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Application of Zero-Bias Current Active Magnetic Bearings to

Flywheel Energy Storage Systems

0D0000000000S.GACHTER 0000 OH. KAMENO

Flywheel energy storage systems are a target application for active magnetic bearings. Its competitiveness to roller
bearings, however, depends strongly on the achievable bearing loss reduction. Conventional active magnetic bearings use
linearizing bias currents superposed by control currents. These currents are the source of the bearing losses. Therefore, this
paper discusses in the first part these losses and methods to reduce them. In the second part, a particular method is
proposed, i.e. instead of bias currents, feedback linearization is applied. The simulation showed that control performance
similar to that of bias current types could be achieved in these zero-bias current active magnetic bearings, if the feedback
linearization is combined with a control force sign based commutation law.

Key Words bearing loss reduction, control force sign based switching, feedback linearization, flywheel energy storage
system, zero-bias current active magnetic bearing
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O Loss reduction methods for flywheel energy storage systems
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0 Geometric setup of the rotor-bearing system
40 0000000000000

The bearing planes are A and B. The reference frame is OXYZ and the
body-fixed frame is oxyz. The origin of the body-fixed frame is equal the

Oo00o0oo0oo0oo0oooooooogooogoo center of mass C. The appendant angles are « and g. The rotational
speed is Q.
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00 Actuator characteristic in xa direction

Depicted is the graph of the force F,, in function of position x, and
actuator current i,. The graph is computed for a bias current of iy, =
0.3A, a magnetic force coefficient of k, = 1.34 10-6A* / Nm® and an
actuator air gap of xg, = 0.2mm.
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O Block diagram of bias current active magnetic bearing
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Bode diagram of plant models G(s) and H(s)
The used parameters are the coupling factor ¢, = 0.0885kgm and the
position stiffness k. =6.03 104 N/m.
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The used parameters for the plant models are the same as in 00 7. The
controller parameters are the proportional gain K, = 2.5 105 N/m and pobbobobuobboboubobouooon
K*,.a = 3.103 105 N/m, the derivative time constant Ty, = 0.002s, and Ooogogooooog.

the sampling time h = 0.2ms. The bias current is i, = 0.3A.
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Disturbance force step response

The disturbance step level is 1N. The used parameters for the plant
models and the controller are the same as in 0 8.
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