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Abstract. Efficiency improvement of modern production is associated with uninterrupted power supply 

to consumers. Power supply reliability to consumers is ensured by reliable operation of power lines. The 

number of outages depends on their condition and operation quality. An increase in the number of outages 

affects the further degradation of power line state, significantly reducing the resource of lines and 

equipment; and it takes a lot of time to find faults and eliminate them. Monitoring of power outages in 

overhead power lines will reduce the time of emergency elimination.1

1 Introduction 

The need to implement power outage monitoring was 

predetermined by the analysis of the condition and fault 

rate of 10 kV radial overhead lines in the Oryol region. 

Analysis of the condition and fault rate of overhead lines 

in the Oryol region includes: analysis of the length of 

lines, technical condition of 10 kV overhead lines, 

indicators and main causes of line breakdowns. These 

indicators characterize the dynamics of the state of 

overhead lines and make it possible to forecast their 

faults [1, 2]. Frequent outages of overhead power lines, 

including emergency ones, are associated with large time 

expenditures, financial resources and power undersupply 

to consumers. Implementation of power outage 

monitoring in 10 kV overhead lines will allow attending 

personnel to eliminate faults as soon as possible and also 

to prevent them [3-6]. 

2 Theoretical research 

The overhead lines of 10 kV in the electric networks of 

the Oryol region today are made mainly of wire grade 

AS - 35. The cross-section of this wire is two steps lower 

than currently recommended for trunk sections under the 

condition of providing mechanical strength. This fact 

alone is one of the reasons for the increased number of 

line faults.  

Another reason is related to the fact that the main part of 

the 10 kV overhead lines (60%) was built before 1990 

and therefore their service life has already exceeded the 

standards. Lines in unsatisfactory condition are 

dismantled (not in full, many of them continue to 

operate), while new lines are not fully put into service, 

which leads to the total length reduction of electric 

networks. Over the past 5 years, it decreased by 570.1 

km (by 4.13% of the length of 2015), that is, by an 

average of 142.5 km per year (0.8%). At the same time, 

the length of some overhead lines is much higher than 

the recommended one and in many cases is more than 25 

km, and sometimes more than 50 km. It also affects the 

number of line outages, as it reduces their reliability and 

operation quality. It is practically impossible to provide 

the required voltage level for the consumer with such a 

line length and wire cross-section [7-9]. 

In percentage terms, the length of lines less than 25 km 

is about 75%, from 25 km to 50 km is 21-22%, more 

than 50 km is 2.4%.  

Analysis of the number of power outages shows that this 

indicator is growing every year due to an increase in the 

number of planned and emergency outages (Fig. 1.).  

Over the 5 years, the number of planned outages 

increased by 284 outages, and the number of emergency 

outages increased by 492 ones. And if in 2014 

emergency outages amounted 67.4% of the number of 

planned outages, then in 2017 they made up 81.1%. 
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Fig. 1. Number of power outages in 10 kV overhead lines in 

the Oryol region. 

Planned outages are determined by the repair work 

(the number of repairs has increased, therefore, there is a 

need in them). At the same time, the number of 

emergency (unplanned) outages is growing; it means that 

it will take some time to find out the cause, to locate and 

to eliminate the fault (in case if the power outage was 

not cleared by the automatic reclosing (AR) or 

manually), so the duration of power supply interruptions 

and the power undersupply to consumers is growing [10, 

11]. 

 

Fig. 2. Number of emergency outages in 10 kV overhead lines 

in the Oryol region. 

The ranking of emergency outages, in turn, shows 

that sustained outages make up the majority. The same 

component is growing most rapidly. The efficiency of 

automatic reclosing, instead of theoretical 70%, in 

practice is 56.5% in 10 kV networks. This is due to the 

fact that most drives of automatic reclosing are obsolete 

models [12, 13]. 

Due to the increased rate of faults in 10 kV overhead 

lines, over the specified period of time, the power 

undersupply to consumers has significantly increased. 

The increase in the number of outages affects the further 

degradation of power line state, significantly reducing 

the resource of lines and equipment. The large length of 

the lines, in turn, increases the power undersupply due to 

the fact that it takes a lot of time to locate and to 

eliminate the faults. 

In order to minimize these negative developments, an 

algorithm for remote monitoring of emergency outages 

in overhead lines was proposed; it is based on the 

analysis of various operation options of line switches. 

The algorithm is a program of work that the means of 

remote monitoring of emergency outages must fulfill, 

regardless of how these means are implemented: on relay 

elements, microcircuits, or using a programmable logic 

matrix (PLM). Correctly composed work algorithm and 

its implementation determine the correct operation of the 

system as a whole. In this case, the algorithm (Fig. 3) 

implements the developed methods for monitoring 

emergency outages of circuit breakers in 10 kV overhead 

lines [4, 14, 19, 25]. 

 

Fig. 3. Algorithm for monitoring emergency outages of circuit 

breakers in 10 kV overhead lines. 

The beginning of the algorithm provides for the 

presence of embedded data on the values of the 

operating current and the minimum short circuit current, 

the rise rate of the short circuit current, the holding time 

of the automatic reclosing of the switch. The beginning 

of the algorithm (Fig. 3) provides monitoring of the 

appearance of the short-circuit current in 10 kV overhead 

lines, not only in its magnitude, but also in the rise rate. 

When the conditions laid down in block 4 of the 

algorithm are fulfilled, it is concluded that a short circuit 

has occurred and the time counter is started, counting 

down the time equal to the protection response time of 
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the controlled circuit breaker in overhead lines. This is 

ensured by the operation of blocks 6 and 7. At the end of 

the countdown using blocks 8 and 9, the current is 

controlled [15, 16]. 

When the condition laid down in block 9 is fulfilled, 

block 10 gives a signal about the emergency outage of 

the overhead line switch. And then, the time counter of 

block 11and the exposure time of the automatic reclosing 

of this switch will turn on. This is ensured by the 

operation of blocks 12 and 13. At the time the 

countdown ends, the current is controlled by blocks 14 

and 15. When the condition laid down in block 15 is 

fulfilled, block 16 gives a signal about the repeated 

emergency outage of the overhead line switch [17, 18, 

20, 21]. 

3 Technical implementation 

The proposed algorithm is implemented in an 

information processing device, made on the basis of a 

personal computer, with subsequent software-based 

processing of the received data. [21-24].  

The device consists of a block for connecting current 

sensors and a block for converting and analyzing the 

input signal. This device has passed laboratory tests on 

the basis of FSBEI HE “Oryol State Agrarian University 

named after N.V. Parakhin” and proved its effectiveness 

[22, 24]. Currently, an agreement has been reached on 

the installation of an experimental emergency outage 

monitoring device in the Oryol Power Distribution Zone. 

4 Conclusions 

1. Analysis of the state of 10 kV overhead lines in the 

Oryol region made it possible to rank the outages. 

Ranking of emergency outages, in turn, showed that the 

majority of these outages were sustained ones. 

2. In order to reduce the time for eliminating faults in 

overhead lines, an algorithm for remote monitoring of 

emergency outages was proposed. 

3. Implementation of monitoring of emergency outages 

will reduce the time to eliminate the fault. It will lead to 

increased reliability of power supply to consumers 

through the adoption of the necessary decisions by 

attending personnel. 
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