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Hot-stamping boron-alloyed

steels for automotive parts
Part I: Process methods and uses

BY TAYLAN ALTAN

Editors Note: This article is Part I of a three-part
series discussing hot stamping of boron steels. Part
II, which will appear in the January 2007 issue,
will discuss the microstructure of boron steels and
coatings on the sheet surface. Part III, which will
appear in February 2007, will cover the applica-
tion of finite element (FE) simulation to the hot-
stamping process.

This column was prepared by the staff of the
Center for Precision Forming (CPF) (formerly
called ERC/NSM - Engineering Research Center
for Net Shape Manufacturing), The Ohio State
University and Professor Taylan Altan, director:

hanks to steadily rising vehicle
T safety and crash requirements in

the automotive industry, the use
of ultrahigh-strength steels in structural
and safety components is rapidly
increasing. The higher requirements for
vehicle crash performance can be
achieved with cold stamping only by
using thick-gauge steel, which results in
weight increase. Cold stamping allows
the production of simple shapes with
very high strength, up to 1,200 mega-
pascals (MPa) (about 175 kilopounds
per square inch), such as side impact
beams.

Ultrahigh-strength  steels, however,
pose a major challenge in processing
because of their limited formability and
pronounced springback at room tem-
perature. So, when part complexity
increases, such as with B-pillars, only
lower-strength steel grades can be used
with cold stamping.

Components with strength less than
1,000 MPa (about 145 KSI) and com-
plex shapes are manufactured in sever-
al steps using progressive dies or trans-
fer presses. Figure 1 shows a classifica-
tion of steels according to their strength
and elongation properties.

Hot stamping with die quenching of

boron steels appeared at the end of
1990s for producing some rather sim-
ple automotive parts like door beams
and bumper beams. This process can
overcome some of the typical difficul-
ties associated with cold stamping,

For example, hot-forming of the
quenchable boron-alloy steel 22MnB5
can produce complex, crash-resistant
parts such as bumpers and pillars with
ultrahigh strength, minimum spring-
back, and reduced sheet thickness (see
Figure 2). The tensile strength of
boron steels is up to 1,600 MPa (about
230 KSI), which is far above that of the
highest-strength conventional cold
stamping steels.

Hot-Stamping Process

In hot stamping, forming and hard-
ening are combined in a single opera-
tion. Two different methods are used:
direct and indirect.

Direct Method. In the direct
method (Figure 2a), the blanks are
austenitized at temperatures between
900 and 950 degrees Celsius for four to
10 minutes inside a continuous-feed

furnace and subsequently transferred
to an internally cooled die set via a
transfer unit. At high temperature (650
to 850 degrees C), the material has
excellent formability, so that complex
shapes can be formed in a single stroke.

The blanks are stamped and cooled
down under pressure for a specific
amount of time according to the sheet
thickness after drawing depth is
reached. During this period the formed
part is cooled in the closed die set that
is internally cooled by water circulation
at a cooling speed of 50 to 100 degrees
C per second, completing the quench-
ing (martensitic  transformation)
process.'

The total cycle time for transferring,
stamping, and cooling in the die is 15
to 25 seconds. Finally, the part leaves
the hot-stamping line at about 150
degrees C and with high mechanical
properties: an ultimate tensile strength
of 1,400 to 1,600 MPa (about 200 to
230 KSD and a yield strength between
1,000 and 1,200 MPa (about 145 to
175 KSI).2

Indirect Method. Unlike the direct
process, indirect hot stamping provides
for a part to be drawn, unheated, to
about 90 percent to 95 percent of its
final shape in a conventional die, fol-
lowed by a partial trimming operation,
depending on edge tolerance (see
Figure 2b).

Then the preforms are heated to
austenitization temperature in a contin-

Steel Strength and Elongation Classification
70 | LSS HSS UHSS
60 |<210 MPq 210 - 550 MPa ksso MPa
< 50}
S 4} JIF
g
S 30 |
= TRIp
20 |
i 2B
10 MART gat Treal
0 i i i i i i i M i i i
0 200 400 600 800 1,000 1,200
Strength (MPa)
Figure 1

DECEMBER 2006 WWW.STAMPINGJOURNAL.COM

STAMPING JOURNAL -

AN FMA PUBLICATION



:%0) UPDATE

Press
Blank/Preforming/Cutting

Furnace Unit
With Protective
Atmosphere If Needed

-f\r’" 0000000 E
|=-[0000000] ==
Transfer Press

Contact With
Aerial Oxygen

Tool Cooling Tool Cooling
Unit Unit
i i
Coil  Blank
o -f\; T Tl - o
EE B 1 Y
Parts Rohot Furnace Unit  Transfer Press Parts
Cleaning With Protective Cleaning
and Cutting Atmosphere If Needed Gontact with ~ 2nd Cutting

Aerial Oxygen

Figure 2a, 2b

In hot stamping, forming and hardening are combined in a single operation. Two different methods are used: direct and indirect.
Source: H. Engels, O. Schalmin, and C. Miiller-Bollenhagen, “Controlling and Monitoring of the Hot-Stamping Process of Boron-Alloyed
Heat-Treated Steels,” in proceedings from The International Conference “New Development in Sheet Metal Forming Technology,”

Stuttgart, Germany, 2006, pp.135-150.

uous furnace and hardened in the die.
The reason for the additional step is to
extend the forming limits for very com-
plex shapes by heat-treating the cold-
formed parts. *

Increasing Use

Most North American and European
car manufacturers now are specifying
hot-stamped parts for their new vehi-
cles to take advantage of the superior
strength achieved by hot forming and
quenching. Hot stamping has shown
exceptional development and growth
for several structural parts, including
front and rear bumper beams, A-pil-
lars, B-pillars, roof rails, side rail
members, tunnels, and door beams
(see Figure 3).

In 2004 the estimated total con-
sumption of flat boron steels for hot
stamping and die quenching was about
60,000 to 80,000 tons per year in
Europe. In 2008-2009 yearly con-
sumption in Europe is expected to
increase to about 300,000 tons. Japan
and North America are following this
trend.

Expectations are for more than 20
new hot-stamping lines (heating
furnace and press) to be built
between 2004 and 2009 throughout
the world. *§)

Taylan Altan is a professor and director of the
Center for Precision Forming (CPF) (formerly
ERC/NSM), The Ohio State University, 339 Baker
Systems, 1971 Neil Ave., Columbus, OH 43210-
1271, 614-292-9267, www.cpforming.org.
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Figure 3

Hot stamping has shown exceptional development and growth for several structural parts,
including front and rear bumper beams, A-pillars, B-pillars, roof rails, side rail members,

tunnels, and door beams.
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