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Summary. Statistical researches of 

failures in medium voltage electrical power 

networks, which are constructed as overhead 

power lines with ACSR wire, show that most 

failures are due to single-phase-to-earth faults, 

which under certain conditions can transit into 

interphase faults. To reduce the energy not 

supplied to consumers proposed to install the 

special device in the power network. The name 

of this device is the identifier of single-phase-

to-earth fault. It is shown that if the device is 

installed on supports of the overhead line of 

the power network, this can reduce the ex-

pected energy not supplied to consumers 

(EENS) by up to 32%. Moreover, the shorter 

the time it takes to locate the single-phase-to-

earth fault in the power network, the greater 

will be the reduction in the EENS.  

Key words: identifier of single-phase-

to-earth fault, reliability indicators, EENS in-

dicator, electrical power networks of medium 

voltage.  

INTRODUCTION 

Medium voltage power networks (in the 

post-Soviet countries this is 6-10 kV) is the 

longest and much branched, as a result less re-

liable. Most of these networks are made as 

overhead lines with ACSR wire and supply of 

electrical energy to consumers in areas with 

low electrical load density (in rural areas). In 

such networks it is used the isolated neutral 

mode to ensure the uninterrupted operation in 

the event of a single-phase-to-earth fault.  

 

However, during such faults, in the network 

the voltage asymmetry is created across the 

pin insulation, namely, the voltage in the dam-

aged phase tends to zero, but in the other two 

phases it increases to a linear value. This in-

creases the possibility of an interphase short 

circuit through the earth, which leads to power 

outage for consumers until fault is fixed. 

ANALYSIS OF RESEARCHES AND 

PUBLICATIONS 

In the articles (Buinyi et al., 2014; Farajol-

lahi et al., 2019; Roos et al., 2018)to reduce 

the expected energy not supplied (EENS indi-

cator), it is proposed to section the electrical 

network with switching devices, which allows 

to reduce the time of the search for the dam-

aged section. In the article (Bezruchko et al., 

2019) it was proposed to use special devices 

that allows you to determine the location of 

fault place with accuracy to the overhead line 

support, which will significantly improve the 

reliability of power supply. The name of this 

device is the identifier of single-phase-to-earth 

fault (ISPEF). 

 

THE PURPOSE OF THE RESEARCH 

 

The purpose of the article is to explain how 

presence of the ISPEFs on supports of the 

overhead line influences on the value of the re-

liability indicators. For it is necessary to create 

a mathematical model and make research. 
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THE RESULTS OF RESEARCH 

The power supply reliability in existing 

medium voltage power network can be evalu-

ate with used energy not supplied indicator 

(ENS). But in forecasting, it is used a multi-

purpose indicator – the expected energy not 

supplied (EENS) (Buinyi et al., 2016). This 

indicator can be calculated: 

  lPPEENS )( 00   (1) 

where: P  – average power of disconnected 

consumers;   – the duration of the restoration 

of supply to consumers with steady faults per 

year; 0  – linear total intensity of steady fail-

ures;   – average duration emergency power 

cutoff or forced outage hours; 0  – linear fre-

quency of planned power cutoff;   – average 

duration of network service during planned 

power cutoff;   – coefficient taking into ac-

count smaller aftermath from planned com-

pared to emergency power cutoff; l  – total 

length of power overhead line in the network.  

From the formula (1) it is seen that the re-

duction of energy not supplied can be achieved 

by reducing: 

– the failure intensity 0 ; 

– the duration emergency power cutoff 

 . 

Measures aimed at reducing the failure in-

tensity 0  are measures that can only be ap-

plied when building new or reconstructing ex-

isting distribution power networks. Therefore 

these measures require large investment. 

But measures aimed at reducing the dura-

tion emergency power cutoff  , as a rule, are 

measures that reduce ENS due to small in-

vestments in existing medium voltage power 

networks. 

The method proposed by the authors 

(Bezruchko et al., 2019) for found place of 

single-phase-to-earth fault in existing medium 

voltage distribution power networks makes it 

possible to detect these faults in a relatively 

short period of time and, as a result, reduce the 

reliability of a transition of the single-phase-

to-earth fault into interphase fault (Tkach et 

al., 2019). That is, the energy not supplied to 

customers only if interphase fault take a place. 

Based on the foregoing, the linear total in-

tensity of steady failures 0  can be divided to 

components: 

 
)11(

0
)3,2(

00


  , (2) 

where: )3,2(
0  – linear total intensity of steady 

failures caused by two- and three-phase faults 

in the electrical network; )11(
0
  – linear total 

intensity of steady failures caused fault in the 

electrical power network, which are formed af-

ter the transition of the single-phase-to-earth 

fault to interphase faults. 

The device proposed in (Bezruchko et al., 

2018) have influence on decreasing only value 

of )11(
0
 . This is due to the fact that with a de-

crease in the overall single-phase-to-earth fault 

clearance time, the probability of the transition 

of the single-phase fault into interphase fault is 

reduced. 

In respect that formula (1) takes the form 

  PEENS   

 
 lP )( 0

)11(
0

)3,2(
0   

 )( planned
)11()3,2(   P , (3) 

where: )3,2(  – the duration of the restoration 

of supply to consumers after emergency power 

cutoff caused by two- and three-phase faults in 

the electrical power network per year; )11(   – 

the duration of the restoration of supply to 

consumers after emergency power cutoff 

which are formed after the transition of the 

single-phase-to-earth fault into interphase 

faults; planned  – the duration of the restoration 

of supply to consumers after planned power 

cutoff. 

Formula (3) is the objective function that 

needs to be analyzed. 

Based on (3), it can be written that in the 

absence of ISPEF in the power network, the 

duration of restoration of power supply to con-

sumers can be calculated by the formula: 

 planned
)11()3,2(    , (4) 

and if ISPEF available in the power network, it 

can be calculated using the formula: 

 planned
)11()3,2(

ISPEF   q , (5) 

where: q  – the probability of a single-phase 

into interphase fault, in the case of a ISPEFs in 

the power network and emergency power cut-
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off. 

Statistical research (Tkach et al., 2019) of 

failures in existing 6-10 kV distribution power 

networks of show that the value is a function 

of time t , )(tfq  . In case the ISPEFs is in-

stalled in the distribution networks, the time t  

includes both the duration of determining the 

location of the fault and the duration of the 

emergency crew moving to the location of 

fault and fixed it. It is clear that 

 0)0( q , 1)( q .  

The value of q  depends on the isolation 

state of the power network, namely: 

- the level of pollution and aging; 

- air humidity; 

- the possibility of coincidence of the fault 

with precipitation and other. 

Taking into account the above phenomena 

is a difficult task, requiring reliable statistical 

data not only on the state of electrical grid fa-

cilities, but also on natural and climatic fac-

tors. In a case of the absence of reliable statis-

tical information, an expert method can be 

used. 

Based on long-term researching of power 

failures at JSC «Chernigovoblenergo», it was 

established that the transition of single-phase 

into interphase faults can occur in two ways: 

1) up to a certain critical time cr.t.t  the 

probability of the transition of the single-phase 

into interphase fault linearly q  increases with 

time; 

2) up to a certain critical time cr.t.t  the 

probability of the transition of the single-phase 

into interphase fault increases insignificantly 

0q , and then sharply increases 0q . 

It is proposed to describe the two above 

ways by the distribution laws depicted in 

Fig. 1. 

In the first case, when by certain critical 

time the probability of the transition of a sin-

gle-phase into interphase fault increases linear-

ly with time, the mathematical reflection of the 

distribution law will look like: 
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but the other case, when the probability of 

the transition of the single-phase into inter-

phase fault increases insignificantly, and after 

that time its increases abruptly: 
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a) 

  
b) 

Figure 1. Proposed laws of transition probabil-

ity distribution single-phase into interphase fault 

 

That is, in the case of using the ISPEFs in 

the medium voltage distribution power net-

works, the duration of the restoration of supply 

to consumers   can be reduced by: 

 )1()11(
ISPEF q  , (8) 

but energy not supplied can be reduced by: 

 )1()11( qPPEENS   . (9) 

Using formulas (6), (8) and (9), we can ob-

tain the dependences of a decrease in the dura-

tion of restoration of power supply: 

- for the first case 
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- for the second case 
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and the expected energy not supplied to cus-
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tomers:  

- for the first case 
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- for the second case 
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for the two proposed types of probability dis-

tribution of the transition of a single-phase into 

interphase fault if there are ISPEFs in the net-

work. 

The graphical display of such dependen-

cies shown in Fig. 2. 

  
a) 

 
b) 

Figure. 2. Decrease in the duration of restora-

tion of power supply to consumers and the en-

ergy not supplied from time in case of introduc-

tion of the ISPEFs: a) for the first type of distri-

bution; b) for the second type of distribution 

 

As a rule, at the stage of introducing any 

means of increasing reliability, which also in-

cludes the device proposed by the authors, 

everybody are interested not in absolute but in 

relative values of the parameters. Therefore, 

dependencies were obtained that made it pos-

sible to calculate the relative value of reducing 

of the duration of the restoration of power 

supply to consumers % and reducing the en-

ergy not supplied to customers %EENS : 

  %% EENS  

 









%100
)1(

planned
)11()3,2(

)11(



 q
 

 %100
)1(

0
)11(

0
)3,2(

0

)11(
0 












 q
.(14) 

Since from statistical research it is known 

that single-phase-to-earth faults are α% of all 

faults in the power network, then 
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Using (15) and (14): 
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The statistics show 

that 25,0/ 00   , therefore  

 )1(8,0%% qEENS   . (17) 

It is known from (Tkach et al., 2019) that 

40 %, so the relative value of reducing of 

the duration of the restoration of power supply 

to consumers % and reducing the energy not 

supplied %EENS  will be equal to: 

- for the first kind of probability distribu-

tion of single-phase transition into interphase 

fault 
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- for the second type of probability distri-

bution of single-phase transition into inter-

phase fault 
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From the above and formulas (18) and (19) 

it is evident that in the case of installation of 

the devices proposed by the authors in the 

electrical power network, the duration of the 

restoration of power supply to consumers 

% and reducing the energy not supplied 

%EENS  will be reduced by up to 32%. 

 

CONCLUSIONS 

1. Formulas based on probability theory 

are obtained that allow one to evaluate the ef-

fect of ISPEFs in power networks with isolat-

ed neutral on the EENS. They take into ac-

count two different possible ways of transfer-

ring a single-phase into interphase faults, 

which are obtained from long-term research of 

power networks at JSC «Chernigovoblener-

go». 

2. An analysis of the obtained formulas 

based on the accepted statistics on failures 

made it possible to establish that in the case of 

integration into the electrical power network of 

the ISPEF, one should expect a decrease in the 

EENS by up to 32%. Moreover, the shorter the 

time to determine the fault location, the greater 

will be the reduction in the EENS. 
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