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

Parameterdefinition — Designparam( ter

.. . < <
Quertrdger Tiefe 30 mm <40 mm < 70 mm BQT Bombierung Stege -4 mm <0 mm <4 mm
BQT/CB Z-Lage Innensteg -15 mm <0< 15 mm

CB Ecksicken Tiefe 0 mm bis 4 mm-.... BQT Sicken Tiefe -8 mm bis 0 mm
CB Ecksicken X-Lage -12<0<3 BQT Sicken Y-Lage 2,75°<5,75°<8,75°

A .
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Prozessfluss

Setup _| Sampling Samplingl
26 parameters I i} 2B wvars, 41 d-apt designs
S " Domain reduction At Y
(SRSM) ANSA
) & ) ) & ) 2B pars
i S . N i . . . . ) _ .'_ ——""'JIII th-\""——-. =Y
Verification P Termination criteria m f”_ =T @ ﬂ_—_}
] 1 design | ] 9 iterations |oLsoYNA L ynA AZT L Ls-DYNaA DYMNA RCAR
} B hists, 3 resps 5 hists, 3 resps
Optimization II'& .'
[ 2 objectives ) e _J,f’!
.\_|‘- 2 constraints _], -~ III/,—

“ , W

Global Sensitivities Composites ]_ | Build Metamodels
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L
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

Histories :

FORCE : RCFORCE; X-master Force of Interface 800000 (Force Transducer Penalty Contact Barrier)
DISPL_COG : NODOUT; X-Displacement of Node 900000 (COG of Trolly)

DISPL_BARR : NODOUT; X-Displacement of Node 800000 (Node on Barrier)

SECFORC_CB_L : SECFORC; X-Force of section 10170001

INTRU : EXPRESSION; DISPL_COG — DISPL_BARR (Barriereneindringung)

F vs_s : CROSSPLOT; X INTRU; Y SECFORC_CB_L

Responses :

MASS BEAM : MASS; Mass of parts 160010XX (All parts of Beam)

F_max : FUNCTION; Minimum of SECFORC_CB_L (Minimum weil Kraft negativ aufgenommen wird)
S_max : FUNCTIN; Maximum of INTRU

‘ Es wird die Kraft-Weg Kurve von CB-Section Force iiber Barriereneindringung ermittelt
Es wird die Masse des BQT ermittelt
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Histories :

DISPL_900000 : NODOUT; X-Displacement of Node 900000 (COG of Trolly)

DISPL_17000903 : NODOUT; X-Displacement of Node 17000903 (Upper Node on Beam Inner Belt)
DISPL_17000905 : NODOUT; X-Displacement of Node 17000905 (Lower Node on Beam Inner Belt)
INTRU_17000903 : EXPRESSION; DISPL_900000 — DISPL_1700903 (Eindringung QTR Oberkante)
INTRU_17000905 : EXPRESSION; DISPL_900000 — DISPL_1700905 (Eindringung QTR Unterkante)

Responses :

MAX_INTRU_17000903 : FUNCTION; Maximum of INTRU 17000903
MAX_INTRU_17000905 : FUNCTION; Maximum of INTRU_17000905

MAX_INTRU : EXPRESSION; max (MAX_INTRU17000903,MAX_INTRU17000905)

‘ Es wird die maximale Eindringung des BQT Innengurtes ermittelt
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Parametrisierung eines Crash-Management Systems mit

ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Composites

@ &) Composites

Composite definition

CurveMatchingAZT
Curve Matching: Measure 'F_vs_s' against target 'Opti_F_ws_s' using M5E of

ordinate values

MAX_INTRU_Composite
Standard Composite: Weighted composite with components MAX INTRU,

DV_QT Tiefe

Copy

@e &

[oPT| O Curve Matching Composite

Name:

|CurveMatchingAZT
Algorithm

(®) Mean Square Error (difference in curve ¥ values)

() Curve Mapping (size of area between curves)

Target curve:

35 Constellium

xgbbrechenl :@ﬂgK |

IOpti_F_vs_s
Computed curve:
IF_vs_s
[ A (© standard Composite ® @ @ [
Name for composite Composite function type —
[MAX INTRU_Composite Weighted [:l e
E @ opti_F_vs_s.txt @ @ @ : components Add new fui
File Edit Search Preferences [ Mudplier [ Divisor Responses
Shell  Macro Windows Help |gu [ I(defaulh [ 1 (default ﬁ'ﬁ
= F ) . s_max
0 120 Tiefe |—1 idefault is 1) | 1 (default) ;ﬂ_,l.;NTRU 17000
L00 120 MAX _INTRU_17000 -
* Variables
Dv_CB 5|
Fi DV_CB WA |
- = ' L

Point selection

A Bl $=|smux BB

7.17
7.18
7.19
7.20
7.21
7.22
7.23
7.24
7.25
7.26
7.27
7.28
7.29
7.30
731
7.32
7.33
7.34
7.35

7.37
7.38
7.39
7.40
741
2.1

8.2

5.3

5.4

2.5

5.6

5.7

5.8

2.9

8.10
.11
8.12
2.13
8.14
8.15
2.16
2.17
8.18
2.19
8.20
2.21
8.22
8.23
8.24
2.25
8.26
8.27
8.28
2.29
.30
8.31
8.32
2.33
5.34

¥ Objectives

MASS_BEAM
CurveMatchingAZT

Multiobjective
Max Constraint Viclation

= Entity | Compu...| Predict...| |
= Point

= Variables
DV_CB_SI 21 21
DV_CB_WA 25 25
DV_CB_WI 21 21
DV_CB_WO 2.9 2.9
DV _CB_WR 32 32
DV _CB_WU 3 3
DV_QT AG 1 24 24
DV_QT AG 2 34 34
DV_QT AG 3 26 26
DV_QT AG 4 8 8
DV QT IG_1 24 24
DV QT IG 2 28 28
DV QT IG 3 46 46
DV_QT IG 4 28 28
DV_QT SM_1 54 54
DV QT S0 1 22 22
DV_QT SU 1 2 2
DV_QT Tiefe 20 -20
DV_QT_Bombierung_mitte 0 0
DV_QT Bombierung_oken -1 -1
DV_QT_Bombierung_unten 0 0
DV_QT_Sickenposition 26 26
DV_QT_Sickentiefe -2 -2
DV_Innenstege_Zlage 6 6
CB_Ecksicken 3 3
CB_Ecksicken_XLage 0 0

= Responses
MASS_BEAM 483624 483401
F_max -114.832 -121.409
S_max 725766  BB.697
MAX_INTRU_17000803 5695923 £9.8786
MAX_INTRU_170009805 69.5889 705242
MAX_INTRU| 695923 70449

¥ Composites
Mass_Beam 483624 483401
CurveMatchingAZT 0.120208 0.103274
MAX_INTRU_Composite 895923 90449

= Constraints
F_max -114.832 -121.409
MAX_INTRU_Composite 895923 90449

483624 483401
0.120208 0103274
138519 125796
0 044896
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Parametrisierung eines Crash-Management Systems mit
‘ ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Constraints L 5B Ee G e B 86 8 b Cywm—m

[oFT] @ Optimization @ E o W :
Jbiegive] consras |G| — yd
Constraint scaling (internal) | /
[ show advanced options b /
Optimization constraints: Add new 60,
| Response | | Lower Bound | Divisor | | Upper Bound | Divisor Responses
. MASS_BEAM g "
RCAR Struktur : x  F_max x | -130 | 130 (default) Set upper bound s_max o o Hf'J\)\M {‘\v’_ /
MAX_INTRU_1700090 -
RCAR Bumper : x  MAX_INTRU Composite Set lower bound x a0 90 (default) | MAX INTRU 1700090 120 W \JV’NJ
MAX_INTRU »
Composites
Mass_Beam o
CurveMatchingAZT
[T I
<Jok
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Objectives
[oFT] O Optimization
Objectives | Constraints | Algorithms |

[] Maximize the Objective Function (instead of minimize)

[] Create Pareto Optimal Front (Multi-Objective Mode)

Objective components: Add new
| Response/Composite |Weight | Responses
F_max
X MASS_BEAM 1 (default)  max
) - MAX_INTRU_1700090
CurveMatchingAZT 75 (default is

MAX_INTRU_1700090
MAX_INTRU

Composites
Mass_EBeam

MAX_INTRU_Composit

L W

Joxk

3‘, Constellium

Multiobjective loop w/o weighting :

= Objectives
MASS BEAM
CurveMatchingAZT
Multiobjective

Optimiert wird immer die Summe aus
allen Zielen, das Multiobjective.

Da der CurveMatching Wert sehr klein ist,
bekommt er einen hohen Weight Faktor
damit die Ziele beide zu etwa gleichen
Teilen optimiert werden.

Multiobjective loop with weighting :

= Objectives

419549 MASS_BEAM 5.25973
0.0755819 CurveMatchingAZT 0.073965
4.27107 Multiobjective 10.8071
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Ubersicht Kosten Simulationsprozess

Anzahl Variable 26
Anzahl Simulationen / Iteration und Lastfall 41
Anzahl Lastfalle 2
Anzahl Iterationen 9
Anzahl Simulationen gesamt 738
Anzahl Simulationen parallel 2

(32 CPU-Cores / Job)

Dauer fir eine Simulation AZT 12 min
Dauer fir eine Simulation RCAR 36 min
Dauer fir eine Iteration ca. 16,4 h
Dauer fiir 9 Iterationen ca. 148 h (6,2 d)
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Startmodell 1.1

Quertrager :

Tiefe (X): 40 mm

Trigger Sicken Keine

Steglage Mittig

Stegbombierung Keine

Wandstarken 2.0 mm

Crashbox :

S . -

Hohe (2): 80 mm
Ecksicken Keine
Wandstarken 2.0 mm

Gewichte: I |
CB: 0,25 kg I I
QT: 1,98 kg | I
total: 2,85 kg / J
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Initial Run 1.1

_L: Scalar: Part Data,Velocity-X*
$ Constellium

5000

\\ J]l" BN A

AZT 10° Left
Vehicle weight : 1620 kg

Impact velocity : 16 kph A
peak load : 90 kN LM@VJW

RCAR Bumper . Ny
Vehicle Weight : 1620 kg * _// o
Impact velocity : 10.5kph | /7 )
max. Intrusion: 140 mm g :

100
Barrier Intrusion [mm]
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt — Result Scatter Mass-Beam vs. MeanSquareError

i () Project: ve_Param_CMS_V1l.sopt LS-OPT Viewer ) © (53]
LrEfEe e e BE SR 5 I mw—m—m|

Iteration = s Scatter Plot

n.m n ! " Response "MASS_BEAM" vs. Composite "CurveMatchingAZT"

o 0 (Results of All Iterations)

I TII = a DFeasible
llast: B a " W infeasible
ceater T 0.15 . Mass-

Setup | Points | Ranges = "

et [ ' . Beam
[ Entity [x]¥][z]c N -
== = 0.14 -

DV_QT AG 4 Q0C -
DV QT 6.1 0oo0d = - " 7.1 469 kg
DV_QT_IG_2 00Q L =
DV_QT_IG_3 00Q = =
DV_QT G4 00Qg 0.13 M . 721 451 kg
DV_QT_SM 1 00g g s . "
DV_QT_S0.1 ood | " - sl LT b
DV_QT_SU_1 ood B 2" = " = = 81 485 kg
DV_QT Tiefe 00Qg ° 0.12 o
DV_QT_Bombierung_mitte O O C » m
DV_QT_Bombierung_oben O Q C 5 u | » L LI . 9‘1 4-90 kg
DV_QT_Bombierung_unten O O C ] g, = L] = u -
DV_QT_Sickenposition 00d E 0.11
DV_QT_Sickentiefe 00dg E 10 1 486 kg
DV_Innenstege_Zlage O O O ;
CB_Ecksicken 00Qg g
CB_Ecksicken_XLage [eNeNe| l=) o

= Responses . -
(DYNA_AZT L) -
MASS_BEAM ®@0Qd
F_max oo0d
5_max 00Qg [
(DYNA_RCAR)
MAX_INTRU_17000903 00Qg L]
MAX_INTRU_17000905 [eNeNe|
MAX_INTRU 0o0dgd -

'~ Composites L]
Mass_Beam oo0dg
CurveMatchingAZT 0@g - L]
MAX_INTRU_Composite O O O =

'~ Constraints
F_max 00(g L
MAX_INTRU_Composite: O O O

'~ Objectives
MASS_BEAM 00Qg
CurveMatchingAZT

0.079
0.075
0.075
0.069
0.075

88.1 mm
88.6 mm
88.2 mm
89.5 mm
86.4 mm

129.3 kN
124.8 kN
129.9 kN
125.8 kN
127.3 kN

£ Constellium
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt : Zweitplaziertes Design 7.1

Quertrager :

Tiefe (X): 60 mm
Trigger Sickentiefe 5mm
Steglage +3 mm
Bombierung oben -2 mm
Bombierung mitte -1 mm
Bombierung unten +2 mm
Crashbox :

Breite (Y): 80 mm
Hohe (2): 80 mm
Ecksickentiefe 3mm
Gewichte:

CB: 0,97 kg
QT: 3,72 kg
total: 4,69 kg
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt : Zweitplaziertes Design 7.1

2 Constellium

A,

I WV

\ \V e A //\. e

’ b Wy oo B

)ﬁ 7D :
AZT 10° Left
Vehicle weight : 1620 kg
Impact velocity : 16 kph . —
peak load : 129.3 kN 1 f SRR A o] 22 e |
0 L T 05, -0 (Time=50) 9

)~ 7 I
RCAR Bumper / / / /
Vehicle Weight : 1620 kg / // /
Impact velocity : 10.5 kph / | /
max. Intrusion: 68.1 mm Vit / .
bei 20 mm tieferem BQT ol 0 ]

Barrier Intrusion [mm]
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt : Gewinner-Design 7.21

Quertrager :

Tiefe (X): 50 mm

Trigger Sickentiefe 4 mm

Steglage +6 mm

Bombierung oben -3 mm

Bombierung mitte +3 mm

Bombierung unten +1 mm

Crashbox :

Breite (Y): 80 mm

Hohe (2): 80 mm

Ecksickentiefe 4 mm

Gewichte: i -
CB: 1,00 kg N -
QT: 3,51 kg i E
total: 4,51 kg N N

)
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Parametrisierung eines Crash-Management Systems mit
ANSA Morphing und Optimierung mit LS-Opt

LS-Opt : Gewinner-Design 7.21

Scalar: Part Data Velocity-X"
$ Constellium

5000 &
E]

AZT 10° Left I
Vehicle weight : 1620 kg 100 0
Impact velocity : 16 kph ., e
peak load : 124.8 kN - Wﬁ Gl

Confidential
0DynaOptkey : Constellium VE Param CMS V11 RCAR : Scalar: Part Data Velocity-X : 2 STATE2 ~ TI
3.02975988E+00 & COn%tel jum

5000

Vehicle Weight : 1620 kg f /
Impact velocity : 10.5 kph ) J

max. Intrusion: 78.6 mm
bei 10 mm tieferem BQT W | | I N

-]
RCAR Bumper e H’Jf/
]/ o 8

/
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