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Study on Dynamic Characteristics of Dual-Rotor Magnetically
Levitated Flywheel Energy Storage System
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Abstract: Aiming at the technical challenge of limited motor heat dissipation under vacuum
conditions in high-power flywheel energy storage systems, this paper proposes a novel
structure with separated motor and flywheel rotors. In this configuration, the flywheel rotor is
placed inside the vacuum chamber while the motor rotor is arranged in an atmospheric
environment outside the chamber, and contactless torque transmission is realized via a
tubular magnetic coupling. Based on the Newton-Euler equations, a dual-rotor dynamic model
is established, which comprehensively considers the gyroscopic moment, stiffness and
damping of magnetic bearings, as well as the radial coupling stiffness of the magnetic
coupling. Electromagnetic field simulations show that the ultimate torque of the magnetic
coupling is 11.26 kN-m, and its equivalent radial stiffness ranges from -416.40 to —445.58 N/
mm within the operating torque range of 0~10 kN-m. Dynamic analyses reveal that the critical
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speeds of the first seven rigid-body modes of the system are 371.21~1988.10 r/min, and the
first bending critical speed is 13707 r/min, indicating sufficient safety margin within the
operating speed range. Unbalance excitation induces synchronous resonance on both the
flywheel and motor sides, with maximum vibration displacements of 65.19 ym and 30.23 um,
respectively. Parameter sensitivity results demonstrate that the magnetic bearing stiffness
dominates the low-order critical speeds of the system, damping can reduce the resonance
amplitude by more than 70%, whereas the coupling stiffness has a minor effect on the system
dynamic performance. A 1.2 MW-125 kWh prototype is constructed and full-speed vibration
tests are carried out. The experimental results agree well with the simulation trends, providing
a theoretical reference for the design of such dual-rotor flywheel energy storage systems.

Keywords: flywheel energy storage; magnetic bearing; dual-rotor system; magnetic coupling;

dynamic characteristics; critical speed
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Fig. 1 Structure of the magnetically levitated dual-
rotor flywheel energy storage system
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Fig. 3 Structure of the cylindrical magnetic coupling
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Table 1 Structural parameters of the cylindrical
magnetic coupling
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Fig. 4 Magnetic flux density distribution when the
inner rotor rotates by 7.5°
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Table 2 Simulation parameters of the dual-rotor

system
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Fig. 7 Finite element model of the dual-rotor system
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Table 3 Influence of coupling stiffness on system

dynamic characteristics

—— -416.40N/  -431.98N/  -44558N/
mm mm mm
R4 I 745 3% 1 /rpm 371.21 371.33 371.44
R4 I 745 3% 2/rpm 417.47 417.62 417.74
R4 I 745 3% 3/rpm 441.41 44176 442.06
R4 I 745 3% 4/rpm 548.32 549.08 549.74
R4 I 745 3% 5/rpm 1065.96 1066.59 1067.13
R4 I 745 3% 6/rpm 1087.11 1087.58 1087.99
R4 I 745 3% 7/rpm 1988.14 1989.64 1990.94
Wi i % rpm 13706.80  13706.91 13707.01
KEe RAREK KA um 65.44 66.22 66.87
KE N R AR SO pm 64.93 65.80 66.54
FML AR Al AR R KRR pm 22.82 23.02 23.20
FHL R A2 Sl AR B KA pm 30.23 30.38 30.50
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Table 4 Influence of magnetic bearing support stiffness on system dynamic characteristics
T A S PE NI 5x10°N/m 1x10°N/m 1.5%10°N/m 1%10’N/m 1.5%10’N/m
WHT A A HZ 1.58 2.23 4.95 6.96 8.49
WHH A HZ 1.97 2.67 5.37 7.43 9.026
LT B A Hz 4.40 6.08 12.74 17.74 21.60
FONLEE B A HZ 8.08 9.70 18.52 25.69 31.26
REE B S HZ 290.90 290.90 290.90 290.90 290.90
LR A HZ 618.49 618.51 618.59 618.70 618.81
WA I 744 3 1 /rpm 91.90 128.39 272.25 371.21 443.47
Wi I 44 3 2/rpm 94.62 133.90 297.15 417.47 509.39
Wi I 44 3 3/rpm 117.79 158.99 319.71 441.41 535.88
Wi I 54 3 4/rpm 119.95 164.29 364.19 548.32 710.00
WA I 4 3 5/rpm 265.06 364.96 764.65 1065.96 1298.87
Wi I 4 3 6/rpm 267.00 365.91 766.77 1087.11 1356.74
WA I 4 3 7 /rpm 670.73 795.73 1458.12 1988.14 2398.91
— B i S i /rpm 13706.76 13706.76 13706.78 13706.80 13706.81
KA FARRh AR R R LR um 4.32 4.69 46.06 65.44 14.59
KA AR AR SR K LB /um 5.30 5.60 47.34 64.93 14.22
AL Al AR B KA A% fum 5.34 9.25 16.51 22.82 24.89
FHL T ARl R S KA RS um 3.72 6.88 20.00 30.23 34.18
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Table 5 Influence of magnetic bearing damping on system dynamic characteristics
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Figure 15 Physical photograph of the dual-rotor
magnetic levitation flywheel prototype
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Fig. 16 Comparison of measured and simulated
vibration amplitudes at the motor radial magnetic
bearing positions
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Fig. 17 Comparison of measured and simulated
vibration amplitudes at the flywheel radial magnetic
bearing positions
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