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Hot-stamping boron-alloyed
steels for automotive parts

Part III: Tool design and process simulation

BY TAYLAN ALTAN

Editor’s Nete: This article is Part IIl of a three-
part series discussing finite element (FE) sim-
ulation for tool and process design in hot-
stamping boron steel. Part I, which appeared
in the December 2006 issue, discussed the
types and applications of the hot-stamping

process. Part 11, which appeared in January

2007, discussed the microstructure of boron
steels and coatings on the sheet surface.

This column was prepared by the staff of the
Center for Precision Forming {CPE formerly
ERC for Net Shape Manufocturing), The Ohio
State University, Taylan Altan, professor and
director.

ot stamping comprises a form-

ing process and then cooling

the formed part within. the die.
Finite element (FE) simulation. of hot
stamiping is currently under develop-
ment. To model the hot-stamping
process accurately, FE simulation needs
to predict the mechanical, thermal, and
microstructural changes in the work-
piece (see Figure 1),

Material data is needed over a range
of forming temperatures (600 degrees
C to 900 degrees C) and deformation
rales to conduct reliable process sirnu-
lations. Changing swiace conditions

* during forming (such as formed scale
on the sheet surface) significantly influ-
ence heat transfer as well as friction
between the workpiece and tool,

Forming Process
Simulation

Because forming a heated workpiece
occurs quickly (forming speeds are
approximately 500 mm per second),
a simplified - isothermal analysis

could be made assuming no temper-
ature changes occur during actual
deformatior. However, workpiece
cooling in the die must be consid-
ered assuming that nearly all the
cooling occurs after the part is hot-
formed.

Figure 2a shows results from an
isothermal hot-forming FE simula-
tion of a B-pillar. In an isothermal
analysis, a single {low stress curve and
friction coefficient are input to figure
the finite element method (FEM).
Temperature and the effect of forming
speed are not accounted for.

Figure 2b shows results for a
thermomechanical FE simulation.
This FE simulation considers the
terperature gradients within the
material, as well as the effect of
forming speed and heat transfer
between the tools and the work-
plece. ' .

Microstructural changes, such as
transformation to martensite, are
not considered in this analysis.
Research in predicting and model-
ing microstructural changes in a
workpiece using FEM is in
progress. *
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Cooling Process
Simulation

After the forming precess is com-
pleted, the part must be cooled as
quickly and homogeneously as
possible. As discussed in the
December 2006 issue, the hot-
formed part is quenched within a
closed die at a cooling rate of
approximately 50 degrees C to 100
degrees C per second.

Tool design is particularly criti-
cal during the cooling process. The
die must absorb and dissipate a
significant amount of heat energy
through integrated cooling chan-
nels. Cooling channels should be
designed to achieve a homoge-
neous distribution of mechanical
properties in the formed part.

Thermal FE analysis can assist
tool designers in estimating tem-
perature distribution within a
workpiece and tool. Figure 3a and
Figure 3b show the temperature
distribution for two tools with dif-
ferent cooling channel designs.
The die shown in Figure 3a has an
additional drilling hole. A compar-
ison of temperature distribution
between two cooling designs
shows that cocling capacity is
improved by drilling an additional
hole, Figure 3c illustrates z
formed part’s temperature distribu-
tion.

An insufficient cooling rate
because of poor 100l design can be
predicted and corrected using FE
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Figﬁre 1

The chaltenge in FE simulation is developing a material model that can accurately account
for the interaction of the mechanical, thermal, and mierostructural data. °
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simulation. Besides temperature
distribution, thermal FE analysis
also can be used to predict the
cycle time required to cool a part
to approximately 150 degrees C.
At this temperature, a part can be
safely withdrawn from the die.
Thus, a controiled and optimized
hot-stamping process can be devel-
oped with FE analysis. *

Until now most of the research
related to FE simulation of hot
stamping has been done in Earope.
However, the Center for Precision
Forming (formerly ERC/NSM) also
is conducting warm-forming simu-
laticns. The CPF also has extensive
experience in the simulation and
modeling of hot- and warm-forg-
ing processes, which are similar to
hot stamping. &) '

Taylan Altan is a professor and director of
-the Center for Precision Forming {formerly
‘Engineering Research Center for Net Shape
Manufacturing), 339 Baker Systems, 1671
Neil Ave., Columbus, OH 43210-1271, §14-
292-9267, www.epforming.org. The CPF
conducts research and development; educates
students; and organizes workshops, tutorials,
and conferences for the industry in stamping,
tube hydroforming, forging, and machining.

Notes

1. T Troster and W Rostek, “Advanced
Hot Forming,” in proceedings from The
Tnternational Conference “New Development
in Sheet Metal Forming Technology,”
Stuttgart, Germany, 2004, pp. 49-63.

2. P Hein, R, Kefferstein, and Y. Dahan, '

“Hot Stamping of USIBOR 1500P: Part and
Process Analysis Based on Numerical
Simulation,” in proceedings from The
international Conference “New Development

in. Sheet Metal Forming Technology,”
Stuttgart, Germany, 2006, pp. 163-175.

3. H. Engels, O. Schaimin, and C. Miller-
Bollenhagen, “Controlling and Monitoring of
the Hot-Stamping Process of Boron-Alloyed
Heat-Treated Steels,” in proceedings from
The “New
Development in Sheet Metal Forming

International ~ Conference

Technology,” Stuttgart, Gcrméﬂy, 2006, pp.
135-150.

FE Simulation of Hot Stamping of VW Pagsal® 8-pillat
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Figure 2

a An isothermal FE analysis at 700 degrees C indicates the location of maximum thinning.
b A thermormechanical simulation provides more accurate predictions, because it accounts
for workpiece temperature gradients as well as the effect of forming speed.?
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Pigure 3

a, b Thermal FE analysis can predict punch and die temperature distribution during the cooling process. . Holes drilled in the die aflow

for faster cooling.

¢ FE analysis can predict termperatures in a formed part, so cycle time for hot stamping can be estimated. *
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