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ABSTRACT 

An h-adaptive 3D FE methodology is proposed to simulate the initiation and propagation of the 

cracks in ductile materials during metal forming process. A fully coupled elastoplastic behavior is 

modeled in the framework of the thermodynamics of irreversible processes with state variables, 

assuming the small elastic strain and large plastic strain hypothesis [1]. Mesh gradation is controlled 

to capture the plastic flow in the domain. The minimum element size is imposed within highly 

localized zones (shear bands) as one of the intrinsic material parameters. Therefore, a size indicator 

based on values of the cumulative plastic strain and an appropriate measure of ductile damage is 

proposed in order to give an appropriate size for each element. The mesh is then refined locally in the 

zones where the appropriate sizes of the elements are smaller than their real sizes. This local 

remeshing is carried out by a 3D bisection technique [2] which gives a size ratio between adjacent 

elements no more than 2. The quality of the newly created elements is optimized if it is lower than a 

given threshold value. The velocity field at the nodes and state variable fields (stress, strain, damage, 

and hardening) at integration points are both projected from the old mesh (before refined) to the new 

mesh (after refined). A hybrid FEM-Diffuse field transfer procedure devoted to highly localized 

fields is proposed to performed projection. The whole metal forming process is carried out by 

multiple loading sequences and their lengths are adapted based on plastic strain rate and distortion of 

the elements. To validate the effectiveness and robustness of the methodology, ABAQUS/Explicit® 

solver is used to solve the equations with a quadratic tetrahedral element (C3D10M). A full 

representation of the crack initiation and propagation are displayed with some specimens. 
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