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Figure 6. Average KAM parameter vs. true strain observed in tensile experiments. The KAM 
parameter was evaluated for different values of nearest neighbours. 

According to the theoretical expectation, it was confirmed that no specific tendency could be 
observed up to a plastic strain level of ~1.5%, indicating that the accumulated plastic strain at the 
crack tip is less than the detectable limit. For plastic strains exceeding the critical value of ~1.5%, 
noise no longer determines the average KAM value, and there is an ascending correspondence 
between the KAM value and the plastic strain, which was also observed by Kamaya et al. [13]. 

The work of Besel et al. [17], in which they determined the plastic zone size with 3D numerical 
finite element method (FEM) simulations and digital image correlation (DIC), shows that the main 
part of the plastic zone also has strain values less than 1%. Therefore, the results of Besel et al. [17] 
are consistent with the present EBSD results. In Figure 4c it can be observed that only a small part 
(<30 μm) of the plastic zone exhibits intensified KAM values corresponding to strain values higher 
than 1.5%. 

It should be noted that—according to the simplified model of Equation (2)—there is a linear 
relation between the GND dislocation density and the lattice curvature. Ignoring the simplifications 
of this model, it can be observed that the slope of this curve is positive but with descending second 
derivative, just as the predicted evolutions by theoretical dislocation balance equations [18,19]. 

5. Conclusions 

The plastic zone size measured with Vickers microhardness was found to be in agreement with 
the theoretical values. However, the magnitude of plastic zone size distinguished on EBSD maps 
was not consistent with its real size, as the KAM parameter is not sufficiently sensitive to the strain 
level of the plastic zone. Therefore, it is concluded that orientation contrast microscopy is not an 
appropriate method to resolve the deformation structure of the plastic zone in the vicinity of a 
fatigue crack tip in a ductile Al6061-T4 alloy. In tensile test experiments, it was determined that 
plastic strains of more than 1.5% could be identified on KAM maps. Hence, it can be concluded that 
the plastic strain at the crack tip is lower than 1.5% in this material with the applied loading 
condition. 
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