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Optus -

A user defined constitutive model for prediction of localization and crack initiation calibrated by full field measurement

* Gestamp
e Formulation of the constitutive model
e Calibration using full field measurement

* Validation and verification examples

©G 2018 CONFIDENTIAL — PROPRIETARY INFORMATION OF GESTAMP
eSta m p Any use, disclosure or reproduction of this information without Gestamp’ s written permission is a violation of Gestamp’ s right. All rights reserved. 2



Gestamp Product Portfolio Gestamp [
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BIW MECHANISMS

RS-
Underbody Crash Management

Systems Powered Systems

Hinges Door Checks

/.

Upperbody

CHASSIS

Closures

Subframes Control Arms

Cross Car Beams Battery Boxes Links

Rear Twist Beams

WORKING FOR A SAFER AND LIGHTER CAR
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Product & Technology Development Gestamp [#4

Wide range of technologies addressing the industry
requirements to achieve the right balance between
SAFETY, PERFORMANCE, WEIGHT and COST

[ HOT STAMPING - ] WELDING AND ASSEMBLY REMOTE LASER WELDING 3D
COLD STAMPING ROLLFORMING MACHINING
HSS STAMPING [ PATCHWORK BLANKS MOULDING
HYDROFORMING TOOLING

[ LASER WELDED BLANKS
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Global Footprint — Plants Gestamp [#4

1051 Plants 21 Countries

Industry Leader with Global Presence Strategic Supplier & Partner

North America East Europe

13

South America

s

West Europe

\—45

@ Gestamp plants

(1)  The addition of BHAP’s plant in Beijing resulting from the JV announced on January 25™, 2018 is subject to approval from the Chinese special commission SASAC, as well as to competition and other government authorities
(2)  The addition of Gestamp Sorocaba plant resulting of the acquisition announced on February 13", 2018 which is subject to the approval of the relevant competition authorities
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Global Footprint — R&D Centers Gestamp [#4

13 R&D Centers

R&D Luled

R&D Aycliffe

R&D Remscheid
R&D Bielefeld

& *Ja pan
f# R&D Tokyo

) | W 1 { R&D Kunshan
S i 4 | R&D Shanghai

R&D Meudon
R&D Les Ulis

R&D Boroa Vizcaya
R&D Abrera Barcelona

R&D Sao Paulo
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Model overview Gestamp [#4

Brief history of failure prediction at Gestamp Hardtech

* Development of the OPTUS (OPTimal Use of high strength Steel) model started in 2005

e Cooperation with Ford Forschungszentrum Aachen GmbH, Volvo car corporation and Lulea University of Technology
* Mesh size sensitivity and coarse mesh accuracy

Constitutive model

* Elasto-(visco)plastic Tensile strength Damage
e J2 flow theory 2000 \\/\ //
1800 {/
. . . S
|sotropic hardening —— _— \\ P *\< >
o \(f?)( N

Material failure

Damage

Stress [MPa]
>
8 8

\;_,/
/

* Coupled non-linear damage accumulation rule
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* Scaled with respect to mesh size

600 /
400 //
Fracture 200 /

e Stress state dependent fracture limit "

—_
[ %)
(=]
~

3 4 5
Strain [%]

* Scaled with respect to mesh size
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Model overview Gestamp 4

* Isotropic von Mises Hardening, f =4/3J, — 0, =0

* Piecewise linear static flow stress curve, g,9(&)
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Model overview

Ductile damage = void formation, growth and coalescence
Coupled damage = damage has direct influence on the stress state

0=0(1—d¢c D h(am))
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Model overview Gestamp [#4

Ductile damage = void formation, growth and coalescence
Coupled damage = damage has direct influence on the stress state

0=0(1—djc D h(am))
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Material characterization Gestamp [#4

Property Test method
Flow stress Standard tensile test _
Strain rate : : :
Tensile test at different strain rates

dependency
Strain to Tensile test on specimens representing different stress states
fracture Local failure strain just before fracture initiation is used
Damage : : :

. Force-displacement test result of the plane strain specimen
function

Element size
dependent
failure strain

Measured strain distribution across the localized area of the
plane strain specimen
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Material characterization Gestamp [#4

http://www.isi-sys.com/principle-of-digital-image-correlation/
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Material characterization

Evaluation Cross section
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Material characterization Gestamp [#4

Evaluation Cross section

For each time step:

1. Compute stress

2. Integrate cross-section force
3. Compare with measured force
4, New estimate on H
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Material characterization Gestamp [#4
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Verification Gestamp 4
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Generic crash box Gestamp 4

Material grade not used for crash boxes, only illustration of failure prediction
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Elongation [mm]
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Hat profile Gestamp 4

Three point bending - OPTUS damage model
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Side impact beam Gestamp 4
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Side impact beam Gestamp [

2 mm mesh size

Initial failing elements <

4 mm mesh size

Initial failing elements
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Gestamp Hardtech and SSAB, Docol 2000 Gestamp 4
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Gestamp Hardtech and SSAB, Docol 2000 Gestamp 4

YouTube search: Docol 2000
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https://www.youtube.com/watch?v=00JTKIPcNDw
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CHS? 2019 - 7t International Conference on Hot Sheet Metal Forming of High
Performance Steel

Gestamp 4

7" INTERNATIONAL CONFERENCE

=hs on Hot Sheet Metal Forming of High-Performance Steel W

For the third time, the CHS? conference will be held
where the press hardening technology was invented
and industrialized.

CHS? 2019 will be arranged in Luled, Sweden,
2nd — 5th June 2019.
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Working for a Safer and Lighter Car

www.gestamp.com
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