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ABSTRACT 

The article considers the possibility of improving the reliability of power supply systems. It has 

proposed to use sectioning devices - recloses for organizing ATS and AR, under voltage protection, 

overcurrent protection, protection against single-phase earth faults, and connection of new 

consumers. The level of reliability and quality of power supply of the distribution network assessed, 

which is carried out according to the indicative indicators SAIFI, SAIDI, RNRE and ARAE, which 

characterize, respectively, the number and duration of outages in the network for the period under 

review, the relative efficiency of reconstruction and the average efficiency of the use of reclosers. 
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Introduction 

The low reliability of power supply to remote consumers, the presence of sites in a wooded area, 

frequent damage and a long search time in overhead distribution electrical networks of medium 

voltage class (6, 10, 35 kV) lead to the need to switch to networks of a new technological order with 

qualitatively new reliability characteristics , efficiency and manageability [1]. In accordance with the 

regulation of PJSC Rosseti “On a unified technical policy in the electric grid complex”, the program 

for the innovative development of the electric grid complex provides for the introduction of 

technologies based on intelligent switching devices - reclosers that use integrated connection 

controllers and the ability to integrate into a single information system control [2]. 

The use of reclosers makes it possible to localize emergency sections of networks and restore power 

supply to consumers in undamaged sections of the network by automatically sectioning and 

redundant overhead power lines. Each individual sectioning device is an intelligent device that 

analyzes the operating modes of the electrical network and automatically reconfigures it in 

emergency modes. The effect is achieved by reducing the time of power supply interruption and the 

number of consumer disconnections in case of unstable damage, automating the process of localizing 

the damaged area and using completely maintenance-free equipment. Evaluation of the effectiveness 

of the implemented network reconstruction is carried out according to the methodology for 

calculating reliability indicators (indices SAIFI, SAIDI, etc.). 

Statement of the purpose and objectives of the study. The aim of the work was to determine the 

effectiveness of using reclosers for a given network scheme in the Simulink MATLAB modeling 

environment. In the course of the work, the following tasks were set and solved: 
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1) An analysis and selection of a methodology for calculating the efficiency indicators of network 

reconstruction carried out. 

2) Models for calculating the efficiency indicators of the use of reclosers for a certain network 

scheme in the Simulink MATLAB modeling environment developed. 

3) A comparative analysis of the results of the reliability indicators of the reconstructed feeder before 

and after the installation of reclosers made. 

The object of study in this work was the methodology for calculating the efficiency indicators of 

network reconstruction, and the subject of the study was the reliability indicators taken as the main 

ones in the SMART GRID concept: SAIFI, SAIDI, RNRE and ARAE. 

Research results. Algorithm for calculating reliability indicators. The reliability indicators taken 

as the main ones in the SMART GRID concept are the so-called. Indices SAIFI, SAIDI. SAIFI 

characterizes the average number of emergencies per year, leading to disruptions in the power 

supply. SAIFI reliability indicator - (System Average Interruption Frequency Index - the average 

frequency of occurrence of damage in the system) - characterizes the average number of consumer 

outages per year [3], 

       
 (      )

    
                                          (1) 

where 𝜔𝑖 – number of consumer disconnections, i- th feeder section, off/year;  

𝑁𝑖 – number of consumers i- th section of the feeder, pcs.  

𝑖 – number of feeder sections, pcs.  

                 (  –     )                   (2) 

where 𝜔0 – specific frequency of damages per 100 km of the line, off/year;  

𝑘ну – coefficient taking into account the presence of multiple automatic reclosing (AR) to eliminate 

unstable faults in the network: 𝑘mc= 0 if there is no AR;  

𝑘ну= 0.6 in the presence of a single AR; 𝑘mc= 0.8 with double AR;  

𝐿i – the total length of the feeder sections, in case of damage on which the consumers of the i-th 

section are disconnected, km; 

                                           (3) 

where 𝑛– number of feeder disconnections per year, off/year;  

𝐿 – line length, km.   

Reliability indicator SAIDI – (System Average Interruption Duration Index– average outage 

duration) - characterizes the average duration of one outage in the system per year, [h / year] [3],  

         (      )            (4) 

where 𝑇𝑖 – time of interruption of power supply to consumers of the i-th section of the feeder, h/year, 

                                 (5) 

where T – average recovery time of one stable damage, h;  

𝑘ic – the coefficient taking into account the effect of reducing the search area for a damaged area due 

to sectioning on the total time for restoring power supply, in the presence of automatic sectioning 

points, is taken equal to 𝑘ic = 0,6.  

                𝑇 = 𝑇beg.𝑛off                 (6) 

where 𝑇beg.– total time of power supply interruption in case of feeder emergency shutdowns, [h/year]; 

𝑛off– number of feeder outages leading to interruption of power supply, [off. /year]. 
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To assess the effect of network reconstruction, additional reliability indices introduced, such as 

RNRE (relative network reconstruction efficiency) and ARAE (average recloser application 

efficiency) indices. 

RNRE - relative efficiency of network reconstruction calculated by the formula (7): 

                       (7) 

where SAIFI (0), SAIFI – the average number of steady-state faults per year per consumer before 

and after network automation, respectively. 

The RNRE index characterizes how much the SAIFI index has improved after reconstruction 

compared to the situation before reconstruction. 

ARAE – average efficiency of using reclosers [5]: 

                               (8) 

where F – the number of feeders included in the reconstructed network, R – the number of installed 

reclosers in the reconstructed network. 

Calculation of reliability indicators. The methodology for calculating the reliability indicators of 

the SAIFI and SAIDI network before and after the installation of reclosers worked out using the 

example of a ring feeder. To improve the reliability of power supply to consumers, it planned to 

install sectional reclosers and organize double automatic reclosing and undervoltage protection 

(MVN) on the head switches of the feeder [3-6]. Diagrams of the ring feeder before and after the 

installation of reclosers shown in Figure 1 [6]. 

а) 

 

b) 

  

Figure 1– а) - Scheme of the ring feeder before the installation of reclosers: №1, №4, №5 – 

numbers of consumers of line 1 from substation 1; No. 2, No. 3, No. 6 - numbers of taps of line 

2 from substation 2; b) - ring feeder diagram after installation of reclosers: R1, R2, R3 - 

reclosers. 
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Table 1 shows the lengths of the feeder sections, the numbers and the number of consumers 

receiving power from substations 1 and 2. 

Table 1. Section lengths, numbers and number of consumers in sections [6] 

Sector number, consumer 

numbers 

The number of consumers 

N, pcs 
Section length, km 

1, №4 N1 = 6 L1 = 1,5 +0,5 +2,0 = 4 

2, №1, №5 N2 = 1 + 2 = 3 L2 = 0,5 +4,5 +1,5 +0,5 = 7 

3, №2 N3 = 20 L3 = 0,5 

4, №3, №6 N4 = 1+5 =6 L4=1,0+2,0+2,5+0,5+3,5=9,5 

 NΣ = 35 LΣ = 20 
 

The values of the specific frequency of damage per 100 km of the line per year on the first feeder 

was 24, on the second 37, the average recovery time for one stable damage on the first and second 

feeders was the same - 6 hours. To calculate the reliability indicators, the feeder is divided into 

sections (1, 2, 3, 4), as shown in Figure 2. 

 

Figure 2. Scheme of the ring feeder with division into sections 1-4 

Rationale for the choice of coefficients 𝑘mc and 𝑘ic when calculating the quantities 𝜔i or Тi before 

installing reclosers:  

 on the sector 1 or 2 𝑘mc = 0,6, because the head switch has a one-time automatic reclosure and, 

according to statistics, reduces the number of consumer disconnections in case of unstable 

damage by 60%; 

 coefficient 𝑘ic = 1 due to the lack of partitioning.  

 Rationale for the choice of coefficients 𝑘mc or 𝑘ic when calculating the quantities 𝜔i or Тi after 

installation of reclosers:  

 coefficient 𝑘mc = 0,8, because on the main switch and reclosers there is a two-fold automatic 

reclosure and, according to statistics, reduces the number of consumer disconnections in case of 

unstable damage by 80%;  

 coefficient 𝑘ic = 0,6 due to the reduction of the search area for the damaged area due to 

sectioning. 
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In addition, Figure 4 shows a model for calculating the RNRE and ARAE indicators after installing 

reclosers in the Simulink MATLAB environment: 

 

Figure 4 - Model for calculating the RNRE and ARAE indicators after installing reclosers in 

the Simulink MATLAB environment 

Calculation results 

Table 2. Comparative analysis of SAIFI and SAIDI feeder performance before and after installation 

of reclosers 

SAIFI indicators 

Number of consumer disconnections, off / year 

SAIDI metrics 

The duration of consumer outages, h / year 

before installation 

recloser 

after installation 

recloser 

before recloser 

installation 

after installation 

recloser 

3,311 0,2303 19,87 0,829 

 

Таблица 3. Feeder RNRE and ARAE after reconstruction 

  

Conclusion 

1. The use of intelligent sectional devices - reclosers in medium voltage distribution rural networks 

aimed at ensuring decentralized automation and network manageability, improving the reliability and 

quality of power supply. 

2. Partitioning devices – reclosers and it is advisable to use in the network for organizing ATS and 

AR, under voltage protection, overcurrent protection, protection against single-phase earth faults, and 

connection of new consumers. 

3. The assessment of the level of reliability and quality of power supply of the distribution network is 

carried out according to the indicative indicators SAIFI, SAIDI, RNRE and ARAE, Which 

RNRE Relative efficiency of network reconstruction ARAE Average efficiency of reclosers 

0,7496 0,4997 
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characterize, respectively, the number and duration of outages in the network for the period under 

review, the relative efficiency of reconstruction and the average efficiency of the use of reclosers. 

4. Thus, because of the installation of reclosers in the feeder under study, there is a significant 

decrease in SAIFI = 0.2303 off/year and SAIDI = 0.829 h / year. The calculated data obtained 

indicate a significant reduction in the number and duration of power supply interruptions to 

consumers by 14.37 and 23.96 times, respectively. Analysis of the RNRE index showed that the 

relative reconstruction of the network under consideration is 75%, and the average efficiency of 

using reclosers in terms of ARAE is 50%. 
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