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Dynamic performance of radial magnetic-gas bearing system
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Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to explore whether the damage caused by rotor drop can be reduced in
case of the failure of magnetic bearing, the herringbone groove radial dynamic pressure gas bear-
ing was introduced into the magnetic bearing rotor system, and the influence of the magnetic-gas
bearing on the dynamic performance of the system and the support characteristics of the dynamic
pressure gas bearing were studied. The finite difference method and small disturbance method
were used to solve the film thickness equation and Reynolds equation, and the static and dynam-
ic characteristics of the dynamic pressure gas bearing were studied. The electromagnetic force of
the magnetic bearing was analyzed. The incomplete differential PID (proportion integration differ-
entiation) control strategy of the magnetic bearing was used. The theoretical and test modal anal-
ysis of the system was performed. The high-speed rotation test of the system was completed. The
bearing capacity of dynamic pressure gas bearing under different eccentricity and rotating speed
was tested. Results showed that introduction of dynamic pressure gas bearings can improve the
dynamic performance of the system. At the moment when the high-speed rotor dropped due to
the failure of the magnetic bearing, the eccentricity was close to 1. The two radial dynamic pres-
sure gas bearings can produce larger bearing capacity and reduce the drop caused by the rotor

damage.
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Fig.1 Schematic diagram of the mechanical structure of

the system
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Table 2 Parameters of dynamic pressure gas bearing
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Fig.18 Current and displacement of general protection bearing
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Fig.20 Force diagram of rotor system
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Table 3 Static levitation current with different eccentricities

R/ A

fio>
1B 2B 3B 4B

—0.6 2.052 1.543 2.584 1. 680
—0.5 2.052 1.567 2.584 1.704
—0.4 2.052 1.590 2.584 1.728
—0.3 2.052 1.614 2.584 1.753
—0.2 2.052 1.639 2.584 1.775

—0.1 2.052 1.663 2.584 1. 800

0 2.052 1.687 2.584 1.824
0.1 2.052 1.712 2.584 1.848
0.2 2.052 1.736 2.584 1.873
0.3 2.052 1.759 2.584 1.897
0.4 2.052 1.783 2.584 1.921
0.5 2.052 1.807 2.584 1.944
0.6 2.052 1.832 2.584 1. 968
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Table 4 Rotating currents with different eccentricities

/A

2 ¢
1B 2B 3B 4B

—0.6 1.905 1.431 2.432 1. 568
—0.5 1. 949 1.494 2.481 1.635
—0.4 1.982 1.542 2.510 1.678
—0.3 2.005 1. 580 2.535 1.721
—0.2 2.026 1.620 2.555 1.760
—0.1 2.041 1.657 2.573 1.792

0 2.052 1.687 2.584 1.824
0.1 2.064 1.719 2.997 1. 856
0.2 2.077 1.754 2.613 1. 891
0.3 2.097 1.792 2.633 1.928
0.4 2.123 1.836 2.656 1.978
0.5 2.15 1.879 2.688 2.028
0.6 2.196 1.944 2.738 2.084
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Table 5 Average current of dynamic pressure gas

bearing at each rotating speed

B /10° ML T HME /A

(r/min) 1B 2B 3B 4B
0 2.127 1.884 2.661 2.017
18 2.143 1.898 2.686  2.0347
21 2.16 1.914 2.702 2.048
24 2.175 1.929 2.722 2.065
27 2.196 1.944 2.738 2. 084
30 2.127 1.884 2.661 2.017
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Fig.21 Relationship between capacity and eccentricity of

right radial gas bearing
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Fig.22 Relationship between dynamic pressure gas

bearing capacity and rotating speed
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