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Diagnosis of Stator Inter-turn Short-circuit Fault in the Induction Machine
Based on the Steady-state Response of the Step Excitation
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Abstract: A diagnosis method based on the steady-state response of step excitation was presented for the inter-
turn short-circuit (ITSC) fault in the induction machine. The theoretical and experimental analysis were carried out,
simultaneously. First of all, the circuit network analysis was achieved for the single-phase excitation connection with
ITSC in different windings, and the analytical expression of the step response current was derived. Secondly, the
influence of the fault on the step steady-state value of the main-path and branch-path current was analyzed, and the
discipline of the vector movement in feature space was explored. Moreover, the fault indicator based on the steady-
state response of step excitation was proposed, and the numerical calculation of the fault indicator was carried out
using the simulation data. Finally, the experimental set-up was built to study the variation of fault indicator under
different fault severity and external interference. The research shows that, within the time gap of the speed-controlled
induction motor operation, a reliable and convenient diagnosis result can be achieved by the proposed method,
reducing the hardware requirement and increasing the practical value.
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Fig.1 Diagram for single-phase test of induction machine with ITSC
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Fig.3 Equivalent circuit of windings with the ITSC in branch path
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Fig.4 Curves of the main-path current with various values

of the fault-resistance and the fault-ratio
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Fig.5 Curves of the branch-path current with various values

of the fault-resistance and the fault-ratio
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Fig.6 Space location of the feature vectors with various values

of the fault-resistance and the fault-ratio

Zi B RTIR AT LS B AT U — B fl i
FEARTH I LA RSO A e o % SRR A S B
ERAE T SN RS S iR O 1 Ok
e SO AN A I VA R ER SN

imag | Av, — Av,], if imag| Av,]=0
FI = qimag[Av, — Av,], if imag[Av,]=0 (15)
imag [ Av, — Awv,], if imag[ Av,]=0

Uz imag] - P BUR BT 5 A 7R SR B AN T4

MRS ER Iy,
3 fAEHE

R SCHR[15] 4 5 1) J8R I F AT e s A 7Y
AT DA U B e Ak - PR T O vk F R Ht
BOHT. LA YE2-802-4 BN HLHL N T &, B
BOR YA BR e i3 A5 21« & T HBH 9.06 Q; 5 T
HL B 8.46 Q; il HL 8% 379 mH 5 /& T /8 23 mH ;
5w JE 28 mH; 5% 5 i 0.002 kg-m®. A MHFF
TE 28% M L gl Ja i, I B A BE LB N 1 Q. 3K
B BITE 0 s,5s,10 s B Z , 45 @ L R A
15V FFLERFIA] A 1 s A AER0HE R B BRI

BT 45T BaRad b, B ATLAN 25 A B L
LI o ol LB B, 245 A AE by 3 2% B, 8
% P IR P e P 5 G T G A e R A Sy 30 B T 3
B A AT o 59— T, MR AE B S
SRS, TR S A R 1 [ J v 2 7 A AR IR

I8 25 1 AN [m] Jt it F BHL 5 6 B85 L 48] 1) 175 4
T ARIE (13) 53 (15) 715345 31 5 MR 18 b Az
IR . v LUE B, VE s i I [a) 5 o6 ™ 5 F



XAk, 5 T ES RS A v R 6 B R v, WU TR 1) 42 953 4 1 7 SR AT R

wAEF 2021 H51E 138

14 2 ZES B, % LA 4 9 0 5 B P L R 19

R AR S AT A B AR A KB T

10 . . —y e

| D= - - HEhLBH

. ! [ HAHLCH
50 L L]

|
0 3 6 9 12 15

12 [ BRANER
I
<06 ! HEE
= , .
o m%mm‘ ! {
i i
-06 ! i 35

]
0 3 6 9 12 15
t/s

P17 AR O T , SRR Y R AUAR L L L R DI
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test with different main paths
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Fig.9 Diagram of the experimental set-up
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