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Abstract: Switching controllers for active magnetic bearings are claimed to minimize the copper losses because they
do not use bias currents. In this study, we compare the performances of the switching controller with those of the
widely used proportional-derivative (PD) controller. The PD controller is combined with a synchronous notch filter to
reduce the effect of the unbalance disturbance. For a fair and objective comparison, the PD controller is designed
systematically. The switching controller is designed so that the dynamics of the two controllers are almost identical. A
system model is developed. This model includes the flexible modes of the rotor and the dynamics of the sensors and
amplifiers. The simulation results show that the switching controller indeed reduces the copper loss at lower speeds.
However, it fails to operate around the speed close to the bending mode of the rotor.
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Table 1 Specifications of the rotor and AMB

PARAMETER VALUE | UNIT
Rotor

Mass 16.6 | kg
Axial length 0.624 | m
Polar moment of inertia 0.043 | kg-m’
Transverse moment of inertia 032 | kg-m’
Maximum speed 18,000 | rpm
Ist bending mode freq. (free-free) 234 | Hz

2nd bending mode freq. (free-free) 600 | Hz

Magnetic bearings

Pole face area, 4, 900 | mm’
Nominal gap, g, 0.6 | mm
Pole angle, 8 22.5 | deg.
Coil turn, N 50 | turns
Inductance, L 94 | mH
Coil resistance, R 0.6 | Ohm

Radial AMB2 \

Thrust collar

.

N
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Flywheel-rotor

Motor
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Fig. 2 Target system for controller comparison

Radial AMBI
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Table 2 Parameters for the reference controller

PARAMETER VALUE | UNIT
Proportional gain, K, 9.535 | V/mm
Derivative gain, K, 0.0253 | Vs/mm
PD controller pole, @, 3204 | rad/s
PD controller damping ratio, ¢, 0.6
Time constant for notch zero, 7,,, 0.555 | ms
Time constant for notch pole, 7, 0.631 | ms
Damping for notch zero, ¢, 0.03
Damping for notch pole, &, 0.09
Damping for sync. notch zero, &, ., 0.06
Damping for sync. notch pole, &, . 0.08
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