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Abstract: In the case of synchronous vibration caused by mass unbalance of electromagnetic
bearing’s support rotor, an algorithm combining rotor unbalance identification with on-line
compensation based on model reference adaptive systems (MRAS) is proposed, which is robust
and can effectively simplify the controller structure. The rotor unbalance in two bearing planes is
equivalent, so an unbalance identification algorithm based on model reference adaptive is
proposed. Its adaptive law is designed according to the Popov hyperstability theory, and the
stability in the full speed range is ensured by phase compensation angle; In view of the system
parameter changes caused by model errors and complex conditions, the initial value of the
compensation current is generated according to the identification results, and the same model
reference adaptive algorithm is used to fine-adjust the compensation current online, thus greatly

improving the convergence rate of the algorithm on the premise of accurate compensation. The
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results of simulation analysis and experimental study show that:by this proposed algorithm, rotor

amplitude at both ends of the bearing can rapidly attenuate and maintain stable within 0. 2 s, and

the speed-frequency component in the vibration displacement can be suppressed by more than

90%. Moreover, the algorithm could adapt to the change of rotational speed. The proposed

algorithm can quickly and accurately suppress the rotor vibration caused by unbalance, and satisfy

the requirements for high rotation accuracy of the rotor in various scenes.

Keywords: electromagnetic bearings; model reference adaptive systems; parameter identification;

unbalance compensation
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Fig. 1 Radial 4-DOF model of active magnetic bearing-rigid

rotor system
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Fig. 2 Block diagram of unbalance identification algorithm

based on MRAS
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Fig. 3 Vibration signal processing and implementation steps

of identification algorithm
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Fig. 8 Active magnetic bearing-rotor system test bench

4.1 FAEEHRBIHRRTEEIME

SRy 6 I B R AS ) e o ) 9 TEURD R MR
B2 WIAE [ RE 5 53 o 3 600,4 800,6 000,7 200 r/
min B % % - 1 S S i B E AT BE L A8 BN [F) i R
T AT R A AR 2 R

A2 KRk TeRFHAHIRER
Table 2 Identification results of unbalance coefficient under

different rotate speeds

Ik / A dii B Ji
(remin ) 4,/107°  £,/10°°  @/10°°  B/10°°
3 600 1.72 —1.28 2.72 1.27
4 800 1. 46 0.25 1.97 1. 10
6 000 1. 41 0. 90 1.54 1.07
7 200 1.20 1. 35 1.25 1.10
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Table 3 Theoretical calculation results of unbalance coeffi-
cient and phase compensation angle at different

rotate speeds

13 4
e/ A b
( ot s/
remn afA/lOi5 ,@/\/1075 011;/1075 ,813/1075 rad
3 600 1.63 0.05 1. 82 0. 06 0. 24x
4 800 1. 55 0. 50 1.73 0.56 0. 33w
6 000 1. 40 0. 83 1.57 0.93 0.40x
7 200 1. 19 1.12 1. 33 1. 24 0.47x
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