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Abstract

Mostly, stamping industries, especially the automobile, uses a single machine to manufacture several parts. As a result, a time
to try out stamping tools to start a new production cycle is often necessary. To reach the expected degree of satisfaction for
the product, the tryout involves: choosing a material with better formability, adjustments in the design of punches, dies, and
components that assemble the tooling. For this, the development of laboratory tests, which allows a better understanding of
material stamp-ability and the influence of tooling parameters, become essential for smooth preparation for production and
the development of more accurate computational models. Given these challenges, the present work studies the influence of
the drawbead geometry and the blank holder force (BHF) on the stampability of DP780 steel. For this, an interchangeable
drawbead system was developed for a Nakazima test tool. The four drawbead geometries were used: flat (without salience
projection), circular, triangular, and square. In addition, three-level of BHF were used. For each set of drawbead geometry
and BHF, the forming limit curve (FLC) of DP780 steel was obtained and analyzed. From the results, it was possible to
observe the best configuration of drawbead and BHF. Furthermore, the results showed clear gains in formability and the

influence of drawbead geometry and BHF on the DP780 stamping.
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1 Introduction

Analyzing the needs of the automotive industry, it can be
said that the current scenario points to a constant search
for improvements in several aspects, among which are vehi-
cle performance, safety, reduction in pollution rates and
design, associated with better productivity, and cost reduc-
tion. To meet this industry need, improving the vehicle body
becomes very relevant since all the parts that make up the
car are contained, in addition to the occupants themselves.
Focusing on the bodywork, some studies are directed to
the use of materials and alternative processes currently
used and their feasibility; Spreafico [1], Sun et al. [2, 3],
Pattarakunnan et al. [4], Roy et al. [5], and Vita et al. [6]. This
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discussion points out possible alternative materials for the
manufacture of more ecological bodies for current vehicles,
combustion, electric, or hybrid. Bearing in mind, however,
the manufacturing unfeasibility of alternative processes,
stamping continues to be of fundamental importance for
the production of the bodywork, which strengthens stud-
ies in this aspect. It is worth mentioning that the stamping
process, used for the production of body components from
sheet metal, suits the mass production demand of automak-
ers, while other alternative manufacturing processes may
not meet this demand.

In this way, the improvement of the bodywork to meet
the current needs of the automotive industry implies the
advancement of studies aimed at three segments: AHSS
steels [7-13], design, and processing. The improve-
ment of these three lines of research, however, depends
directly on the development of more sophisticated meth-
ods of analysis regarding the behavior of materials during
stamping, where the Nakazima stamping test stands out,
whose main objective is to determine the forming limit
curve of metal sheets.
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The forming limit curve (FLC) refers to a classic and
accurate instrument for predicting the sheet metal maxi-
mum formability limit. Developed by authors such as
Keeler [14], Goodwin [15], and Woodthorpe and Pearce
[16], it also serves as a working tool for several authors,
with different purposes. The method proposed by Min et al.
[17], evaluated the appearance of localized cracks through a
change in the curvature of the sheet metal surface. Affronti
and Merklein [18] also focused their study on a method of
failure analysis of metal sheets in different states of stress
measured at the surface of the material, through Nakazima
tests and the forming limit curve, while Barlo et al. [9]
worked on the development of an experimental method to
obtain the FLC of sheet metal using digital image correla-
tion and an optical technique, allowing for more accurate
measurement of the displacement and deformation of points
across the surface of the sample. Other works that used the
FLC and the Nakazima stamping test for its realization,
which can still be mentioned, are the one by Schmid et al.
[13], focusing on the behavior of failures in the mechani-
cal forming process, and Iquilio et al. [19] who involved
in their analysis the traditional FLC and a nonlinear FLC
model. Shinmiya et al. [20] used the forming limit curve to
detect possible failures and/or occurrence of bending cracks
by stretching on sheet metal surfaces with different flexibili-
ties. Norz and Volk [21] used the traditional Nakazima test
to evaluate the model developed by Jocham et al. [22] by
comparing the curves obtained.

Following another study direction, focusing on the
effect that the stamping tool variables provide on the sheet
stampability limit, it is worth highlighting the work of
Chemin Filho [23], who showed a significant increase in
the formability limit of DP600 steel due to a more asser-
tive choice of blank holder force (BHF), and Shinmiya
et al. [20], a study in which the increase in the holding
force on the blank promoted an increase in the maximum

Fig. 1 Proposed DP600 FLC
related to the micromechanisms

stress of the tested materials. Affronti and Merklein [18]
and Sarraf et al. [24] reinforce the effect of tool vari-
ables on the stampability of AHSS steels. In addition
to the BHF, the drawbead (DB) is also of fundamental
importance in the determination of the sheet metal limit
of formability, as it acts directly on the restriction to the
flow of the sheet during forming, defining, together with
the BHF, the deformation mode suffered by the material
[25, 12]. In this way, it is concluded that the characteristics
of the tooling have a strong effect on the stamping process,
promoting a microstructural transformation [26], Fig. 1,
that directly affects the degree of formability of the sheet.
An example of this is the Bauschinger effect, like studied by
[27], Fig. 2.

Paul [28], assuming the FLC as a precise instrument
for evaluating the stampability of sheet metal, due to the
sensitivity presented to the properties of the materials
and regarding the stamping tools variables, proposed in
his work the practical use of forming limit curves as an
instrument to quantify the formability of the DP780 steel
sheet in different configurations of the Nakazima test tool.
In this case, by varying the force of the blank holder and
the geometry of the drawbead, was became possible to
show that these tool variables have a direct effect on the
performance of the material during stamping, demysti-
fying the common shop floor concepts and techniques,
which are not take this aspect into account in their analy-
sis, Fig. 3.

In this way, the main contribution/innovation of the
proposed work is to make the analysis more sophisticated
regarding the effect of the tool variables on the sheet
forming limit, making it possible to quantify the perfor-
mance of the material according to the configuration of
the stamping tool, serving as a basis for a safer and more
accurate assessment during tool design and correction of
processing failures in the industry.
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2 Methodology

The material used in this work was the Dual Phase 780
(DP780) with a thickness of 1.5 mm. Table 1 shows the
material properties of DP780 steel.

To obtain the FLC, the Nakazima test was performed.
According to ISO 12004-2 [29], at least five geometries
for the description of a complete FLC are necessary. For
the present work, sets containing eight specimens were
used, all with 200 mm in length and widths of 70, 80,
90, 100, 125, 150, 175, and 200 mm, according to Fig. 4.

Pure shear
Uniaxial tension
Major strain (&,)
Biaxial tension
Equi biaxial
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Uniaxial compression
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This number of specimens was considered sufficient for
the expected purpose. The tests were repeated three times
for each condition and were referring to the four drawbead
geometries (plane, circular, triangular, and square) and the
three BHFs 569, 785, and 1157 kN, making 36 sets and a
total of 288 samples. Once the sheet metal is cut in shape
and cleaned, a circle grid of 5 mm was printed using a silk
screen method. The printing mixture was composed of 90%
of epoxy paint and 10% of nitric acid. The printed circle grid
on the sheet metal was used to measure the strains occurred
during the stamping process. The preparation of the samples
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Fig.3 Schematic forming limit curve (FLC) with diferente strain states (a); schematic forming limit diagram (FLD) representing safe forming

zone (b) [28]
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Table 1 Material mechanical properties (Arcelor Mittal 2021)

DP 780 Steel

Properties 0° 45° 90° Average value
0.2% YS (MPa) 530 526 549 535

UTS (MPa) 793 783 802 793

UE (%) 13.7 14.5 12.5 13.6

TE (%) 20.8 21.7 18.1 20.2

r value 0.68 1.06 0.95 0.897

n value 0.144 0.153 0.138 0.145

YS yield strength, UTS ultimate tensile strength, UE, uniform elonga-
tion, TE total elongation, r coefficient of plastic anisotropy, n strain
hardening coefficient

and the measurement after de tests were performed accord-
ing to Chemin Filho et al. [30]. The circle grids were also
used to identify the rupture location for each specimen.
The profile and dimensions of four drawbead geometries, P
(plane "smooth surface") or flat drawbead, C (circu-
lar), T (triangular), and Q (square) are shown in Fig. 5.
Figure 6 shows the assembly of the Nakazima test tool,
which is composed of the die, punch, and BHF. The con-
figuration of this tool also allows for changing the drawbead
geometries. The tools are coupled to a hydraulic press, con-
trolled by software which regulates the force of the BHF and
the speed of the punch.
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Fig.4 Specimen’s geometries carried out on Nakazima’s tests
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3 Results and discussion
3.1 Fracture analysis

After each stamping test, five different situations were
observed depending on the location of the crack in the tested
sample, Fig. 7.

The legend in Fig. 7 classifies each of the crack locations
that occurred in the tests by color. It should be noted that
the only condition that allows the measurement of major and
minor strains for the FLC determination is the crack located
in the punch radius region (defined by the green color). All
other conditions imply the disposal of the specimen, i.e.,
total slip without a crack (yellow), crack in the die shoulder
(red), crack in the drawbead (purple), and cracks between the
drawbead and the die shoulder (blue). Based on the above
categorization, the samples were detailed in Table 2. Table 2
also shows the sequence of the eight stamped specimens for
each drawbead geometry and each BHF condition. Through
this mapping, it is possible to observe the location of the
crack generated in each specimen depending on the draw-
bead and BHF used.

According to Table 2, it can be noted that the specimens
with widths of 200, 175, and 150 mm have the crack located
in the region of the punch radius (green color) for all draw-
bead geometries and for all BHF conditions. Thus, it can be
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Fig.5 Details and dimensions
of the drawbead geometries: a
flat drawbead, b circular draw-
bead, ¢ triangular drawbead,
and d square drawbead

assumed that the stretch deformation mode predominates in
these specimens where there is a greater restriction imposed
by the BHF. The crack location in these specimens can be
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called as “ideal” since the crack located in the region of the
punch radius, which leads to a better performance of the
material in terms of stamp-ability. In other words, it is in
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Fig.6 Modified Nakazima test tool, with interchangeable drawbead rings

@ Springer




The International Journal of Advanced Manufacturing Technology

Fig.7 Classification accord-
ing to the crack location after
the Nakazima stamping tests:
a crack in the punch radius
region, b material sliding into
the die (without crack), ¢ crack
in the die shoulder, d crack I
in the drawbead, and e crack
between the drawbead and the t
die shoulder

(d). (o)

Crack in the punch radius region

Material sliding into the die (Without crack)

SUBTITLE

Crack in the die shoulder

Crack in the drawbead

sl

Crack between the drawbead and die shoulder

the condition where the sheet reaches the highest levels of
deformation until the occurrence of the crack (more satisfac-
tory for stamping operations).

For the specimens with widths of 125 and 100 mm, the
circle deformation is close to the plane strain state. In these
widths’ samples, not all fracture occurred in the punch radius
region (green color), which puts them in the transition zone.
For the flat drawbead, with a BHF of 569 kN, there was a
total slip of the material. The triangular drawbead cracked
the samples on the die shoulder at 569 kN for the 100 mm
wide specimen and in the drawbead region for the BHF of
785 and 1157 kN (for the same specimen width).

In the case of the flat drawbead, where there is no sali-
ence restriction, the load of 569 kN proved to be insufficient
to restrict the sheet flow, to the point of causing it to break.
This characterizes a poor use of the material’s stampabil-
ity. In addition, the complete advancement of the material
into the die can result in the crushing of the sheet during
the process resulting in a scrap. Also, this situation induces
the scratch marks on the die. Thus, it can be suggested to
use the BHF above 569 kN for this drawbead. In the case of

@ Springer

the triangular drawbead with 100 mm width specimens, all
failed at the die shoulder or at the drawbead. The triangular
drawbead geometry promotes hardening and a concentra-
tion of more accentuated stresses on the material, so that,
for 569 kN BHF, the material flows to the point where the
crack evolves over the die shoulder. For the conditions of
785 and 1157 kN, cracking already occurs in a catastrophic
manner in the drawbead itself, without further evolution of
the sheet stamping.

For sample widths less than 100 mm (90-, 80-, and
70-mm width), where the predominant deformation mode
is by deep drawing, the vast majority of specimens did not
evolve into a rupture in the punch radius. Thus, practically
all drawbead geometries and BHF were used, and the sam-
ples were disapproved for the FLC, therefore called the
“critical region” in Table 2. With the flat drawbead, the
material has greater freedom of flow due to the nonexist-
ence of the salience in the BHF, and thus all the failed test
specimens presented a crack over the die shoulder. For
the circular drawbead, the failed specimens presented an
alteration in the position of the crack, varying between the
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Table 2 Crack mapping in stamped specimens

IDEAL REGION TRANSITION REGION CRITICAL REGION
Q Sample dimensions 200X200 mm 200x175 mm 200x150 mm 200x125 mm 200x100 mm 200x90 mm 200x80 mm 200x70 mm
~ § E ol BH Force/Samples 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
é = g E 569 KN PL | P2 | P3 [ P4 | PS | P6 [ P7Z | P8 | P9 | P10 | P11 | P12 | P13 | P14 | P15
§ 23 785 KN P25 | P26 | P27 | P28 | P29 | P30 | P31 | P32 | P33 A P34 | P35 | P36 | P37 | P38 | P39
Q 1157 KN P49 | P50 | P51 | P52 | P53 | P54 | PS5 | P56 | P57 A P58 | P59 | P60 | P61 | P62 | P63
Q Sample dimensions 200X200 mm 200x175 mm 200x150 mm 200x125 mm 200x100 mm
§ E BH Force/Samples 1 2 3 1 2 3 1 2 3 1 2 3 1 2| 3
8 2 569 KN Cl|C2|C3|C4|C5|C6|C7 | C8| C9 C10|Cli1|C12|C13|C14|C15
% § 785 KN C25 | C26 | C27 | C28 | C29 | C30 | C31 [ C32 | C33 (34 | C35 | C36 | C37 | C38 | C39
Q 1157 KN C49 | C50 | C51 | C52 | €53 | C54 | C55 | €56 | C57 | C58 | C59 | C60 | C61 | C62 | C63
x Q Sample dimensions 200X200 mm 200x175 mm 200x150 mm 200x125 mm 200x100 mm
g § BH Force/Samples 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
g 2 569 KN TL (T2 | T3 | T4 | T5 [ T6 | T7 | T8 | T9 | T10 | T11 | T12
< § 785 KN T25 | T26 | T27 | T28 | T29 | T30 | T31 | T32 | T33 T34 | T35 | T36
E Q 1157 KN T49 | TS0 | T51 | T52 | T53 | T54 | T55 | T56 | T57 T58 | T59 | T60
Q Sample dimensions 200X200 mm 200x175 mm 200x150 mm 200x125 mm 200x100 mm 200x90 mm 200x80 mm 200x70 mm
g, BH Force/Samples 123123123123 |1]2]3:
§ g 569 KN Ql | Q2| Q3| Q4| Q5| Q6| Q7 | Q8| Q9 Q10(Q11|Q12|Q13|Ql4 | Q15
9, § 785 KN Q25 Q26 | Q27 | Q28 [ Q29 | Q30 | Q31| Q32 [ Q33 Q34| Q35| Q36 | Q37 | Q38 | Q39
Q 1157 KN Q49 | Q50 | Q51| Q52 | Q53 | Q54 | QS5 | Q56 | Q57 QS8 | Q59 | Q60 | Q61 | Q62 | Q63
SUBTITLE | | Crack in tl.1e Material.sliding into the die Crack in the die Crack in the Crack betweerf the drawbead
punch radius (without crack) shoulder drawbead and the die shoulder

die shoulder, the region between the die shoulder and the
drawbead, and the drawbead itself. The rejected specimens
tested with the triangular drawbead, presented the crack
on the die shoulder for 569 kN and in the drawbead for the
569 and 1157 kN conditions. Using the square drawbead,
the rejected specimens presented the crack preferentially
in the region between the drawbead and the die shoulder,
except for the specimens with a width of 70 mm, for which
the crack was located in the die shoulder to the 569 and
785 kN BHFs. From the resulted crack mapping, the effect
of the sheet flow lines on the crack location is evident. In
smaller width specimens, which simulate the deformation
mode by deep drawing, the flow lines are less uniform than
in larger width specimens, whose BHF actuation occurs
in the entire perimeter around the stamped region. The
less uniform the flow lines are, the stress concentration
points are generated in the regions of discontinuity of flow,
leading to cracking outside the deformation region of the
stamped sample. This effect, added to the variation in the
restriction imposed on the sheet by the different drawbead
geometries and different BHF, led to the variation in the
crack position shown in the mapping of Table 2.

3.2 FLCfor different drawbead geometries

The circle dimensions at and near the fracture region were
measured for the specimens for which the fracture occurred
in the punch radius region (indicated by the green color
in Table 2). The circle dimensions were then converted to
the true strain and FLC were obtained for each drawbead

geometry and for the three pre-defined BHF, totaling 12 FLC
curves.

Thus, a first grouping of curves was carried out for com-
parative analysis of the formability. In this first analysis, a
graph was generated for each drawbead geometry, where
the curves for the BHF of 569, 785, and 1157 kN gener-
ated for the respective geometries were allocated in Fig. 8.
Following this organization, Fig. 5a shows the FLCs for
the flat drawbead, with 569, 785, and 1157 kN BHF condi-
tions. Figure 5b shows the FLCs for the circular drawbead
for the same BHF, while Fig. 8c, d show the FLCs for the
triangular and square drawbead geometries for BHF of 569,
785 and 1157 kN, respectively. In this way, it is possible to
analyze the influence that the BHF exerts on the formabil-
ity of DP780 steel for each drawbead geometry used in the
stamping tests.

According to Fig. 8, it is noted that all geometries pre-
sented lower formability for the 569 kN BHF and higher
formability when using a load of 1157 kN, following the
same results obtained by Chemin Filho et al. [31] for DP600
steel stamped without drawbead. These results attest to what
Chemin Filho et al. [31] observed in his work where for very
low BHF, below a certain critical value, the flow of the sheet
metal becomes very accentuated, so that the portion of the
sample hardened in the flange and shoulder region of the
die advances too far into the stamping region of the sheet
compromising the steel formability limit. The consequence
of this is portrayed in a lower FLC curve, as occurred for
the load of 569 KN, regardless of the drawbead geometry
used in the tests.
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Fig.8 Influence of the BHF on the formability of DP780 steel: a flat, b circular, ¢ triangular, and d square drawbead geometry

The FLC curves, represented in Fig. 8a, show that the
BHEF has an influence on the stampability of DP780 steel.
The tests proved that the smaller the BHF used, there is
a tendency for the material to slip into the die reducing
its stamp-ability limit. For this reason, an increase in the
BHEF, from 569 to 785 kN and later to 1157 kN, resulted
in a considerable improvement in the material’s stamp-
ability, i.e., raising the major true strain, in the plane
strain state, from 0.14 (569 kN) to 0.17 for 1157 kN.
Figure 8b presents the results of the tests performed with
the circular drawbead, repeating the BHF’s of 569, 785,
and 1157 kN. In this condition, the results were repeated;
i.e., the higher the BHF, the greater the stampability limit
of the material. In this case, however, compared to the test
results with the flat drawbead, it was possible to verify
a higher stampability limit in all BHF’s, whose values in
the plane strain state were between 0.18 and 0.23 for the
569 and 1157 kN conditions, respectively. Based on these
results, it can be said that the effect of the circular draw-
bead in the material flow during stamping was beneficial

@ Springer

for the DP780 steel, raising its maximum stampability
limit by more than 40%.

Figure 8c shows the FLCs obtained with the triangular
drawbead. For this geometry, the stamp-ability limit of the
material was higher than the stamp-ability limit reached with
the flat drawbead. The values of the major true strain in
the plane strain state were between 0.18 and 0.21 for the
forces of 569 and 1157 kN, respectively, slightly lower than
the values obtained with the circular drawbead (approxi-
mately 8%). The FLCs obtained with the square drawbead,
Fig. 8d, follow the same trend, i.e., the higher the BHF, the
greater the stampability limit of the material. In the region
of plane strain, the FLC presented the following values for
the major true strain: 0.19, 0.2, and 0.22 for BHF of 569,
785, and 1157 kN, respectively. In this condition, the maxi-
mum stampability with square drawbead was approximately
4% lower than the limit reached with circular drawbead and
approximately 4% higher than the formability with trian-
gular drawbead. In resume, this first analysis is concluded,
which indicates the best performance in formability of the
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Fig.9 Influence of drawbead geometry on stamping with BHF of a 569 kN, b 785 kN, and ¢ 1157 kN

DP780 steel when stamped with the circular drawbead and
BHF of 1157 kN. It should be noted, however, that all draw-
bead geometries (circular, triangular, and square) raised the
stampability limit of DP 780 steel, demonstrating the real
benefit of using this component for a better use of the sheet
metal formability.

3.3 FLC for different BHFs

Another method of analyzing the results of the FLCs was the
comparison of the curves generated for each BHF individu-
ally. In this case, the curves of each drawbead geometry used
were grouped in the same graph, for the same BHF, Fig. 9.

In a general analysis of Fig. 9, it can be observed that the
flat drawbead presented the worst formability for the three
BHF (569, 785, and 1157 kN), with the FLC far below
the curves obtained for the others drawbead geometries.
It is also observed that the triangular drawbead presented

a formability always lower than the circular and square
geometries, however, not far from them. It is also noted
that the circular drawbead presented the highest formabil-
ity for the 785 and 1157 kN BHF, while, for the BHF of
569 kN, the highest formability limit was reached by the
square drawbead.

In view of these data, the detrimental effect of the low
restriction to the material flow in the flange region (for its
formability) is again evident, since the flat geometry, which
less restricts the flow of the sheet during stamping, origi-
nated lower FLCs. In this way, the restrictive function to the
sheet flow, resulting from the use of the drawbead, substan-
tially improves the formability limit of the steel by approxi-
mately 26, 31, and 30%, for the BHF of 569, 785, and 1157
kN, respectively.

In Fig. 9a, for the BHF of 569 kN, the drawbead geome-
try with the best stamp-ability was the square one, followed
by circular and triangular ones, with very close values for
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the major true strain: 0.19, 0.18, and 0.17, respectively
(plane-strain state). The flat geometry, with a major true
strain of approximately 0.14 (plane-strain state), was far
below the others due to excessive flow of the sheet into the
die, which, according to Chemin Filho [23], implies the
advancement of hardened portions of the material on the
die shoulder to the region of greatest deformation of the
sample, compromising its stamp-ability. Still, in Fig. 9a, for
BHF of 569 kN, it is noteworthy that the square drawbead
presented greater formability than the circular drawbead.
This result occurred because the low restriction to the flow
of the sheet by the force of the blank holder was compen-
sated by the greater restriction to the material flow imposed
by the square drawbead when compared to the circular one.
In other words, there was a compensation for the loss of
formability due to low BHF by a drawbead geometry more
restrictive to the flow.

For the tests with the BHF of 785 kN, Fig. 9b, the circular
geometry stands out with the highest stamp-ability, reaching
a major true strain of 0.22 in the plane strain state. In this
same region, the stamping tests showed a major true strain
of 0.20, 0.19, and 0.15 for drawbeads with square, triangular,
and flat geometry, respectively. If we compare the maximum
strain reached in the plane strain state, for the BHF of 569
and 785 kN, there was an increase in the formability limit
of 13.6% with the BHF of 785 kN.

By the FLCs of Fig. 9c, it is observed again that the cir-
cular drawbead promoted the highest stampability, reaching
a major true strain of 0.23 (plane strain state). This result
characterizes a 4.35% increase in the formability limit with
the increase in BHF from 785 to 1157 kN.

As the most striking aspect is that, through the analy-
sis and discussion of the experiments, it was observed that
the best performance of the material is reached, in terms
of its stampability, through the balance between BHF and
drawbead geometry. Both variables imply a restriction on
the sheet flow in stamping, and the interpolation between
them is what determines the performance of the steel in the
process. In this way, the ideal flow of raw material in the
process is sought to achieve the best material formability.

4 Conclusion

Noticing the importance of the stamping tool variables and
how it affects the stampability of the material by restricting
the flow, the current work evaluates the effect of the draw-
bead geometry and the BHF on the DP780 steel stampabil-
ity. Several aspects were evidenced through the obtained
results. First of them was focused on the cracking position
of the sample, where only the wider specimens show the
successful result. In these cases, the crack was located in
the radius region of the punch. For the intermediate widths,
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not all specimens presented the crack in this position, while
most of the narrower specimens failed outside the punch
radius position, being rejected for the forming limit curve
construction. This fact highlights the catastrophic effect of
a nonuniform flow of the sheet metal during stamping, since
for narrow samples the drawbead, which does not act on the
sides of the sheet allows a totally free flow in this region.
Consequently, there was a premature cracking of the mate-
rial, varying in position according to the degree of restriction
imposed by the drawbead model and applied BHF.

Regarding the stampability of DP780 steel, it is concluded
that the most efficient results were obtained with the BHF of
1157 kN, since, regardless of the drawbead geometry, it was
in this load condition that the steel reached the highest levels
of deformation. It can be said that the stampability limit of
DP780 steel increased as the BHF was increased from 569
up to 1157 kN.

For the BHF of 1157 kN, the highest level of the sheet
deformation was achieved with the circular drawbead, char-
acterizing this configuration as the most efficient for the
stampability of DP780 steel. In short, it can be said that the
circular drawbead, with a BHF of 1157 kN, promotes the
best balance between the material advance in the flange and
the deformation of the sheet inside the tool, which defines
the steel performance in stamping.
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