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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. 3. PD data of normal state (oscilloscope).
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Fig. 4. PD data of proceeding state (recording
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Fig. 5. PD data of proceeding state (oscilloscope).
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Fig. 8. Cluster distribution of normal states.
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Table 1. Cluster distribution of normal states.
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Fig. 9. Cluster distribution of proceeding states.
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Table 2. Cluster distribution of proceeding states.

Clssfcaion Anile |47 | Qo | s M
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+|cluster 6] 98.352]0.1401] 1002| 4.509] 9.000
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904

Cusstcaion| ngl | AT Ot | Syere Mox
Tcluster 2| 26622[02360]  494] 4.446] 8874
cluster 4] 6233402458  498] 4.482] 8946
+cluster 6| 98.316] 0.2568 501 4509 9.000
cluster 8] 134478/0.3000]  504| 4537] 9.054
cluster10] 170.892(0.1824]  507] 4563] 9.108
cluster 2| 206658[0.2756]  494] 4.446] 8874
cluster 4] 242370/ 02744 498 4.482| 8946
“|cluster 6] 278316/ 02674 501]  4.509] 9.000]
cluster 8] 314.478]0.3082]  504| 4.537] 9.054
clusterl0| 350.892) 0.1856]  507|  4.563] 9.108




Charge amplitude

o

20

180

Phase angle [deg)

a3 10, WAL HY o
Fig. 10. Cluster distribution of abnormal states.

el mepd e du
He Ae BAL veE, 27)%

shed o 40 % AW e ATk
29 10& AIBFEA BYHE 3
JEd Aoz 934 99
I PSETEY 6

3 K-means® ¥ &

A A o 270

,io_p_&

g M e fo

02 il
a ¥

‘j‘ﬁ il
ox M
2

25
x5
Nles
g
S
o
ke F
o

2&(

E 3 vARNHY vF 2x

1=}
= A

L

=3 3t

[e]

& ef ol

360

X

=

= 1 6455

—%—rfw B4 1186 HH
7 e AgetE = oW

Table 3. Cluster distribution of abnormal states.

Clssificaion| Anilc | A1 | OBit | e oMo
cluster 2| 26.694| 1.222 496 4464 8910
cluster 4| 62.424| 2.593 497 4499 8929

+| cluster 6| 98.352| 1372 501 4513 9.000
cluster 8/134.514! 1.278 504 4536]  9.054
cluster10|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  8.982
cluster 8/314.604; 1.373 503 4527]  9.036
cluster10/350.910] 1.372 506 4.554]  9.090
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