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scan also shows that there are many particles in the microstructure, which is normal for this type of 

aluminium grade alloyed with Si and Mg. It appears that the crack path morphology is affected by 

these particles. A similar phenomenon was observed in a previous study of cast iron with the 

graphite particles embedded in a pearlitic metal matrix during thermo-mechanical fatigue (TMF) 

testing [16]. Similar to the cast iron case, in the current material under investigation, the crack 

deviates towards the particles that exhibit a characteristic stress field. The tip of the crack splits in 

two branches; the one on the right-hand side (marked in white in Figure 4c) is more pronounced, 

whereas the one on the left-hand side (marked in black in Figure 4c) is less developed but appears 

to exhibit some deformation lines perpendicular to the crack path (cf. image quality (IQ) map of 

Figure 4b). However, it seems that this branch of the crack was stopped by a particle in its front. 

 

Figure 4. Electron backscattered diffraction (EBSD) scan of the crack tip region: (a) Inverse pole 

figure map; (b) Image quality map; and (c) KAM map (colour legend in degrees). 

As pointed out in the introduction, the kernel average misorientation approach has the 

potential to characterize the accumulated plastic strain by monitoring the local orientation gradients, 

of which it is well known that they bear a connection with the density of geometrically necessary 

dislocations (GNDs). As can be seen in the KAM map of the crack (cf. Figure 4c), there is a small 

trace of a plastically deformed zone in the immediate vicinity of the crack, with a size of 

approximately 30 μm. However, a textbook-type elliptic plastic zone at the crack tip cannot be 

discerned, even though the hardness data indicated a size of ~0.2 mm for the CPZ. It is interesting 

to note that the KAM map (cf. Figure 4c) shows a plastic wake, which is left behind by the 

propagating fatigue crack as would be expected from continuum fracture mechanics. This is due to 

the accumulation of plastic deformation by the progressing crack. 

4. Discussion 

Vickers microhardness measurements indicate the MPZ and CPZ size of ~0.6 mm and ~0.2 mm, 

respectively (cf. Figure 3). These values are in reasonable agreement with the theoretical estimated 

values of MPZ and CPZ size of 0.53 mm and 0.13 mm, respectively, as derived from Equation (1) 

with Kmax = 5.62 MPa √m and C = 1.17 [3], whereby CPZ = (1/4) *MPZ [4]. 

The Nye tensor connects the density of GNDs to the lattice curvature tensor. In a simplified 

one-dimensional (scalar) representation assuming only parallel edge dislocations of the same sign, 

this tensor relation can be expressed as (cf. Figure 5) [7]: 

𝜅 = ρ𝑏 (2) 

whereby κ is the lattice curvature dθ/dx, ρ the density of GNDs, and b the Burgers vector. On the 

simplified lattice geometry of Figure 5, it can be seen that the curvature κ = 1/R = dθdx. In a discrete 
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