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Rotordynamic Design and Analysis of the Rotor-Bearing

System of a 500Wh Flywheel Energy Storage Device

Sang Kyu Choi’, Young Cheol Kim®, Jin-ho Kyung™

ABSTRACT

A 500Wh class high-speed Flywheel Energy Storage System (FESS) driven by a
built-in BLDC motor/generator has been designed, which runs from 30000 to
60000rpm nominally. Due to the motor/generator inside, the flywheel rotor made of
composites supported by PM/EM hybrid bearing system has a shape of bell or
pendulum and thus requires accurate rotordynamic analisys and prediction of its
dynamic behavior to secure the operating reliability. Rotordaynamic analyses of the
flywheel rotor-bearing system revealed that the bell shaped rotor has two conical
rigid-body modes in the system operating range and the first conical mode, of
which nodal point lies in the radial EM bearing position, can adversely affect the
dynamic response of the rotor at the corresponding critical speed. To eliminate the
possibility of wild behavior of the rotor, two guide bearings are adopted at the

upper end of the rotor and motor/generator. It was also revealed that the EM
bearing stiffness of 0.5~1.0E+6 N/m and damping of 2000 Ns/m are favorable for
smooth operation of the system around the 2nd critical speed.
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Fig. 1 Schematic drawing of a 500Wh Flywheel
energy storage device
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Fig. 2. Rotordynamic modelling of the Flywheel
rotor-bearing system
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Table 1. Geometric dimensions of the Flywheel
rotor-bearing system

‘ inner dia.(mm) 90
Compoite outer dia.(mm) 234
rotor
Length(mm) 280
inner dia.(mm) 70
M/G outer dia.(mm) 90
Magnet
Length(mm) 200
Al shaft Dia.(mm) 40
Total Length(mm) 395
Total mass(kg) 24
PM axial bearing location (mm) 16
from the upper end
EM radial bearing center location 55
(mm) from the upper end
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Fig. 3.1 The 1st free-free mode of the flywheel
rotor
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Fig. 3.2 The 2nd free-free mode of the flywheel
rotor
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Fig. 4 Undamped critical speed map of the fly-
wheel rotor-bearing system
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Table 2. Estimation of the angluar stiffness and
lateral negetive stiffness of the PM axial bearing

Angular stiffness (Nm/rad) 3.825x 108

—1.125 x10*

Lateral negative stiffness (N/m)
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Fig. 5.1 The lst conical mode shape of the fly-
wheel rotor-bearing system
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Fig. 5.2 The 2nd conical mode shape of the fly-
wheel rotor-bearing system
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Fig. 5.3 The 1st bending mode shape of the fly-
wheel rotor-bearing system

Campbeil Diagram of FESS
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Fig. 6. Damed critical speed map of the flywheel
rotor-bearing system
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Table 3. Damped forward critical speeds at var-
ious EM bearing stiffnesses

Kmin |(Kmin+Kmax)/2| Kmax
1st (rpm) 43 43 43
2nd (rpm) 4540 6461 7923
3rd (rpm) | 94032 94110 94187
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Fig.7.1 Unbalance response of the flywheel rotor
-bearing system at the upper end
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Fig.7.2 Unbalance response of the flywheel rotor
-bearing system at the E/M bearing
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Fig.7.3 Unbalance response of the flywheel rotor

-bearing system at the lower end
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