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Abstract 

Applications of traction, aerospace, and high-performance industrial drives face 
intertwined constraints: efficiency targets, mass/volume limits, harsh thermal cycles, 
cost and many sustainability requirements. This tutorial presents a data-driven 
framework to align material choice with performance, cost, and environmental impact 
for sustainable electrical machines. 

We compare soft-magnetic electrical steels— e.g. FeCo, NO, GO laminations—
covering B–H behavior, loss, frequency scaling, mechanical strength, and 
manufacturability (stacking, bonding, cutting). For hard magnets, we contrast ferrite, 
Nd-Fe-B, and Sm-Co with emphasis on remanence/coercivity, temperature 
coefficients, corrosion and demagnetization margins, and supply-chain criticality. 
Winding technologies are benchmarked—copper round/Litz, hairpin, hollow 
conductors, and aluminum alternatives—addressing conductivity vs. density, thermal 
pathways, joining, coatings/insulation, and recyclability. We connect materials to 
system-level outcomes: torque density, efficiency, thermal performance, and reliability. 



 
Sustainability is embedded throughout via life-cycle assessment, embodied 
energy/CO₂, repairability, circularity, and critical materials footprints, with clear 
reporting templates to satisfy emerging standards. Case studies illustrate trade-off 
navigation: (i) Nd-Fe-B versus Sm-Co for high-temperature operation; (ii) copper 
hairpin versus aluminum conductors; (iii) Advanced cooling for high-speed drives.  

Finally, the tutorial will highlight advanced case studies of electrical machines for 
racing and aerospace applications enabled by advanced manufacturing technologies 
such as 3D printing. This session seeks to bring together latest research findings, 
theoretical advancements, and practical insights about electrical machine design and 
manufacturing. 

Further validation includes automatic generation and simulation of the electric drive  
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