








 

 
 

Fig 5: Displacement field Ux (a – d) and strain field Exx (e – h) obtained by DIC at 4 different steps of the 
fatigue test, respectively 47, 75, 97 and 100% of the lifetime. (Scales - Ux: *10��m and Exx: *100%) 

 

 
Fig 6: Ux (a), Exx (b) and discrepancy map (c) obtained by DIC at 100% of the lifetime (Scales - Ux: 

*10��m and Exx: *100%) 
 

 

3.3 Study of clad solidification drops geometric influence by a maximal stress approach 
Figure 7 shows the Von Mises stress distribution on the fatigue sample described in the two 

previous sections. A stress concentration zone can clearly be seen near the different CSDs among 
which the one responsible for crack initiation. Note that for the model considered here 
(homogeneous material) the stress concentration zones appear to be localized on the surface.  

Moreover, in this case, a parallel between the CSD’s height (figure 2) and the important stress 
concentration induced (figure 7) can be done. Simulation could so appear as an efficient tool to 
predict crack initiation.  
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Fig 7: Finite element simulation results of a tensile test on a fatigue sample (elastic calculation). 
The presence of clad solidification drops clearly induces some stress concentration (Von Mises stresses 
here). The zoom highlights the CSD responsible for the initiation of the crack shown on figure 4(b). 

 

4. Conclusion 
An experimental approach combining digital image correlation, X-ray tomography and 
microstructurally based finite element calculations has been developed to investigate fatigue 
mechanisms in thin (0.27mm) fatigue samples of brazed Al-Mn alloys. The results obtained show 
that the clad solidification drops left on sample’s surface after the brazing process induce stress 
concentrations which can lead to a localization of the plastic strain and to crack initiation. It is 
worth noticing that 3D X-ray tomography realized on industrial heat exchangers reveals the 
presence of such clad solidification drops close to fatigue cracks. 

A study of the material combining SEM and high resolution Synchrotron X-ray tomography has 
been performed in order to investigate material microstructure and heterogeneities (intermetallics, 
Si particles…). The influence of this microstructure on crack location will be studied in the next 
step and compared to the present results.   
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