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Introduction

Forming of Dual-phase(DP) steels which are widely used in automotive industry is
very critical and the material response is interconnected to its micro-structural features. DP steels consist of martensite (hard phase) dispersed in the ferrite (soft matrix) which leads to appropriate combination of ductility and strength. To simulate
the forming process of DP steels, Micro/macro models are appropriate by capturing
what happens in the microscopic level. In this work, FE simulation of sheet bending will be performed to obtain an insight how microstructural features affect the
material response in sheet metal forming.
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Numerical simulation

The model shown in figure 1 was used to simulate bending. Each element (e) has
five degrees of freedom. Nodal displacements (u1 and u2 for element e) are used to
find through-thickness strain (εz ) . Each element has also curvature (κ), membrane
strain (εm ), and transverse strain (εt in Y direction) , degrees of freedom. The following formulation applies for this one-dimensional generalized plane-strain element:

Figure 1: Schematic of one-dimensional generalized plane-strain element
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In order to include microstructural features of DP steel in the simulations, meanfield homogenization was used. In this work double inclusion (DI) interpolation
method is employed in which the strain concentration tensor (A) is calculated by
→
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S is the Eshelby’s solution and depends on the geometry of inclusion and poisson
ratio of the matrix. In this work two cases of sphere and oblate spheroid (a < b =
c, α = a/b) were simulated for which the eshelby tensor can be found in [3].
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Results and discussion

Figure 2-a shows the comparison of non-dimensional moment versus non-dimensional
curvature obtained from simualtions and analytical solution [1] which shows a good
agreement. Slight deviation may be originated from discretization and numerical
errors. In figure 2-b the influence of volume fraction of martensite on the momentcurvature response of the sheet is depicted. As shown, when the volume fraction
of martensite is high, unloading after bending does not follow a straight line, which
may be originated from re-yielding of softer ferrite phase. There is experimental
evidence on re-yielding of soft phase during bending of multi-phase steels which
makes this observation plausible [5]. The higher the martensite fraction, the more
pronounced the re-yielding phenomenon.

Figure 2: (a) Validation of the model (b) effect of volume fraction
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Figure 3: The effect of (a) Martensite shape and (b) distribution in pure bending
Figure 3 illustrates the influence of martensite shape factor (Oblate spheroid) and
martensite distribition on the sheet behaviour during bending. As the aspect ratio of
martensite islands increases the maximum moment and the amount of springback
after unloading increases. In addition to that, there is experimental evidence that
DP steels comprise martensite bands specifically concentrated in the mid-line of
the thickness [4]. Figure 3-b shows the moment-curvature diagrams for three cases
in which the average volume fraction on thickness of the sheet remains constant
(0.4), while the mid-line elements (10 percent of the thickness) have relatively higher
martensite volume fraction with respect to the outer elements. In this case the higher
the martensite concentration in the mid-line the lower the springback.

References
[1] J Chakrabarty, WB Lee, and KC Chan. An exact solution for the elastic/plastic bending of anisotropic sheet metal under conditions of plane strain. International journal of
mechanical sciences, 43(8):1871–1880, 2001.
[2] M Hori and S Nemat-Nasser. Double-inclusion model and overall moduli of multi-phase
composites. Mechanics of Materials, 14(3):189–206, 1993.
[3] T Mura. Micromechanics of Defects in Solids. Mechanics of Elastic and Inelastic Solids.
Springer Netherlands, 1987.
[4] MS Niazi, HH Wisselink, VT Meinders, and AH van den Boogaard. Material-induced
anisotropic damage in dp600. International journal of damage mechanics, 22(7):1039–1070,
2013.
[5] J Van Beeck, VG Kouznetsova, and MPFHL van Maris. The mechanical behaviour
of metastable austenitic steels in pure bending. Materials Science and Engineering: A,
528(24):7207–7213, 2011.
COmputational methods in Manufacturing Processes 2016 - Liège, Belgium.

3

