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Application of improved sparrow search algorithm in
PMSM inter-turn short-circuit

Li Bin Yang Run Shu Yang

(Faculty of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: Aiming at the problems of low convergence accuracy and local optimality in sparrow search algorithm (SSA), an improved
sparrow search algorithm (ISSA) is proposed and applied to the diagnosis of inter-turn short-circuit fault in PMSM. Firstly, the PMSM
inter-turn short-circuit simulation model is built to simulate the fault of different short-circuit turns ratio. Secondly, the fault is analyzed,
and three fault recognition features are extracted. Then, the experiment platform is used to test the fault of different short-circuit turns
ratio. Then, the sparrow search algorithm (SSA) is introduced and optimized by using Tent chaotic mapping, adaptive sine-cosine
strategy and Levy flight strategy to generate an improved sparrow search algorithm (ISSA). Meanwhile, ISSA algorithm is compared with
SSA algorithm, particle swarm optimization algorithm (PSO) and grey wolf optimization (GWO) on the test function. It is proved that it
has advantages in optimization ability and stability. Then, the random forest (RF) algorithm is introduced, and the fault diagnosis model
of ISSA-RF is built. Finally, four algorithms are used to optimize the basic parameters of RF and achieve fault classification. The results
show that the proposed improved method can detect the inter-turn short-circuit fault and its severity, and the accuracy of ISSA-RF model
reaches 98. 5% , which verifies the effectiveness and reliability of the algorithm.
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Table 1 Main parameters of motor
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Table 3 Negative sequence current amplitudes of different

speeds and different fault degrees
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Fig.9 Negative sequence impedance value with speed change
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Table 4 Negative sequence impedance values at different

speeds and different fault degrees
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w IR LR R AE
SR, BRI E T (6) B

w=w,, *+ (w,, —w, ) sin(7t/Max,,..) (6)
R w 51 R S (7).
. X‘” +w - sin(r,) |y, X, — X;JI S >R
Yo X tw e cos(r) L s X, - X 1LSS<R
(7)

e, AR R SHG 0,27 ] WA 504 iRl AL
By AT M TSRO AT A AL S M A A R
I10,2] WEE) A I BERLEL

3) Levy QATIHRME

Levy WATIRBE 2RI 3 ) B & 1) B L A i e, ]
DAY KA 3823 (], 3G Jn H 22 ARk | 2t B A Ry &8 e 15
i, W A SRR R AR L IRBEE BRI Levy KATIR
i, HRA A= (8) s,

£ (8)
[ vl“
A Levy(a) W ITEK ;S8 o BN 1L.5; v TRA
EAS A

Levy(a) =

w ~ N(0,02)
s (9)
v ~ N(0,0))
IR 5, BRRE A B = (3) B (10) .
X' =
C - exp( - %_”) + 0. 2Levy(a) ,i > %
' (10)

X+l X = X AT+ 0.2Leny (@) i <

SIE

4.3 1SSA EiEmyHERENIR

T B A R B R AT A Y T BE VAN R
ISSA I SSA PSSO .GWO 435I 78 4 /> X of B0 47 He
B, BRSEIBEE IR S PR,

x5 HiEBH
Table 5 Algorithm parameters
ISSA  HEMIE#H T w e [0.4,0.9] w,,;, = 0.4.0,, = 0.9
AEE ST = 0.6 LB LE PD =

34 0.7 JETRA LB SD = 0.2

PO BHERFw = 0.9 FJHWFe) =¢, =2,
WA F a = 2 - 21/ Maxiter

GWO BEDLIN T ry ry € (0,1)

ULAESR  FESR AT U, 223 T FH R ] 1 R 5
KA IEENERE . BRI 4 IR B AT P4 ( F UF,

REREREL, F, F, AZWERE) , IR AR RSB ARIREL
FREECR G2 AT B4 1 4y i B 1000 YR .30 A
30 KA 30, BRALINR 6 FTR,

Fo EEMKEE
Table 6 Benchmark functions

HFIEE

[-10,10] 0

Fi(x) = ilxi|+l£[|xi|
i=1 i=1

Fy(x) = i([xl +0.5]%) [-100,100] 0
i=1

Fy(x) = 2 [x? = 10cos(2mx;) + 10]

szz

noi=1

[-5.12,5.12] 0

i=1

Fy(x) = - 20exp(-o.z

1 & [-32,32] 0
- exp(*Zcos(Z'n'xi)) +20 +e
n

i=1

T SRR 45 AN 2% 7 B s, BI04, R 550 AT 8
Hh<etn & 14 s,

F7 MK REERITLE
Table 7 Comparison of test function results
A Fabs ISSA SSA GWO PSO

Best 0 2.124 9x107*® 3.196 3x107*' 0. 390 55
Fy Mean 0 6.260 4x107® 7.766 3x107*' 0. 612 41
Std 0 4.770 6x107* 4. 124 4x107*' 0. 168 04

0.000 217 45 0.515 31
0.000 473 97 1.692 3
0.000 192 67 0.971 51

Best 8.340 8x1077 6.743 2x10™°
F, Mean 6,581 2x107° 8.733 6x107°
Std 5.1158x10™° 2.824 4x107°

Best 0 0 0 63.251 1
Fy  Mean 0 0 22.5002  92.0752
Std 0 0 50.312 14. 000 8

Best 8.881 8x107'® 6.820 8x107'¢ 7.993 6x10™" 0. 160 33
F, Mean 8.881 8x107'® 5.850 6x107'® 1.367 8x107'* 0. 677 02
Std 0 6.177 6x107"° 3.177 6x107"° 0. 483 91

M%7 AT50, 4K R R F, B, HAT ISSA Bk
TE N BEIRE T RS AE ; 4 R Bk F, B BT R
T N EHR A TR E FE(E , {2 ISSA Bk i (AL 2
FrRUE 220 A B J L BRI R ECh Fy B ISSA Al
SSA B AIE I BE 38 I BEIS(E, UE R T RRE O AL B A
A RAFEEREE TS MR Bl F, B, A Bk %
AR PSR, H 2 ISSA B3k 0 iy BE (B 34 /N T A 55
2, HbRuEZE N 0 IE Mz E e ™,

A& 14 AT LA H ISSA B89k iy i B30 4y 1 HoA
Bk PSO VL I 10 BE A B 2% 5 SSA Bk Ik GWO Hik
HEEACIBOE . 25 TR, ISSA B0k i Fa i P A S e
Tkt



- 232

LSRR R e o o 38 &

100 ez s === m e mm e — - -

f —= =PSO e SSA
107100 _ ====GWO ——ISSA
i [
|\ e
# N .,
i3 o200 L\
10-3(]0 , .....
0 200 400 600 800 1 000
AR KL
(a) 7, R B WA S0 4%
(a) Convergence curve of /| function value
10* ¢
- _PSO ........ SSA
====GWO ——ISSA
102F=-====-=-- LI
~al
] 100 LN
2 N
’ﬁﬂ 1
i)
IO!} L 1 L Il
0 200 400 600 800 1 000
R
(b) -, B B 46
(b) Convergence curve of /7, function value
]05 -
-:\" —————————————————
IO() .\ - _PSO ........ SSA

\ ====GWO ——ISSA

TR

10-10 . \

1075 : :
0 200 400 600 800 1000

AU H
(c) 17, R B e Sh i £

(c) Convergence curve of /7, function value

10°1
e —PSO e SSA
====GWO —ISSA
10° .‘\‘_ __________________ -
\
A
o108 \'\
£ \
o \
\
10 \
\
\
\
105 ‘
0 200 400 600 800 1 000
AR
(d) 1, R BUE WSt £

(d) Convergence curve of I, function value

P14 R Bl st £

Fig. 14  Test function convergence curve
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Fig. 16  Diagnostic result of ISSA-RF model
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I bR R 50 5 800 5 ) B
6 & it

ASCHE T —Fh ISSA Hifk RE 2R W7 75 3% | i
YT R ZHL PMSM [ 5] 57 % 50 K512 W7 7 125 v A7 A P e
PR RFAE i B — AN BE X 3 R A P 45 (), o X 4
LAY PMSM A7 BROTAE Y HEA T 07 B0, o) G [T 7 e (i o A4
AEFEAT 73 M, 80 32 6 5 o ok v ML 1 v, O 20 T 7 381 L
SRR, 38 Ao 0 i e I R BIL ) 670 R 20k 0 BT AT LA B
PSR BEBTAE Ry 53— I i) e B 12 W R, 5 A
— AU LT R R A, R DR U S L ML A4 [ (]
BRSO, RO B R 3 ANRRAE (PANRRAE R — A
R 2K 5 R REAR N SR A SR AT LATRUR s I [A)
SRS B S R B R BE . EE T RF AR I ASE B Bl 22 |
FIA B HE B ISSA B3k, M T — 4> T ISSA-RF 1Y
PMSM [ i) 6 e i B A AR Y 45 il 15 22 5 18 A5 T i Al
A ISSA-RF Kl #5780 2 rh - 15 SSA-RF  PSO-RF Al
GWO-RF Kl Ry i A7 %k b, A BE ISSA-RF A6 458 4 )
HER K] 98. 5% , i — L UL W] T iZAG M J5 i5 % PMSM
(. ) e 12 W T P o
B2
(1] I, M2 2ZE TR 55 st 2tk F BUat 7k g 17
AU T A Bt (1], I S R A
2022,36(4) . 73-81.
LU ZH Y, BAI SH J, JIANG M, et al. Design of
improved speed controller for linear active disturbance
rejection permanent magnet synchronous motor [ J].
Journal of Electronic Measurement and Instrumentation,
2022, 36(4) . 73-81.

[ 2] ZBE, EWG INEN, S BT B A fY
Tehi B A5 57 5 1o W I R AR A R B AR [0 ). P
THANR ,2022,37(22) . 5788-5798.



234 - G R - C I T 38 &
LI ZH G, WANG P L, SUN Q H, et al. Transient [10] f44E, XI5, Z0EaA 0B pRAE 8 Rk ) H
torque control technology of brushless DC motor rotor field JHI]. #hlS sk, 2022, 37 (1) 87-96.
orientation based on phase by phase rotation coordinate FU H, LIU H. Improved sparrow search algorithm based
transformation [ J ]. Transactions ~ of  China on multi-strategy fusion and its application [ J]. Control
Electrotechnical Society, 2019,37(22) :5788-5798. and Decision, 2022, 37 (1) . 87-96.

[ 3] SREsE XVANT, kB IE, 5. JLF 37 20 A5 XL 45 Fn [11] ZHOU S Y, TANG J, PAN C, et al. Partial discharge
A 45 S PR Lty 1 A 08 K W [) 20 LA R [0 ). A signal denoising based on wavelet pair and block
ML EE R 2023 ,42(5) 1 135-141. thresholding [ J ]. IEEE  Access, 2020, 8;.
SHI Z H, LIU X P, ZHANG R H, et al. Permanent magnet 119688-119696.
synchronous motor control based on mnovel sliding mode [12] LIZ C, WANG T Z, WANG Y D, et al. A wavelet
observer and non-singular fast terminal sliding mode [J]. threshold denoising-based imbalance fault detection
Foreign Electronic Measurement Technology, 2023, method for marine current turbines [ J]. IEEE Access,
42 (5):135-141. 2020, 8. 29815-29825.

[ 4] XUFHL, ok KEr, EBEAR, 55 KRR 20 XU A Ha LI [13]  PhBESG, sk e hes, 50, 4. ik T3 2 /Nl 8 5

IFa) 0 I 5 I ARG N [ 0] K B RE 2 4, 2022, MTL-SEResNet [T b AR BEDPAl [ 1] A0
43(10) :252-258. 4 ,2022,43(6) :162-173.
LIU Y M, ZHANG T Q, WANG X D, et al. Early SUN SH G, ZHANG T T, WANG J Q, et al. Fault
detection of turn and demagnetization faults of permanent degree evaluation of circuit breakers based on continuous
magnet synchronous wind turbine [ J]. Acta Solar Energy Wavelet transform and MTL-SEResNet [ J]. Chinese
Sinica, 2022, 43(10) :252-258. Journal of Scientific Instrument, 2022,43(6) :162-173.

[5] SHIHK J, HSIEH M F B, CHEN J, et al. Machine [14] ZHANG C, WANG F, WANG Z, et al. Analysis of
learning for inter-turn short-circuit fault diagnosis in stator winding inter-turn short circuit fault of PMSM for
permanent magnet synchronous motors [ J ]. IEEE electric vehicle based on finite element simulation| C ].
Transactions on Magnetics, 2022, 58(8) . 1-7. 2014 IEEE Conference and Expo Transportation

[ 6] HUANG W T, HUA W, FAN Q G. Performance analysis Electrification  Asia-Pacific ( ITEC Asia-Pacific ),
and comparison of two fault-tolerant model predictive Beijing, 2014.1-6.
control methods for five-phase PMSM drives [ J]. CES [15]  FE75. mmm TR g ng AR sesas R [ D .
Transactions on Electrical Machines and Systems, 2021, b A Jb R ASE K, 2021,

5(4) . 311-320. WANG Z M. Research on key technologies of intrusion

[ 7] BRBGeut Tk, 55 BTt/ i a AR fGES detection for industrial control networks [ D ]. Beijing:
TG 18 A B[] 2 F L I [0 6 5 e B R DU [ 0. PR T Beijing Jiaotong University,2021.

ARz, 2020, 35(S1) : 228-234. [16] Be&%E, Ba¥ S50, 5. —FHET Tent BLGTYR
CHEN Y, LIANG H, WANG CH D, et al. Interturn B PARARAL R B B [T ], MR Tk K223,
short circuit fault detection of permanent magnet 2018, 50 (11) . 40-49.

synchronous motor based on improved wavelet packet TENG ZH J, LYUJ L, GUO L W, et al. An improved
transform and signal fusion[ J]. Transactions of China hybrid gray wolf optimization algorithm based on Tent
Electrotechnical Society, 2020, 35(S1) ; 228-234. mapping [ J]. Journal of Harbin Institute of Technology,

[ 8] MAM. AHEFLHEHF2WHZ[D]. L5, dt 2018, 50 (11): 40-49.

TSR, 2020. [17] 20600, L el 55 L T ORI R A 1 -
ZHU B CH. Research on fault diagnosis of permanent MR- AGEERIEAREIAL[I/0L]. BACH J7, 1-11.
magnet synchronous motor [ D ]. Beijing: Beijing https ://doi. org/10. 19725/j. enki. 1007-2322. 2022. 0351.

Jiaotong University, 2020. LI Z SH, TANG ZH, CHENG ZH, et al. Optimization of

[9] i iRV R iR W 5 e A ki sE [ D]. electric-heat-gas-hydrogen integrated energy system based
FEM  AEAL K R 7K B K2, 2022. on improved sparrow search algorithm [ J/OL]. Modern
SHAN H Q. Research on fault diagnosis and location Electric Power, 1-11. https://doi.org/10. 19725/j. cnki.
method of oil-immersed transformer [ D ]. Zhengzhou: 1007-2322. 2022. 0351.

North China University of Water Resources and Electric (18] PhETHL B, Lévy K47 Y IE A% 5% S e RS 1R A vk

Power,2022.

JeWiHLT]. Mkt Sl , 2023, (1) . 212-217.



57 3

Pl RS 8 2B E PMSM [T A1 45 % rh 7 FH A5 - 235 .

[19]

(20]

[21]

[22]

SUN K Q, CHEN Y F. Sine-cosine wul-tern hybrid
algorithm for Lévy flight and its application [ J].
Machinery Design & Manufacture, 2023, (1) : 212-217.
TR/ A% K. SRARIAL L& H Lo HE TR AT
WRAREL ], WHREHL TR S R, 2020, 56 (1)
150-157.

XU X P, YANG ZH, LIU L. Spider monkey algorithm for
solving logistics distribution center location problem [J].
Computer Engineering and Applications, 2020, 56 (1) :
150-157.

Ak, 50 E o RS ot ALy B I R TR S
MAABFFE [ 1], T 0 S5 A # 4R, 2023,37(7) :
131-139.

LI B, GUO Z Q, GAO P. Application of improved
northern goshawk optimization algorithm in photovoltaic
array [ J]. Journal of Electronic Measurement and
Instrumentation, 2023,37(7) . 131-139.

X2 R R R, . B T EGH RF A NIRE
ey TR (5 U EOAR [T, 7 i TR, 2023,
31(20); 177-181.

LIU SH L, ZHOU Y K, SHI X M, et al. Low-voltage
distribution based on improved RF algorithm engineering

information recognition technology [ J ]. Electronic

Design Engineering, 2023, 31 (20) . 177-181.

THi, JUHSE, /M, A5, T OIS A A i R 2
IR A2 T A% B2 I [ )], R e VI ), 2023,
45(1):17-22.

WANG R, YOU J Y, ZHANG X B, et al. Transformer

fault diagnosis based on extreme learning machine

optimized by Ant Lion algorithm [ J].
Electric Power, 2023,45(1) . 17-22.
1EE &I

Heilongjiang

ZE5, 43 5 7E 2003 4F 2006 45 Fl 2012
ETILT TR R AT 5 e o At
DAL RS AN S U R B 55 NV N
R, 2 BT 7 0] O A 42 gk B8 % N
B RER A SR RER AR
E-mail; 25992816@ qq. com

Li Bin received his B. Sc. degree in 2003, M. Sc. degree
in 2006, and Ph. D. degree in 2012 from Liaoning Technical
University, respectively. Now he is an associate professor in
interests

Liaoning Technical University. His main research

include electrical contact theory and application, intelligent
appliances and smart grid technology.

B8 GEASE#) , 2022 4E Tl 7 1A%
PRI AP 2 2, BN T TR L
ARREARRLREFEAE | BTS2 v 4 fid
e R R RE L AR S R RERL AR
E-mail :2176985421@ qq. com

Yang Run received his B. Sc. degree
from Liaoning Technical University in 2022. Now he is a M. Sc.
candidate in Liaoning Technical University. His main research
interests include electrical contact theory and application,

intelligent appliances and smart grid technology.



