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Analysis of Partial Discharge Pattern of Closed Switchgear
using K-means Clustering
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Abstract

In this study, we measured the partial discharge phenomenon of inside the closed switchgear, using
ultra wide band antenna. The characteristics of ®-g—n in the normal state are stable, and confirmed at
less than 0.01, but in proceeding states, about 2 times larger. And in the abnormal state, it grew

hundreds of times larger compared with normal state. According to K-means analysis,

if slant of

discharge characteristics is a straight line close to "0” and standard deviation is small, it is in a

normal state. However if we can find a peak from K-means clusters and standard deviation to be

large, it is in an abnormal state.
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Fig. 1. Configuration of the PD measurement

system.
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Fig. 2. PD data of normal
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Fig. 4. PD data of proceeding state (recording
paper).
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Fig. 5. PD data of proceeding state (oscilloscope).
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PD data of abnomal state (oscilloscope).
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Fig. 8. Cluster distribution of normal states.

Axel 271 0011724 A8 AAHe
< =
A gaol = A oF 332° oA 0137, ¥
189° oA -0.15127}x] £EFS B4
t} olE —?:E gozry Pzt 01412, ¥EH
3} 43x10°%2 den &34 999 Axe ¢
F4 499 55?‘}—4 3 BAEE T34 94949 A
Aol I g vls) uw$ $FFTE FAF
5 itk ¥ 1 AMAHAMY 2F % EX
#oz o g AR Fk FFAHANA HFE
B 1000 AE 2dsta glod, 391'*3,3 50070 A
zolth, = AA 2 HEALdE & IH =EF
459 & ARz ged, FAAS o AA
Ay AfE 892 A9 FYH FHE e u
ot oleld FAL dEE WHAZe A7}
dRA o2 Yehta g&s gvdth

w}e@lA K-means T3 3o 93 2% A9
A Ax AAAEHE g o Ld
71¢717F Aol "o AAEE FAsAT

7 1 ALY 2 BE
Table 1. Cluster distribution of normal states.

Clssitcaton| Ange | AZDY | Qet| e M.
cluster 2| 26.676|0.1274 990| 4.455| 8.892
cluster 4| 62.424|0.1311 994| 4473| 8928

+| cluster 6] 98.352|0.1401] 1002) 4509| 9.000
cluster 8| 134550/ 0.1629] 1008| 4.537| 9.0%4
cluster10| 170.910/0.1262| 1012| 4554| 9.090
cluster 2| 206.712| 0.1440 495| 4.455] 8.892
cluster 4| 242.460{0.1371 497| 4473] 8928

—| cluster 6| 278.334|0.1416 500 4.500{ 8982
cluster 8| 314.478| 0.1375 504] 4.536] 9.064
cluster10{ 350.892| 0.1417 507 4.563] 9.108
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Table 2. Cluster distribution of proceeding states.

Classicaton| e | A2V | Q0L fenee | N
cluster 2| 26.622| 0.2360 494| 4.446| 8874
cluster 4| 62.334| 0.2458 498| 4.482| 8946

+|cluster 6| 98.316| 0.2568 501 4.509] 9.000
cluster 8| 134.478| 0.3000 504 4537] 9.034
cluster10| 170.892| 0.1824 507| 4563 9.108
cluster 2| 206.658| 0.2756 494| 4446| 8874
cluster 4| 242.370{ 0.2744 498| 4.482] 8946

—|cluster 6| 278.316| 0.2674 501 4509 9.000
cluster 8| 314.478] 0.3082 504| 4537] 9.054
cluster10| 350.892{ 0.1856 507| 4.563] 9.108
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Fig. 10. Cluster distribution of abnormal states.
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Table 3. Cluster distribution of abnormal states.

Clssicaion] Arsic | 4B | et | fremee | Max
cluster 2| 26.694| 1.222 496 4464| 8910
cluster 4| 62.424| 2.593 497 4499 8929

+| cluster 6| 98.352] 1.372 501 4513 9.000
cluster 8(134.514| 1.278 504 4536 9.054
clusterl0|170.910{ 1.317 506 4.554|  9.090
cluster 2]206.766| 1.312 496 4464 8910
cluster 4|242.550] 2.200 498 4496 8947

—(cluster 6/278.478| 1.762 500 4507 8982
cluster 8|314.604| 1.373 503 4527 9.036
cluster10|350.910{ 1.372 506 4554)  9.090
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