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ABSTRACT 

In sheet metal forming processes, different types of defects may occur. Plastic instabilities, associated 
with the occurrence of zones of highly localized plastic strain, are examples of these undesirable 
phenomena. To characterize the formability of sheet metals, the concept of forming limit diagram 
(FLD) has been introduced [1]. Among the most influential constitutive features on the formability 
limits of sheet metals, the damage development is of particular importance. This requires accurate 
modeling of the initiation of ductile damage and its evolution, in order to reproduce the softening 
mechanisms experimentally observed at large deformations [2]. 

To predict the initiation of strain localization in sheet metal forming processes, the above constitutive 
models need to be coupled with plastic instability criteria. These criteria can be classified into four 
categories. The first category is based on the maximum force principle [3], the second applies the 
bifurcation theory [4], the third assumes the preexistence of initial imperfections from which 
localized necking may occur [5], and the fourth category relies on the theory of stability and the 
associated perturbation analysis [6]. 

In this work, a large-strain elasto-plastic model is coupled with the GTN damage theory, and then 
combined with the bifurcation approach to predict the occurrence of strain localization [7]. Focus is 
more specifically placed here on the respective effect of damage and hardening parameters on the 
prediction of ductility limits. The analysis shows that the damage parameters have a significant 
impact on the predicted FLDs. With regard to hardening, it is shown that the choice of void 
nucleation mechanism has an important influence on the sensitivity of the predicted ductility limits to 
strain hardening. This paper also discusses the use of a micromechanics-based calibration for the 
GTN q -parameters in the case of strain-controlled nucleation, which is also shown to allow 
accounting for hardening effects on plastic strain localization. 
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