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Fault tolerant control for sensor fault of a bearingless asynchronous motor

Yang Zebin', Wang Ding', Sun Xiaodong®, Sun Chao', Wu Jiajie'

(1. College of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Automotive Engineering Research Institute, Jiangsu University, Zhenjiang 212013, China)

Abstract : In order to avoid the effects of speed and current sensor faults on the speed loop, current loop and suspension control in the
vector control system of bearingless asynchronous motor (BAM) , a fault-tolerant control strategy of the BAM sensor faults is proposed.
Firstly, the extended observer is designed to realize the observation of the speed and error of the BAM, and the data fusion strategy is
used to achieve smooth switching of the speed when the fault occurs. Then a reasonable threshold is designed to achieve fault diagnosis
and fault tolerance of the speed sensor according to the speed observation error. Secondly, the current observation is realized according to
the state equation, and the expansion observer is used to compensate the observed disturbance of the state equation. Then a reasonable
threshold is designed to realize the fault diagnosis and fault tolerance of the current sensor according to the current observation error.
Finally, the simulation and experiment results show that the proposed fault-tolerant control system for the BAM sensors can accurately
achieve fault diagnosis and fault-tolerant control of speed and current within 0. 025 s, and the errors are within £63 r/min and 58 r/min,
respectively. In addition, the rotor displacement fluctuation amplitudes are within +38 pm throughout the process, which indicates that
the rotor can achieve good suspension.

Keywords : bearingless asynchronous motor; speed observer; current observer; fault diagnosis; fault tolerant control
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Fig. 1 The structure of the BAM
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Fig. 2 Speed error curve of extended observer and sensor
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Fig. 3 Flow of sensor fault tolerant control
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Fig. 8 Simulation diagram of speed sensor fault

4.2 HRERSFEEHTAR

ARSCERST A A B AHAT A B BIAH 3 RGO A9 15
TR BEIEAT T BB UE A3 B0 9~ 11 B A B2

B9 F7R A ML AL IRARTE 0. 15 s H BRI 945
HAER I B 5 R R AR BR AR L, B 9(a) S
A DI #E AT | JCAMEE P AR B0 T 5 55 B L A
2 M2, ANHE & BB i TS A MEEE , F D RN 452 25 24
TE LS A AN, T HEAT Y 4 22 ffF 45 F 30 SO0 00 152 2 7
0.3 A LIN, X R KA T SERI2 Wik B, Y ikE &
A, A AMEYI I 2 AR | (A UL 15 25 A BT RS K
HEAFIRZE LR £0. 6 A, {HEEAS 1 B2 1 #ME 5 158 22 1 I
AN TAMERTIR 22, 1B 9 (b) FRoR B & A HTE A AHH
WASILIE , HZ M 7E 0. 15 s Je Bl —E sl 1



21040000169007 REnS 8 P fbd
[OFE 5
EORR Wi 45 Jelh R 20 v ALA SRS e A s 105
BARFZMA T, B9 () R HU AL IR A it £, oA Mg e ol R
HUHLIEF AT, MRS S | 52 000 e 0 1R 2 19 52 i1 3 ;ﬁ | N
+2 t/min BYIRZEPL SN, E 0
x
% -1
2 N N
< B _ TAMER Rz 2 AAMERIRE
ﬁ 0 0.05 0.10 0.15 0.20 0.25 0.30
2 0 I e/
=l (a) HRREAH BAR HLUIL I AN A0 5 DR 2 i 2%
< ot HAMER R E (a) The error curves of fault B-phase current
. before and after observation compensation

0 0.05 0.10 0.15 020 025 030

20
i
(a) WURRAR AR IV IAMERT 5 R 22 i 28 < 10
(a) The error curves of fault A-phase current %
before and after observation compensation B 0
z
m 10
<
& 20 - . . . . .
m 0 0.05 0.10 0.15 0.20 0.25 0.30
-Tté IR 8] /s
(b) HRIFEAHBAR HLIAE 2%
-20 0 e 010013 TR VR (b)The fault B-phase current curve
I Tal/s 3000} o
(b) WA AR HLIR I 2R ~ 2500} Y
b) The fault A-pl t =
(b) The fault A-phase current curve £ 2000 3605
3000 D — é 1500} 3000 VN
—~ - 1 2995
2 1000
E j (S)gg e ® 500 29%
g L
£ 3005 019 021 023
= 1500 0
3 000———— AN . . . . . .
# 1000 . 0 005 010 015 020 025 030
500 T S 8 /s
0 0.13 0.15 0.17 0.19 .
, , , , , , (c) BAFAL IR 88 4R 4 2 25
0 0.05 010 015 020 025 030 (c) Speed curve of B-phase sensor fault
i ) /s
(c) A& RRAR B o 1 4 10 B AR L A S i e g £ ]

(c) Speed curve of A-phase sensor fault

KO A HHL U A& TR Bt £y EL ]

Fig.9 Simulation diagram of A-phase current sensor fault

110 3R B AL AL IRARTE 0. 2 s tHBUAL BRI 19
FLAGR | I e 12 — B R A B 2 AR i, 1B 10 (a)
A () 752 B AR HL I I EAEAT | TCAMEE P A &0 T
LB LU R A R 22 T Z A B AH L LI, [7] A AHR
B BL AL, A B L A M 2 R R T RS W
JIE FLRRAR T 5 22 . &1 10 (¢ ) Feam 1Y s BIL Y % o iy
2, AT L DLIE Was AT, (HROR S 5 S A B IR,

Fig. 10  Simulation diagram of B-phase current sensor fault

TR M LR 22 A8 K, S H BN LR R, )5 Pk R
FE+4 r/min BRZELIN IS,

AFHEIU/A

0 0.65 0?10 0.‘]5 0;20 0A,25 Q‘30
REIS
(a) AZFH HLIAT I 28

(a) A-phase current curve

20
PR Z £2 v/ min IR AN D), < 10
[ 114 A MR B ML AE R4 HIE 0.15 s 5,
0.2« HRBCREI A7 ECIE, B 11 Ca) FI(h) 5P I8 A £
AERT B AT DRI, BT 5 IR BB .
ML TR AR TR P 11 () % L 0 005 010 015 00 025 030
e, WA e T 0. 15 s U e 24 .

BL A FHECBRET—HE, 0.2 s J5 B AHH BUSEE , o i ALHS

(b) B-phase current curve



21040000169007 e 8 7M. fbd

=]

106 8/ L F£ % W® 428
3000 e=T====3 P 14 (a) (b)) 70 )2 i A TR 7 2 4 T3
2500 AW PO T BB g S50 25 5, SE g0 45 T A, 7EHL AL
g2 ;:33;WNW SYBETTE 0. 18 s F10.25 s I, BRI 5L T 9 HEFE 4 K%
1000 2995 R TRE b B 25 4 o R D N, B TR) 2 R
® 500 299015 018 021 024 0.025 s, HARE G By iR 22 A 1E 63 +/min, X K5 H
0 i) — S b v £ e T
T GERATIRAA, [ 14(c) FoRAs BLASBE 7 B A
M Jo T AL AN B N B A R [ U Bh iR R A
S 38 pum AP, LSS SRR 7 2 A7 T E R B A

(c) Speed curve of two-phase sensor fault
‘ S R AT TR BN SZ AR R S R 5
11 R Ha 7 A SRt Bt 5 L 1] ]
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Fig. 13 Experiment block diagram of the control system
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