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Analysis on polar coordinate pattern characteristics of stator winding

insulation for 10 kV three-phase asynchronous motor
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Abstract: The stator winding insulation of 10 kV three-phase asynchronous motor will subject to thermal, electrical,

environmental, and mechanical stresses during operation, which will generate insulation defects and lead to partial discharge

(PD). It is very difficult to obtain the reference voltage waveform in on-line monitoring condition, and the loss of reference

phase makes it impossible to use PRPD pattern in PD recognition. To solve these problems, three kinds of PD models, e.g.

internal discharge, slot discharge, and corona discharge, were made in the laboratory conditions, and the PD signals were

collected. The polar coordinate method was used to convert PRPD pattern into circular polar coordinate pattern to solve the

problem of reference phase loss. The results indicate that different types of PDs have different polar coordinate pattern

characteristic distributions, the internal discharge has symmetrical distribution in the first and third quadrants. Slot discharge

and corona discharge have unsymmetrical distribution, and the amplitude of the third quadrant is much larger than that of the

first quadrant. The slot discharge has larger point cluster discharge concentration range and wider discharge shape than

corona discharge. The characteristic parameters such as skewness, kurtosis, and discharge proportion are obviously different

in different discharge types. With the increase of voltage level, the distribution and characteristic parameters of polar

coordinate pattern will change obviously.

Key words: stator winding; insulation defect; PRPD pattern; polar coordinate pattern
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Fig.1 The experimental stator coil
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Fig.2 Typical insulation defect models
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Fig.3 The diagram of PD signal acquisition system
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Fig.4 PRPD pattern and polar coordinate pattern of internal
discharge at different voltage levels
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Table 1 Characteristic parameters of internal discharge polar
coordinate pattern
LRSS b sk KU Sk KU L L
éﬂ/kv 1 xl x1 vl vl }:Dﬁ ‘E‘\ ‘7@
(90.05°, 28.7°~
6 0.500 1.371 4.433 1.832 6.149
0.108) 133.2°
(90.08°, 24.5°~
8 0.451 1.137 3.671 1.147 4.527
0.139) 137.4°
(90.087°, 25.2°~
10 0.457 1.721 6.59 2.24
0.141) 140.6°
CENEE b sk, KU. Sk. KU M2 RE2
éﬂ /kV 3 x2 X2 2 2 }:Dﬁ ‘E‘\ :ii
(270.15°, 205.2°~
6 0.483 -2.704 10.75 -2.843 11.89
0.104) 308.6°
(270.17°, 204.1°~
8 0.451 -2.314 8494 -192 6.1
0.151) 318.5°
(270.19°, 202°~
10 0.479 -2.795 14.99 -2.699 12.06
0.153) 319.6°
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Fig.5 PRPD pattern and polar coordinate pattern of slot

discharge at different voltage levels
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Table 2 Characteristic parameters of slot discharge polar

coordinate pattern
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6 0524 1483 423 1031 299
0.059)  75.6°
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8 0507 1.054 3234 0907 2.90
0.079)  79.2°
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0.103)  86°
F 2 mfE2 FRR2
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% ) ’ ’ ! Ji O i

(270.28°, 199.8°~
6 0475 -2.778 10.455 -2.298 7.45
0.134)  264.6°

(270.11°, 183.4°~
8 0492 2234 7.141 -2.031 6213
0.186)  266.2°

(270.50°, 184°~
10 0.451 -1.906 624 -1.945 5098
0.205)  288.4°
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Table 3 Characteristic parameters of corona discharge polar
coordinate pattern

RENANE b K KU Sk KU mE J=v 3|
BV ! . S R Ju
(90.037°, 26.1°~

8 0.541 0.582 2.462 1.738 6.064
0.082) 105.5°
(90.177°, 22.8°~

10 0.479 0.523 2.415 1.021 3.295
0.082) 106.5°
(90.077°, 25.2°~

12 0.427 0.656 291 228 15.09
0.059) 108.5°
RENAN =¥/ J=¥/ %)
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