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Decoupling control of 2 degrees-of-freedom alternating current active
magnetic bearing using least squares support vector machines

ZHU Huang-qiu, LI Yuan-yuan'

(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang Jiangsu 212013, China)

Abstract: Using the least squares support vector machines (LS-SVM), we investigate the dynamic decoupling of the
2 degrees-of-freedom (DOF) alternating current (AC) active magnetic bearing (AMB) system which is a multivariable,
nonlinear and strong coupling object. According to the basic structure of the AMB system, we use the equivalent magnetic
circuit method to develop the mathematical model for the suspension forces and setup the state-space equation for the 2
DOF AC AMB system. After the invertability analysis, we derive the inverse model of the system based on the identification
principle of LS—-SVM. By connecting the inverse system in series with the original system, we decouple the original
nonlinear system into quasi-linear systems, for which additional controllers are designed. The simulation of the AMB
system is carried out on the MATLAB software platform. On this platform, we perform the tests of set up, fitting, floating,
disturbing and decoupling; the results are analyzed. Finally, the experimental platform of the AMB was established, on
which the suspension of the rotor and the decoupling performance test are performed. The research results show that the
control strategy based on LS—-SVM can realize dynamic decoupling control for the 2 DOF AC AMB system with desirable
dynamic and static performances.
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2 T HHERGEShHM AL S B
I (Structure and mathematical model of 2
degrees-of-freedom of alternating current ac-
tive magnetic bearing)

2.1 FEAZE#(Basic structure)
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Fig. 1 Structure of 3-pole AC active magnetic bearing (AMB)
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3 BN IRSIE M =N ERETE H (Decoupling control based on LS-SVM)

3.1 YRS (Reversibility analysis)
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Fig. 2 Inverse system model of SVM
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Fig. 3 Simulation diagram based on LS—SVM inverse system
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Fig. 4 Fitting characteristics curves of LS-SVM

inverse system

4.2 &AL (Floating test)
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Fig. 5 Floating curves of rotor

4.3 THAEK (Disturbance test)
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Fig. 6 Displacement curves in the z- and y-direction with

disturbing force exerted in the z- and y-direction

4.4 fEREIAL: (Decoupling test)
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Fig. 7 Displacement curves in the z- and y-direction with step

signal exerted in the z-direction

5 SEISHEST(Experimental research)

N T BEA P TR R S T, DA H AR
TG AECR SRR 4, RN TIA F] I TMS320F2812
BRI PWM A A R 4, i AHLAS H S
H{EZHE RS HISH. L8P S W I8k

B
DSPFEHfR B
RS 1 L B

8 SLELCT6
Fig. 8 Test and debug platform
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Fig. 9 Floating displacement curves of AMB’s rotor
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6 455 (Conclusion)
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