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Abstract: In this paper, the framework of control loop
performance evaluation based on the cloud theory is
introduced to the electromagnetic levitation system. With
the measured data of a commercial maglev train in
commissioning phase, the feasibility of the proposed
evaluation method is tested. In addition, by means of the
multiple variable system, evaluation results of the control

loop performance are visualized in an intuitive fashion.
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Fig.1 Schematic diagram of suspension system for

maglev vehicles
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Fig.2 Schematic diagram of control loop for single-

point suspension system
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Fig.3 Typical configuration structure of suspension system for medium-low speed maglev vehicles
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Fig.4 Cloud model and its digital characteristics
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Fig.5 Measured data of suspension system 1 during

whole process of operation
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Fig.7 Classical performance evaluation of

suspension system 1 at different sections
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Fig.8 Cloud model of suspension system 1 in terms of air gap at different sections
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Fig.9 Cloud model of suspension system 1 in terms of acceleration at different sections
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Fig.10 Cloud model of suspension system 1 in terms of input current at different sections
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Tab.3 Digital characteristics of cloud model for
suspension system 1 in terms of air gap at
different sections

FFIE
Tab.5 Digital characteristics of cloud model for
suspension system 1 in terms of input

current at different sections

MrEs E, E, H, I, Bt E, E, H, I
1 8.574 0 0.494 6 0.1885 0.8331 1 27.7975 4.273 3 0.7931 0.7011
2 8.5810 0.5838 0.5383 0.5787 2 29.104 5 4.568 3 1.764 1 0.3327
3 8.553 3 0.566 3 0.176 8 0.8125 3 29.9518 4.604 5 0.757 1 0.593 6
4 8.5232 0.5111 0.2212 0.7887 4 28.35717 4.6231 1.224 4 0.6122
5 8.5530 0.2216 0.1891 0.876 5 5 24.302 3 1.8620 0.9110 0.7639
6 8.5402 0.6740 0.1658 0. 800 4 6 22.559 6 3.606 8 0.817 3 0.758 2
7 8.546 8 0.4375 0.268 5 0.7112 7 22.418 1 2.7776 1.000 3 0.7834
8 8.5432 0.1341 0.146 7 0.8977 8 21.2455 0.9831 0.498 4 0.8526
9 11.489 0 4.8388 0.000 2 0.156 3 9 15.434 1 12.238 7 0.000 3 0.174 8
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= 4
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Tab.4 Digital characteristics of cloud model for o
W Rl —ia 4T B B [l 77 ZR e 45 il 1] i 1)

suspension system 1 in terms of acceleration

at different sections

BB E, E, H, I.
1 11.0890  1.6460 0.6320 0.7512
2 11.1424  1.7950 1.436 0 0.4124
3 11.1395  1.8952 0.6518 0.7332
4 11.0727 1.604 7 0.7438 0.7541
5 11.1117 1.3361 0.3432 0.8225
6 11.0490  2.2562 0.8122 0.6455
7 11.053 1 1.7457 0.6585 0.7845
8 11.062 7 1.4010 0.2447 0.856 4
9 11.083 3 1.0221 0.769 3 0.474 4
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Fig.11 Cloud model of 1~4 suspension system control loop in terms of air gap in section 6
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