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Fault-Tolerant Control of Position Sensor for Bearingless Permanent Magnet

Synchronous Motor Based on Separation of Positive and Negative Sequence

HAN Bingyang, BAO Xucong, WANG Xiaolin, SHI Tengrui, FAN Zhenzue
(College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 211106, China)

Abstract: The bearingless permanent magnet synchronous motor (BPMSM) is widely used in industrial
production due to the excellent performance of no contact and no wear, However, to achieve accurate control
of rotation and suspension, the key is to obtain high-precision rotor position to decouple tangential torque and
radial levitation force. To ensure the stable operation of BPMSM in case of position sensor failure, a fault
tolerant method of position sensor for BPMSM based on the separation of positive and negative sequence is
put forward. First, on the basis of the mathematical model of BPMSM, the influence of sensor failure on the
torque and suspension subsystem of the motor is analyzed. On this basis, a fault diagnosis function based on
zero crossing detection is proposed to monitor sensor signal faults in real time. Then, rotary coordinate is
introduced to analyze the characteristics of positive and negative sequence in single-phase hall signal. Rotor
position is calculated by phase-locked loop, which ensure the phase of rotor position is consistent with the
positive sequence component separated from hall signal. Fault tolerant system for position detection
completed the switch from the fault system to the fault-tolerant control system, realized the normal operation

of the BPMSM under sensor fault. Finally, The effectiveness of the proposed method is fully verified by
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simulation and experiment on a BPMSM prototype.

Key words: bearingless permanent magnet synchronous motor(BPMSM) ; rotor position detection; positive

and negative sequence components; fault diagnosis; fault-tolerance control
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Fig.10 Simulation results under fault-tolerant control

& 11 k% 3 98 28 i BPMSM o7 B K T 25 4 &
Gtz Ay R, R AT e A A S A T ] £
G W as AT B, Y LAY 5 & A AR R B



%5

R UKBR &5« 2 T IR 970 20 5 ) TR K R R] 25 L BILA B A il 5 42 o 895

4 07 B A = FIAE i RS A AR A8 DR B A E e il 1 78
Xk 22 55 2 G Ak SR A 0 B AR S AR PR e BN, R
WY 1 7 R AR AR e A SRR B A A ) R BPMSM
RE 6 ¢ W AE W Y TP 3

s |
1
1

L
[

5 /rad (r * min’)
Sy

O

(e 3t foaye

==
1=}

f

(=]
-

A

-4
04 06 08 10 12
BfTE] /s

PLT g A Al I 2  Bk 19 7 ELBE
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Fig.12 Simulation results of rotor radial displacement

ASCH B W R B BPMSM IR 3 & 45 3k 47
SEES HE— 25 56 TR T B A 3 T OE fUT R A
BPMSM 17 6 ) 75 55 77 75 0 A 50bE | s bl i 52 56
SH S HSH 3.

& 13 0y 25 88 47 45 7 % 3 n=3 000 r/min I
Jet I BPMSM {7 & 46 ) 25 48 B0k R R 1555 0 8

F o A TR S SR P o H AT A R G O
14 5 5 B AR 5 R R e A N AL PR AR AN A
P13 v 4 fRL R DR R B B R s AR S T B A AR
HIVE R 290 2.5 A, B IE 5% R, R IR A5 I kA
RS 4 ] 2R GE U0 B A D7 S5, R R N LE
W AR 28 e s /0 4T3 S T 5 i 2 LI PR A A
AR A R S IR 6 T R R R A A R
PR A ALY RE AR IR AR B AT SR AR S
HER -2

IEH 81

i
bt
i
||

h,/ j\/‘dlv")

5y £ : :
s 0105 gy | (BB

B’fffﬁ /(20 ms * div")
13 ZEEEPS T 09 52 56 3 8 45

Fig.13 Experimental results under fault-tolerant control
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