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Research objectives: --(max 10 rows)
In the last years, the need for high power density and efficiency has become a central concern in the green transportation sector. Electrical machines based on permanent magnets meet these ever more stringent requirements, but their utilisation has led to concerns on rapid depletion of rare earth resources. The situation is aggravated by a geographical concentration of these strategic materials in countries with a high risk of reliability. In addition, in applications such as traction drives requiring an axially compact form factor, non-radial flux machines such as axial or transverse flux motors are deemed to make a disruptive impact on electric traction systems. Implementing such axially-compact machines while mitigating or zeroing the use of rare earth materials is a challenge. This research aims at investigating different non-radial flux design variants, their sizing and optimisation approaches, the thermal management, and manufacturing techniques.  Variants with potential to push the boundaries of electric machine technology will be studied, including bearingless and/or magnetically geared axial flux machines, and combined radial-axial flux machines.

Proposed research activity -- (max 10 rows)
To comprehensively compare radial flux and non-radial flux machines, such as axial flux, transverse flux, homopolar machines, etc. 

To build fast analytical and numerical models for the performance comparison of radial flux vs. non-radial flux machines. 

To investigate the feasibility of rare-earth free non-radial flux machines for direct drive, high power density transport applications.

To select the optimal rare earth free design, investigating passive excitation, wound excitation, induction excitation, etc.

To develop fast and accurate multi-physics models (including electromagnetic, thermal and structural aspects) for the optimal design of the selected non-radial flux electrical machine.
To prototype and qualify a non-radial flux electrical machine with no rare earth materials.

To test and compare performance metrics against radial-flux counterparts, with focus on efficiency, power density, reliability and direct drive capabilities.

Supporting research projects (and Department)
The successful candidates will become part of the MeltingLab research team, working on electrical machines, converters and drives, of the University of Modena and Reggio Emilia. 
Possible connections with research groups, companies, universities.
The project could see the involvement of some automotive companies, such as Texa Spa. 

Dual Degree with the University of Nottingham (UoN), UK, is also possible. In this case, UoN will participate in the study and electromagnetic analysis of the proposed electrical machine technologies.
