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Abstract. The task of determining the fault location on a power line is difficult and the longest operations 

to restore damaged areas of the network. Determining fault location with double earth faults is a priority 

due to the high wear of medium voltage networks and the absent of currently accurate algorithms. The 

usage of the phase coordinates method allows to obtain the calculated relations for determining the 

distances to the nearest and furthest point of damage. A significant increase in the accuracy is achieved by 

using iterative recalculation, the essence of which is to rectify such parameters as the transient resistance, 

the voltage at the neutral point of the load and the distance to the damage. The proposed algorithms allow 

reducing the calculation error and reducing the bypass zone of the damaged line, which in turn determines 

the power transmission line recovery time and increases the reliability of the power supply network.

1 Introduction  

The task of determining the fault location on a power 

line is difficult and the longest operations to restore 

damaged areas of the network. Accurate and efficient 

fault location on power lines affects amount of damage 

caused by power supply interruptions and reduction of 

the transmitted electricity quality. In medium voltage 

electrical networks, there are mainly used fault location 

methods based on unilateral measurement of the 

emergency mode parameters [1-3, 6-10], which allow 

to determine distances to phase-to-phase faults. A 

phase-to-earth fault can be determined using expensive 

specialized indicators (for example, indicating the 

direction of flow of the capacitive fault current, active 

sensing methods [4], and wave method of fault location 

[13]. Determining fault location with double earth 

faults is a priority due to the high wear of medium 

voltage networks and the absent of currently accurate 

algorithms. Despite the variety of software and 

hardware offered, the problem of fault location at 

double earth fault does not to date have a generally 

recognized solution [5-10], and modern methods that 

allow calculating the distance to the fault locations 

have a large error.  

 

2 The fault location algorithm for 
double earth faults on different lines. 

The developed method of fault location at double earth 

fault on different lines is based on the simulation 

modeling and following statistical processing of the 

results [9-15]. The parameters of the simulation model 

and the developed methods of fault location are below. 

Calculation of the distances to the damage sites with 

double earth fault on different lines is fulfilled 

according to the schemes shown in Figure 1. 

The components of the transient resistance t1R  are 

resistance of foreign objects between the wire and 

ground or support, ground resistance of the support. 

During the calculation, the following assumptions 

were made: 

1) the three-phase elements of the system are 

assumed to be symmetric; 

2)  capacity admittance of transmission lines is not 

taken into account; 

3) the transition resistance is purely active; 

4) backfeed of the short-circuit point by the load 

current is absent. 

The use of the scheme shown in Fig. 1, in phase 

coordinates [7], allows obtaining expressions to 

determine distances to the near and far points of 

damage with double earth fault on different lines. 
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Fig. 1. The scheme for replacing the network in the phase «Ph1» in double fault mode on different lines at a 

distance l1 and phase «Ph2» at a distance l2 
 

In figure 1, the following designations are accepted: 

ph1E , ph2E , ph3E  – is the equivalent of system 

electromotive force; sZ – equivalent system 

resistance; Lz – line resistivity; mk - ratio of mutual 

induction; Loadz  – equivalent load resistance; 

t2,t1 RR - transient resistance in the places of short 

circuit; 2,1 ll  – distances to near and far ground faults. 

In general terms, the calculation expressions look 

like this: 
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– resistivity of mutual inductance of the nearby phases 

regarding the damaged one; Xph1, Xph2 – calculative 

inductances proportional to the distances to the faults; 

𝐼𝑝ℎ11 – the current of the damaged phase of the first 

line; 𝐼𝑝ℎ22 – current of the damaged phase of the 

second line; 𝐼𝑝ℎ12, 𝐼𝑝ℎ13 – currents of the undamaged 

phase of the first line; 𝐼𝑝ℎ21, 𝐼𝑝ℎ23 – currents of the 

undamaged phase of the second line. 

The verification of the proposed fault location 

method for double earth fault on the different lines was 

carried out according to the scheme presented in Figure 

2, by simulation modeling of the emergency mode in 

question in the PSCad and Visual Basic software. 
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Fig. 2. Simulation modelling of the transmission line 35 kv with a double earth fault on different lines in the 

PSCad software 

The considered scheme has the following 

parameters: 

- voltage of 35 kV network; 

- length of the line L1 = 10 km, L2 = 10 km; 

- specific resistance of the phase: 

697.0079.0 jLz   Ohm / km;- resistivity of mutual 

induction: 353.00451.0 jmz  Ohm / km;- transient 

resistances in the places of closures are determined by 

a random quantity distributed with uniform law in the 

range from 0 to 10 Ohm; 

- load power consumption: 5.29 jLoadS   

МВА. 

The simulation results were processed in Mathcad 

and the dependencies of the estimated distances 

obtained from formulas 1 and 2 were constructed from 

the actual values (Fig. 3). 
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Fig. 3. Dependence of the estimated distances to the damage points of the transmission line on 

actual ones 

 
 

Analysis of the obtained results showed that the 

distance to the first fault point (fig 3a) is determined 

with a relative error up to 12%, and the mathematical 

expectation of the obtained error was 3%. The distance 

to the second fault point (fig 3b) is determined with a 

relative error up to 26%, and the mathematical 

expectation of the obtained error was 7%. 

Thus, the above method makes it possible to 

determine the region of double earth fault location for 

different transmission lines by installing a resistance 

measuring device connected to the phase current and 

the phase voltage of the outgoing lines. 

3 Fault location rectification applying 
the iteration recalculation 

For increasing in the accuracy of fault location 

algorithms it is proposed to use the iterative 

rectification of the calculation results of the distance to 

the fault. As the initial data, currents and voltages 

oscillograms in the steady-state short-circuit mode are 

used, also the values of distances to the faults obtained 

in the first approximation by formulas (1) and (2).  
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The algorithm rectifying the distances to the point 

of the fault on the first power line is below.  

Let's find the value of the voltage at the neutral 

point N1 (Fig. 1), using the parameters of undamaged 

phase:  

𝑈𝑛1 = (𝑈𝑢.𝑝ℎ1 − 𝐼𝑝ℎ12 ∙ (𝑧𝐿 + 𝑧𝐿𝑜𝑎𝑑1)) − 

−(𝐼𝑝ℎ13 ∙ 𝑧𝑚 + 𝐼𝑝ℎ11 ∙ 𝑧𝑚 ∙ 𝑙11), 
(3) 

where, 𝑈𝑢.𝑝ℎ – the voltage of the undamaged phase of 

the first line; 𝑈𝑛1 – the voltage in the neutral point of 

the load; 𝐼𝑝ℎ11 – the current of the damaged phase in 

the first transmission line;; 𝐼𝑝ℎ12, 𝐼𝑝ℎ13 – currents of the 

undamaged phase of the first transmission line; 𝑧𝐿– 

specific resistance of the transmission line; 𝑧𝐿𝑜𝑎𝑑1 – load 

resistance per phase; 𝑙11 – distance to the nearest point of 

damage, obtained by formula (1) regarding the full length 

of the line.  

Consider the damaged phase on the first power line 

(Fig. 1), taking into account the mutual induction of 

neighboring phases (Fig. 4).  
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Fig. 4. The replacement scheme of the damaged phase on the first line, with a double earth fault. 

  

 

Taking into account the fact that the resistance of 

the equivalent section obtained by Ohm's law is equal 

to the sum of the resistance of the equivalent circuit, 

the following expression can be written:  

 

𝑈𝑢.𝑝ℎ1 −

𝑈𝑔

𝑅𝑡1
+

𝑈𝑛1

(1 − 𝑙11) ∙ (𝑧𝐿1 + 𝑧𝑚12 + 𝑧𝑚13)
1

𝑅𝑡1
+

1

(1 − 𝑙11) ∙ (𝑧𝐿1 + 𝑧𝑚12 + 𝑧𝑚13)

𝐼𝑝ℎ.11

= 

= (𝑧𝐿1 + 𝑧𝑚12 + 𝑧𝑚13)𝑙11 + 

+
𝑅𝑡1 ((𝑧𝐿1 + 𝑧𝑚12 + 𝑧𝑚13) ∙ (1 − 𝑙11) + 𝑧𝐿𝑜𝑎𝑑1)

𝑅𝑡1 + (𝑧𝐿1 + 𝑧𝑚12 + 𝑧𝑚13) ∙ (1 − 𝑙11) + 𝑧𝐿𝑜𝑎𝑑1

 

(4) 

If 𝑧𝐿1 + 𝑧𝑚12 + 𝑧𝑚13 = 𝑧1,and ground voltage 

𝑈𝑔 = 0, then, taking into account the transformations, 

the resulting expression looks like this:  

𝑈𝑢.𝑝ℎ1 −
𝑈𝑛1 ∙ 𝑅𝑡1

(1 − 𝑙11) ∙ 𝑧1 + 𝑅𝑡1 + 𝑧𝐿𝑜𝑎𝑑1

𝐼𝑝ℎ.11

= 

= 𝑧1𝑙11 +
𝑅𝑡1 ∙ (𝑧1 ∙ (1 − 𝑙11) + 𝑧𝐿𝑜𝑎𝑑1)

𝑅𝑡1 + 𝑧1 ∙ (1 − 𝑙11) + 𝑧𝐿𝑜𝑎𝑑1

 

(5) 

Having expressed 𝑅𝑡1 from this equation, and 

taking its absolute value, we obtain a formula for 

determining the transient resistance: 

𝑅𝑡1 = |
𝑈𝑢.𝑝ℎ1 ∙ (𝑧1 + 𝑧𝐿𝑜𝑎𝑑1 − 𝑧1 ∙ 𝑙11)

𝐼𝑝ℎ.11 ∙ (𝑧1 + 𝑧𝐿𝑜𝑎𝑑1) − 𝑈𝑢.𝑝ℎ1 + 𝑈𝑛1

| − 

− |
𝐼𝑝ℎ.11 ∙ 𝑧1 ∙ 𝑙11 (𝑧1 − 𝑧1 ∙ 𝑙11 + 𝑧𝐿𝑜𝑎𝑑1)

𝐼𝑝ℎ.11 ∙ (𝑧1 + 𝑧𝐿𝑜𝑎𝑑1) − 𝑈𝑢.𝑝ℎ1 + 𝑈𝑛1

| 

(6) 

Knowing the value of the transition resistance in the 

place where the arc arises, it is possible to obtain the 

value of the current through the transient resistance:  

𝐼𝑔1 =
𝑈𝑢.𝑝ℎ1 − 𝐼𝑝ℎ.11 ∙ 𝑙11(𝑧1 + 𝑧𝑚12 + 𝑧𝑚13)

𝑅𝑡1

 (7) 

where 𝑧𝑚12 = 𝑧𝑚 ∙
𝐼𝑝ℎ12

𝐼𝑝ℎ11
; 𝑧𝑚13 = 𝑧𝑚 ∙

𝐼𝑝ℎ13

𝐼𝑝ℎ11
 – 

mutual inductance of the first line regarding the 

damaged phase; 𝐼𝑝ℎ11 – the current of the damaged 

phase on the first line; 𝑅п1 – transient resistance in the 

places of the first short circuit. 

Then, according to the first Kirchhoff's law, it is 

possible to determine the supply current of the short-

circuit point from the load:  

𝐼1.1 = 𝐼𝑝ℎ.11 − 𝐼𝑔1. (8) 

Then, taking into account the above, recalculate the 

voltage at the neutral point N1 (Fig. 1): 

𝑈𝑛1 = (𝑈𝑢.𝑝ℎ1 − 𝑧𝐿1𝐼𝑝ℎ12 − 𝑧𝐿𝑜𝑎𝑑1𝐼𝑝ℎ12) − 

−𝐼𝑝ℎ13𝑧𝑚 − (𝐼𝑝ℎ11𝑧𝑚𝑙11 − 𝐼1.1𝑧𝑚(1 − 𝑙11)) 
(9) 

The solution of the expression (4) regarding to 𝑙11 

allows to determine the distance to the short-circuit 

point.  

The following expression for 

determining 𝑙11 can be obtained:  

𝑙11 = |
𝐼𝑝ℎ.11 ∙ (𝑧1 + 𝑧𝐿𝑜𝑎𝑑) + √𝑎1 + 𝑏1 + 𝑐1 + 𝑈𝑢.𝑝ℎ1

2 ∙ 𝐼𝑝ℎ.11 ∙ 𝑧1

| 

𝑙11 = |
𝐼𝑝ℎ.11 ∙ (𝑧1 + 𝑧𝐿𝑜𝑎𝑑) − √𝑎1 + 𝑏1 + 𝑐1 + 𝑈𝑢.𝑝ℎ1

2 ∙ 𝐼𝑝ℎ.11 ∙ 𝑧1

| 

 

(10) 

The coefficients a, b, c formulated from the 

following expressions: 

 𝑎1 = (𝐼𝑝ℎ.11 ∙ 𝑧𝐿𝑜𝑎𝑑) ∙ (𝐼𝑝ℎ.11 ∙ 𝑧𝐿𝑜𝑎𝑑 + 2𝐼𝑝ℎ.11 ∙ 𝑧1 +

+4𝑅𝑡1 ∙ 𝐼𝑝ℎ.11 − 2𝑈𝑢.𝑝ℎ1);  

𝑏1 = (𝐼𝑝ℎ.11 ∙ 𝑧1) ∙ (𝐼𝑝ℎ.11 ∙ 𝑧1 + 4𝑅𝑡1 ∙ 𝐼𝑝ℎ.11 −

−2𝑈𝑢.𝑝ℎ1);  

𝑐1 = 4𝑅𝑡1 ∙ 𝐼𝑝ℎ.11 ∙ (𝑈𝑛1 − 𝑈𝑢.𝑝ℎ1) + 𝑈𝑢.𝑝ℎ1
2. 

The obtained dependences (expression 10) allow to 

rectify the distance to the point of damage. To choose 
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the only correct solution, it is necessary to compare the 

obtained values of 𝑙11  with 1 (the values were obtained 

in p.u. regarding the real length of the line).  

On the next iteration, taking into account the new 

value of the distance to the fault according to the 

formula (6), the value of the transition resistance is 

rectified. Onward, according to to the expressions (8) 

and (9), the current of the load-point loading and the 

voltage at the points N1 are determined. Onward, 

taking into account the updated values, the distance to 

the point of damage is determined from expression 

(10). The iterative process continues until the changes 

in the values obtained in two consecutive iterations 

become insignificant (no more than the required fault 

distance calculation error).  

The distance to the damage point located on the 

second line is determined similarly. 

Verification of the proposed method was tested 

using the scheme shown in Fig. 2 taking into account 

the simulation results in the PSCad and Visual Basic.  

Figures 5a and 5b show the estimated distances to 

the nearest and the furthest point of damage on the 

transmission line dependence on the actual ones.  
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Figure 5. Dependence of the estimated distances to the damage points of the transmission line on actual 

ones 1∙104∙5∙103 0 

The analysis of figure 5 confirms increasing 

of the accuracy of the fault location and the reduction 

of the calculation error in comparison to the initial 

results. The maximum value of the relative error of the 

calculation in the near point of damage is 2.2 %, and in 

the far point of damage 2.3%, which is approximately 

38 meters.  

4 Formation of the bypass zone under 
the assumption of the normal law of 
error distribution of the fault location. 

At the core of the organization of the search for the 

damage location there is the concept of the bypass 

zone. When solving fault location problems, it is 

important to determine not only the location of the 

closure, but also the bypass zone of the line. The size 

of the zone assesses the period of time required to carry 

out repair-and-renewal operations [8-10]. 

Having a sufficiently large amount of statistical 

data of fault location errors, it is possible to determine 

the probability density of the error distribution relative 

to the estimated damage site and, by specifying the 

confidence probability, to obtain a confidence interval 

that will specify the bypass zone of the transmission 

lines. 

In order to form a bypass zone in the case of a 

double earth fault on different lines, the probability 

density of the distribution of absolute errors calculation 

with respect to the estimated fault location was 

determined for each of the possible fault locations (Fig. 

6). 

Figure 6a shows the probability density of the 

absolute error distribution, relative to the estimated 

value of the distance to the nearest closure point (solid 

line - before the application of the correction factor, 

dashed line after it). According to the rule of three 

sigma (3𝜎 ), there was calculated a confidence interval 

corresponding to the bypass zone. For the point of 

damage obtained before the application of the iteration 

recalculation, the bypass area was 1.5 km which is 15% 

of the total length of the line and after application of 

the iteration recalculation became 0.2 km which is 2% 

of the total length of the line. 
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Figure 6 - Example of the probability density distribution of the absolute error relative to the mathematical 

expectation  

 

 
The results of bypass zones calculation for the 

example (Figure 6a) are shown in Table 1. 

Table 1. Results of bypass zones calculation for  double earth 

fault on different lines (near point of damage) 

 Left 

border 

of the 

bypass 

zone, 

km 

Right 

border of 

the bypass 

zone, km 

Total 

bypass 

areas 

length, 

km 

Total 

bypass 

areas 

length.,% 

Before the 

application of 

iteration 

recalculation 

-0,5 1 1,5 15 

After the 

application of 

iteration 

recalculation 

-0,06 0,13 0,2 2 

 

The iteration recalculation use clarifying the near 

point of damage, allowed to reduce the bypass area 

from 15% to 2% and, therefore, to shorten the time 

required to eliminate the damage. 

Figure 6b shows the probability density distribution 

of the absolute error, relative to the estimated value of 

the distance to the far point of closure (solid line - 

before the application of the correction factor, dashed 

after it). 

For the short circuit point (figure 6b) obtained 

before the application of the iteration recalculation, the 

bypass area was 3.5 km - 35% of the total length of the 

line and after application of the iteration recalculation 

was 1.3 km - 13% of the total length of the line. 

The results of bypass zones calculation for the 

example (Figure 6b) are shown in Table 2.

 

Table 2. Results of bypass zones calculation for  

double earth fault on different lines (far point of 

damage) 
 Left 

border 

of the 

bypass 

zone, 

km 

Right 

border 

of the 

bypass 

zone, 

km 

Total 

bypass 

areas 

length., 

km 

Total 

bypass 

areas 

length.,% 

Before the 

application of 

iteration 

recalculation 

-0,8 2,7 35 35 

After the 

application of 

iteration 

recalculation 

-0,07 0,13 0,2 2 

 

The use of the iteration recalculation to clarify the 

far point of damage, allowed to reduce the bypass zone 

from 35% to 2%. 

4 Conclusion 

It is proposed a method to increase the accuracy of the 

finding fault location in the case of a double earth fault 

in a 6-35 kV network using simulation modeling, 

accumulating statistical information, and error 

compensation in real calculations based on simulation 

results. The application of iteration recalculation made 

it possible to reduce the bypass area of the damaged 

power line from 15% to 2% for the near point of 

damage and from 35 to 2% for the long settlement 

point.  

Proposed algorithms provide a significant increase 

in the accuracy of fault location and a reduction of the 

damaged bypass zone, as well as cost reduction for the 

6-35 kV transmission lines repair-and-renewal 

operations. 
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