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150 Hot-Stamping Engels, Schalmin, Miiller-Bollenhagen

Moreover, it could be observed that an exploitation of harmonic waves can reduce the
influence of the disturbances mentioned above to a significant degree. Precisely the com-
plex geometries of automotive structures which are partially subjected to tolerances (ra-
dii, cut-outs, flowing edges etc. have less impact on the harmonic wave than on the fun-
damental wave. Harmonic waves result from distortion of the exciter signal due to the
non-linearity of the hysteresis curve (see Figure 9). Higher-frequency parts of the har-
monic waves emerge, in which the measure signal can be splitted using the fourier series
/51.

The performed tests have shown that the magnetic inductive process is a non-destructive
testing device which can be realized. With regard to the benefit of measuring results
being immediately available, an integration of this testing method into the hot-stamping

process could be considered.
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Hot Stamping of USIBOR 1500 P: Part and Process
Analysis Based on Numerical Simulation

Dr.-Ing. P. Hein; Dipl.-Ing. R. Kefferstein
Arcelor Flat Carbon Steel Europe

Dipl.-Ing. Y. Dahan
CEMEF, Ecole des Mines de Paris, Sophia Antipolis

Abstract

The amount of ultra high strength hot-stamped boron steel is rapidly increasing in
automotive bodies-in-white. Indeed, this material and the related hot stamping technology
allow reaching strength levels (1500 MPa) which are far above those of best-in-class cold
stamping steels. Moreover, the traditional balance between high strength, low formability
and high springback is outruled by hot stamping.

General market trends of hot stamping are discussed and an overview of the main
parameters defining the process window of hot stamping is given. A test device has been
set up to determine the formability limits of USIBOR 1500 P in hot stamping. The
methodology for FE-analysis of hot stamping is presented and the flow chart of a typical
feasibility study, as realised by Arcelor for its customers, is described.

1 Hot Stamping of USIBOR 1500 P

1.1 Process Description

The principle of operation of hot-stamping is intimately linked with the opportunities
offered by the chemical composition of boron steels (Figure 1), resulting in a robust
process window for quenching and martensitic transformation. Hot-stamping consists in
heating blanks until complete austenitization (900°C to 950°C, during 4 to 10 minutes).
The blanks (Figure 7) are then transferred very quickly on a press for the stamping. At
high temperature (650°C to 850°C), the material has an excellent formability and thus
quite complex shapes can be formed in a single stroke.

10
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Presshirten von USIBOR 1500 P:
Simulationsbasierte Bauteil- und Prozessanalyse

Dr.-Ing. P. Hein; Dipl.-Ing. R. Kefferstein
Arcelor Flat Carbon Steel Europe

Dipl.-Ing. Y. Dahan
CEMETF, Ecole des Mines de Paris, Sophia Antipolis (F)

Zusammenfassung

Warmumgeformte hochstfeste Borstéhle finden in Rohkarosserien immer stirkeren Ein-
satz. Tatsdchlich ermoglicht dieses Material in Verbindung mit der zugehdrigen Warm-
umformtechnologie (Presshérten) weitaus hohere Festigkeiten (1500 MPa) als die hoch-
wertigsten derzeit verfligbaren Kaltumformstihle. Dartiber hinaus wird durch die Warm-
umformung der traditionelle Kompromis zwischen hoher Festigkeit, niedriger Umform-

barkeit und hoher Riickfederung {iberwunden.

In diesem Artikel werden allgemeine Marktendenzen im Bereich der Warmumformung
diskutiert. Daneben wird ein Uberblick iiber die wichtigsten Parameter gegeben, die das
Prozessfenster der Warmumformung bestimmen. Eine Versuchsanordnung wurde entwi-
ckelt, um die Grenzforminderungen von USIBOR 1500 P bei der Warmumformung zu
bestimmen. Die Anwendung der FE-Analyse bei der Warmumformung wird vorgestellt
und der Ablaufplan einer typischen Machbarkeitsstudie beschrieben, wie sie von Arcelor

fiir Kunden realisiert wird.

1 Presshirten von USIBOR 1500 P

1.1 Verfahrensbeschreibung

) Das Verfahrensprinzip der Warmumformung ist eng verbunden mit den Moglichkeiten,
p g

| welche die chemische Zusammensetzung borlegierter Stahle (Abb. 1) bietet, ndmlich ein

i robustes Prozessfenster fiir das Hérten durch martensitische Umwandlung.

| Der Prozessablauf beginnt mit der Erwérmung der Platinen bis zur vollstdndigen Austeni-
| tisierung (900 °C bis 950 °C fiir 4 bis 10 Minuten). Die Bleche (Abb. 7) werden danach

& b ]
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