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MODELLING THE EFFECT OF MICROSTRUCTURE EVOLUTION ON THE MACROSCOPIC BEHAVIOR OF SINGLE PHASE AND DUAL PHASE STEELS. APPLICATION TO SHEET FORMING PROCESS

The aim of this work is to develop a dislocation density based model for IF and DP steels that incorporates details of the microstructure evolution at the grain-size scale. The model takes into account (i) the contribution of the chemical composition for the prediction of the initial yield stress, (ii) the description of initial texture anisotropy by incorporating grain-size dependent anisotropy coefficients in Hill'48 yield criterion, (iii) the contribution of three dislocation density "families" that are associated with forward, reverse and latent structures. It reproduces the macroscopic transient behaviors observed when strainpath changes occur. The model is implemented in FE code in order to assess its predictive capabilities in case of industrial applications.

INTRODUCTION:

Several experimental studies reported that transient regimes (i.e. Bauschinger effect, work-hardening stagnation and softening) in the macroscopic behavior can be attributed to the evolution of the underlying microstructural details, such as dislocation structures (Gardey et al. [2005]). Moreover, during sheet metal forming processes local material points may experience multi-axial and multi-path loadings. Hence, many researchers focused on physically-based models that take into account the consequence of the evolution of the dislocation structures on the macroscopic behavior in order to predict the effect of strain-path changes. However, when dealing with industrial applications, some other constraints are imposed. Indeed, models (i) have to be user-friendly with limited number of material parameters with strong physical relevance; (ii) should consider "simple" measurable microstructure data such as grain size in input; and (iii) should be time-efficient (low CPU times). Hence, in the present work an innovative approach that accurately estimates steels behavior by only changing few microstructure data (e.g. chemical composition, grain size…) is proposed. The phenomenological hardening model developed in this work incorporates details of the microstructure evolution at the grain-size level based on Kocks-Mecking's approach in order to realistically reproduce the experimentally observed transients in the macroscopic behavior of IF and DP steels after strain-path changes.

PROCEDURES, RESULTS AND DISCUSSION: After realizing mechanical tests that enable displaying macroscopic transient behaviors under monotonic, reverse and non proportional loadings, the predictive capabilities of the developed model are validated on a set of nine IF steels with average grain sizes between 8 and 40µm, and a set of eight DP steels with different martensite volume fractions and average grain sizes between 1 and 10µm. For each category (i.e. single phase ferrite steels or dual phase ferrite-martensite steels), the material parameters are first identified for one "reference" steel (Fig. 1), (i.e. for a given microstructure data). Therefore, the macroscopic behaviors for the other steels are predicted by only changing microstructural data (chemical composition, ferrite and/or martensite grain sizes, martensite volume fraction and chemical composition). Such an approach reduces the time-consuming mechanical tests and identification procedures. The developed microstructural phenomenological model is extended to ABAQUS/Explicit through the implementation of a VUMAT subroutine in order to assess its abilities to predict the material behavior. The cross-shape drawing is used for the thickness comparisons between simulations and experiments. The finite element simulations exhibit good predictive capabilities in terms of thickness distribution, draw-in, forming loads (Fig. 2 left). The simulations emphasize that the effect of strain-path changes on thickness distribution becomes relevant only when the amount of the equivalent plastic strain is high enough (Fig. 2 right). Also, this work allowed confirming that the role of the yield criterion is as significant as that of the hardening model. Hence, on the one hand, it was noticed that a good estimation of r-values in highly anisotropic IF steels is suited for simulations accuracy. On the other hand, DP steels turned out to be less sensitive to r-values estimation. Such observations lead us to the following perspective: as anisotropy of materials evolves during deformation, an evolutionary Hill'48 physically-based yield criterion could be developed by introducing the evolution of r-values.

CONCLUSIONS:

A dislocation density based model that incorporates details of the microstructure evolution at the grain-size scale is developed and aims to describe the monotonic and transient work-hardening behavior of IF and DP steels observed experimentally when strain-path changes occur. The model is implemented into ABAQUS via a user subroutine VUMAT in order to assess its predictive capabilities and time efficiency. The effect of strain-path changes modeling during complex deep-drawing is investigated. 
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 1 Figure 1. Results of the microstructural model identification procedure: IF steel (left) and DP steel (right).
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 2 Figure 2. (left) Thickness distribution along the rolling direction for different grades of IF single phase and dual phase steels (different initial sheet thicknesses). Dash lines: Exp, Continuous lines: Model. (right) Forward dislocation density ρ F distribution at 60mm punch displacement and evolution (right) for an IF.
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