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Abstract: [ Objective] Hall position sensors are prone to
faults under harsh environments, mechanical vibrations, and
electrical stress. In addition, installation deviations can
significantly affect the motor’ s control accuracy and system
stability. To enhance the reliability and fault tolerance of
permanent magnet synchronous motor (PMSM) drive systems
based on Hall position sensors, this study investigates fault
diagnosis methods and fault-tolerant control strategies, aiming
to address the limitations of traditional approaches in fault
diagnostic efficiency and fault-tolerant control accuracy.
[Methods] To overcome the low efficiency and misjudgment
issues of traditional feature-sequence-based fault detection
methods, a novel fast fault diagnosis method based on pseudo-
acceleration variation thresholds was proposed. This method
compared the change in pseudo-acceleration method with a
preset threshold at the Hall transition signal to rapidly detect
faults. Furthermore, an improved fault-tolerant control
method that integrated traditional fault-tolerant interpolation
method with the fast diagnosis method was proposed to
minimize the effect of Hall installation deviation. The method
was combined with the designed adaptive notch angle observer
to reduce the second-harmonic errors caused by Hall sensor
misalignment, thereby improving fault-tolerant performance.
[Results] Experimental results showed that the proposed fast
fault diagnosis method accurately identified both single-phase
and dual-phase Hall sensor faults, significantly reducing

diagnostic time and avoiding the delays and misjudgments of
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traditional detection methods. The improved fault-tolerant
interpolation method, combined with the adaptive notch angle
observer, accurately estimated rotor position even in the
presence of Hall sensor faults, effectively enhancing system
stability and control precision. The method maintained
excellent control performance particularly under different
operating conditions. [ Conclusion] The proposed fast fault
diagnosis method based on pseudo-acceleration variation
thresholds, along with the improved fault-tolerant control
strategy, outperforms traditional methods in the case of single-
phase Hall sensor faults, dual-phase Hall sensor faults, and
under different operating conditions. It provides reliable
technical support for the stable operation of motors under Hall
sensor faults.

Key words: permanent magnet synchronous motor; Hall
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position sensor; fault
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angle observer

4 RIELEIE

N — A B UEAR SCHT 2 A LI e 58 A5 AL
P, 35 H T TMS320F28335 45 il 2% 19 5% Bk 7
& . EEARS R ALERsha A R
PR AR 5 R X PMSM A4 B (14 X6 457 15,
K16 Frs . HALSEINE 2 Fios,
*2 PMSM &#
Tab.2 PMSM parameters

SHALTR ZHUE SRR ZHE

X4 p 2 e FREEE /Wb 0.014 28
EFHHLR/Q  0.61 REZRHLE V, /Y 24
AR L/mH 3 FFARAF . £/ kHa 10
WEDHRP/W 70 B 0/ (remin™') 3000

E16 RKEFE
Fig. 16 Experimental platform
4.1 HEISETXLE
FEHLHLAH 22 #5333 000 rpm T HEAT #5 J5H
AW LUk, 18 17 (a) N e FHBIR A/
JESBEAITE 0L, T DL HY 5 B B Bee 2 W 7 VA A
o AFC R B8 T I 220 S RIVAG: I i e A T il e
BIE, AIRE ¢ RHEIRR s T A& S8 B RFAE Py 51 R
79 v TR e I 2 A R I R R
IRARZSEF B, It LAAE S 5 2 i 0K TH A R =
MIERABIE R, HWEE 12 ms A H A5 A ¢ MR
APRHIEFP A2 W i o AR
B 17(b) oA e FHRE R R A R A B 3 e 1 1
Ol TR AR B, X T Y R 2 W O v Ok
W, ARSI ) fy Ohy sk B8 2 At B S 7 ¢ AR
AT I 22 W Y R RSB ; TR T AR 4
ARHIE P81 B2 W7 05, i TR RS P 5145
F a AAAN b R XU R 2K SR 1 5 A P 371, e

B 17 BEEREEISEX L
Fig. 17 Comparison of single-phase Hall sensor

fault diagnosis

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



AR A R TR R L A SRS ) A R [ A AL A R T DT IR AR

ZHU Ye, et al: Research on Improved Fault-Tolerant Control Method for Permanent Magnet Synchronous Motors

496

Based on Hall Position Sensors

B R AR B 20 1R a AERI b AFDBURH R 1 ML e, i
J& 6 ms AT IE N ¢ AHEAHEE R B

18 g b AHAN ¢ AHAR K Al B 112 Wil 4
X, [ 18(a) b AHFN ¢ AH [A] B e e ) 1% 0L
BRIV A2 W 5 S R R R AE S A — R
A, TS AR B A 1 AR 4% F EAT O fin sl A 1 A 1)
AGHIN , ] ab A5 i ] P i ., 7 i s P 221, e 7 D
Kl th b AR ¢ AR RO, AL SRS W )y v
VI JS 24 8 ms AW HH b AHA ¢ FHEE RSB 1M
LA SR A R R R A R kA T D e X[
B 47 252 I ) 8 K A% 0 14 sl B ARG T ol 5 124 Bk 1] 3
— ik,

K 18(b) Ky e AHYE A Al B, i )5 b AHAL &
AR AR L o B AL PR TR B2 K T VA TE b AR
o RESC R 9k AL 8 S ARG I S 5 R T A G s
BT R o AR A B A/ N 7 BIAS: T
SRR 7R b AHBBE I 2], 521 R a AHAT ¢ AHBUH
BRI W IS 10 ms ST b AHAD ¢ AHEE R
4

B 18 WHREREEISHX L
Fig. 18 Comparison of dual-phase Hall sensor

fault diagnosis

4.2 TEEHLE

TERBUEREE 3 000 rpm A48 0.1 N-m (4
PFR E a M .b A ¢ FH Y 222 0 22 £ 20 91
40 =320 N ACHE A AR (R | 0 A R
TSR 3 I A T A ORI 25 T b A A8 1 T Tk

IR TR

19 (a) A ¢ AH & AE SR /N i EE SRR B )
il ek A AR A R S R IS O . i Tk
FARL/N , ZRGEABE RT3 R A | R 1R A
WA B B AR VR R TE AR B S U T AR B R AR R
AR o [T R DX RE S I () 4 o b2 s, 2 i
TE b AH T FEUT R Z 0, AT A BE R A TR IR
T2, 7RI AS . 76 b AH T REUTAL, £
AT FE AL OE , IR IR R IEH

K 19(b) R ¢ A & A= B AH /N BE SRR B, SR
FHUCH AR B IR 256 19 235 07 B D5 A 2 UL 285 1Y)
B RIE DL, e K AR, fA B AL T K
AR o AT R N Bk R A A
FER BRI Al TH A B iR 2R B 2 3G R (H A
P FE R ZEAT /N T FH e itk 25 s A (B R S 0L
PRIt B P O AT R AR 55/, AR, T8N T %
e w22 18 5 M 580 R 31T i 1) FEL A 105 T 0 B hn B
AR IE 5% 000E |

E19 BHEERNERERFEEEIXTLL
Fig. 19 Comparison of fault-tolerant control under

single-phase Hall small-angle fault

Vel 20 g e A% A FAR K £ 1 B 75 )y
PEROAE SR R MOR X H L ol T BB AR A
TR AR5 775 9 5 3 L) 1A, A
6, 7 5 BRAR B A 0 A8 A0 OB 78
FIFRSIT Iy v O fh #0125k th B G i
HIXERARE . SR, AT 20 (a) FivAT LRSS, bchit

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 5 52 4, %5 5

Electric Machines & Control Application, Vol. 52, No.5, 2025

497

R T R D B A e JRE L i A B . e ]
AR At A T ) 52 B R O A e 22 i 22
AN, F 20 (b)) AT AT, 38 e W 3 R B 9
P00 BE I o, JCAE S e o T3 A e , VLA Y B
AR BUAR S T FH e 2 R (B RS 2 T
ETC N

E20 BBEERKAEBERFHEERIXLL
Fig. 20 Comparison of fault-tolerant control under

single-phase Hall large-angle faults

B 21 & 22 43510 b AR ¢ A R sk | A
ISP #5505 14) 2 8 s o o L, T AL VR by T R i S
PSR R BB T LR EEa T, @ A A
X257 A TR AR R ORI 245 A T D P O A 2 R
FOE T M FH el A AR (A

R T B E AR O VA B Ak RE 8 ik
B 43 BT T I i AR A BRI ) A A
HME O, Kl 23 (a) HHEHL 2 000 rpm Ji 2 2]
3 000 rpm A FEHT, ¢ MR & AR O,
23(b) AHHLA 3 000 rpm Y F] 2 000 rpm i
M e AR R R AR B IE BL, AT LA Y BT 48 el
HEAS AR B IS5 G 35 7 R I8 AR B ORI 25 7 VA A
T 3 A R A L S B A A

5 #iE

BEXE GERE TR HE 51 AR B I 5 YR AR A
AR AR AR A [, $ H 1 — o e 7 O ok
AR R DR S B2 WO i, IR 25 SRR

B 21 AR [E) A B Bt 2 SR 42 o Xof L
Fig.21 Comparison of fault-tolerant control under

simultaneous dual-phase Hall faults

22 WAHERIER PR FEEHIXTLE
Fig.22 Comparison of fault-tolerant control under

non-simultaneous dual-phase Hall faults
JIr i 77 3k RE 0 1 1 TR AR B 1 RBURY 8 Z
B, FLA5 B AR (0 45 5 RE S i e e i 2R I PR
M 7, A 2550 3 B ke B of Fi AL A2 AT M B B S
[Fi) sf 235 - BT e T A 1 365 7 6 90 A E UL 45, fiE
AR Ml Dol /I IR 2 3 i 22 O 52 0, 552 0T R ALY
Fer RrE AR s Al s OR T AL i A9 A E 1k

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



AR A R TR R L AR SRS ) A R ) A A AL A R T DT IR AR

ZHU Ye, et al: Research on Improved Fault-Tolerant Control Method for Permanent Magnet Synchronous Motors

498

Based on Hall Position Sensors

B 23 fniEEE 2 BEERMEREETIRHR
Fig. 23 Fault-tolerant control performance during
acceleration and deceleration process with
single-phase Hall fault
FITTEEME . AR L TAL G 07 s AR SO S BB 12
AR ) D5 A A S8 3 2R e A M D T 44

A RERTT,

) 25 i 32 7= AR

FIA VR P AR A i v 8

All authors disclose no relevant conflict of

interests.

1E& Tk

SR FB AT T 07 RV RS N A
S HIRSURS | LS M B 7RO 5T R
AT SIS S TS H R S Bk,
P B BRI R T AR FRIR AL,

The scheme design, experimental research,
content summary, and paper writing were carried out
by Zhu Ye and Lai Bin. Research assistance was
provided by Miao Dianji and Han Zhenmiao. The
manuscript was reviewed and revised by Chu Jianbo.

All authors have read and approved the final version

of the paper for submission.
& x x o

[ 1] BRBME, SKREUR, BIRAR, 25, T UK/

AR AR () AP B BL B BB 2 W sk [ ). AL bl
PEHINT, 2025, 52(1) : 1221

QIAN Y Q, ZHANG Z L, YANG Y L, et al. Fault
diagnosis strategy for permanent magnet synchronous
motors based on improved empirical wavelet transform
[J].
2025, 52(1) . 12-21.

FEE I, ARSI T 0 K 7 e i B0 S L
ARl PMSM JCRE R AT ()], LS 4
IR, 2024, 51(10) ;: 51-63.

CHENG M K, CHU J B. Research on model-free

Electric Machines & Control Application,

control algorithm for PMSM based on fractional-order
extended sliding mode disturbance observer [ J].
Electric Machines & Control Application, 2024, 51
(10) . 51-63.

B, FEL, mE, 55 RET R RS
PMSM R GETT B2 KrL )], LS 4]
H, 2025, 52(1): 64-73.

ZHAO J T, GUO K K, GAO X, et al. Open-circuit
fault diagnosis method for PMSM systems based on
current vector analysis [ J]. Electric Machines &
Control Application, 2025, 52(1) ; 64-73.

SRHETT, TKIE 2, KA. T AR L LI £ 1
AKRETRIL R HLAL EAG TR OR5E )] LS 4
IR, 2024, 51(3) : 79-85.

ZHANG LY, ZHANG Q Y, ZHANG Z F. Research
on position estimation algorithm of permanent magnet
synchronous motor based on nonlinear observer [ J].
Electric Machines & Control Application, 2024, 51
(3): 79-85.

BREEAE, skorgs, RJBUZR. 3T i AR 30 3h Wl &5
R KR ) 25 AL B PERE W A4l [T ] bl S
PERINL, 2025, 52(2) : 148-158.

ZHANG Y Z, ZHANG L J, LIU X D. Research on
position estimation algorithm of permanent magnet
synchronous motor based on nonlinear observer [ J].
Electric Machines & Control Application, 2025, 52
(2). 148-158.

e, BB, S, % —FlKRER L AL
TR T e oo 4 o TR AL SRS TS [ ] AL 4%
R, 2024, 51(9) ; 42-50.

LI'Y H, CHONG G C, GUO W C, et al. Study on a
simplified strategy for model predictive torque control
of permanent magnet synchronous motors [ J ].
Electric Machines & Control Application, 2024, 51
(9) : 42-50.

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HAL

HEHIN, %524, F5H
Electric Machines & Control Application, Vol. 52, No.5, 2025

499

[7]

[9]

[10]

[11]

[12]

S EESE , AL, KRR 2D B LI (L AR A
TR ARZER[T]. BALSERN A, 2024, 51(1) .
1-13.

ZHANG G Q, DU J H. Review of position sensorless
control technology for permanent magnet synchronous
[J]. &  Control
Application, 2024, 51(1) . 1-13.

BRI, XISC, EEM. 5T EKF 1) IPMSM
PLE ARG R A TR AN DT [ 1], Bl
PN, 2024, 51(8) : 20-29.

SHI S X, LIU H W, WANG Y B. Estimation error

motors Electric  Machines

compensation method for sensorless control of interior
permanent magnet synchronous motors based on
extended Kalman filter [ J]. Electric Machines &
Control Application, 2024, 51(8) : 20-29.

EIAR, FAI, AR BT B AL R
FE AR [R) 20 LT o7 '8 A% R RS 4R R A5 [ ],
HUHL S IV, 2024, 51(9) : 51-59.

HUANG L L, WANG S, LI Z W. Research on
sensorless control of permanent magnet synchronous
motor based on single DC bus current sampling [ J].
Electric Machines & Control Application, 2024, 51
(9): 51-59.

KETF, wIt, A, W3 AL Ik T K
[l AL TCAR A 1 i R 2Rk [T, LS 4%
IR, 2024, 51(1) : 60-76.

MI'Y Q, YUAN B, ZOU C Z. Review on sensorless
control technology of permanent magnet synchronous
motor for electric aircraft propulsion system [ J].
Electric Machines & Control Application, 2024, 51
(1): 60-76.

A, B, B, A ST A Bra ]
KRG AP L JE AL AR A I [0 ). A LS 4 o]
T, 2023, 50(8) : 1-8.

GUO W, LUOLC, LUJ Y, et al. Sensorless control
of permanent magnet synchronous motor based on
(1]
Electric Machines & Control Application, 2023, 50
(8): 1-8.

Hifif, EHR, #6860, 5. FREE A0 E AT
ERHRERIEL]]. B THE ARSI, 2017, 32
(6): 145-155.

XUN Q, WANG P L, CAI Z D, et al. Hall rotor

position estimation method and its error compensation

linear active disturbance rejection control

[J]. Transactions of China Electrotechnical Society,

2017, 32(6) . 145-155.

[13]

[14]

[15]

[16]

[17]

[18]

RALTE, WS, PREMR. BT ERREMAR
SR IR R 2D H LA T S R BEAG T 1 [ ]
B T AR, 2019, 34(15) ; 3147-3157.

ZHAO Y Y, HAN B C, CHEN B D. Speed and rotor
position estimation for PMSM based on Hall vector
[T ]. China
Electrotechnical Society, 2019, 34 (15). 3147-
3157.

S, SR, RN, AF. R T DRI R
K EE ML AR Tk ()] AL 4 i i
H, 2019, 46(9) . 46-52.

CAI'J J, ZHANG Y C, JIANG L J, et al. A method

phase-tracking Transactions  of

to calculate the position of permanent magnet linear
motor based on saddle-shaped magnetic field [ ] ].
Electric Machines & Control Application, 2019, 46
(9) . 46-52.

BB, KB, BRI SKEER AL L2 AL IR R
MEEAIRR R IEL)]. RALS S,
2017, 44(3) . 6-10.

ZHAO D T, ZHANG Y, WEI H F. Multi-sensor
combination full closed-loop vector control method of
permanent magnet synchronous motors [J ] . Electric
Machines & Control Application, 2017, 44(3). 6-
10.

SRR, R, S A BETERITIF K REIR]
AR BT O E BT (], AL 4 N A,
2018, 45(8) : 19-23+85.

ZHANG Y C, CHI S, LI X, et al. Rotor position
analysis of permanent magnet synchronous motor
based on Hall-effect sensors [ J]. Electric Machines
& Control Application, 2018, 45(8) ; 19-23+85.
Kafide, ko, MIRAE, A5, LT R EAL GG
L ENVRZE K BE TR A6 L4l (D] bl S
PEHINEHT, 2016, 43(11): 23-27.

ZHU M M, ZHANG Y, XIE Z Y, et al. Controlling
of permanent magnet synchronous motor in electric
vehicle with Hall position sensors [ J]. Electric
Machines & Control Application, 2016, 43(11) ; 23-
27.

KB, MR, KARTE, AF. T REYE )4 i PR
WHJCR B R AL R [T]. LS 3,
2019, 46(11) : 25-29+81.

ZHANG X R, LIN L, ZHANG D S, et al. Brushless
DC motor control based on field oriented control
[T]. &  Control
Application, 2019, 46(11) ; 25-29+81.

theory Electric  Machines

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



EN

W A o TR IR B AR B KRG [R] 20 LSO AR S P R D YR e

ZHU Ye, et al: Research on Improved Fault-Tolerant Control Method for Permanent Magnet Synchronous Motors

500 Based on Hall Position Sensors
[19] DONG L H, JATSKEVICH J, HUANG Y W, et al. ZHANG H, WANG K, LI J, et al. Position
Fault diagnosis and signal reconstruction of Hall estimation strategy of consequent-pole PM machine
sensors in brushless permanent magnet motor drives based on binary Hall sensor [ J]. Proceedings of the
[J]. IEEE Transactions on Energy Conversion, CSEE, 2020, 40(7) : 2377-2384+2416.
2016, 31(1) . 118-131. [26] ZHAO M J, AN Q T, CHEN C Q, et al. Observer
[20] AQIL M, HUR J. A direct redundancy approach to based improved position estimation in field-oriented
fault-tolerant control of BLDC motor with a damaged controlled PMSM with misplaced Hall-effect sensors
Hall-effect sensor [ J]. IEEE Transactions on Power [J]. Energies, 2022, 15(16) ; 5985.
Electronics, 2020, 35(2): 1732-1741. [27] EHL, X405, sk 2, 4. BLDCM 7E/R{E AL
[21] W50, APRR, %598, 4. —FhJT SCmERH A LAE B2 gl (], LS sH R, 2021,
BESHEZE S FEERTRI]]. B THEAR 48(2) : 84-90.
2#4l%, 2014, 29(7) ; 104-113. WANG K, LIU X P, ZHANG Y, et al. Fault
HU R G, DENG Z Q, CAIL J, et al. Fault diagnosis diagnosis and fault-tolerant control of Hall sensor of
method and fault-tolerant control of position signals brushless DC motor [ J ]. Electric Machines &
for switched reluctance motors [ J]. Transactions of Control Application, 2021, 48(2) . 84-90.
China Electrotechnical Society, 2014, 29 (7). 104- [28] DONG L H, HUANG Y W, JATSKEVICH J, et al.
113. Improved  fault-tolerant  control ~ for  brushless
[22] BEAS, Eol#. TS w FH B ML IR L B 5 Ik permanent magnet motor drives with defective Hall
BRIk )], B SRR, 2024, 38 sensors [ J ]. IEEE Transactions on Energy
(1) 43-52. Conversion, 2016, 31(2) . 789-799.
SHAO J, WANG Y C. Methods for diagnosing fault in [29] NOVAK Z. Confidence weighted learning entropy for
Hall position signals of switched reluctance motors fault-tolerant control of a PMSM with a high-
[ J]. Journal of Electronic Measurement and resolution Hall encoder [ J]. IEEE Transactions on
Instrumentation, 2024, 38(1) . 43-52. Industrial Electronics, 2024, 71(5) : 5176-5186.
(23] ZEVL, W&, BN, 55 SETHE AR IR ER [30] EESEME, XUSAR. B AR A% I s SO A KR I I
TR A8 ) A G ) AL AL 70 5 R A SR ] RIPLZR A 4 ) S Hesh SRS ()] h R AL
B THORE, 2022, 37(21) : 5402-5413. TR, 2017, 37(12) ; 3602-3611+3689.
LI'Y J, MIAO K X, WEI H F, et al. Permanent DONG L H, LIU J L. Research on the fault tolerant
magnet synchronous motor rotor position and speed control and its dynamic performance of brushless
estimation methodology based on band-pass frequency permanent magnet motor with faults in Hall sensor
tracking filter [ J ]. Transactions of China [J]. Proceedings of the CSEE, 2017, 37 (12):
Electrotechnical Society, 2022, 37 (21). 5402- 3602-3611+3689.
5413.
[24] B9, B, MEE, S —FhE S % N-PL A
PLL M2 JROL B AL A PMSM ¥4 Bk 1 I ik
[1]. LS EERIEAR, 2020, 24(11) ; 27-36+47. Wi H 391:2025-03-07
LIAO Y, LIP W, LIN H, et al. Hall sensor PMSM WeE & o H 191.2025-04-10
rotor position estimation method with variable YEF I,
parameter N-PI PLL [ J]. Electric Machines and 4 m(1988-) B AT AR BFSE T ) SR ARk R TR
Control, 2020, 24(11) ; 27-36+47. A FHLEEH zhuye19881027@ 126.com;
[25] sk, EPL, 20, & BT CBERIZEHR w WAFVEH ARSI (1972~) 5, W5 B HEZ, 0F 507
KGR ALAL AR [T]. b AL TR 24 6] Sy L ) FL 5 5 R 0 A% Bl K R TR) AP L AL e 2D R BILE

2020, 40(7) : 2377-2384+2416.

il ,yubo_chu@ nuaa.edu.cn,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



