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Tailor welded blanks (TWBs) are increasingly used in the automotive
and aerospace industries with the aim of reducing weight. Studying
the forming processes of these sheets, examining their formability, as
well as controlling factors such as the displacement of the weld line
during forming can help to develop their application. The rubber pad
forming process is a flexible forming process in which the sheet is
deformed due to the pressure of a rigid punch with the help of a
rubber cushion. In this paper, the rubber pad forming of tailor
welded blank consisting of two welded sections with the same
material but different thicknesses were simulated based on the finite
element method and using ABAQUS software. The effects of various
factors such as friction, thicknesses of the sheets that compose the
TWB and the force applied to each section on the maximum
displacement of the weld line were investigated through the use of a
design of an experimental method. The results illustrated that
increasing the thicknesses of the sheets that compose TWB,
increasing the blank holding forces applied to each section, and
reducing the friction between the TWB and the punch reduce the
maximum amount of weld line displacement. In addition, increasing
the thickness ratio of tailor welded blank led to an increase in the
maximum weld line displacement. The simultaneous increase in the
thickness of each section and the blank holding force applied to that
section or the opposite section reduced the maximum amount of
weld line displacement.
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EXTENDED ABSTRACT

Introduction

Tailor welded blanks (TWBs) are increasingly used in the automotive and aerospace
industries with the aim of reducing weight. Studying the forming processes of these sheets,
examining their formability, as well as controlling factors such as the displacement of the
weld line during forming can help to develop their application. Rubber pad forming
process is a flexible forming process in which the sheet is deformed due to the pressure of
a rigid punch with the help of a rubber cushion.

In this paper; the rubber pad forming of tailor welded blank consisting of two welded
sections with the same material but different thicknesses was simulated based on the
finite element method and using Abaqus software. The effects of various factors such as
friction, thicknesses of the sheets that compose the TWB and the force applied to each
section on the maximum displacement of the weld line was investigated by the use of the
design of the experimental method.

Methodology

Numerical simulation of rubber pad forming of tailor welded blank was carried out by
the finite element method, using Abaqus software. Due to the symmetry, one half of the
geometry of the process was modelled. Figure 1 shows the components of the finite
element model. The tailor welded blank was made of 0.2 and 0.4 mm thick low carbon
steel St14 sheets. The hyperplastic behaviour of the rubber was considered using the
Moony Rivlin model. The rubber used was silicone with a hardness of 60 Shore, grade A,
and Poisson's ratio of 0.499.
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Figure 1. Components of the FE model

Tailor welded blank and the rubber were modelled as three-dimensional deformable
parts with S4R and C3D6H elements, respectively while the punch, blank holder and
rubber chamber were modelled as discrete rigid bodies with R3D4 elements. Coulomb
friction model was used at the contact surfaces.
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Figure 2. A blank formed in FE simulation

In order to evaluate the displacement of the weld line during forming and the effect of
process parameters, various simulations with different conditions of the process were
planned using design of the experimental method. The thicknesses of the sheets
considered were 0.2 and 0.4 mm. Blank holding forces applied to the two parts of Tailor
Welded blank were 200 and 400 N and the values of 0.05, 0.1 and 0.15 were considered for
the friction coefficient between the blank and the punch. Considering the independent
blank holder forces for two parts of the blank and different thickness of two halves of the
blank, the input parameters consisted of the following 5 parameters: the thicknesses of
sections 1 and 2, the blank holding forces of parts 1 and 2 and the friction coefficient. In
total, 30 different simulations were planned.

Results and discussion

To evaluate the validity of the numerical analysis, thickness distribution of a sheet
formed by rubber pad forming obtained from FE simulation was compared with
experimental results of Irthiea et al. (2014).

Figure 3 shows the effects of the friction coefficient in blank-punch interface and the
thickness of each of the two halves of the blank on the maximum displacement of the weld
line. It was observed that the increasing of friction coefficient and decreasing of thickness
increased the displacement of the weld line. Moreover, as per Figure 4, it can be concluded
that the increase in friction between the blank and the punch and the decrease in the blank
holding force led to an increase in the displacement of the weld line.

Investigation of the simultaneous effects of thickness and blank holding force on
the maximum displacement of the weld line (Figure 5) showed that increasing the
thickness and the blank holding force of each part of blank decreased the
displacement of the weld line.
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Figure 3. The effects of friction coefficient and Figure 4. The effects of friction coefficient
thickness on the maximum displacement of weld and blank holding force on the maximum
line displacement of weld line
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Figure 5. The effects of thickness of each part and blank holding force applied to A) the same part B)
the opposite part on the maximum displacement of weld line

Conclusion

Rubber pad forming of tailor welded blank consisting of two welded sections with the
same material but different thicknesses was studied numerically using Abaqus. The
influences of friction, thicknesses of the sheets that composed the TWB and the blank
holding force applied to each section on the maximum displacement of the weld line were
investigated. The results showed that increasing the thicknesses of each part, increasing
the blank holding forces applied to each section and reducing the friction between the
TWB and the punch reduced the maximum amount of weld line displacement. In addition,
increasing the thickness ratio of TWB resulted in an increase of the maximum weld line
displacement. Simultaneous increase in the thickness of each section and the blank
holding force applied to that section or the opposite section reduced the maximum
amount of weld line displacement.
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