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EXTENDED ABSTRACT

Introduction

Currently, HIF is one of the key challenges in the protection system of distribution
networks due to its complex nature and special features. These faults, if not detected in time,
can bring heavy economic costs, and fire and safety risks to the public. HIFs are often
associated with arcing events and occur at voltages lower than 15 KV, so the currents
resulting from them are low, highly distorted, asymmetric, and non-linear. These
characteristics overlap with other non-harmful events of the network, such as capacitor
switching, load switching and energizing of the transformer. Therefore, HIFs cannot be
detected by conventional relays.

In the last three decades, several methods have been presented for the detection of HIE
These methods can be generally classified into frequency domain algorithms, time domain
algorithms, the combined frequency and time domain (hybrid) algorithms, and expert
systems. When HIF occurs, there are many irregularities and changes in the waveform of
current and voltage, and the MM technique can be used as a powerful tool to extract these
changes and HIF detection. In this paper, based on MM, an MGED is presented for HIF
detection. The MGED was designed in such a way that it extracts edges and feathers of
voltage signals. Based on these features, an FDI was introduced for distinguishing and
classifying HIF from other regular system phenomena. The proposed method was tested on
the 20 kV test feeder simulated using EMTP.

Methodology

High impedance faults have special features that can be distinguished from other
disturbances by extracting these features. In this article, a proposed filter based on MG is
presented for transient signal processing. By using the proposed MGED filter, all
waveforms of transition phenomena were processed and their characteristics extracted.
Finally, a suitable FDI was introduced. Based on this index, the proposed HIF detection
algorithm was designed.

Assuming that fis a signal defined in the domain Dy and g is a SE defined in the domain

D, the dilation and erosion of the signal fby g are defined by (1) and (2), respectively:

fa@) = (f @ 9)(n) = max{f(n —s) + g(s)}|(n = s) € Dy, s € Dy o)

fem) = (f © 9)(n) = min{f(n +s) — g(s)} |(n + 5) € Dy, s € Dy. @)

where fis the signal to be processed and g is the SE. E'and E* can be defined respectively
as the set of samples of ascending and descending edges in signal fby (3) and (4):

E" = {si|(fa(s) — fu(si1)) > (fo(s) = fu(si—1)) > 6} -
3
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E* = {5 (fe(5)) = fe(5j-1)) < (fa(s)) = fa(sj-1)) < =6}.

4)
Using (1) to (4), MGED for signal fcan be defined as follows:
MGED;, = {fd —fo Vs;€ E',5;€E" ,j=12,..,N “
0 other

According to the extracted properties of HIF and the studied phenomena using MGED
method, and the difference of MGED output related to HIF with other regular system
phenomena, it is possible to distinguish HIF from other disturbances. If we denote the
number of edges in the first and second cycles of the signal fafter the moment of the fault
starting with E; and E, respectively, then:

iog+N

6
i=ip
ip+2N

7
i=ip+N

where N is the number of samples in one cycle and i, is the first sample corresponding
to the start of the disturbance. Therefore, by defining the FDI, itis possible to distinguish the
HIF fault from other disturbances:

Ey—E

FDI =
E,+E, ®)

According to the mentioned features for each of the disturbances, it is clear that in the
case of capacitor and load switching, FDI = 1, in CT saturation mode, FDI = 0 and for HIF
mode, itisalways 0 < FDI < 1.

Results and discussion

To show the performance of the proposed method, a sample of 20 kV distribution feeder
was simulated in EMTP and some of the results were presented. The location of the HIF fault
was considered 10 km away from the bus M where the measuring devices were installed.
Other disturbances such as capacitor switching (on and off), load switching (on and off) and
CT saturation mode were also simulated. For different HIFs on phases A, B and C, as well as
for capacitor switching, load switching and CT saturation, simulations were carried out and
some of the results are shown in Table 1.

Table 1. The result of applying the proposed HIF detection method for different fault conditions.
Fault type Inceptiontime E; E, FDI

HIF
A 35 124 40 0512
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Fault type Inceptiontime E; E, FDI

B 35 95 27 0.557
Capacitor switching
A 40 38 0 1
B 45 47 0 1
Load switching
B 45 92 24 0.586
35 26 0 1
B 40 32 0 1
CT saturation
AC saturation 50 4 4 0
DC saturation 35 3 3 0

The results presented in the above table show that for the HIE there are transient
changes in the voltage waveform over a long period of time, and as a result, parameters E;
and E, have non-zero values, but in the capacitor and load switching, transient changes in
the waveform appear in a short period of time. Therefore, only parameter E; has non-zero
values and parameter E, has zero value. Therefore, the value of FDI index for capacitor and
load switching is always equal to 1. Figure 1 shows the voltage waveform for a phase A to
ground HIF at 30 ms and the corresponding MGED output.

Part I Part 11

Voltage (pu)

MGE

o 10 20 30 40 50 60 70
Time (ms)

Fig. 1. Voltage waveform and MGED output for HIF.

Conclusion
In this paper, a new scheme based on MM for HIF detection in distribution network was

presented. In the proposed method, by sampling the voltage signals close to the substation
and processing them with MGED, a suitable detection index FDI was defined and based on
this index, HIF fault and other disturbances such as capacitor switching (ON and OFF), load
switching (ON and OFF), CT saturation and transformer inrush current were detected. The
proposed method only uses two cycles after the fault inception time to detect the fault.
Various simulations for different conditions including types of faults and disturbances with
different inception times were performed in the EMTP software environment. The results
showed that the proposed method can detect HIF successfully with high accuracy.
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