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Abstract: Electric transportation has rapidly evolved over the past decade, driven by
advancements in electrical machines and power electronics. From electric vehicles to high-
speed trains, aviation, and urban air mobility solutions, efficient and high-performance
electrical machines are the core of modern sustainable transportation. The demand for
higher power density, improved efficiency, and cost-effective solutions has led to the
development of novel machine topologies, advanced materials, and innovative
manufacturing techniques.

In the early years of development, electrical drives for transportation utilize DC motors
before transitioning to induction machines due to their robustness and simplicity. However,
with the advancement of power semiconductors, permanent magnet synchronous machines
have gained dominance due to their superior efficiency and power density. Additionally,
high-speed machines have emerged as a solution for improving power-to-weight ratios,
making them particularly attractive for aerospace, railway, and next-generation EV
drivetrains.

Despite their advantages, permanent magnet machines rely on rare-earth materials, which
pose supply chain risks and environmental concerns. As a result, there is a growing focus on
rare-earth-free solutions, including advanced reluctance machines, improved induction
motor designs, and hybrid excitation synchronous machines. These alternatives aim to
maintain high efficiency and performance while reducing dependence on critical raw
materials.

One of the major challenges in electric transportation is achieving higher efficiency while
minimizing losses and improving thermal management. Advanced cooling techniques,
lightweight materials, and novel winding configurations play a crucial role in enhancing
machine performance. Furthermore, the integration of machine and power electronics
enables more compact system designs.

Recently, multi-phase machines, axial flux motors, and innovative winding techniques have
gained attention for their ability to improve reliability and fault tolerance in e-mobility
applications. Additionally, digital twin technology and Al-driven optimization are
revolutionizing the design and predictive maintenance of electrical machines, ensuring
longer operational lifespans and reduced maintenance expenses.

This presentation will provide an overview of the latest advancements in electrical machines
for e-transportation, with a focus on primary technological themes. A comparative analysis
of various motor technologies, design considerations, and emerging trends will be
highlighted, with real-world applications and innovations serving as illustrative examples.
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