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Comparisons of Digital Control Laws on Active Magnetic Bearing

by

Takakazu ISHIMATSU*, Takashi SHIMOMACHI* and Nobuyoshi TAGUCHI**

Digital control laws are implemented on an active magnetic bearing system with Digital Signal

Processor.

Three types of digital controllers are designed to control the horizontal single-axis

magnetic bearing ; PID controller, PID with second-order derivative controller (PIDD?) and dynamic

compensator based on an identity observer.

Results of these digital controls implemented with DSP

are compared with those of analogue controls implemented with operational amplifier in control-

lability. Comparisons of these experimental results show that while only a little difference between

analogue control and digital one on control-lability is observed, the digital dynamic compensator

proved to have some superiority. And these experimenteil results agreed with those of numerical

simulation.

Key Ward : Application of Control, Magnetic Bearing, Active Magnetic Bearing, Thrust Bearing
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Fig.1 System Diagram

Fig.2 Thrust Magnetic Bearing

Table 1 Main Specifications

Mass of Rotor m=44Kg

Gap length lo = 1.0mm
Gain of Power amp. b=105A/V
Bias Coil Current io = 2.0A

Force Constant Kr = 170N/A
Time constant T = 6.1lmsec
Gap connstant a. = 1600A /N
Gain of Displacement Sensor Ky = 2.0X10'V/m
Scale factor a = 1000
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Table 2 Feedback Gains

TIar e FaOIN | TaYIN
HEANL, 2 ‘ 3
PID PIDD? Observer
Ky 0.28 0.85 —
K, 3.0 26.0 —
Kp (msec) 1.6 3.3 —
Ko (msec?) — 2.1 —
T: (sec) 0.48 0.48 —
To (msec) 0.33 0.33 -
To2 (msec) — 0.33 —
ki — — 1.16
ks — — 5.34
ks — — 8.21
L — — 0.8
12 — — 3.0
I - — 3.0
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Fig.3 Impulse Responce
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Fig. 4 Effect of Sampling Speed
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Table 3 Dominant Poles

Sampling Frequency 30 kHz 5 kHz
Dominant Natural Frequency ay, Dominant Natural Frequency wn
Poles and Damping Factor & Poles and Damping Factor &
. w, = 48Hz . w; = 48Hz
—29+ —16+
PID Control 29300 ] = 0.09 16299 j £ = 0.053
PIDD? . @, = 57THz . @n = 68Hz
—179+ —9238+
Control 1793101 & =0.50 238360 &=10.55
Identity . @, = 66Hz . w, = 64Hz
—239+ —229+
Observer 239£333) & =0.58 2293381 & =10.56
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Fig.6 Rigidity of Rotor
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