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ABSTRACT 
In order to provide electricity to customers, the 
distribution system uses various types of equipment such 
as switches, pole transformers, and cables. In general, 
when a ground fault accident occurs in a distribution line, 
it is necessary to search for the location where the accident 
occurred and to identify the equipment that caused the 
accident, so that it takes a lot of time to recover from the 
accident. Therefore, the purpose of this study is to 
examining the characteristic of the method to estimate the 
accident point applying resonance frequency analysis 
using current waveform in the accident and to verify the 
accuracy of the fault point localization and the 
effectiveness of the method through fault tests in the 
simulated distribution line. 

INTRODUCTION 
Various types of equipment such as switches and pole 
transformers are installed over the distribution lines. When 
a ground fault accident occurs due to a natural disaster or 
the like, the section in which the accident occurs is 
specified by the accident recovery system called a timed-
sequential transmission method. After that, a patrol by 
workers and an accident point search by charge accident 
investigator are carried out. When an accident point is 
discovered and the cause of the accident is removed, 
electricity power is transmitted to all sections for full 
recovery. In other words, in the current system, it is 
impossible to specify the accident point in the section. 
Since specifying the accident point needs to go to the site 
and to carry out the accident exploration, it takes several 
tens of minutes to several hours to find the accident point. 
 
Particularly, when the insulation resistance recovers after 
the accident or the accident occurs and disappears 
repeatedly owing to the intermittent contact of the trees 
with the distribution lines, it may become difficult to 
narrow down the accident section by the accident recovery 
system. In addition, in the case of a distribution lines 
having a long length in a mountainous areas etc., the 
narrowing down of the accident section by the system 
tends to cover a wider area. As a result, there is a concern 
that it will take a long time until the whole restoration. 
 
On the other hand, in order to realize an efficient operation 
of a distribution line, switches equipped with various 
measuring functions called sensor built-in switches have 
been introduced. And, also communication infrastructures  

 
such as optical lines have been developed, which has 
allowed current and voltage data to be acquired and 
accumulated.  
 
Based on these backgrounds, a prototype controller with a 
high sampling measurement capability was fabricated for 
demonstration tests, and ground fault tests were conducted 
in a simulated distribution system using the prototype 
controller. There are short-circuit accidents and ground 
fault accidents as accident phenomena. In ground fault 
accidents it tends to take more time to explore the accident 
point than in short-circuit accidents, therefore the ground 
fault accident is considered in this paper. This paper 
assumes that the line length, the line type, and the bank 
capacitance are known from the facility data, applies a 
resonance frequency method which can calculate the 
accident point distance using these values and the 
measured zero-phase current, and verifies the 
effectiveness of accident point localization. 

DETECTION METHOD  
The 6.6 kV middle-voltage distribution line in Japan is 
mainly ungrounded. However, in order to detect a ground 
fault current in event of a ground fault accident, an 
Earthing Voltage Transformer (EVT) is installed in 
distribution substations, and the substations have a high-
impedance grounding via this EVT. That is, in event of a 
ground fault accident, the zero phase voltage appearing in 
the EVT is detected, and, a ground fault accident is 
detected from the magnitude, direction of the ground fault 
current and the duration using the Zero-phase-sequence 
Current Transformer (ZCT), which is installed in the 
sending part of each distribution line. After that, the circuit 
breaker of the distribution line having a ground fault 
accident is operated. A series of logic enables the 
identification of the ground fault accident distribution lines. 
  

 
 

Fig.1: Simplified power distribution system model 
 

Figure 1 shows a simplified distribution system model at 
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the time of a ground fault accident. The ground fault 
current flows through the path from the distribution line 
back to the EVT via the ground fault point, and also 
through the ground capacitance distributed in the system. 
When a part or a large part of the distribution lines are 
composed of underground cables or overhead cables, the 
ground fault current tends to take a larger value than when 
only overhead lines without cables are used. 

METHOD OF FAULT POINT LOCALIZTION 
Several methods have been proposed as methods for 
estimating a fault accident point. We describe 
Representative methods [1] [2] in the following.  
 
· Method 1: Ground fault surge current method 
Two or more measuring instruments for measuring the 
ground fault current are installed in the distribution line 
and the ground fault point is estimated from the arrival 
time difference of the ground fault surge measured by each 
measuring instrument. 
·Method 2: Ground fault current resonance frequency 
method 
The resonance frequency included in the ground fault 
current waveform is extracted by a signal processing 
method such as Fourier analysis and the distance to the 
ground point is estimated by using the inductance per unit 
length obtained from the line type. 
·Method 3: Impedance method 
Since the ground fault current flows toward the ground 
fault point, voltage is measured by a plurality of measuring 
instruments, and the ground fault point is estimated from 
the position where the voltage gradient straight line 
intersects the distribution line distance. 
 
Method 1 requires high sampling frequency and time 
synchronization between measuring instruments. Method 
3 also requires a plurality of measuring instruments with 
measurement accuracy of the order of millimeter, and there 
is concern that the high cost at the time of introduction will 
be needed. Meanwhile, Method 2 needs a sampling 
frequency on the order of a few tenths of Method 1, and 
since the ground fault point can be calculated from the 
ground fault current waveform measured by one 
measuring instrument by calculation, the cost at the time 
of introduction is expected to be lower than other methods. 
For the above reasons, resonance frequency analysis is 
applied to this study. 
 
In this ground fault current resonance frequency method, 
the resonance frequency of the zero-phase current flowing 
through a ground fault point is extracted by a signal 
processing method such as Fourier analysis. By the general 
theoretical equation of the LC resonance circuit formed by 
the ground fault path shown in Fig. 2, the distance from the 
substation to an accident point is calculated. The line 
impedance and the electrostatic capacity are known 
parameters that can be obtained from the facility data. 

 

 
 

Fig.2: Simple equivalent circuit of distribution line 
 
Figure 3 shows the concept to calculation of the accident 
point when resonance frequency analysis is used, and Fig. 
4 shows the calculation flow.  
 
Since the zero-phase current immediately after the 
accident is theoretically a combination of the fundamental 
frequency and the LC resonance frequency peculiar to the 
ground fault path, this resonance frequency contains 
information on the ground fault point. Therefore, the zero-
phase current waveform at ground fault is acquired by the 
sensor built-in switch, and resonance frequency is 
extracted from the waveform by Fourier analysis. 
Meanwhile, the line inductance per unit length and the 
total capacitance in one transformer bank including the 
accident distribution line are acquired from the facility 
data, and the accident point distance is calculated from the 
theoretical expression of the resonance circuit shown in 
Fig.2. 
 

 
 

Fig. 3: Concept of Resonance frequency analysis 
 
As shown in Fig. 3, the sensor built-in switch is installed 
at the beginning portion of the feeder. A prototype 
controller with a current sampling of 100 kHz, which can 
be acquired at the time of an accident with this sensor built-
in switch was constructed, and this paper estimates 
accident point using the zero-phase current obtained by 
this controller. An example of the obtained zero-phase 
currents are shown in Fig.5 (a) and (b). 
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Fig.4: Calculation Flow 
 

 

 
(a) Fault accident of  “Tree contact” 

 

 
(b) Fault accident of “Underground cable” 

 
Fig.5: Example of zero phase current waveform 

 

VERIFICATION OF FAULT POINT 
LOCALIZTION 
In order to verify the accuracy of accident point 
localization by the resonance frequency analysis, a 
simulated distribution line with a total length of 
approximately 2.6 km was used as a straight line, and 
ground fault tests were carried out by using an alternating 
voltage of 6.6 kV. 
 
As shown in Fig. 6 and Table 1, three cases were carried 
out with the each accident point. The accident point 
positions were set to Case 1 from the sensor built-in switch 
installed on the power supply side, Case 2 in the case of 
the middle, and Case 3 in the distant from the power supply 
side. Also, four types of accident points were used: a 
complete ground fault, which is a typical accident cause, 
insulator breakdown, tree contact, cable ground fault. 

The grounding resistances at the respective accident point 
positions ware measured on the day of the test, ant they 
were 7.6 Ω in Case 1, 14 Ω in Case 2, and 94 Ω in Case 3, 
respectively. This means that even in the case of a 
complete ground fault, there is an impedance 
corresponding to the ground resistance at the accident 
point. 
. 

 
 

Fig 6: Distance of each test case 
 

Table1: Test cases 

 
 

 
Since it was difficult to reproduce the ground fault current 
of the order flowing in the actual distribution line under 
the current installation situation of the simulated 
distribution system, a capacitor of a known value was 
installed on the premises of the simulated substation so as 
to generate a sufficient ground fault current, and the 
ground fault test was carried out. 
 
TEST RESULTS 
As the test results, as shown in Fig. 7, the average of  the 
errors at the ground fault points were 231 m in Case 1 in 
the vicinity of the distribution substation, 1004 m in Case2 
at the intermediate place, and 1573 m in Case 3 at the 
distant place, respectively.  
 
The accident point nearer to the distribution substation 
gave almost the same degree of error regardless of the 
cause of the accident. At the father accident point, it was 
determined only in the case of ground fault with zero 
resistance, and in the case of other causes of the accident, 
it was not be determined  
 

Start

Ground fault occurs

(1) Acquiring zero phase current 
data in switch gear with sensors

(2) Extracting resonance frequency   
from zero phase current data by 
Fourier transform

(3) Calculating a distance
between distribution substation 
and fault point

end

Test Cases Distance from
distribution substation

Ground fault with zero
resistance

   Solid
   grounding

Ground fault with zero
resistance

   Solid
   grounding

Ground fault with zero
resistance

   Solid
   grounding

Case1 447 m
Ground fault with

resistance

Case2 1402 m
Ground fault with

resistance

Causes

Case3 2064 m
Ground fault with

resistance

   Tree branch
   Insulator
   Cable

   Tree branch
   Insulator

   Tree branch
   Insulator
   Cable
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Fig.7: Test results 
 
EVALATION 
The test results in Fig. 7 indicates that the greater the 
distance of the accident point from the substation side, the 
greater the fault localization error. In addition, the case is 
confirmed that the localization is impossible depending on 
the cause of the accident. 
 
There are two possible causes of the error. First, as the 
accident point becomes farther from the substation side, 
the reading error of the resonance frequency becomes 
larger. As shown in Fig. 8, it can be seen that the 
positioning error per 1 Hz is larger at the far side even 
when the positioning distance is calculated from the 
theoretical expression of the resonance frequency using 
the resonance frequency obtained by actual measurement. 
That is, it can be confirmed that in the principle of 
resonance frequency analysis, the positioning accuracy at 
a distance from the substation is inferior to that in the 
vicinity. 
 

 
Fig.8: Relation between resonance frequency and 

accident point distance 
 
As a second cause, it is considered that capacitance and 
inductance included in the theoretical expression of the 
resonance frequency do not completely coincide the actual 
values, which is as the causes of the errors. This is because 
it is difficult to accurately grasp the sum of capacitances 
such as the cables and ground capacitance included in the 
accident distribution line. It is considered that the error of 
the inductance is mainly caused by the errors of the line 

type and the length of the distribution line.  
 
In addition, the cause of the cases that cannot be 
determined an accident fault point is considered in the 
following.  
 
The ground resistance at the position in Case 3 was larger 
than that at the other positions, and the resonance 
frequency included in the zero-phase current attenuated 
quickly. Since the resonance frequency cannot be 
extracted clearly from the fault current, there was an 
accident cause pattern which cannot be determined the 
accident point. Examples of the frequency characteristic at 
this case is shown in Fig.9 (a)-1 and (b)-1, and the zero-
phase current waveforms at the case are shown in Fig.9 
(a)-2 and (b)-2. 
 

 
(a)-1 Case Frequency characteristics at the time of 

ground fault with zero resistance 
 

 
(a)-2 Case1 Zero-phase current waveform at ground 

fault with zero resistance 
 

 
(b)-1 Frequency characteristics at tree contact 
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(b)-2 Case3 Zero phase current waveform at tree contact 
 

Fig 9: Frequency characteristics 
 
Furthermore, the influence of the error depending on the 
type of the cause of the accident is considered in the 
following.  
 
When the resonance frequency is extracted from the zero-
phase current, the estimation of the accident cause itself 
may be difficult. However, it is considered that a fault 
point can be located. This is because, as discussed above, 
in the case of a high resistance ground fault, the resonance 
frequency attenuates quickly and the resonance frequency 
cannot be extracted as shown in Fig.9 (b)-1 and (b)-2. In 
these tests, there were many cases in which the case of tree 
contact cannot be determined. Whether there is a 
difference in the zero-phase current waveform depending 
on the cause of the accident or the accident situation is a 
future work. 

CONCLUSION 
In this study, ground fault tests were carried out on a 
simulated distribution line and the accuracy of accident 
point localization by the resonance frequency method was 
verified. From the test results, the accident point in the 
vicinity from the distribution substation was better than the 
distant placement accuracy, and the average of the error in 
Case1 was 231 m, however the average of the error was 
1573 m in Case 3 at the distant place. From the test results 
and theoretical considerations, the following 
characteristics are confirmed regarding the resonance 
frequency analysis. 
 
∙In the case of a distribution line having a relatively long 
length, the accuracy of the fault point localization is 
deteriorated in the principle of resonance frequency 
analysis. 
·The localization becomes impossible depending on the 
ground fault cause and the ground fault point situation. 
This is considered to be caused by the resistance value of 
the ground fault itself or the magnitude of the ground 
resistance when the ground fault current flows to the 
ground. 
·When using the resonance frequency analysis, the facility 
data such as line impedance and capacitance needs to be 
known. 

FUTURE WORKS 
According to this experiments, in the current resonance 
frequency method, there were cases in which it was 
difficult to perform the localization in case of a fault point 
far from the distribution substation. Therefore, this study 
is progressing work to organize the condition of the 
distance and accident cause which cannot be determined 
and consider for practical application aiming for a few 
hundred meters of errors. 
 
Since there is a possibility that the resonance frequency 
and the capacitance itself used for the calculation of the 
localization may differ from the actual situation, 
improvement of the accuracy of each parameter is needed. 
As an example, the capacitance used at the current 
calculation of the localization was the value of the 
capacitance three times as much as one phase because the 
three phases of the distribution line are parallel. On the 
other hand, in the method used this time, the resonance 
frequency is extracted from the current waveform at the 
time of the ground fault, that is, the capacitance of only the 
ground fault phase may make the resonance frequency at 
the ground fault. Fig. 10 shows the test results when the 
capacitance of only the ground fault phase is applied to this 
method. 

 
 

Fig.10: Test results using single phase capacitance 
 
 Figure 10 indicates that the average of the errors can be 
201 m in Case 1, 395 m in Case 2, 588 m in Case 3, and 
the errors can be smaller than those when using 
capacitance of three phases. The effect of such capacitance 
is expected to continue to verification through fault ground 
tests. 
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