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Research objectives:

Future high-performance electrical machines for transportation, aerospace, automation, and robotics will increasingly rely on advanced electromagnetic architectures, innovative materials, and highly integrated manufacturing processes to achieve unprecedented levels of torque density, power density, efficiency, and reliability.

This research aims to design, develop, and experimentally validate novel electrical machine topologies capable of delivering ultra-high torque and power density under demanding operating conditions. The work will focus on advanced winding technologies, multiphysics optimization, innovative rotor–stator configurations, Halbach magnetization patterns, low-loss winding solutions, enhanced thermal management, and high-speed rotor technologies.

Particular attention will be devoted to the integration of electrical machines within electric drive units, including power electronics and transmission systems, to achieve system-level optimization for transportation applications.

The research will also investigate rare-earth-free machine topologies, addressing the need for sustainable and supply-chain-resilient alternatives to conventional NdFeB-based solutions.

The PhD activity will combine analytical modeling, numerical simulations, prototype development, and experimental validation using advanced test facilities.
Expected activities (not limited to):
· Benchmarking of emerging motor architectures against state‑of‑the‑art traction and robotic actuators, evaluating torque density, power density, manufacturability, sustainability, etc.
· Study, modelling, and optimization of multi‑physics phenomena (electromagnetics, thermal, mechanics)

· Design and prototyping of advanced electrical machines including special stator architectures, rotor topologies, thermal and cooling paths and materials.
· Simulation-Experimental characterization of high‑performance electrical machines 

· Design and Prototyping of integrated full drives, including special geartrains, electrical machines and electronic drives/inverters

· Validation of high‑performance drive systems through dedicated test benches, dynamometers, and high‑speed measurement infrastructures.
Supporting research projects (and Department): 
This project will be carried out mostly at BLUE MATTER S.r.l.s., in Nonantola (MO), with seamless interaction with the Melting Lab activities.

Possible connections with research groups, companies, universities.

The project is within the collaboration framework between the Department of Engineering “Enzo Ferrari” and BLUE MATTER S.r.l.s..
