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Abstract: High-power, high-speed flywheel energy storage motors typically operate in
vacuum environments where rotor losses are high and heat dissipation challenging, thereby
inducing excessive temperature elevations. To address this issue, this study investigated the
relationship between motor-phase counts and rotor losses. Theoretical analysis of the
magnetic potential of multiphase motors demonstrated that a twelve-phase configuration
suppressed the 5th, 7th, 11th, 13th, 17th, and 19th low-order harmonics. Models of three-,
six-, and twelve-phase motors were established, and their rotor losses were analyzed. Results
demonstrate that a twelve-phase motor significantly reduced rotor losses. High-speed,
permanent magnet motors typically adopt a surface-mounted rotor with magnetic steel and an
outer sleeve. Furthermore, the rotor losses of motor schemes based on two sleeve materials
(alloy steel and carbon fiber) were compared. Based on the comparison results and
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manufacturing processes, the alloy steel rotor-sleeve scheme was selected. Finally, a
temperature-field simulation analysis was conducted under this design, confirming the
rationality of the motor temperature rise and ultimately validating the viability of the proposed

system.
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Table 8 The temperature rise calculation results
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Table 10 Temperature calculation results of two
different cycle conditions
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