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Analysis of the Effect of Inter-Turn Short-Circuit Fault on the Stator

Current of Permanent Magnet Synchronous Motor

ZHANG Peng, ZHAO Guoxin* , CUI Xiaoyuan, ZHAO Xinyuan
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The inter-turn short-circuit (ITSC) fault of stator
winding is one of the most common faults of permanent magnet
synchronous motor ( PMSM ). A large current will be
generated in the shorted portion of the winding when the fault
occurs, which will pose a great threat to the safe operation of
PMSM. In order to diagnose the ITSC fault, the effect of
ITSC fault on the stator current of PMSM is analyzed. The
stator currents of PMSM with different ITSC faults are
obtained by finite element simulation and experimental
measurements. And the effect of ITSC fault on stator current
of PMSM is analyzed by current imbalance, negative-
sequence current, and wavelet energy spectrum. The analysis
results show that with the increase of short-circuited turns and
the decrease of contact resistance, the current imbalance,
negative-sequence current, and the energy gradient of D1 in
wavelet energy spectrum increase. Thus, the increase of these
three indicators can be used as the basis for diagnosing the
ITSC fault.

Key words: permanent magnet synchronous motor; inter-turn
short-circuit fault; current imbalance; negative-sequence

current; wavelet energy spectrum

OB T HRULn IR R K R R 2 AL R A
W LA 22— , W A A I R B 0 G A b o
AR L, A 0 R AL IR 22 s AT i A B R U
S S5 BRI 5] 3 14 55 12 W , R o A I () B i o X
HLE F-MI VR A RE0 o 308 3 A BR T (1 A0 36 00 3 H
A T I ) L ™ R FRE S ) 0 L, B R DS A
JE S FLU R /N BE R A A R 20 A (T (7

BE4WH: EXKARPFEE(51407119)
National Natural Science Foundation of China (51407119)

X LML 000 R I A 2R o 3 BT 45 R R T, 25 i I
SIS S e BEL /IS IR R SN P 6O LR
FI/NPERERETE P D1 JSUBERE B A8 (L R AR I . i,
IK AR B B IIAT LA Shy L (7] R 5 e ) 0 T 4
SRR : KRR R BIL 5 I ) R B A e 5 P DR AN Y- A
TP HLIR ; /NICRE R

0 55

5 4% gt &% N m ML AR B, gk ®E TR 2D AL
(Permanent Magnet Synchronous Motor, PMSM )
HA SR B s i Hh G FEAH O B R LA R i
G R 2 W W (1% P A £ i Pt S
BRI S L 2502 450, R T, 7E LML S Pras AT
bR n] B8 A7 2 1 22 N RIS ER S A AR B 5
Wi A AT RES | TS T[] S | R A
MG DA S 2 O U B B3, L v I 1] ] 6l
S (AT AR A A SRS A T ) L )
$ % PR O SR SBURH I 9 15, oK 25 S B LR
SREL B e N B4 R I I ) 6 6l o i
T AR Y 2 BT Y

[ A7 28 0T 7 ) A L I ) 6 6 s
FE T 2RISR . SCERES TR FALIE
AT AR i) 6 B 3 o T L 7 R A T VS U8 AT
FRF LG, IFLL S Y 25 8 1 Ay A D [T ) e e
BE AR ; (A, SCHRL 6-7 ] o SR PRl el 5L i3 A
(R XS SRR AT 3 HT o SCHRL 8 T A7 1 L[ el
AR s 7 L ML RSO AR 3 a5 R R AL
DR I ) A R T, 5 R ) R P, T 2 3
PIRER (% L R N & IR R ey Rl

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



HUBLS RN, 55 51 4%, 4 6 31

Electric Machines & Control Application, Vol. 51, No. 6, 2024

79

FUESERACHIN T YA AR L, B 1 T — o 2 I (6] J
RSN ISR Rl e R AT AR A Y
BRI o SCHRL 10 ] A [ 1) 81 65 54 B P 7 e rEL AL 2
T LR AR BRI B X FR LAY A PR TS AL it
PRSI AT AN HAC T, 20 W 1 0 ) S e o o
R Ll 1 e R A S SCRRL 1L ] 230 A 17 I
) L S X FLATL S FL AR M), I LI R
X T [ 5 4 e 4732 W5 SCRIR [ 12-13 ] i i
PR A0 I ) LS e P A T 9 o SR 14 TR A/
BTS00 5E T RLIRAS S/ NI B RE B Y
07 HRUE, I LURFIE A BERE B A AL A AR H A 7k
BEAG I o SCRR[ 15 1R FH ik /N gl fl A8 e B AR
T H L S MR SIS = ISR AL RS 1
BRI WHHE . SCRRT 16 AR S i 5 LA
[T ) 2 i R A2 i v, 0 2 P L S A 7 0B DA T
LIRS o

SRy G T 0 ) 67 6 5 X A ) 26 H AT L -
HLIRAISE IR, AR SCLA— 17 12 4 10 B 1 7K 1 L AL
S, BT AT BRIT T B 7%, N7 TC I A ]
Sk B R LA AR RS A FLARIBOAN [a] S
I3 5 AN [) 22 it L BEL T AL E M) R 3, AR
TANF-7E | 4 L I AL/ N RE 1% = B
A I P26 B 8 o 0 Pl AL 000 L B O 52, B I
i G T Y E

1 Kk EVBRTER

SRy A I T R 6 5 B 0 7 8 [ 20 WAL 50
HLRAYRZ IR, R SCHE T Ansys Maxwell LRG0 5
BAFHEATOIRGE , 43 30 2 S I [ 6 (5 I 17 P ) 7K
F )20 AL — AR Y 3 5 L A A 20 5E 10
R UL R Bl
1.1 TR &R

ARSI — 5 12 1 10 ok g [F) AL LA T
P E 3 A, TCH R AL A BROTAE L AN &1 1 iy
N LSRR 1R,

®1 kERESBEISH
Tab.1 Parameters of PMSM
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Fig.1 Finite element model of PMSM without fault
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Fig.3 Finite element model of PMSM with ITSC fault
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Fig. 4 External winding circuit
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Fig.5 Simulation stator currents of PMSM with different short-circuit turns when R, =0
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Fig. 6 Simulation stator currents of PMSM with different short-circuit turns when R, =0.03 Q
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Fig.7 Simulation stator currents of PMSM with different short-circuit turns when R, =0.07 Q
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Tab.4 Wavelet energy spectrum and energy rate index
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Fig.8 Re-wound PMSM Fig. 10 Three phase currents of PMSM with no fault
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Fig. 11 Test stator currents of PMSM with different short-circuit turns when R;=0 Q
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Fig. 12 Test stator currents of PMSM with different short-circuit turns when R;=0.03 Q
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Fig. 15 Comparison of negative sequence currents
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Fig. 16 Comparison of simulated and experimental

values of energy rate index
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Tab.7 Experimental wavelet energy spectrum and energy rate index
Al Q i i A5 D5 D4 D3 D2 D1 RE AR LR/ %
S 0 98.865 8 0.001 5 0.001 8 0.014 6 0.5333 0.583 1 —
5 98.733 2 0.002 8 0.003 3 0.014 8 0.573 7 0.672 3 15.30
0.00 10 98.689 3 0.001 7 0.002 3 0.023 6 0.5553 0.727 7 24.81
15 98.613 9 0.001 6 0.002 0.027 9 0.611 7 0.742 9 27.41
5 98.672 7 0.004 0.003 3 0.033 8 0.653 7 0.632 7 8.51
0.03 10 98.660 2 0.002 2 0.002 4 0.038 6 0.641 8 0.654 9 12.32
15 98.69 0.002 5 0.002 1 0.031 0.601 5 0.672 9 15.42
5 98.591 6 0.003 3 0.002 5 0.046 5 0.751 9 0.604 2 3.63
0.07 10 98.543 1 0.003 0.002 8 0.039 6 0.766 1 0.645 3 10.68
15 98.527 9 0.003 1 0.002 4 0.050 1 0.75 0.666 4 14.29
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Permanent magnet synchronous motor ( PMSM)
has been widely used in our daily work and life due
high
Generally

to its merits of simple structure, small size,
efficiency, high power factor and so on.
speaking, the motor is a very important part of the
electrical drive control system, and the reliability of
the motor often determines the reliability of the whole
However,

system. the motor often operates in

complex environments, such as thermal stresses,
electrical stresses, mechanical stresses and so on.
These factors can lead to inter-turn short-circuit

(ITSC ) fault, which will the

performance or even completely damages the motor.

reduce motor

Hence, it is very important to analyze the stator
current characteristics of PMSM with ITSC fault.

In order to diagnose the ITSC fault, the effect of
ITSC fault on the stator current of PMSM is analyzed
in this paper.

Firstly, the finite element model of a 12-slot 10-
pole PMSM is established. The stator three-phase
currents of PMSM with different ITSC fault conditions
are obtained by finite element simulation.

Then, the effects of ITSC fault on the stator
of PMSM

perspectives ;

current are analyzed from three

three-phase  current  imbalance,

negalive sequence current and wavelet energy

spectrum. The current imbalance is calculated as;

S8

max min

x 100%

(D)

&

max

where; [ is the maximum phase current and [,

max min

the minimum phase current.

The negative sequence current is calculated as;

2 .‘l:l

|:| 1‘1' @ oL
o« O (2)

El R is=i=

Im

where; I, is the positive sequence current, [, is the

=12120°.
The wavelet energy spectrum is calculated as:
E E E E
where: E,;, E,., E,, ---E, are the energy of each

Aj o

. leo
negative sequence current, o

(3)

frequency band after wavelet analysis, FE is the total
energy of the signal.

Finally, the characters that can respond to ITSC
fault are analyzed and verified by experiments.

The analysis results show that with the increase
of short-circuited turns and the decrease of contact
resistance , the current imbalance , negative-sequence
current, and the energy gradient of D1 in wavelet

Thus,

these three indicators can be used as the basis for

energy spectrum increase. the increase of

diagnosing the ITSC fault.
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