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Abstract. This article considers a method for solving the problem of choosing the optimal quantity of 

short-circuit indicating devices for providing a required reliability of the 6(10) kV distribution power grid. 

Compatibility of the equipment powered was taken into account. An outcome of the problem solution 

became a mathematical model; an optimization task, limiting and boundary conditions were formulated. 

1 Introduction  

Quality and reliable power supply of consumers always 

has been a high priority task for power grid companies. 

Moreover, power grid companies need to be energy-

efficient throughout their life cycle [1, 2]. Distribution 

network constitutes the biggest part of a power electric 

grid. According to the data provided in [3], the share of 

the low- and middle-voltage power electric grids is about 

85% of the whole power electric grid length. 

Furthermore, the 6(10) kV power electric grid is a part of 

the power supply system that is connected directly to the 

consumers of electric energy; technological irregularities 

in its functioning lead to interruptions of the energy 

supplying to the consumers, which decreases the quality 

and reliability metrics of the company [4]. The main 

reason for the energy supply interruptions is the 

technological irregularities caused by short-circuits in 

the grid. 

Appearance of short-circuits is a consequence of 

many factors – from the state of the installed equipment 

and climate conditions to some intentional illegal 

actions. An increase of quality and reliability of the 

energy supply can be achieved through following 

activities:  

▪ activities against the appearance of technological 

irregularities; 

▪ activities aimed to decrease the duration of 

technological irregularities and their consequences 

(including a decrease of consumers’ shutdown duration). 

This article is dedicated to the analysis of the second 

category of activities. 

A decrease in the duration of technological 

irregularities (including a decrease of consumers’ 

shutdown duration) in the 6(10) kV electric grid could be 

realised with reduction of the time needed for receiving 

the information about the appearance of irregularities 

and reduction of the time for the damage localization. 

All these tasks can be successfully solved by means 

of Systems of the Automatic Power Supply 

Reinstatements (SAPSR). SAPSR constitutes from a 

combination of different components: commutating, 

electrical, tele-mechanical and tele-measurement 

equipment and software. However, a widespread 

implementation of SAPSR is limited due to the 

economic reasons – the equipment and the software are 

quite expensive. 

One of the alternatives to the SAPSR are short-circuit 

indicator devices (SCID), which allow to considerably 

reduce the time for the damage localisation [5]. 

To evaluate quality and reliability of power supply 

companies, two main characteristics are commonly used: 

SAIDI – average duration of the energy supply 

interruption, SAIFI – average frequency of occurrence of 

energy supply interruptions [6].  

These indicators are usually compared with planned 

values [7]. One of the ways to ensure matching the 

planned values of the indicator of the average duration of 

the power supply interruption is to reduce the time of the 

power supply interruption of consumers t, which is 

possible to implement, including through the use of 

SCID. 

2 Application of SCID in 6(10) kV 
distribution grid  

In practice, several obstacles may prevent 

implementation of SCID. The literature review allows to 

conclude, that the biggest problem is determination of 

the optimal position for SCID in the electric grid [8–10]. 

In addition, the principles and issues of the effectiveness 

of the installation are studied [11–13].  

The article [10] is of a high interest, since it reviews 

both mathematical modelling and practical experiment of 

the optimal positioning of SCID. According to the work 
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[14], it is important to provide not just some random 

level of the power supply reliability, and not the highest 

possible, but the optimal one from the point of view of 

operational cost-efficiency. 

The main goal of the work was a development of a 

method for calculation of the optimal quantity of SCID, 

which would insure the optimal level of reliability by 

reasonable costs.  

The goal includes several objectives: 

▪ analysis of existing 6(10) kV electric grid schemes, 

proper for use of SCID; 

▪ formulating a mathematical model, which would 

describe the interrelation of the characteristics of power 

supply reliability, main costs and the installed SCID 

quantity; 

▪ determination of the optimization task limitations, 

taking into account the reliability metrics and main costs 

values; 

analysis of mathematical modelling results and 

further investigation perspectives. 

3 Analysis of existing 6(10) kV electric 
grid schemes, proper for use of SCID  

SCID is an electric device that identifies a short-circuit 

current in the grid. Commonly 6(10) kV distribution grid 

of overhead power lines has a scheme pictured in 

Figure 1. 

The scheme in the Figure 1 has the following 

properties: branched topology, large number of branches, 

significant length of lines, single supply centre, great 

number of consumers, different length for main lines and 

branches. The branched topology and size of the scheme 

have a great influence on the duration of the energy 

supply interruption. Thus, the reliability indicators 

decrease and the risk to exceed the planned values arises. 

The duration of the energy supply interruption can be 

assumed as a sum of several parameters:  

           
SEARCH LOCALIZATION RECOVERYT T T T= + +  (1) 

where 
SEARCH

Т  is the time needed to find the damage 

position; 
ONLOCALIZATU

Т  is the time needed for the 

damage containment; 
RECOVERY

Т  is the time needed for 

recovery operations and reinstatement of the energy 

supply. 

As practice shows, the value of 
SEARCH

Т  is the 

highest, it depends on the network length, geographic 

and climatic conditions during the search for damage:  

                     

SEARCH

SEARCH
v

l
Т =  (2) 

Where l, km is the grid length (including main lines and 

branches); 
SEARCH

v , min is search rate. 

To determine the interrelationship between the length 

of the grid, duration of the search for damage and the 

quantity of required SCID, the coefficient η is used. It 

represents the number of SCID for one kilometre of the 

grid:  
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Fig. 1. Common view of the 6(10) kV distribution grid (PSC – power supply centre, L – overhead power line, TS – transformer 

substation). 
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where l  is the grid length, as a sum of the main line 

length 
1
l  and the length of the branches 

2
l : 
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x  is the number of SCID, required for the whole grid. 

This parameter is a sum of number of SCID installed on 

the main line 
1

x  and on the branches 
2

x : 

                                 
2
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Therefore, the duration of the search for damage can 

be written as:  

                           

SEARCH

SEARCH
v

x
Т


=


 (6) 

With further modifications we obtain the following 

expression:  
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 (7) 

where t is a constant that determines the lengths of main 

line and its branches, and the rate of the search for 

damage (
SEARCH

v ). The value of 
SEARCH

v  is strongly 

dependant on the rate of the maintenance staff getting 

about the grid, geographic location of the grid and 

climatic conditions.  

To get the values of SAIDI in the range of the 

planned values the following condition needs to be met:  

                            PLAN

SAIDISEARCH
ПТ   (8) 

Taking into account the condition from [10], 

mentioned in the introduction, it is required to determine 

an optimal quantity of SCID installations within the grid. 

According to the condition, the goal function can be 

formulated:  

                         
221

xaxaz
1

+=  (9) 

where 
1

a is the price for installation of one SCID on the 

ramification line, thousand rubles; 
2

a  is the price for 

installation of one SCID on the main line, thousand 

rubles; 
1

x  is the number of SCID for installation on the 

main line; 
2

x  is the number of SCID for installation on 

the branches. 

The optimization task can be formulated as search of 

the minimum for the goal function, i.e. minimal costs 

with a fulfilment of the required reliability condition:  

                                     minz →  (10) 

Taking into account the limitations:  
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and the boundary conditions:  

                     0,
21
xx  (12) 

                     +Zxx
21

,  (13) 

In addition, the method considers an estimation of the 

SCID quantity for the grids with consistent 

equipment [15]. 

4 Conclusions 

Several conclusions can be formulated, based on the 

investigation results: 

▪ we have performed an analysis of existing power 

supply schemes for 6(10) kV distribution grid, which are 

compatible with SCID; specific characteristics of such 

grids have been identified; 

▪ main parameters, having the greatest influence on 

the 6(10) kV power supply reliability, have been 

analysed; as a main indicator, the duration of the power 

supply interruption has been stated; the value of duration 

of power supply interruption depends on the time for the 

search for damage in the grid; 

▪ a mathematical model, describing the 

interconnection between the power supply reliability, the 

main costs and the quantity of SCID to install, has been 

formulated; 

▪ the limitations of the optimisation task were 

determined: the value of the reliability indicators should 

not exceed planned SAIDI values. 
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