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Finite elements and discretization techniques for the prediction of flatness
defects during sheet metal forming processes.

The prediction of buckling is a matter of primary concern to sheet metal producers and hence
represents one of their major research topics. Indeed, the flatness defects, which manifest themselves
in the form of waves of various orientations, represent one of the main criteria that allow the
qualification of the product quality. Numerous attempts have been made to determine the origin of
these defects for decades, which aim to eliminate or at least noticeably reduce them.

In sheet metal forming processes, such as rolling, complex loading conditions come into play,
combining plasticity, contact, highly compressive stress state in the vicinity of tools, elastic tool
deflection, significant stress variations consecutive to the contact zone, very flat geometry of the
product... Under the extreme loading conditions characteristic of rolling, the deformation of the rolls
(flattening, bending, and thermal dilatation) results in elongation heterogeneity subsequent to the
contact zone in the rolling direction. This heterogeneity induces residual stresses that may lead to
buckling.

The finite element simulation of this problem is underpinned by numerous difficulties. Three-
dimensional finite elements, which are well suited for the simulation of the contact zone, are not
appropriate for accurately predicting large rotation buckling. On the other hand, traditional shell
elements commonly used for modeling flat products are not suited to carry the compressive loading
induced by two-side contact with the tools.

The objective of this research is to investigate innovative discretization procedures that allow the
proper analysis of the metal sheet both under contact zone and in the rest of the sheet. The numerical
chaining of a rolling code, based on three-dimensional elements, and a buckling code using shell
elements has been recently applied to this type of problem [1]. Other more or less strong coupling
approaches may be tackled, exploiting e.g. the observation that stress field relaxation induced by
buckling does not affect the rolling zone. Another promising research direction would be the
accommodation of different finite elements within a single, unified simulation. The development of
enhanced shells [2] or solid-shell elements [3,4] that are able to model the entire process would be a
significant progress in this field. Indeed, the complex nature of the rolling stress state is one of the
limitations of the current shell elements available in the literature [5-8]. Clearly, the simplest method
would be to adopt the same discretization technique for all zones of the metal sheet. This common
finite element would be either an enhanced shell or a solid-shell formulation, for which the LEM3-
ENSAM team has a well acknowledged experience [9], and the investigation of this finite element
technology represents the major objective of this PhD thesis. Let us mention another more complex
alternative, which should be assessed, consisting of the coupling of two FE models (Arlequin
technique or « bridging ») allowing thus shell and 3D finite elements to be connected.

Although this research work is of fundamental nature, its potential/prospective applications are
important. This project would allow two research teams to interact combining their well recognized
core competences, namely the modeling of rolling processes and the associated buckling and flatness
defect predictions, and the development of enhanced, solid-shell finite elements that combine the
advantages of both types of elements. In the two above-mentioned research fields, the LEM3
laboratory already has long term partnerships with well-known industrial corporations as well as
existing collaborations with other laboratories (CEMEF, LaMCoS) through joint projects funded by
the ANR research agency.
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