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Research objectives:

Electrification in off-highway, on-highway and in-yard vehicles are still in its initial stage. For these vehicles, movement is only a limited part of the work activity, as mechanical power to the power take-off (PTO) or hydraulic controls are typically required. However, interest in electric or hybrid vehicles is on the rise. This is confirmed by the introduction of the ePTO by using electrical machines without permanent magnets or using magnets without rare-earth. This research aims at investigating different radial flux design variants, their sizing and optimization approaches, the thermal management, and manufacturing techniques. State of art on the design of rare-earth free electrical machine, selection of best material candidates to replace rare-earth in permanent magnet, investigation of aluminum as best candidate to replace copper in machine windings, multi-physics design approach, FEM analysis for machine torque and power prediction, prototyping and experimental verification an optimized design of electrical machine. The research includes also the use of AI for predictive maintenance and for control optimization.
Proposed research activity (not limited to): 

· Compare different radial flux machines, such as synchronous permanent magnet, wound field, reluctance machines and induction machines, etc.

· Develop, in Twin Activate and MATLAB/Simulink, analytical and numerical models of the system for the performance comparison of different machines, 

· Build the model to fully understand the requirements and behavior of the vehicle, that will be optimized and fine-tuned thanks to the experimental data made availability in Spin Applicazioni Magnetiche company.
· Investigate the feasibility of rare-earth free radial flux machines for high torque density transport applications.
· Develop accurate multi-physics models (including electromagnetic, thermal and structural aspects) for the optimal design of the selected radial flux electrical machines.

· Prototype and qualify a radial flux electrical machine with no-rare earth materials.

· Test and compare performance metrics, with focus on efficiency, torque density, reliability and sustainability.
Supporting research projects (and Department): 
This project will be carried out in SPIN Applicazioni Magnetiche S.r.l., in Cortemaggiore (PC), with seamless interaction with the Melting Lab activities within the Department of Engineering “Enzo Ferrari”.

Possible connections with research groups, companies, universities.

The project is within the collaboration framework between the Department of Engineering “Enzo Ferrari” and SPIN Applicazioni Magnetiche S.r.l.
