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Research on rotor suspension control strategy of dual-winding bearingless
flux-switching permanent magnet machines based on sliding mode
control and extended state observer

Cui Zhengshan,Zhou Yangzhong,Zhang Jing,Zhou Yihao

( Fujian Key Laboratory of New Energy Generation and Power Conversion, Fuzhou University, Fuzhou 350108, China)

Abstract: The dual-winding bearingless flux-switching permanent magnet machines ( BFSPMM ) is a non-linear and multi-variable
complex system. The traditional speed Pl and radial displacement PI control have disadvantage of large overshoot. The system is
susceptible to external disturbances. Based on the idea of sliding mode variable structure control, this article proposes a sliding mode
control (SMC) strategy for the radial displacement of Dual-winding BFSPMM to control the suspension plane. In view of the inaccurate
mathematical model in sliding mode control, the gyro effect in the rotor dynamics, etc. An extended state observer (ESO) is established
to observe the system disturbance, and the disturbance feedforward compensation control is added to SMC. Thus, a compound control
strategy of SMC and ESO is formed. Compared with the traditional PI control, experimental results show that the proposed radial
displacement SMC has advantages of faster response speed, smaller radial displacement pulsation, and strong resistance to load
disturbances. Compared with the radial displacement SMC, the proposed composite control strategy of radial displacement SMC and ESO
can effectively reduce the radial displacement pulsation of the rotor by about 30% , and further enhance the robustness of the system.
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Table 1 Main parameters of dual winding BFSPMM
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Fig.2 The schematic diagram of rotor running state
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different torques
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Variation of rotor radial displacement when ESO

disturbance compensation is added suddenly

Sk T A B R AL P 2 A e A AR
NS KSR PR 3 400 o/ min ANARET 38
Tia] EL ALt a0 AN (] 149 670 28 i 3R AR 10 7 748 1l v A A2 Ak il
2 12 PR,

= 0.08
-4 -SMC-y
= 0.04 —#— SMC+ESO-x
¢ -5~ SMC+ESO-y
v 3 4 5
i HHLE/(N-m)

P12 ASRHHAR T B 1) AL A% Ik 2l i {8
Fig. 12 Radial displacement pulsation amplitude under

different torques

JIEL 12 0] DU 224 AL S AS R LR B 42 1)
fiFe SMC 5 ESO &5 #E il AH L T4 6] SMC S, A7
AN %210 AL 8% WK 3l BT 3R A5 5% 4% 1) (6 % ik 2 [+
Fe R B2 30% , PRIUL, i@ g5y ESO Hi sl Wil &5 X 2 4t
PRBHEATILI , IFAE w5 Mz A B T 40 i 5% 42 0 B
HIpk 3l

HLHLLE 1 500 r/min 47 4 N-m a8 170, R H
SMC+ESO & & 4 il 5 W Jir 3145 16 5% T4 ) 2 4% an 151 13
fizR . ME 13 el LUE L HHLTE @ G2 1 TR « Fy
5 1) L AR A B bk 3h 29 8 0. 13 mm , /N T o K Br fe iff
I A% 0.3 mm, UL, HEHLAL T IE & & % 8 17

Fig. 13 Radial displacement waveform under

SMC+ESO compound control strategy
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