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PD Diagnosis Method based on Non-phase Synchronized Patterns
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Abstract This paper dealt with partial discharge (PD) diagnosis method based on non-phase synchronized
PD patterns extracted from the ultra-high frequency (UHF) signal, for the purpose of condition monitoring
of the gas insulated switchgears (GIS) installed in the railway substation. 82 cases of representative PD data,
which were acquired from 6 types of PD defects and 4 types of noises, were collected from the field
monitoring. The defects included protrusion, floating, free particle, transformer fault, as well as void and
crack in the insulator, and four types of noises were external interference, external corona, sensor connector
fault, and mobile. PD parameters related to phase and frequency spectrums were analyzed using the decision
tree method. From the result, 77 cases were accurately classified, and the proposed classification method had
an accuracy of 94%.

Keywords : Partial discharge, Non-phase synchronized PD pattern, UHF signal
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1. Introduction

The partial discharge (PD) has achieved its significant application in the field of condition monitoring
of power facilities [1,2]. Compared with various PD detection methods, the ultra-high frequency (UHF)
method is regarded as the best implement for on-line diagnosis of the gas-insulated switchgears (GIS).
The phase and frequency spectrums acquired from the accumulation of the UHF signal is widely used for
PD evaluation and defects classification [3,4]. From the field experience, however, it is not easy to
synchronize the UHF signal with the applied voltage that measured by the potential transformer, resulting
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in the inaccurate identification of defect type. Therefore, a PD classification method based on non-phase

synchronized PD patterns was proposed in this paper.
2. Data Analysis and Results

An UHF sensor with a bandwidth of 0.3 MHz ~ 1.5 MHz was used to acquire the phase spectrum and the
frequency spectrum from 6 types of defects and 4 types of noises [5]. The defects were protrusion, floating,
free particle, transformer fault, void and crack in the insulator, and the noises included external interference,
external corona, sensor connector fault, and mobile [6]. Fig. 1 and Fig. 2 illustrate the data examples of
floating and sensor connection fault, respectively. Totally 82 cases of such data were collected. The non-
phase synchronized parameters related with phase and frequency spectrum shown in Table 1 were extracted
from the collected data. After trial and error tests based on the decision tree method, five parameters were
selected, which can accurately classify 77 cases of data. The five parameters were group number and
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normalized shape of phase spectrum, as well as the range number, range of peak value, and density levels of
frequency spectrum.

Table 1 Non-phase synchronized parameters

Characteristics phase spectrum Frequency spectrum
Peak value

Group number Range number

Peak difference between two groups Maximum value
Parameter Full phase distribution or not Range of peak values

Distribution of each group Peak difference between ranges
Density level Density level
Normalized shape

3. Conclusions

In this paper, the non-phase synchronized parameters were extracted from the UHF signal to classify
the type of PD. As a result, by using the group number and normalized shape of phase spectrum, as well
as the range number, range of peak value, and density levels of frequency spectrum, 77 of 82 cases of
collected were classified correctly. Therefore, the proposed method had an accuracy of 94%, which is
expected to apply for on-site condition monitoring of GIS.
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