Vyroba karoserii, strukturalnich a podvozkovych dilu automobilu
od lisovani, pres spojovani (svarovani, nytovani a lepeni) az po lakovani
popis jednotlivych procesu a jejich pfipadnych problému, popis feseni
pomoci numerickych simulaci

CJi Marek Slovacek, ESI GROUP
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Body in White Assembly - Multi-Material, Multi- Vyrobni Procesy

STYLING STRAK / TECHNICAL BODY

SURFACING ENGINEERING

Pokus — omyl feseni
Trial-and-error iterations

=

» Neexistuji prototypy, nastroje, pFl’pravEy
» Experimenty spojovani/assembly
»  Stovky kombinaci
» Dlouhy cas zkouseni (az 6 mésict)
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Suppliers / Purchasing

Optimalizace
pozicovani a
uchycovacich
pripravku

@

Udrzeni
kvality, zaruky

Maanactgrlng Prototyping/Pre-Series
Engineering
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Body in White Assembly - Multi-Materia

, Multi- Vyrobni Procesy

Outsorcing — zvySovani poctu spole¢nosti,
kvalita

Vysokopevné oceli, Al slitiny,
kompozity...

: 4
Ocel a Al

Digitalizace procesu

Podvozkové dily, tlumeni

Powertrain

uzné casti a konstrukcni
varianty

ol

P

Kompozity

Nedostatek informaci pro multi-
materidlové assembly

Multi-Vyrobni Procesy
(odlévani, lisovani, extruze, AM)
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Lisovani

Protlacovani

l RUzné pozicovani a uchycovaci
prvky

BIW Fixture (RPS)

Vnitrni dily
Sestava fidiciho panelu

WWW.esi-group.com

spot, seam, hemming, clinching, riveting, gluing ...

Spojovani (svafovani, pajeni, nytovani,
lepeni, lemovani ...)
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Multi-Material Joining & Assembly MMJA

PRODUCT DEVELOPMENT STAGES

Product Design / Engineering Stages Manufacturing Engineering /Pre-Production Production / In-
validation Prototyping/Pre-series/ Stages Service
Robust Body Predictive body  Predictive chassis Ensure Ensure Control Distortions Automatic
design based on  design for Crash design for Dimension and Dimension during detection and
CAD Durability Perceived quality Accuracy Chassis/Suspension correction of BIW
/manufacturing for Doors and (distortion /Powertrain mfg Dimension and
feasibility Closure control) of BIW Perceived Quality
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Multi-Material Joining & Assembly MMJA

Komplexni vyroba — virtualni numerické simulace vyrobnich procesu — virtualni tovarna

« Karoserie automobilu, strukturalni a podvozkové dily

* Vyroba .
1. Prlmzjlrr,u!oolotovar e
e Qdlévani 4

» ProtlaCovani
« Lisovani — dominantni proces
2. Spojovani
» Pozicovani a upinani do pfipravku, pfipadné pfedehnuti — pfipravna faze
« Spojovaci operace — bodové svarovani, obloukové svarovani, laserové svarovani, frikCni
svafovani, svarfovaneé svorniky, pajeni, nytovani (riveting), klinCovani (clinching), lepeni (adhesive
bonding), lemovani
3. Lakovani
« Samotné lakovani
* Vypékani laku

CJi
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Multi-Material Joining & Assembly
Komplexni vyroba — virtualni numerické simulace vyrobnich procesu — virtualni tovarna

Mozné problémy pfi vyrobé (jde o problemy, které vznikvatjj na zaklade materialovych a strukturnich
zmen a mechanickych jevu, jako jsou deformace a napéti)

Odlévani — nedostatecné materialove vlastnosti (tzn. i nevhodna materialova struktura) , porozita , trhliny,
deformace, degradace materialu zbytkovym napétim a plastickou deformaci

Lisovani — nedostateCné materialové vlastnosti, trhliny, zména tloustky, deformace (odpruzeni),
degradace materialu zbytkovym napétim a plastickou deformaci

szicol\(/énl' a upinani — nedostatec¢né upinaci sily k uzavieni mezer, polotovar nelicuje s upinacim
pfripravkem

Svarovani — nedostateCné materialové vlastnosti (tzn. i nevhodna materialova struktura) , trhliny,
deformace, degradace materialu zbytkovym napétim a plastickou deformaci

Nytovani a klin€ovani — velka lokalni degradace plastickou deformaci, lokalni trhliny, deformace, zména
materialovych vlastnosti systému nyt a spojovany material

Lemovani — trhliny, deformace

Id_e eni — nedostatecna lokalni pevnost, nespravné zateceni lepidla, zména objemu lepidel, tzn., lokalni
eformace

Lakovani — nedostatecna tloustka laku, nedostateCné nebo naopak pfiliSné zate€eni laku, feSeni bublin,
prenos lazné, oplachovani tlak laku na komponenty karoserie — dodate¢né deformace atd.

Vypalovani laku — dodatecné deformace diky tepelné roztaznost karoserie, uvolnéni zbytkovych napéti z
predchozich operaci — dodatecné deformace, poruseni pevnosti lokalnich spoju diky dalSim lokalnim
degradaénim procestim (zbytkové napéti a plasticka deformace)
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Multi-Material Joining & Assembly
Komplexni vyroba — virtualni numerické simulace vyrobnich procesu — virtualni tovarna

ESI GROUP - ,virtualni tovarna“ — Multi Material Joining & Assembly, tzn., komplexni
softwarove feSeni nasledujicich procesu :

1. Lisovani

2. Pozicovani a upinani

3. Spojovani
- Bodoveé svarovani
- Obloukové svarovani
- Laserove svarovani
- Treci svarovani (FSW)
- Svarované svorniky
- Nytovani a klinCovani
- Lepeni

4. Lakovani

5. Vypékani laku karoserie

CJi
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Multi-Material Joining & Assembly — B sloupek

Kompletnl numerické fesSeni B sloupku — lisovani (PAM STAMP), pozicovani, uplnanl
svarovani, uvolnéni (SYSWELD ASSEMBLY) —_

Cil reSeni - predikce deformaci a optimalizace procesu

Lisovani — deformace ——
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Multi-Material Joining & Assembly — B sloupek

Kompletnl numerické rfeseni B sloupku — lisovani (PAM STAMP) pozicovani, upinani,
svarovani, uvolnéni (SYSWELD ASSEMBLY) =

Cil reSeni - predikce deformaci a optimalizace procesu M

Pozicovani a upinani — deformace a redukované napéti

a1 a87
38 455
36 422
33
357
325
202

o e —
g

221
195

162
130
97
65
32
0

v
T‘ . . | 1
- . @ T @omal ERCAE NN
- L ey |
Kequence

get it right®

WWW.esi-group.com

CONFIDENTIAL



Multi-Material Joining & Assembly — B sloupek

Kompletni numerické feSeni B sloupku — lisovani (PAM STAMP), pozicovani, upinani,
svarovani, uvolneni (SYSWELD ASSEMBLY)

Cil reSeni - predikce deformaci a optimalizace procesu

Mista uchyceni, kontakty

Uchycovani— deformace a redukované napéti
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Multi-Material Joining & Assembly — B sloupek

Kompletni numerické feSeni B sloupku — lisovani (PAM STAMP), pozicovani, upinani,
svarovani, uvolnéni (SYSWELD ASSEMBLY)

Cil reSeni - predikce deformaci a optimalizace procesu

Svarovaci sekvence, mista bodovych svart
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Svarovani a uvolnéni — deformace a redukované napéti
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Multi-Material Joining & Assembly — dvere
Kompletni numerické reseni dveri — lisovani, pozicovani, upinani, svarovani, lemovani

uvolnéni

Cil reSeni - predikce deformaci a optimalizace procesu
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Multi-Material Joining & Assembly — dvere

Hemming project

// \,,_ —
-

OP7340 Joining project

7 OP7350 OP7360
Joining project Joining project

B-Pillar Close Out
Stamping, Al 5182

Upper Support
Extrusion, Al 6063-T6

Beltline Outer
Stamping, Al 5182

f A-Pillar Support

Inner panel | Latch reinforcement S it

.2 . 6
N -

| Beltline Inner
' Stamping, Al 5182

/ Latch Reinforcement
{ Stamping, Al 5182

Door Beam
‘Warm Formed, Al 7xxx

& e
e
e
i
Hinge Reinforcement
Extrusion, Al 6063-T6

.1
Inner Panel

0
Inner Reinforcement h :
Stamping, Al 5182 4
Stamping, Al 5182
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Multi-Material Joining & Assembly — dvere

Hemming project

OP7340 Joining project OP7350 Joining project
8

OP7360
Joining project
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Multi-Material Joining & Assembly — dvere

Hemming project

. @ OP7350 Joining project (Template)
®.9 8
5

OP7340
Joining project

OP7360 Joining project
9

SOLIDS

Door Beam

(Composite)
CJ/i
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Multi-Material Joining & Assembly — dvere

Simulation\
Nominal\C’Z’:’::’/’// N

Celkové deformace dveri
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Multi-Material Joining & Assembly — BoxBeam — vliv vyrobnich procesu
na chovani behem externiho zatezovani

[ CAD geometrie CAD geometrie + lepeni Lisovani/svarovani }

Boxbeam crash_only Boxbeam crash_only COS3D Boxbeam mstage

SHELL : Max_Equivalent_Stress 1/0.000000 SHELL : Max_Equivalent_Stress 140000000 SHELL : Max_Equivalent_Stress
Min = 0 at Ele 86 Min = 0 at Ele 86 Min = 0.00763158 at Ele 6730
Max = 0 at Ele 86 Max = 0 at Ele 86 Max = 1.41652 at Ele 2562

2.000 2.000 2.000 / \

Vyrobni degradacni efekty

1/ 0.000000

Zména tloustky
Zmeéna lokalnich materialovych
vlastnosti
Zbytkové napéti
Plasticka deformace
Lokalni distorze

z z 7 \ /
) X % X
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Influence of manufacturing technology for performance solution — crash — boxbeam

CAD geometry Adhesive bonding Stamping/Spot Welding

Boxbeam crash_only Boxbeam crash_only COS3D
SHELL : Max_Equivalent_Stress 1/0.000000 SHELL : Max_Equivalent_Stress 170.000000
Min = 0 at Ele 86

SHELL : Max_Equivalent_Stress 1/0.000000
Min = 0 st Ele 86 Min = 0.00763159 at Ele 6730
Max = 0 at Ele 86 Max = 0 at Ele 86 Max = 141652 at Ele 2562

2.000

Boxbeam mstage

2.000 2.000

Manufacturing effects

Thickness
Local material properties
Residual stresses
Plastic deformation
Local distortion
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