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Research objectives:

The development of high-performance electric motors requires accurate knowledge of the magnetic behaviour of both soft and hard magnetic materials. The proposed PhD activity will address this need through an integrated experimental and numerical methodology, combining the selection of innovative and state-of-the-art magnetic materials, experimental characterization, finite-element modelling, and application to a representative electrical machine case.
For soft magnetic materials, the research will investigate ferromagnetic laminations through Epstein frame measurements along rolling and transverse directions, to evaluate material anisotropy and provide data for electromagnetic modelling. The activity will also analyse the degradation caused by cutting and compressive stress in the stator iron yoke, assessing their impact on local B-H curves, specific power losses, and the depth of the damaged regions.

For hard magnetic materials, experimental characterization and finite-element modelling will be carried out with particular emphasis on demagnetization phenomena and magnetic losses, in order to assess their impact on motor performance and reliability under demanding operating conditions.
Proposed research activity (not limited to): 

· Identification of innovative and state-of-the-art soft and hard magnetic materials for electrical machines
· Experimental characterization of soft magnetic materials by Epstein frame measurements along rolling and transverse directions
· Analysis of the impact of cutting processes on local B-H curves and specific power losses 
· Evaluation of the damaged region depth induced by cutting 

· Analysis of the impact of compressive stress on the stator iron yoke 

· Evaluation of the region affected by compressive stress 

· Development of finite-element models including cutting and stress effects 

· Experimental characterization and modelling of hard magnetic materials
· Detailed analysis of demagnetization phenomena and magnetic losses

· Application of the developed models to a representative electric motor project case 

Supporting research projects (and Department): 
This project will be carried out partially at the Department of Engineering “Enzo Ferrari” and partially at Ferrari S.p.A., leveraging the specialized experimental infrastructures available within both Melting Lab and Ferrari. A possible distribution of the PhD activity may include Year 1 at the University, Year 2 at Ferrari S.p.A., and Year 3 shared between the University and Ferrari S.p.A.
Possible connections with research groups, companies, universities.

The project is in collaboration with Ferrari S.p.A.
