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ABSTRACT

Flywheel energy storage systems (FESS) offer fast dynamic response and long cycle life,
making them effective for regenerative braking in rail transit. Their efficiency, however,
depends heavily on the integrated electric machine. This study comparatively evaluates two
axial-flux permanent magnet (AFPM) topologies—with and without stator cores—to determine
the optimal configuration for high-speed storage applications. Two modular machines with
identical ratings (17.5 hp, 25,000-50,000 rpm) were modeled using finite element analysis
(FEA) and assessed for specific power, efficiency, and open-circuit losses. Results show that
the coreless topology achieves higher specific power (~6 kW/kg), independent of pole count,
whereas the cored design offers lower specific power due to its heavier ferromagnetic core. At
very high speeds (50,000 rpm), increasing pole numbers in the coreless machine significantly
reduces efficiency due to eddy-current losses, necessitating Litz wires. In contrast, the cored
structure is constrained to fewer poles due to core losses at high frequencies. It is concluded
that coreless AFPM machines, by eliminating core losses and offering higher power density,
are more promising for compact integration with flywheel rotors, provided that thermal
management and conductive losses are addressed through advanced winding technologies.
These findings provide a technical framework for selecting optimal electric machines in future
metro energy recovery projects.
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