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Additive manufacturing (AM) has a large potential but is still in the state of ongoing research 

and development as even small variations in the manufacturing process can have a significant 

impact on the resultant structure in terms of volume defects, surface characteristics or the 

microstructure. These, in turn, strongly influence the mechanical properties. This is why 

understanding the process-structure-property relationships is key for exploiting the full 

potential of AM.  

In this contribution, we propose a general framework to computationally investigate the 

microstructure-property relationships. For deriving profound correlations, large data-bases are 

necessary. Experiments alone are prohibitively expensive. Therefore, computational 

augmentation is employed to allow for data-driven approaches. The general framework consists 

of four steps. 

1. Characterisation of microstructure images by translation-invariant descriptors [1]. 

2. Reconstruction of three-dimensional microstructures from the descriptors [1]. 

3. Numerical simulations to compute mechanical properties [2]. 

4. Correlation of descriptors and properties and prediction/identification of descriptors of 

further microstructures for improved quality of the correlation. Step 2 is repeated. 

This framework is applied and presented at the example of ranking Ti-6Al-4V specimens based 

on CT scans of their pore microstructure with respect to their expected fatigue performance. 

For this purpose, small potentially critical sections from the CT-scans are identified and fatigue 

indicator parameters (FIPs) are computed from numerical simulations. Augmenting this small 

data-set by in silico reconstructed microstructures allows for a fast data-driven prediction of 

FIPs for unseen pore-microstructures. A ranking of specimen is possible by statistically 

evaluating these FIPs. 
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