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Abstract

Car manufacturers are forced to fulfill strict limits of carbon dioxide production. Therefore, the weight of car body must be reduced.
The subject of this article is use of dual phase steel with tensile strength higher than 500 MPa in production of outer car body parts.
Stampings used in experiment are parts from current models of SKODA AUTO, a.s. Attention was paid primarily on crack initiation,

wrinkling and springback.
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1. Introduction

Automotive industry requires parts with as high utility
value as possible to meet customer demands in a very
competitive market. Parts must meet quality standards and
be made within the shortest time and lowest cost. These
days, the key problem is to fulfill emission limits set by
European Parliament and Council. The allowable produc-
tion of CO, will be 95 g/km by year 2020. In consequence,
anew type of drive must be developed or car weight must
be reduced. Consumption of 4.1 1/100km of gasoline
or 3.5 1/100km of oil corresponds to this limit. [1, 2]

Car weight reduction can be achieved with improve-
ment of car body. Application of materials with high
strength results in smaller volumes and lower thickness
thus in lower weight. The other way is to use materials
with better strength to density ratio, e.g. aluminium or
plastics. The most effective but also expensive way is to
use composites or sandwich materials.

Steel is still a very perspective material and its me-
chanical and chemical properties vastly varies according
to chemical composition, heat treatment and its manufac-
turing. The benefits of steel are satisfactory price, recycla-
bility and low carbon footprint.

The partial solution to mentioned topic is an applica-
tion of High Strength Steel (HSS) or Advanced High
Strength Steel (AHSS) in production of outer car body
parts. Replacement of currently used mild steels with
these materials can reduce weight of selected parts by up
to 20 %. The problem is that HSS materials are character-
ized with lower ductility and formability than mild steels.
This causes a problem in context of demanding design of
current cars.

Outer car body parts can be characterized with de-
manding dimension accuracy and esthetic criterions, as
customers perceive them. Springback is an important
problem in stamping. During springback compensation,
surface of stamping tools must be adjusted from two to
five times, which leads to increment of financial cost.
These costs can be reduced thanks to higher fidelity of nu-
merical simulation, especially for HSS materials. [3, 4, 5]

* Contact the author: Michal. Vales@fs.cvut.cz

2. Dual-phase steel CR290Y490T-DP
(DP500)

CR290Y490T-DP (generally called DP500) steel is a part
of dual-phase steel family. The structure consists of duc-
tile fine-grained ferritic matrix and hard martensitic phase
dispersed in the form of islands. It is a low carbon steel
with a 10 - 40 % share of martensite. This combination
allows a good combination of hardness, ductility and
weldability.

DP500 is thanks to high absorption capacity and fa-
tigue strength commonly used for structural parts of BIW.
Another benefit is presence of BH effect. Due to complex-
ity of sheet metal forming stress states, formability cannot
be stated by a single index and results from mechanical
properties. Equivalent of DP500 is HCT500X (according
to CSN EN 10027). Selected mechanical properties of
steel DP500, steel HX180BD and steel DCO5 are stated in
Table 1. Chemical composition of CR290Y490T-DP is
stated in Table 2. [6]

Table 1. Mechanical properties of selected steel grades.

Steel Strain Plastic
Qrade Yield Tensile | Ductil- | harden- strain
(CSN EN | Strength | Strength | ity ing ex- ratio
10027-1) ponent
= RpO,Z Ry Asomm n rm/ZO
- MPa MPa % - -
DCO05 140-180 | 260-330 | > 39 >0.20 | >1.6
HX180BD | 180-240 | 290-370 | >34 >0.17 | 213
HCT500X | 290-380 | 490-600 | >24 >0.15 -
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Table 2. Chemical composition of CR290Y490T-DP according
to VDA 239-100.

C Si Mn P S
% % % % %
<0.14 <0.50 <1.80 <0.050 | <0.010
Al Ti+Nb Cr+Mo B Cu
% % % % %
0.015-1.0] <0.15 <1.00 <0.005 <0.20

3. Experiment set-up

Application of HSS in production of outer car body parts
is complicated by demanding design of currently pro-
duced cars and by lack of knowledge with HSS materials
in production of these parts.

The goal of this article is to validate three independent
material cards of steel DP500. These material cards com-
prise mechanical properties, hardening curve, yield locus
and FLC (Forming Limit Curve). To validate these cards,
selected parts were virtually stamped in software Auto-
Form R7 and results were compared to reality. Evaluation
was based on crack presence, wrinkling, thinning and
springback. The overview of used material cards is in Ta-
ble 3.

Table 3. Overview of used material cards (MTC x).

Strain Plasti
Material | Yield Tensile | Ductil- | harden- s ti:i:lc
Model |Strength | Strength ity ing expo- .
ratio
nent
- Ry Rnm Ag n Tm/20
- MPa MPa % - -
= —————————— |
MTC 1 336.9 526.6 16.2 0.146 0.99
MTC 2 320.8 511.8 17.7 0.171 0.96
MTC 3 335.0 552.2 17.7 0.166 1.03

Stamping tests were produced on a serial press at a
production rate. The fact, that the tool has been tried-out
into a material with larger thickness, may affect the for-
mation of wrinkling or other auditory problems on the
stamping. Attention was paid primarily on crack initia-
tion, wrinkling and springback. Tested parts were “side
door outer rear” (shown in Figure 1) and “fifth door outer
lower”. Overview of materials used in serial production
and its thickness is shown in Table 4.

Table 4. Overview of tested stampings (materials and thickness).

Outer Car . Thickness
Car Model Body Part Material [mm]
Door R Serie | HX180BD 0.65
FABIA III oor Bear
Outer
Test | HCT500X 0.60
. Serie DCO05 0.70
RAPID Fifth Door
SPACEBACK | Outer Lower
Test | HCT500X 0.60

4. Experiment

4.1. FABIA Il

The first analyzed part is the "side door outer rear", which
comes from current model the SKODA FABIA (since
2014). The mentioned part is shown in Figure 1.

Figure 1. SKODA FABIA I (2014), side door outer rear.

The numerical simulation used in the experiment is
based on milling data (NCM) considering casting and
milling. These data were also modified based on scan of
real tools. The FEM network is oriented along the bend
edge in OP.50 (calibration, bending of hemming flanges).
The shape of the tools used for the calculation is shown in
Figure 2 and Figure 3.
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The reference simulation, which is used to verify the
fidelity of the numerical simulation setting, relates to steel
HX180BD. Simulation with DP500 takes into account the
fact that the tool has been tried-out into different material
thickness. The numerical simulation is calculated with all
OP.20 — deep drawing OP.30 — trimming three DP500 material models.

The "Formability" parameter in OP.20 (deep drawing)
is shown in Figure 4. The figure shows that the numerical
simulation correctly identifies the occurrence of cracks in
the area of technological surfaces between the right and
left doors.

Springback analysis was performed with respect to the
real measurement process. The position of the RPS points

OP.40 — trimming, OP.50 — calibration, ben- (points in which the stamping part is clamped) together
piercing ding of hemming flanges with the order of clamping was identical to real measure-
ment. A graphical representation of clamps is shown in

Figure 2. SKODA FABIA, CAD data of tools. Figure 5.

103 fy

Figure 3. Pad (gray), Post (brown) and Cutting Curves (green) L
in OP.40 (Trimming and Piercing). Figure 5. SKODA FABIA, Position of RPS points (clamps).
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Figure 4. "Formability" after OP.20 (Deep Drawing).
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Figure 6 and Figure 7 shows the result of the real
springback analysis. Figures 8-10 represent results for
each material card of DP500. In all three cases, the spring-
back trend in area A matched. Stamping has the highest
degree of springback in the direction inside the car. In area
B (the largest springback in direction outside the car), the
springback trend is best predicted by the material card 1,
while the springback value and trend in this case is also
closest to the real measurement. The highest difference
between real measurement and numerical simulation oc-
curs in area C, where springback in real measurements
does not show such a high values. In terms of the trend of
springback development, it can be said that the material
card 1 best corresponds to the result of physical scanning.
Material cards 1 gives also best results in thinning.
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Figure 6. Springback measurement result, HX180BD.
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Figure 7. Springback measurement result, DP500.
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Figure 8. Springback in normal direction, DP500, MTC 1.

Figure 10. Springback in normal direction, DP500, MTC 3.
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4.1. RAPID SPACEBACK

The second analyzed part is the "fifth door outer lower",
which is stamped for the current SKODA RAPID
SPACEBACK (since 2013). This part is shown in Fig-
ure 11. The numerical simulation procedure is the same
as in the Fabia III project. The geometry of the press tools
is shown in Figure 12.

Figure 11. SKODA RAPID SPACEBACK (2012), fifth door ou-
ter rear.

OP.20 — deep drawing OP.30 — trimming

OP.40 — trimming,
piercing
Figure 12. SKODA RAPID SPACEBACK, CAD data
of tools.

OP.50 — calibration, ben-
ding of hemming flanges

Based on the results obtained during the evaluation of
the SKODA FABIA side door outer rear, only the material
card 1 was used for the simulation. The aim of this part of
the experiment is to evaluate the accuracy of springback
for the selected part. The AutoForm R7 software was used
again for the calculation. The surface of the real stamping
was scanned using a CMS 106 laser scanner from HEXA-
GON.

The correspondence of the numerical simulation and
the physical stamping can be evaluated using the spring-
back trend. The areas of maximum and minimum spring-
back values are identical for both physical and virtual
analysis results. The only difference is the size of the area
of the extremes and the value of the springback, especially
for the positive values of the springback (in direction out-
side the car).

However, the uncertainty of virtual springback predic-
tion is similar for both of the monitored materials. It can
be argued that the accuracy of the springback prediction
for DP500 does not differ significantly from the standard
material DCO5. Springback compensation in the pre-pro-
duction phase is therefore possible for both tested materi-
als and this criterion is not an obstacle to the applicability
of the DP500 steel. A graphical representation of clamps
is shown in Figure 13. Results of springback analysis are
shown in Figure 14 and Figure 15.
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Figure 13. SKODA RAPID SPACEBACK, Position of RPS
points (clamps).
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Figure 14. Virtual springback in normal direction, DC05
(above) and DP500 - MTC 1 (below).
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Figure 15. Virtual springback in normal direction, DC05
(above) and DP500 - MTC 1 (below).
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5. Conclusion

This article deals with the production of outer car body
parts using high-strength steel DP500. Absence of litera-
ture and publications dealing with the use of these steels
implies an innovative approach and methodology for their
processing.

Tests with dual-phase steel DP500 have proved its po-
tential applicability. The dimensionality and quality of the
part can be evaluated as sufficient. The material card 1
was selected as best for further feasibility studies and pro-
cess simulations . The material card 2 will be further val-
idated. Before the serial production of parts made of
DP500, it is necessary to also carry out the following tests:
flanging test, painting test, corrosion test etc.

The main objective is to propose a complex method-
ology for the use of high strength steels for manufacturing
of outer car body parts. Another goal is to use modern
tools in numerical simulation for its higher fidelity. In ad-
dition, the increased precision of numerical simulation
will lead to time and cost savings in tool try-out. The ro-
bustness of the proposed process is also an indispensable
aspect of the methodology. It should be noted that the de-
ployment of DP500 is strongly conditioned by the appro-
priate part geometry.

List of symbols

Ry Yield Strength (MPa)

R Tensile Strength (MPa)
Asomm  Ductility (%)

n Strain hardening exponent (-)
Tms2o  Plastic strain ratio (-)
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