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Abstract: Soft magnetic materials, such as Fe-Si alloys, are widely used in both DC (direct current) 

and AC (alternating current) applications (e.g., power generator, transformer and converter) due to 

their high permeability and low coercivity. However, for the industrial applications requiring high 

frequency, power losses are a big issue, because this significantly affects the efficiency of energy 

conversion and the resulting expenses. In order to reduce power losses at high frequency, high 

silicon steel Fe93.5Si6.5 (wt.%) has been developed in the last decades at the expense of slightly 

reducing saturation magnetization. With increasing Si content in Fe-Si alloys, the brittleness also 

increases, which makes a significant technological challenge for the fabrication of Fe93.5Si6.5 (wt.%) 

when using conventional approaches, such as rolling and forging. Electron Beam Powder Bed Fusion 

(E-PBF), as a powder bed fusion AM technology, enables high powder bed temperatures and low 

thermal stress, so it is thought to be optimal to produce high silicon steel free of cracks. 

Furthermore, E-PBF takes place under vacuum conditions; thus, possible contamination and 

oxidization during processing are minimized. In this study, crack-free Fe93.5Si6.5 (wt.%) soft 

magnetic material with various microstructural features is additively manufactured by means of 

Electron Beam Powder Bed Fusion (E-PBF). Owing to different microstructural features caused by 

using different processing parameters, E-PBF-processed Fe93.5Si6.5 (wt.%) shows adjustable 

magnetic performance (e.g., power losses and saturation magnetic flux density) and various 

electrical properties. Based on the derived understanding of the correlation between processing 

parameters and resulting properties, targeted tailoring of microstructure and magnetic performance 

is accessible for different practical requirements. 


