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Abstract : A superconductor flywheel energy storage (SFES) system is used to transform mechanical energy to
electrical energy for wind power generations. A 35-kWh SFES was developed for this end, which is composed
of a thrust active magnet bearing and two radial bearing sets. A ball-type backup bearing is used to sustain the
impact and protect the SFES. Simulations was conducted to analyze the impact on backup bearings and to select
the optimum backup bearing. During rotation tests, there were a few accidents while decreasing speed. The
backup bearing was engaged but could not help bringing damage to the flywheel shaft. The elongated flywheel
shaft came into contact with bearing after a long test, which could be considered as the cause of the accident.
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Table 1 Specification of the 35-kWh SFES rotor

Dimension and properties Specification
Length of composite wheel 1,300 mm
Outer diameter of wheel 907 mm
Length of shaft 1,975 mm
Mass of flywheel 1,588 kg
Polar/Transverse moment of inertia| 142/339 kg*m’
Max. operation speed | 12,000 rpm
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Fig. 1 Flywheel design of a 35-kWh SFES system



Table 2 Parameters of the selected ball bearing

Dimension and properties Specification
Inner diameter 120 mm
Outer diameter 260 mm
Bearing width 60 mm

Ball radius 50 mm
Static load rating 612 kN
Number of balls 15
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Fig. 2 Model of backup bearing system

Table 3 Parameters of the backup bearing model

Dimension and properties Specification
Clearance between shaft and bearing ¢ 0.6 mm
Contact stiffness A 48 GN/m
Contact damping C, 2000 kg/s
Friction coefficient p 0.3
Bearing mass 14, 47 kg
Bearing moment of inertia 7, 0.84 kg*m’
Bearing support stiffness /A 300~800 MN/m
Bearing support damping C, 1500 kg/s
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HALESUDIR] H28H M3, 2024 63 47



BOO T T

PR

~
3

~
8

Displacement(um)
=

o
=

1000 2000 3000 4000 5000 6000
Angular velocity(rpm)

o 0.05 0.1 015 0.2 025 03 035
time(sec)

Fig. 5 Variation of the upper shaft of 35 kWh

Fig. 4 Bearing load simulation in case of accident at SFES at a) 3800, b) 5300, ¢) 6500 rpm

10,000 rpm as support stiffness with 700 MN/m
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