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[ Abstract] The energy density of the flywheel battery is quadratic with the rotor speed. At high speeds, the flywheel rotor system
is affected by unbalanced force and gyro effect, which aggravates the instability. Vibration analysis and structural optimization are
required. In CATIA, three—dimensional modeling of the car flywheel battery was carried out. Magnetic bearing is simplified into
elastic support and the modal analysis is performed in Workbench software. Based on the influence of unbalanced force, the
unbalanced force is applied at the end of the shaft to analyze the harmonic response. With the goal of reducing the maximum
deformation of the rotor surface, the response surface optimization analysis tool is used in Workbench to optimize the design of the
width and height of the rotor outer ring and the width and radius of the hub. The optimization of the rotor structure of the flywheel

battery through simulation verified that its energy storage capacity was significantly improved.
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Fig. 1 Structure diagram of flywheel battery
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Fig. 2 Three—dimension model of flywheel battery
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Tab. 1 Relevant parameters of flywheel battery

ZH Bl S8 Bl
M./ kg 3.025 L,/ m 0.048
J./ (kg - m?) 0.001 L,/ m 0.016
J,./ (kg - m?) 0.001 Ly /m 0.012
J., / (kg + m?) 0.01 L, /m 0.06
I/m 0.23 L,/ m 0.078
b/ m 0.23 Ly/ m 0.079
h/ m 0.3
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Tab. 2 Material properties of rotor system components

HSE A MR I/ (kg - mm ™) AR
FHNE T700 1.80x1076 0.307
Liteed 7075 A4 2.83%x107° 0.330

i WAES aligk 7.85%1076 0.290
il e 7.80x107¢ 0.300
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Fig. 3 Gridding of flywheelbattery
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Fig. 4 Simplifiedmodel of magnetic bearing
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Fig. 5 Constraint distribution of flywheel battery
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Fig. 6 The first two modes of magnetic rotor system
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Tab. 3 Reotor natural frequency and critical speed

[ 1 2
[ 45§51 % He 382 935
I B4 K rad/s 2 402 3754
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Fig. 10 Relationshipamong rotational speed, maximum deformation of rotor surface and rotor outer ring, hub
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Fig. 11 Relationship between the maximum equal effect force of

rotating shaft and rotor outer ring, hub
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