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Table 1 Mechanism Parameters and Electromagnetism

Parameters of The System

Systems Parameters

mass of rotor m = 149.4Kg
Flywheel pole moment of inertia J, =2.61 Kg m?
radius of stator R = 0. 1m

discharging speed @ =10000 RPM

equal stiffness £, =1.75 x 10’N/m k, =1.95 x 10’ N/m
equal damping ¢, =990.2Ns/m ¢, =1120.7Ns/m

AMBs

discharging current] KA
air — gap length 0.01m
armature length 0. 15m
coil number 10
radial length of excitation magnet 0. 006m
Generator magnet flux density of permanent magnet H = 900KA/m
saturation £, =1.2
coil factor k,; =k, = 0.9
angle of internal power factor 10°
inductance of load L =20 x 10 =% H
resistance of load R =25 x10 73 ()
coefficient of air magnetic conductance p = 4 x 1077

Others

coefficient of electromagnetic damping u; = 0.8

x10°
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STUDY ON NONLINEAR DYNAMICS OF ELECTROMECHANICAL
COUPLING IN FLYWHEEL ENERGY STORAGE SYSTEM BASED
ON ACTIVE MAGNETIC BEARINGS

Chen Junfeng'" Liu Kun® Liang Wenjie' Tian Ying'
(1. Equipment Department, Troop 61769 of People's Liberation Army, Wenshui 032100, China
quip P P P Y
(2. Institute of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract This paper studied the nonlinear dynamics of electromechanical coupling between the flywheel and the
generator in the flywheel energy storage system (FESS) based on active magnetic bearings ( AMBs). By dedu-
cing the functions of the kinetic energy, the potential energy, the magnetic field energy in the air gap of the gen-
erator and the energy dissipation of the whole system with rotor eccentricity, the dynamical equations of the cou-
pled system between the flywheel system with AMBs and the two-phase-four-pole permanent magnet generator
were established by using the Lagrange-Maxwell equation. Then, the numerical method was adopted to analyze
the nonlinear dynamical characters of the 0. 6MW FESS based on AMBs, and the analytical results of the example
show that the stable rotating-synchronous harmonic solution and triple-harmonic solution exist in the nonlinear e-
quations of the coupled system, and the amplitude of the synchronous vibration is higher than that of triple-har-
monic vibration. Furthermore, when the FESS based on AMBs is stable, the nonlinear vibration can be weakened
by increasing rotational speed of flywheel, the damping of AMBs or by decreasing the stiffness of AMBs, the mag-
netic field energy which includes the armature reaction energy and the permanent magnet excitation energy. As
for decreasing the damping of AMBs or by increasing the stiffness, magnetic field energy, the flywheel may get

unstable.

Key words flywheel energy storage system based on active magnetic bearings, electromechanical coupling,

Lagrange-Maxwell equations, permanent magnet generator, nonlinear dynamics
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