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Ultra-high-strength in sheet metal parts can be achieved with hot stamping process. To improve the crash
performance and save vehicle weight, it is necessary to produce components with tailored properties. The
use of tailor-welded high-strength steel is a relatively new hot stamping process for saving weight and
obtaining desired local stiffness and crash performance. The simulation of hot stamping boron steel,
especially tailor-welded blanks (TWBs) stamping, is more complex and challenging. Information about
thermal/mechanical properties of tools and sheet materials, heat transfer, and friction between the
deforming material and the tools is required in detail. In this study, the boron-manganese steel B1SO0HS
and high-strength low-alloy steel B340LA are tailor welded and hot stamped. In order to precisely simulate
the hot stamping process, modeling and simulation of hot stamping tailor-welded high-strength steels,
including phase transformation modeling, thermal modeling, and thermal-mechanical modeling, is inves-
tigated. Meanwhile, the welding zone of tailor-welded blanks should be sufficiently accurate to describe
thermal, mechanical, and metallurgical parameters. FE simulation model using TWBs with the thickness
combination of 1.6 mm boron steel and 1.2 mm low-alloy steel is established. In order to evaluate the
mechanical properties of the hot stamped automotive component (mini b-pillar), hardness and
microstructure at each region are investigated. The comparisons between simulated results and experi-
mental observations show the reliability of thermo-mechanical and metallurgical modeling strategies of

TWBs hot stamping process.

Keywords boron steel, formability, hot stamping, phase transfor-
mation, tailor-welded blanks

1. Introduction

The hot stamping process gained increasing importance due
to the increasing demand for automobile safety and light-
weight requirements (Ref 1, 2). In order to reduce the assembly
cost and maintain good ductility which is crucial for the crash
performance in security-relevant components like the b-pillar,
hot stamping of tailor-welded blanks, one of the new hot
stamping processes, is now focused on supplying functionally
optimized mechanical properties within a single component.

The concept of the partial heating strategy is used to develop
the local mechanical properties in the heating step of hot
stamping process (Ref 3, 4). Another strategy to produce
components with localized mechanical properties is controlling
cooling rate during the quenching process. Heated tools are
used to decrease the cooling rate, producing a more ductile
microstructure with lower strength (Ref 5, 6). Tool materials
with different thermal conductivities are used to control cooling
rate and thus the mechanical properties of the stamped part (Ref
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Abbreviations

TWBs Tailor-welded blanks

HSLA High-strength low-alloy

HAZ  Heat-affected zone

JMA  Johnson-Mehl-Avrami

TTT Time-temperature transformation
FLDs Forming limit diagrams

FLCs Forming limit curves

7). Similarly, ceramic insulation plates in the flange area of a
hot stamping tool are used to supply low-conductivity tool
segments (Ref 8).

One component can meet the same requirements as the one
with several components tailor welded together, providing both
weight- and structure-optimized components. In order to find a
complementary material to the boron steel 22MnBS5, Stopp
et al. (Ref 9) and Lamprecht (Ref 10) have conducted numerous
experiments with several different steel grades. In Ref 11,
Lechler et al. pointed out that the micro-alloyed steel
HX340LAD was an appropriate joining partner. The material
HX340LA combined with boron steel 22MnB5 can supply
components with expected tensile strength distribution. Tang
et al. (Ref 12) have conducted basic experiments on micro-
hardness and metallography on different base materials and
corresponding weld seams. They pointed out that the B340LA
steel was an appropriate joint partner to boron steel B1SO0OHS
with ideal thermal and mechanical properties. In addition to the
characterization of the basic materials, special emphasis should
be placed on the modeling and simulation of hot stamping
tailor-welded high-strength steels. Till now, there are only few
reports on finite element simulation models of hot stamping
using tailor-welded high-strength steels.
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During the hot stamping process, the workpiece is initially
heated to austenitization temperature and subsequently cooled
down to room temperature by heat transfer to the contacting
tools. The austenite decomposes into different product phases
depending on the rate of cooling history. Consequently, in order
to realistically simulate the forming and cooling process of hot
stamping, an FE model based on the metallo-thermo-mechan-
ical coupling theory is very important (Ref 13). In order to
realistically predict the hot stamping process of TWBs,
information on the boron-manganese steel B1500HS, the joint
partner B340LA, and the welding zone, including the heat-
affected zone (HAZ), should be sufficiently accurate to describe
thermal, mechanical, and metallurgical parameters. In addition
to various elastic and plastic material parameters, in order to
describe the material behavior during forming, the heat transfer
coefficient in forming processes at elevated temperatures, phase
transformation modeling, and the definition of the flow stress as
a function of strain, strain rate, and temperature are essential in
order to achieve reliable simulation results. In this article,
modeling and simulation of hot stamping tailor-welded high-
strength steels, including phase transformation modeling,
thermal modeling, and thermal-mechanical modeling is inves-
tigated. In addition, the results obtained from the numerical
simulations are analyzed and critically compared with exper-
imental results. Finally, the obtained results such as Vickers
hardness, microstructure distribution, and formability of TWBs
are highlighted and discussed.

2. Phase Transformation Modeling

Starting with a fully austenitized microstructure, an austenite
decomposition model is used to describe the decomposition of
austenite into its product phases.

For the diffusion-controlled transformation of austenite into
ferrite, pearlite, and bainite, the Johnson-Mehl-Avrami (JMA)
equation (Ref 14) is applied for evaluating volume fractions.
The equation of diffusion-type transformations can be de-
scribed as

In(1-;
ln[lEEpV;ﬂ In(1 — 77)

V=1-exp(-bt"), n=——<>, b=————>,
1 t
ln(i—z) 1
(Eq 1)

where #; and #, are the isothermal time of certain temperature
and V7 and ¥, are the volume fractions of phase transforma-
tions at certain temperature, which in turn depend on time-
temperature transformation (TTT) curves of the selected steel.
For the diffusion-type transformation, the incubation period
and the phase transformation volume fractions can be deter-
mined according to Scheil’s additivity method (Ref 15).

Akerstrom and Oldenburg (Ref 16) modified the rate
equation of phase transformation by Kirkaldy and Venugopalan
(Ref 17) to account for the effect of boron. The decomposition
of austenite into the product phases ferrite, pearlite, and bainite
is described using the differential equation:

dx; _
dt

where X; are the so-called ghost fractions. Accordingly, the
value for the ghost fractions X; varies between 0 and 1. fi(7)

KD AC) /(G fi(X), (Eq 2)
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is a function of temperature, describing the temperature
dependence of the reaction rate. f2(C) is the effect of alloy
composition. f3(G) is the effect of the austenite grain size,
where G is the ASTM grain size number for the austenite. In
this work, a constant austenite grain size is assumed during
cooling. f4(X;) takes into account the current amount of the
different phases.

The volume fraction of non-diffusion type transformation
only depends on temperature, and is not sensitive to cooling
rate. Regardless of the effect of stresses on non-diffusion type
transformation, Koistien and Marburger (Ref 18) described the
equation of non-diffusion type transformation as the function of
temperature:

X = X, (1 — exp(—o(Ms — T))), (Eq 3)

where X, is the current fraction of martensite, Xy is the vol-
ume fraction of remaining austenite, M is the martensite start
temperature, and o is a constant and can be used to control
the velocity of the martensitic transformation. Usually, o as-
sumes values between 0.011 and 0.033.

Hardness distribution is calculated using empirically based
equations as a function of steel composition and cooling rate.
Maynier et al. (Ref 19) presented the computation model
evaluating the hardness of ferrite, pearlite, bainite, and martensite.

In case of martensite phase, the hardness computation model
is presented as

HVM = 1274 949C 4 27Si+ 11Mn + 8Ni+ 16Cr + 21 log V.,
(Eq4)

where HVy; is the Vickers hardness of martensite; V). is the
cooling rate at 700 °C; and C, Si, Mn, Ni and Cr are the per-
centage of steel compositions, respectively.

For bainite phase, the hardness computation model is
presented as
HVp = 323+ 185C + 330Si + 153Mn + 65Ni + 144Cr

+ 191Mo + (89 + 53C-55Si-22Mn-10Ni-20

Cr-33Mo) log 7, (Eq 5)

Variable definitions are similar as in Eq 4.
For pearlite and ferrite phases, the hardness computation
model is presented as
HVg_p = 424223C+53Si+30Mn + 12.6Ni+ 7Cr + 19Mo
+ (10— 19Si+4Ni+ 8Cr+ 1307 ) log V,
(Eq6)
Variable definitions are similar as in Eq 4.

The hardness of steel is the weighted arithmetic mean of
every phase. It can be evaluated by the following equation:

HV = £ HVy + EgHVE + (& + &p)HVE,p, (Eq 7)

where HV is the Vickers hardness of steel. &y, &g, &, and &p
are the volume fractions of martensite, bainite, ferrite, and
pearlite, respectively.

3. Thermal Modeling

For the quality of the formed TWBs, it is important to
guarantee a homogeneous martensitic microstructure in boron
material regions, and therefore numerical simulations should
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model and predict with a great accuracy the physical mecha-
nisms of heat transfer.

During the transfer process from the furnace to the die, the
blank temperature is reduced due to convection and radiation.
Convection heat transfer coefficient is strongly affected by
Reynolds number (Re) and Richardson number (Ri) (Ref 20).
In thermal convection problems, Reynolds number is the ratio
of inertial forces to viscous forces, while Richardson number
represents the importance of natural convection relative to the
forced convection. Some empirical correlations will be
proposed to improve calculation accuracy. The radiation
shape factor is the most important parameter for radiation
coefficient. The radiation shape factor from the upper surface
of the blank to the bottom surfaces of the punch and the blank
holder can be adopted from Ref 16. In this case, the radiation
heat transfer coefficient is variable during the process and
depends on the distance between the blank and die. The heat
transfer with the environment was defined as a function of the
temperature as reported in Akerstrém and Oldenburg (Ref
16).

The convection heat transfer follows Newton’s law of
cooling

QCOHV

where T, is the blank temperature.
Hy =17 W /m’K.

The radiation heat transfer to environment was modeled
using the Stefan-Boltzmann law

= H(T» — T¢), (Eq 8)

In this model,

Qraa = 20(Ty — T7), (Eq 9)

where o is Stefan-Boltzmann constant which equals
5.669 x 1078 and ¢ is the emissivity which directly depends
on the surface type. In this model, ¢ =0.8 was used (Ref 21),
as there is an oxidized surface on the blank sheet.

During the forming and quenching process, the hot blank is
cooled down mainly by contact heat transfer. Equation 10
shows the relationship for heat transfer between dies and blank:

Qcont = HTC(Tb - Tc)a

where HTC is the contact conductance. Contact conductance
is related to temperature, material, and pressure. The analyti-
cal model of contact conductance for specific boron steel was
established. Inverse simulations and nonlinear regression anal-
ysis are used to determine a general model of the interfacial
heat transfer coefficient in the hot stamping process in differ-
ent contact conditions. The different contact conditions stud-
ied are mechanical contact at different contact pressures and
contact at a thin air gap between the hot blank and cold tool.
In the inverse simulation, a thermo-mechanical coupled finite
element model is used with a thermo-elastic-plastic constitu-
tive model, including effects from changes in the microstruc-
ture during quenching.

HTC as a function of the contact pressure (p) can be linearly
fitted as

(Eq 10)

HTC(p) = 59 xp + 1224 [W/m’K], (Eq 11)
where p is given in MPa, for 0 < p < 50 MPa,
and HTC(p) = HTC(50) = 4174 [W/m’K] for p > 50 MPa,
which is a slightly different from HTC(p) = 53.4 * p + 1316
[W/m?K] according to the work of Lechler et al. (Ref 22).

For the FE analysis of hot stamping TWBs, the thermal
conditions of not only the boron steel but also the joint partner
HSLA steel should be represented. It was found that the heat
conductance of the two partner materials was almost the same
(Ref 22), which simplified the analysis significantly. In the
article, the heat conductance of boron steel is adopted as the
input parameter for HSLA steel.

As the percentage of the weld zone surface is negligible
compared to the total remaining boron steel and HSLA steel, no
specific heat transfer coefficient for the seam area was taken.

4. Thermo-mechanical Modeling

During hot stamping process, the influence of temperature
and strain rate has to be taken into account in order to describe
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Fig. 1 Schematic sketch for the analysis of flow behavior at elevated temperatures: (a) base material and (b) weld seam
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the material rheological behavior, which is necessary to carry
out FE simulation (Ref 12).

1.2-mm-thick B340LA sheet and 2.0-mm-thick B410LA
sheet are, respectively, butt welded with 1.6-mm-thick
B1500HS sheet by German IPG fiber laser machine. Detailed
process parameters can be found in Ref 12. The tailor-welded
sheet metal is divided into three zones: base material B1500HS,
base material B340LA, and weld seam. In order to obtain a
reliable and accurate rheological behavior description model,
tensile specimens of base material and weld seam, shown in
Fig. 1 and 2, respectively, are used to evaluate the flow
behavior of base material and weld seam at elevated temper-
atures. The tensile test specimen in Fig. 1(b) is 5 mm wide,
consisting of the narrow weld (b ~2 mm) in the middle, HAZ,
and the two basic materials BISOOHS and B340LA.

Thermo-mechanical Simulator—Gleeble® 1500 is used to
investigate the forming behavior of base materials and weld
seam. The tensile specimen is heated to 950 °C and maintained
for 5 min for complete austenitization. Then the specimen is
cooled down to test temperature using compressed air, followed
by hot tensile tests at a constant temperature between 500 and
800 °C and with different strain rates of 0.05, 0.1, 1.0, and
10.0 s~ to determine the flow stress curves. The tensile tests at

Fig. 2 Tensile specimens for the analysis of flow behavior at ele-
vated temperatures: (a) base material and (b) weld seam
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a given temperature and strain rate are repeated three times
because of experimental instability, and the averaged stress-
strain curves at a strain rate of 0.1 s~ as an example are plotted
in Fig. 3. It is apparent that the hardening behavior of base
material and weld seam is highly temperature sensitive. When
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Fig. 3 Flow curves at elevated temperatures depending on the tem-
perature: (a) B1S00HS, (b) B340LA, and (c) weld seam
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the temperature increases from 500 to 800 °C, the reduction of
yield stress of B340LA is much higher than that of BIS00HS,
which shows that B340LA is more sensitive to temperature
than B1500HS.

The effect of temperature on the flow properties of the weld
seam of material B1500HS and B340LA is shown in Fig. 3(c).
The results show that with the increase of temperature, the yield
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Fig. 4 Flow curves at elevated temperatures depending on the
strain rate: (a) BISOOHS, (b) B340LA, and (c) weld seam
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stress begins to reduce, which is due to a thermally activated
increase of the dislocation movements (Ref 23). At lower
temperature, 500 °C for an instance, the flow stress of material
B1500HS, B340LA, and weld seam shows a similar tendency
with a maximum tensile stress of about 400 MPa. With the
increase of temperature, the flow stress of material B340LA
drops significantly compared with that of material B15S00HS
and weld seam, showing relatively higher formability at
elevated temperature.

The flow curves in Fig. 4 show that the flow stress of
material BISOOHS and B340LA is obviously sensitive to strain
rate, except for the case of strain rates of 0.1 and 0.05 s~ '. The
reason for the phenomenon could be explained that at lower
strain rate, the flow behavior of boron steel BISO0HS and
HSLA steel B340LA is not sensitive to strain rate.

Hot tensile tests of the weld seam are carried out at various
temperatures with different strain rates. As illustrated in
Fig. 4(c), the studies on the effect of strain rate on the flow
behavior of the weld zone in case of elevated temperature of
800 °C show that the plastic deformation behavior of the weld
seam is significantly dependent on strain rate.

Figure 5 shows the stress-strain curves of the 5-mm-wide
seam along with the joint partners of the two base materials
B1500HS and B340LA at 600 °C and with a strain rate of
0.1 s~ The results show that the flow curve of the weld seam
is above that of alloyed steel B340LA, but below the one of
boron-manganese B1500HS.

5. Experiment and Simulation Results

5.1 Experimental Results of TWBs Hot Stamping

Figure 6(a) shows the die set which is composed of upper
punch, lower die, and blank holder. Tailor-welded high-strength
steels with two kinds of weld seam locations were chosen for
the experiment. As shown in Fig. 6(b), boron steel BIS00HS is
tailor welded on the top of the blank, where exhibited resistance
to deformation. In order to achieve softer mechanical properties
after quenching process, HSLA steel B340LA is tailor welded
with B1500HS, functionally acting as energy absorption. In
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Fig. 5 Flow curves at elevated temperatures depending on the cool-
ing rate: (a) B1S00HS and (b) B340LA
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Fig. 6(b), two samples are intended to show the movement of
different locations of weld seam, and to find the weakest zone
at different locations with differently located weld seam. In this
way, an automobile component mini b-pillar can be manufac-
tured with functionally optimized and tailored mechanical
properties.

The designed tool was continuously cooled using chilled
water recirculation and maintained at room temperature. The
blanks were heated to 950 °C for complete austenitization and
then transferred from the furnace to the tool in 5-7 s and
subjected to contact pressure during closure for controlled
cooling. The punch moved down with a speed of 40 mm/s and
the workpiece was deformed. Afterward, it was quenched in the
die and maintained for 10 s.

Figure 7 shows the hot stamped mini b-pillar using TWBs,
where SN represents weld seam including heat-affected zone.
The fracture does not appear in the product, but there is strong
wrinkle tendency in the binder area, where the flat blank came
into contact with the blank holder. The reason for the significant
wrinkle tendency is that there is a 2 mm clearance between
binder and die face, aiming to reduce the contact pressure and
consequently decrease the heat transfer between them.

Hardness and microstructure of two base materials and the
region near weld seam location were observed in order to
investigate the mechanical properties. The location of test specimen
is presented in Fig. 7 and the hollow arrow shows the measuring
direction, ranging from —4 to 4, where —4 and 4 means the start
and ending position of measuring points, respectively.

B1500HS

Fig. 7 Hot stamped mini b-pillars: (a) with weld seam SN-A and (b) with weld seam SN-B

1714—Volume 25(5) May 2016
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Microstructure distribution at locations before and after hot anisotropic character was caused by cold rolling process and

stamping is illustrated in Fig. 8. The as-received microstructure the grains are oriented in the rolling direction. In the as-
of BIS00HS shows anisotropic inhomogeneity observed as the received state, it is easy to find that the main structure of
secondary microstructural banding of ferrite-pearlitic steel. The B340LA is predominately ferrite with a small amount of

Rolling direction Rolling direction

Fig. 8 Microstructure before and after hot stamping: (a) B340LA before hot stamping, (b) BIS00HS before hot stamping, (c) B340LA after hot
stamping, and (d) BI5S00HS after hot stamping

Weld seam B340LA

B1500HS

Fig. 9 Microscopy images of transitions of weld seam and base material: (a) B340LA and weld seam, (b) partial enlarged image, (c) B1S00HS
and weld seam, and (d) partial enlarged image
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pearlite. Similar to B1500HS, microstructure in the B340LA
side shows anisotropic inhomogeneity because of cold rolling
process.

For the base metal B340LA, the microstructure after hot
stamping process is retained as a mixture of ferrite and pearlite,
with equiaxed grains scattered uniformly, which leads to lower

800
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1 —0— After hot stamping
— 600~
g‘ )
L 500+ -0 0—-0-0-0-g-0-0-
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S 200
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Fig. 10 Microhardness distributions perpendicular to weld seam be-
fore and after hot stamping process

Upper die

(a) Blank holder

\\

B340LA
1.2mm

B1500HS
1.6mm

b L —

B1500HS
1.6mm

B340LA
1.2mm

()

Fig. 11 FE analysis model and contour of initial flat blank: (a) FE
model, (b) blank contour with weld seam SN-A, and (c) blank con-
tour with weld seam SN-B
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anisotropic inhomogeneity. After hot stamping, the Vickers
hardness at the upper side of base metal BIS00HS is about
490HYV, which shows that the microstructure at the upper side
of the base metal BIS00HS is fully martensite. The Vickers
hardness at the side wall is as low as 450HV, which shows that
the microstructure at the side wall is a mixture of bainite and
martensite. This can be explained by the reduced contact
pressure along the walls, which leads to the reduced cooling
rate and also the deformation during quenching. It shows that
the deformation during quenching can cause the shift in the
CCT diagram and allows bainite formation (Ref 24).

The transitions between base materials B340LA and
B1500HS and weld seam are shown in Fig. 9. Figure 9(b)
and (d) are partially enlarged images of the dotted BOX shown
in Fig. 9(a) and (c), respectively. It can be concluded that the
transition zone is continuous and narrow, guaranteeing a sharp
and uniform transition of mechanical properties from base
material to weld seam.

The width of weld seam including HAZ is about 2 mm. As
the HAZ is very narrow compared to the dimension of flat
blank, it is regarded as one part of weld seam in the paper. The
sharp hardness gradient in the weld seam before hot stamping is
due to a martensitic structural transformation on the side of the
boron steel B1SO0HS due to high cooling rates of the welding
process (Ref 25). There is an uneven increase in the hardness
profile across the weld illustrated in Fig. 10. The detected
hardness drop in the center of the weld is due to a lower cooling
rate in the welding process, compared to the adjacent area to the
base materials.

Figure 10 shows the Vickers hardness distributions after
quenching process over the cross section of the weld seam. The
Vickers hardness of the weld seam increases continuously and
immediately from soft base material B340LA to hardened base
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Fig. 12 Thickness distribution and cutting sections: (a) with weld
seam SN-A and (b) with weld seam SN-B
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Fig. 13 Thickness distribution comparisons between experimental and simulation results: (a) section 1 with weld seam SN-A, (b) section 2
with weld seam SN-A, (c) section 1 with weld seam SN-B, and (d) section 2 with weld seam SN-B

material B1S00HS. The results in Fig. 13 show that the Vickers
hardness of boron-manganese steel BISO0HS after quenching
process is about 500 HVO0.1, which is twice more than the
hardness in the as-received state of 200 HVO.1. It is shown that
the Vickers hardness of micro-alloyed steel B340LA experi-
ences a minor increase after hot stamping, rising from 170 to
200 HVO.1. The reason for the increase of hardness is probably
due to the fact that B340LA experiences recovery, recrystal-
lization, and grain growth, the grains in turn undergoing a
columnar-to-equiaxed grain shape transition. The significantly
heterogeneous hardening of the weld zone is about 400 HVO0.1
which is about twice the hardness of the partner material
B340LA. The desired ultimate tensile strength is 500-665 MPa,
and the corresponding hardness value is about 150 HVO0.1 to
200 HVO.1. The Vickers hardness of the partner material
B340LA before and after hot stamping shows that it meets the
requirements quite well.

5.2 Numerical Simulation of TWBs Hot Stamping

The mini b-pillar is used for FE simulation, for the
evaluation of the forming behavior of hot stamping tailor-
welded blanks of base material BISOOHS and joint partner
B340LA. Figure 11(a) shows the FE analysis model which
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consists of blank, upper die, lower punch, and blank holder.
The dynamic explicit code LS-DYNA is used and FE
analysis is performed where both forming and heat transfer
are simultaneously solved. *MAT 244, which is based on
the work done by Akerstrom (Ref 16), was mainly suited for
hot stamping processes where phase transformations are
crucial and was used as a model of the boron steel
B1500HS. Since there is no phase transformation during
forming and quenching process for base material B340LA,
*MAT 106, which is an elastic-viscoplastic material with
thermal effects, was used as a model. Details of the
chemical compositions of the investigated materials can
be found in (Ref 12). Flow curves as a function of strain,
temperature, and strain rate have been obtained by tensile
tests at elevated temperatures. A contact heat transfer
coefficient based on the contact pressure was used in the
simulation. Friction coefficient was regarded as a constant
value 0.35 (Ref 26). The forming limit diagrams (FLDs) of
the base materials and welded zone were evaluated on the
experimentally obtained forming limit curves (FLCs) using
similar steel brands (Ref 27).

In Fig. 11(b) and (c), the left side of weld seam is B340LA
and the right is BIS00HS. Two weld seam locations in the mini
b-pillar are selected in order to comprehensively analyze the
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Fig. 14 FLDs of hot stamped mini b-pillar with weld seam SN-A

forming and failure properties of TWBs’ hot stamping based on
the position of the weld seam in the initial flat blank. The weld
seams are represented by lines SN-A and SN-B, respectively.
The base material and weld seam in FE model are discretized
with 5050 quadrilateral shell elements. Adaptive mesh refine-
ment technology is used in the FE model during hot stamping
simulation.

Thickness distribution of hot stamped mini b-pillar with two
weld seams is shown in Fig. 12. It shows that the minimum
thickness value is located in the filleted corner of the B340LA
side. The maximum value is located in the binder area, where
the flat blank came into contact with the blank holder. The
reason is that there is 2 mm clearance between the die face and
the blank holder, which is bigger than the sheet thickness,
leading to significant wrinkle tendency. In order to show the
thickness distribution clearly and verify the reliability of FE
simulation, two section cuts are schematically shown in
Fig. 12.

Figure 13 shows thickness distribution along different
cutting sections. There is an obvious thickness variation at
the die radius near the filleted corners. The comparisons
between simulation and experiment results show that the
numerical data agree well with the experimental results and the
currently used thermo-mechanical model can well reflect the
deformation strategy during hot stamping process.

Figure 14 illustrates the formability of mini b-pillar with
weld seam SN-A during hot stamping. Formability at each

1718—Volume 25(5) May 2016

Major True Strain

15

03 02 01 0 0.1
Minor True Strain

B1500HS

o
~

Major True Strain
o
N

02

02 0 02 04
Minor True Strain

region, i.e., B340LA and B1500HS base metal and weld seam,
is evaluated by using FLDs. No cracks are seen in the formed
material, while minor wrinkles appear at the thinner side. As
mentioned before, there is a 2 mm clearance between die face
and binder, resulting in weak flow resistance at the thinner side.
Furthermore, defects such as weld line movement and subse-
quent fracture at the region near weld line does not appear. The
reason for this is that the weld line is perpendicular to the
forming direction, in order to prevent deformation at the weld
region.

The deformation path of critical regions of hot stamped mini
b-pillar with SN-B is shown in Fig. 15. It shows that elements
of B340LA near weld seam are at a risk of cracking, while
elements of weld seam and base steel BISO0HS remain safe. It
can be concluded that even when the base material is beyond its
formability extreme, the weld seam remains safe. Neither of the
investigated weld seam positions initiates failure and crack in
the weld seam nor does in the HAZ. Even for the case of SN-B,
where the weld seam is coming through the critical area, failure
and crack initiation were not observed in the weld seam and
HAZ.

The results show that all the failure is related to the base
materials, and it can be concluded that the formability of hot
stamping TWBs is limited to the formability of the joint
partners. Lechler et al. (Ref 11) have verified also that, under
mass production conditions, failure of hot stamped tailor-
welded blanks could only be observed in typical forming in
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Fig. 15 FLDs of hot stamped mini b-pillar with weld seam SN-B: (a) B340LA, (b) B1500HS, and (c) SN
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critical areas in the flange and the edge radii of one of the two
base materials.

6. Conclusions

Hot stamped mini b-pillar has been developed by tailor-
welded high-strength steels for the light-weight construction
and high crash performance.

(1) In order to carry out FE simulation of hot stamping pro-
cess, thermal, mechanical, and metallurgical aspects of
base material B1500HS, B340LA, and weld seam were
theoretically and experimentally analyzed.

(2) As a result of hot stamping experiment using TWBs, a
mini b-pillar can be manufactured without fracture and
wrinkling. The experiment results show that the hard-
ness is somewhat reduced at the side wall as compared
to that at the upper region due to the reduced contact
pressure that affects strongly cooling rate. The FLDs of
the simulation results show that the FE model can well
reflect the formability of base material and weld seam.
Even though forming limit of base materials B1500HS
and B340LA is slightly higher than that of weld seam,
there is no evidence showing that the weld seam has a
slightly poor formability. The fact is that when the base
material approaches the forming limit, there is still some
margin for the weld seam.

(3) Comparisons between the experimental and simulation
results confirm that the numerical model is able to accu-
rately predict the formability and the material flow dur-
ing hot stamping process.
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