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Abstract:

Till now, many different methods like heuristic methods, and the method of time difference of arrival (TDoA) have
been proposed and implemented for the localization of partial discharge in power equipment, but their weaknesses have
made their usage to be limited in practice. Because in complex situations like the presence of noise, scattering, barriers,
and inhomogeneous mediums the accuracy of results will be strongly reduced. The new time-reversal method that has
been recently proposed in the field of partial discharge localization showed that can accurately localize partial discharge
using just a single sensor. In this paper, the implementation of a different version of the time-reversal method in the
electromagnetic regime, named inverse filter has been proposed for the localization of partial discharge in GIS. For
evaluation of the proposed method, different scenarios are designed and simulated in two pipe-shape and T-shape
structures of a GIS in CST-MWS. Results show that in the case of using minimum entropy for determining the moment
of refocusing the waves, this method can accurately localize partial discharge in GIS, in all scenarios.
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1. Motivation of the work

Partial discharge can slowly erode the insulation of a
power equipment. So, early detection of that can reduce
the probability of insulation breakdown and the costs of
repair and power loss. Although gas-insulated switchgear
(GIS) is of the most reliable equipment in power system,
in case of a breakdown repair costs and other side effects
like power loss could not be negligible. Many different
production or operation defects can lead to partial
discharge. To better discover such a defect, it is very
necessary to accurately determine the location of the
partial discharge [1]. The occurrence of this type of
discharge can be distinguished using one of its different
physical effects such as chemical, electrical, acoustic
optical and electromagnetic effects [1]. In the recent
decades, different methods are developed for partial
discharge localization, which most of them, are applied in
the electromagnetic or acoustic regimes. Time Difference
of Arrival, abbreviated as TDoA, can be said that is the
most famous and useful conventional method for partial
discharge localization [2]. Furthermore some heuristic
methods, most of them in optical regime, are proposed to
be used for localization of partial discharge [3, 4]. This
work is focused on the application of one of the newest
methods, known as inverse filter [5], in electromagnetic
regime to localize partial discharge in GIS.

2. Contributions

Unlike the conventional methods for localizing the partial
discharge in power equipment, the new time reversal
method can be applied for that, in the realistic situations,
like inhomogeneity of the medium, presence of barriers,
noise, scattering, and so on [6]. Also when this method is
applied in a cavity, it is possible to effectively localize
the partial discharge in the equipment using just a single
sensor [7]. These advantages are the results of the fact
that the conventional TDoA method uses only zero
crossing time parameter to localize the partial discharge.
But, in the time reversal method, it is necessary to
analyze whole the waveform. So the more data and
details are be used and analyzed, which leads to a better
localization accuracy and less sensors needed. The newer
version of time reversal method, so called inverse filter,
has been shown to be powerful in partial discharge
localization.

3. Procedures

This work is investigating the application of Inverse filter
method in partial discharge localization in GIS.

To do this, two cylinder-shape and T-shape substructure
of a GIS has been modeled using CST-MWS. Also the
partial discharge has been emulated as a Gaussian pulse
and the process of localization of it has been simulated.
The process includes three steps as described in follow.
In the forward step, the waves that are propagated in the
GIS cavity are simulated and the waveform of the electric
field measured by installed sensor(s), is saved.

In the second step, the measured signal is transferred to
frequency space, inversed and the result is transferred
back to the time space. This step is implemented in
MATLAB. The inverse signal(s) are back-injected into
the GIS model cavities in the third step, to
backpropagation of electromagnetic waves be simulated
using the software. To investigate the ability of proposed
method, different challenging situations has been
simulated in different scenarios like presence of barrier,
noise and synchronous and asynchronous partial
discharges.

4. Findings

The results of simulating different scenarios shows that
the proposed inverse filter is able to accurately localize
the partial discharge in the GIS using a single sensor in
both cylinder-shape and t-shape modes. Also when
minimum entropy is applied as a refocusing detection
criteria, the results are more accurate than when another
maximum field criteria is used. The results show that
using minimum entropy, the inverse filter method can
offer accurate partial discharge localization, even in
challenging situations like as presence of barrier and
noise, or multiple synchronous or asynchronous partial
discharges. Conventional methods like TDoA, could be
inaccurate or even fail in such a situations.

5. Conclusion

In this work, the new inverse filter method has been
applied to localize partial discharge in GIS. It has been
showed using simulations that, in different challenging
scenarios which conventional methods could fail, inverse
filter can effectively localize partial discharge in GIS
with an acceptable error. Also, the simulations showed
that as a refocusing criteria, minimum entropy criterion is
much better than maximum field criterion when inverse
filter is applied in GIS.
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