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Abstract. The single-phase earth faults location are the predominant type of damage in distribution 

networks of 6-35 kV. The problem of remotely determining the fault location during single-phase earth 

faults has not definitely accepted practical and accurate solution. The article proposes and substantiates the 

intellectual methods of determining the fault location with using artificial introduction of short-term 

double earth faults. In the future by recorded oscillograms of currents and voltages, an accurate calculation 

of the distance to the damage is assumed.  

1 Introduction 

Single-phase earth fault is the predominant type of 

damage in medium voltage distribution electrical 

networks [1-6]. The task of determining the fault 

location does not have no unambiguous solution [8-18] 

due to the specificity of electromagnetic transients under 

single-phase earth faults, caused primarily by the neutral 

point grounding [1, 7] 

The long-term operation of the network with single-

phase earth faults leads to increase accident rate and 

probability of the development of single-phase earth 

faults into multiphase short circuits, which could in turn 

cause significant economic damage. 

Fast and accurate detection of fault location is one of 

the main condition for eliminating the emergency and 

restoring the normal operation of the electrical network. 

Previously the proposed methods of synthetic 

introduction of two-phase earth faults [19-22] for 

determining the location of single-phase earth faults are 

prospective in used, but, unfortunately, have not yet 

found practical implementation in operating 

organizations, including due to low accuracy. 

2 The fault location algorithm for single-
phase earth faults 

Short-term connection of ballast resistance to the reserve 

cell of the bus section of the 6-35 kV switchgear is 

proposed for solving the problem of determining the 

location. A circuit breaker installed in the standby 

cubicles switchgear with a phase drive, whose the main 

contacts are closed between themselves and connected to 

the ground through ballast resistance. 

After occurrence the single-phase earth fault, one of 

the undamaged phases of the circuit breaker is closed 

with ballast resistance, ensuring that a short-circuit 

current of a limited magnitude and time flows through 

the ballast resistance, thereby simulating a double earth 

fault [16, 17]. After registering current flowing through 

the ballast resistance, the circuit breaker is turned off and 

network operation mode is restored. 

Figure 1 shows an equivalent circuit describing the 

current flow in the synthetic introduction of double earth 

fault, and the following designations are accepted: Eph1, 

Eph2, Eph3 – is the equivalent of system electromotive 

force; Zs – equivalent resistance of system; zL – line 

resistivity (Ohm/km); zm – resistivity of mutual induction 

(Ohm/km); Zload – equivalent load resistance; Rt – 

transient resistance in the place of single-phase earth 

faults; l - the actual distance to point of ground fault; Rb 

– ballast resistance; L – length of the line (km). 

The use of the scheme shown in Figure 1, in phase 

coordinates [7], allows obtaining expressions to 

determine distances to the single-phase earth fault. 
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Fig. 1. The scheme for replacing the network in the single-phase earth fault mode with synthetic introduction of double earth 

fault 

 

The equivalent circuit shown in figure 1 is converted 

to the form shown in figure 2 for the convenience of 

solving the scheme relatively to unknown parameters 
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Fig. 2. The scheme for replacing the network in in double earth fault mode 

Write Kirchhoff’s voltage law for the first and 

second loops (figure 2), after specifying their current 

directions on the circuit. 

From loop 1 of figure 2, and moving in a clockwise 

direction as indicated, gives the following expression: 
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The expression for the second loop is as follows 
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(2) 

 

Having expressed from the equation for the first 

circuit (Rb+Rt) and substituting in equation (2), we obtain 

the equation for determining the distance to the point of 

damage. 
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(3) 

 

In general terms, the calculation expressions look 

like this: 
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(4) 

 

where, Idam.ph – the current of the damaged phase on 

which there was single-phase earth fault; Ib – the current 

flowing through the ballast resistance; Iph.b – the current 

of the phase closed on the ballast resistance; Udam.ph – the 

voltage of the damaged phase on which the fault 

occurred; Uph.b – the voltage of the phase closed on the 

ballast resistance. 

It should be noted that during the formation of the 

final ratio (4) substitution and compensation of the sum 

(Rb+Rt) were realized, as a result of which the calculation 

of the distance to the single-phase earth faults location 

does not depend on the Rt. This circumstance is 

extremely important, since in networks with isolated and 

compensated neutral, almost all single-phase earth faults 

are followed by time-varying transient resistance. On the 

other hand, the independence of l (expression (4)) from 

Rb emphasizes that the introduction of ballast resistance 

is necessary only to provide the required range of current 

and voltage fixation in case of short-term double earth 

fault. 

In the equivalent circuit (figure 2) and obtained the 

expression (4) is not taken into account the influence of 

the active conductance and capacitance conductance of 

the line. In order to avoid possible distortion of 

calculations from capacitive conductivity of power lines, 

it is proposed to consider only the actual part of 

expression (4), and use of correction ratios, in further 

calculations, will reduce the influence of active 

conductivity on accuracy characteristics of obtained 

results. 

In order to use expression (4), it is necessary to know 

the information about the parameters of the electric 

network that can be obtained by the operating 

organizations: 

- from design or reference data (zL, zm, L), taking into 

account the design of the power line; 

- by analyzing data from operational measuring 

complexes, automated metering systems of electric 

energy, SCADA systems or by requesting dispatch 

services of consumers to obtain information about the 

load of the power line zload. 

3 Results of the modelling 

The accuracy of the obtained calculation algorithm (4) 

was estimated by simulating the damaged section of the 

electrical network in the Matlab software package in 

accordance with the scheme shown in Figure 3. 

The considered scheme has the following parameters: 

- voltage of 35 kV network; 

- length of the lines Line1=20 km; Line2=15 km; 

Line3=10 km; 

- specific resistance of the phase: zL=0.825+j0.6949 

Ohms/km; 

-specific resistance of mutual induction: 

zm=0.0485+j0.3517 Ohms/km; 

- transient resistances Rt in the places of closures are 

determined by a random quantity distributed with uniform 

law in the range from 0 to 100 Ohms; 

 - load power consumption: Sload = 45+j18.6 МВА 

that corresponds to resistance zload = 16.242 + j6.713 

Ohms; 

- ballast resistance Rb =100 Ohms. 
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Fig. 3. Simulation modelling of the electrical network section in the mode of double earth fault 

 

Network modeling was carried out in two stages. At 

the first stage, a model of power line with an inductive 

coupling between the phases was formed, and the 

transient resistance during single-phase earth faults was 

set randomly from a given range (Rt = 0…100 Ohm). As 

a result of simulation experiments, the dependence 

(Figure 4) of the calculated distances on the actual (i.e., 

set during the simulation) was constructed and the 

maximum error in estimating the distance to the single-

phase earth faults location was determined. 
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Fig. 4. Dependence of the estimated distances to the points 

of damage from the actual, in the absence of line 

conductivity 

 

Analysis of the obtained results showed that due to 

the creation of a short-term artificial double earth fault 

and the use of a calculated algorithm appropriating to 

expression (4), it is possible to determine the distance to 

the single-phase earth faults location with an error not 

exceeding 1% of the line length. The maximum error of 

the calculated distance from the actual distance (Figure 

4) was about 20 meters.  

However, in practice, it is impossible to neglect 

existence of conductivity of the line, therefore, at the 

second stage of modeling the power line with the 

distributed parameters having capacitive conductivity 

3.04·10-9 Sm/m was imitated. 

According to the results of simulation experiments, 

the maximum error of calculations by expression (4) was 

12 %, and the maximum deviation of the calculated 

distances from the actual ones respectively was 1.5 km 

(figure 5A). The introduction of the correction ratio 

taking into account capacitive conductivity and the 

obtained dependence (Figure 5a), allows reducing the 

error of determination of distance to single-phase earth 

faults to the value of 1%, which according to the results 

of simulation is about 100 meters (Figure 5b) 
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Fig. 5. Dependence of the estimated distances to the points of damage from the actual, in the account of line conductivity 

 

 

Thus, there is obtained fast and accurate algorithm 

for determining of single-phase earth faults on power 

transmission lines 6-35 kV, which will allow not only to 

reduce the time spent on elimination of damage and 

recovery of normal operation of the network, but also to 

significantly reduce the probability of damage transition 

to the short circuit, which is disconnected by the 

standard action of relay protection, and, as a result, to 

reduce the number of short-term power supply violations 

of consumers. The accuracy of the proposed algorithm in 

cable and cable-air networks can be reduced due to the 

presence of high-frequency discharge components of the 

transition current of the single-phase earth fault, as well 

as a significant influence of the total capacitive current 

of the network [1]. 

It is important to note that solving the problem of 

distance detection of the single-phase earth faults 

location in 6-35 kV distribution networks is one of the 

important tasks related to the implementation of the 

concept digital transformation accepted in 2018. The 

proposed algorithms can be widely used in digital 

complexes of relay protection and automation systems as 

part of digital distribution networks and digital 

substations. 

4 Conclusions 

1. The proposed algorithms allow to accurately 

determine the single-phase earth faults location in 

electric networks 6-35 kV with isolated or compensated 

neutral through the use of simulation, accumulation of 

statistical information and compensation of errors in real 

calculation on the simulation results. 

2. An important advantage of the developed 

algorithms is the complete elimination of the influence 

of the transient resistance on the accuracy of 

determination of the single-phase earth fault location, 

and the introduction of a correction factor taking into 

account the uniform distribution of conductivity along 

the length of the line allows to minimize the 

corresponding calculation error. 

3. The proposed algorithms for determining the 

single-phase earth faults location due to short-term 

double earth faults can be implemented in modern relay 

protection devices and correspond to the concept of 

creating smart electrical networks (Smart Grid). 

 

The reported study was funded by RFBR, project 

number 19-38-90144. 
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