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A Fault Detecting Scheme for Short-Circuited Turn in a Permanent Magnet
Synchronous Motor through a Current Harmonic Monitoring
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ABSTRACT

To diagnose a stator winding fault caused by a short-circuited turn in a permanent magnet synchronous
motor (PMSM), an on-line based fault detecting scheme during motor operation is presented. The proposed
scheme is based on monitoring the second-order harmonic components in g-axis current obtained through the
harmonic analysis and a winding fault is detected by comparing these components with those in normal
conditions. The linear interpolation method is employed to determine harmonic data in arbitrary normal
operating conditions. To verify the effectiveness of the proposed fault detecting scheme, a test motor to allow
inter-turn short in the stator winding has been built. The entire control system including harmonic analysis
algorithm and fault detecting algorithm is implemented using DSP TMS320F28335. The proposed scheme does
not require any additional hardware and can effectively detect a fault during motor operation so long as the
steady-state condition is satisfied.
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FTR (Faulty Turn Ratio):
c=N/N;y (0<0<1) 3

HTR (Healthy Turn Ratio):
r=1—0 (0<7<1) @
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Fig. 1 Experimental results at 2000 rpm without
stator turn fault
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speed using interpolation
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1/36 Turn Fault

mmm No Load
| oad
——Threshold
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(b) DEA} M 1/24 £H2t (FTR=4.17%)

1/12 Turn Fault
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Table 3 Fault detecting results under 1/36 stator turn

(c) DAMA HAM 1/12 2t (FTR=8.33%)

2 23 Al 0f2) X HEolAel DYA}
L 7 Ay 2

Ood=
F55t
M nE AE

Experimental results for stator turn fault
detection at various operating speeds

02 M

I Ty & A

fault

1/36 No Load Condition Load Condition
Turn Fault Eault Fault |Fault |Fault |Fault |Fault

ag count |index |flag count |index
1000 rpm 1 10 1.69 1 10 1.63
1200 rpm 0 0 1.44 0 0 1.48
1400 rpm 0 0 1.43 0 0 1.45
1600 rpm 1 10 1.82 1 10 1.64
1800 rpm 1 10 3.02 1 10 1.98
2000 rpm 1 10 3.06 1 10 2.15

E 4 1/24 HM OF A 1F AE AY ZIHFTR=4.17%)
Table 4 Fault detecting results under 1/24 stator turn
fault

124 No Load Condition ‘ Load Condition
Turn Fault |Fault |Fault |Fault |Faut |Fault |Fault
flag count |index |flag count | index
1000 rpm 1 10 25 1 10 2.44
1200 rpm 1 10 2.3 1 10 2.19
1400 rpm 1 10 2.22 1 10 1.93
1600 rpm 1 10 3.73 1 10 2.13
1800 rpm 1 10 542 1 10 341
2000 rpm 1 10 5.34 1 10 3.44




5 1/12 AM DT A IH AF ME ZADHFTR=8.33%)
Table 5 Fault detecting results under 1/12 stator turn

fault

112 No Load Condition ‘ Load Condition
Turn Fault |Fault |Fault |Fault |Fault |Fault |Fault

flag count |index |flag count | index

1000 rpm 1 10 331 1 10 312
1200 rpm 1 10 2.85 1 10 2.65
1400 rpm 1 10 2.98 1 10 2.35
1600 rpm 1 10 54 1 10 401
1800 rpm 1 10 7.39 1 10 471
2000 rpm 1 10 7.11 1 10 466

6.2 &

G FIIAETINA 282 fAde] wE
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& A/ A em AR FE Azgn nxs)
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