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Abstract. The article examines the indicators of the quality of electric energy and additional 
power losses due to the asymmetry of the three-phase voltage system in rural distribution 
electric networks 0.38 kV. Violation the symmetrical mode operation of the electrical network 
causes a deterioration the power quality and can lead to fire-hazardous situations. The proposed 
method of using the means of balancing the modes of operation electric networks is considered 
as a scenario for the introduction of "green" technologies to improve the efficiency of 
electricity supply in rural areas. The connection of balancing devices (BD) and various types of 
three-phase symmetric and unbalanced loads, as well as their combinations are considered on 
the model of the electric network at various points of power consumption. The parameters of 
the electrical network and BD are modeled and calculated by the computer complex 
"Asymmetry-2". The programs for the Matlab graphic editor are compiled and diagrams of 
changes the indicators characterizing the quality and additional losses of electricity from the 
changing unbalanced load are constructed. A numerical analysis is carried out on the basis of 
the performed calculation and recommendations are given for determining the most appropriate 
place for connecting the BD in the electrical network. 

1. Introduction 
Grid construction in rural power supply systems does not fully correspond to the progressive 
development of electricity consumption. Over the past decade, the growth of electric power receivers 
(PR) in the household load of consumers has significantly outstripped the "safety margin" of the 
elements of electric networks, through which electricity is delivered to individual consumers in rural 
localities. The "safety margin" should be understood as the possibility of normal operation of all 
network elements, which does not allow them to wear out prematurely. Currently, in all aspects of 
ensuring the normal life of people and improving environmental safety, the dominant attention is paid 
to the development of "green technologies" (GT). These technologies are aimed at creating 
comfortable conditions for the existence of humanity in a favorable unity with the Nature of our 
planet. In this regard, there is a need for a detailed study of the operating modes of electric networks, 
as links of electric power systems, in order to introduce GT in the processes of production, transport 
and consumption of electric energy. A large number of publications are devoted to the analysis of 
changes the power quality in rural power supply systems [1; 3- 5]. To a greater extent, this is due with 
the unbalanced operating modes. Such modes lead to deterioration of the operation and failure of the 
PR in rural networks [6-15] and causes significant overheating of the main elements of the network, 
which often leads to fires in domestic and industrial premises [16]. Thus, the unbalanced operation 
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modes of the networks, the premature failure of the elements of these networks, as well as the threat to 
the safety of people's lives are a kind of "triad", which is a cause-and-effect area that forms a number 
of tasks aimed at creating a GT in the electricity supply of rural areas. 

The purpose of the article is to study the technical possibilities of using special balancing devices in 
0.38 kV electrical networks, as one of the options for GT in rural power supply systems. 

2. Materials and methods 
The asymmetry of currents in the network, created by various types of unbalanced load, leads to 
additional power losses, characterized by a loss coefficient KP [16]: 

 10
2
I0

2
I2CHP rrKK1PPK    (1)

where: HP  - power losses in the network under unbalanced conditions; CP  -  power losses in the 

network, caused by positive-sequence currents; I2K  - negative-sequence current unbalance  

factor; I0K  - zero-sequence current unbalance factor; 0r , 1r  – zero-sequence resistance and positive-

sequence resistance, respective. 
The conductor cross-section is selected by operating current and is checked for heating in order for 

this current  not to exceed the admissible value for this cross-section. This means that the cross-section 
is selected with an assumption that factor KP =1. At the same time, the cross-section is always selected 
disregarding the zero-sequence flows in the neutral conductor in the 0.38 kV network. Since the cross-
section of neutral conductor is not larger (and sometimes even smaller) than the cross-section of phase 
conductor, the flowing three zero-sequence currents overheat the insulation which results in its melting 
and causes a single-phase short circuit. In the event that automatic circuit breaker in the main section 
of the network is selected inappropriately (i.e. it is not checked for operation sensitivity under 
minimum short circuit conditions), the protection device fails to operate in case of a short circuit in 
some remote part of the network. As a result, fires take place  in both individual  houses  in  rural 
populated settlements, cottage areas, urban flats, and in some agricultural and industrial  premises [7-
8]. 

The most effective means of balancing the operating modes of electrical networks is the use of 
special balancing devices (BD) with a minimum zero-sequence resistance and automatically controlled 
power [16-24]. Figure 1 shows the functional diagram of the mathematical model of the electrical 
network under study. 

 

 

Figure 1. Mathematical model of the system. 
 
The system includes the following elements: 1-2 - medium voltage overhead power line. The 

length of the 10 kV overhead line is adopted according to the standards of reliability of power supply 
and is equal to 16.7 km. The complex resistance of the positive and negative sequences of this line, 
made by the AC 35 wire, is reduced to a voltage of 0.4 kV and is equal to: ZHV1 

=ZHV2=0,0243+j0,01=0,0263e j22,37, Ohms; 2-3 - 10/0.4 kV power transformer with "Y/Y-n" winding 
connection scheme. The complex resistance of the positive, negative and zero sequences of the 
transformer depends on the rated power of the transformer. Consider the case when a transformer with 
a rated power of  S nom. = 100 kVА is used. For him, complex resistances positive and negative 
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sequences are: ZT1=ZT2=0,032+j0,065=0,072ej64, Ohms, complex resistance of the zero sequences is 
ZT0=0,254+j0,582= 0,635e j66,4 Ohms.; 3 – 0, 4 kV transformer busbars; 3 - 7 – 0.38 kV line, 1 km 
long, made of self-supporting insulated wire SIP 1, with a cross section of 3x50+1x70 mm2. The line 
is divided into 4 equal sections of 0.25 km each. The resistances of each section of the positive 
(negative) sequence are equal: Z1=Z2 = 0,641+j0.0790 = 0.6458 e j7.0295, Ohms; complex resistance of 
the zero sequences – Z0= 0,493 +j0.0685 = 0.4977e j7.914 Ohms. In each of the nodes: 4, 5, 6 and 7, a 
three-phase unbalanced load: pa, pb, pc and a three-phase symmetric load ps, are connected, whose 
value modules change in accordance with table 1. 
 

Table 1. Changes the modules of three-phase unbalanced and symmetric loads. 

ар  
вр  

ср  
sр  

свaн рppp   

0.0177 0.00425 0.0030 0.225 0.025 
0.0355 0.00850 0.0060 0.200 0.050 
0.0532 0.00850 0.0091 0.175 0.075 
0.0709 0.01700 0.0121 0.150 0.100 
0.0887 0.02125 0.0151 0.125 0.125 
0.1064 0.02550 0.0181 0.100 0.150 
0.1241 0.02980 0.0211 0.075 0.175 
0.1419 0.04000 0.0241 0.050 0.200 
0.1596 0.03830 0.0272 0.025 0.225 
0.1773 0.04250 0.0302 0.000 0.250 

 
It should be noted that the modules of pa, pb, pc are the ratio of capacity of single-phase loads in 

phases to the average full rated power three-phase unbalanced load and module ps – the ratio of active 
power symmetric load to its full capacity. The complexes of these values are given by using the 
arguments: φa= φb= φc=25,240; φs=36.870. pa + pb + pc =pn; pn + ps =1 - every time when the load are 
changes. Since the resistance of the negative sequence of a three-phase symmetric load (asynchronous 
motor) differs from the resistance of the positive sequence, a complex coefficient is used to determine 
it: K2s=0,17 + j0,24 = 0,0735ej54,689 [1]. To each of the nodes (4, 5, 6, 7), and on the transformer 
busbars also (node 3), a BD can be connected. The BD parameters are defined in accordance with [4] 
and equal: YBD1= YBD2 = 0,0791ej90; YBD0 = 0,475ej0. 

 
3. Results and Discussion 
The values of the power loss coefficient in each of the load nodes were obtained using the computer 
program "Asymmetry-2". The algorithm of this program is based on the method described in [5]. 

To compare the effect of BD on additional power losses, consider figure 2. The analysis of the 
diagrams (figure 2) showed the following. In the absence of SU in all load nodes, but with the 
inclusion of a three-phase symmetric load in them, the average value of the loss coefficient for the 
considered 1, 2, 3 and 4 nodes is, respectively:1.2231; 1.1706; 1.0996 and 1.1034. When the BD was 
turned on in the first load node, their values were distributed as follows: in the first node, the loss 
factor decreased by 18.3%, in the second – by 2%, in the third it increased by 0.016%, in the fourth – 
by 0.07%. If the BD is enabled in the second load node, then, compared to the option when the BD is 
not in the first node, the loss coefficient will remain unchanged; in the second node it will increase by 
38.6%, in the third it will increase from 1.18%, in the fourth-by 0.21%. When enabling the BD in the 
third node: in the first node, the coefficient decreased by 2.56%; in the second case, the coefficient 
value did not change, in the third, its value increased by 29.95%, in the fourth-by 1.08%. If the 
database is enabled in the fourth node: in the first, second, and third nodes, the loss factor value does 
not change, and only in the fourth node, its value increases by 20.69%. On the other hand, the average 
value of the loss coefficient for all nodes of the electrical network without BD is 1.15. If the database 
is included in 2, 3 and 4 load nodes, the increase in the loss factor will be 4.15%, 6.04% and 4.67%, 
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respectively. And only if the BD is enabled in the first load node, the loss factor is reduced by almost 
2%. Figure 2 shows that the power loss factor increases markedly at the last points of load changes. 
This is due to the fact that as the power of the three-phase unbalanced load increases, the power of the 
symmetric load decreases accordingly. Let's build diagrams of loss coefficients that show the 
symmetric effect of a three-phase symmetric load (figure 3). Consider the following combinations: BD 
and ps are absent; DB is enabled, ps is absent; ps is enabled, BD is absent, and BD and ps are enabled in 
the node. In figure 3 shows diagrams of changes in the power loss factor for various combinations of 
BD and three-phase symmetric load. The analysis of the presented diagrams showed the following. 
The average value of the loss factor in the absence of both BD and ps in the node is 1.9452. Its 
reduction occurs when: the node includes a BD and a ps - on 34.42%; if the node has only a ps - on 
59.04% and when the node includes only one DB - on 63.03%. Thus, the inclusion of the BD in the 
load node significantly reduces the loss of electrical energy, even in the absence of a three-phase 
symmetric load. 

 

 

Figure 2. Change in the power loss factor when switching on the balancing device in different 
load nodes. 

 

 

Figure 3. Change in the power loss factor for the following combinations BD and ps. 
 
4. Conclusion  

 The balancing device, has a significant effect on reducing the power loss factor in the 
electrical network. 

 The power loss factor in an electrical network with three-phase unbalanced and three-phase 
symmetric loads included in different nodes has the greatest reduction when the balancing 
device is connected to the load node closest to the buses of the transformer substation. This 
reduces additional heat loss and reduces the risk of fires. 
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 The use of a balancing device in rural networks that feed the household load of consumers can 
be considered as a scenario for the use of green technologies in the rural electric power 
industry. 

References 
[1] Naumov I V, Karamov D N, Tretyakov A N, Fedorinova E S and Yakupova M A 2020 

Additional electric loss in rural distribution networks 0.38 kV. E3S Web of Conferences 209 
07007 

[2] Naumov I and Belousova E 2017 Choice of the device parameters of balancing in distribution 
networks 0.38 kV. Vestnik Krasgau, Krasnoyarsk 1 99-107 

[3] Naumov I 2002 Reducing losses and improving the quality of electric energy in rural 
distribution networks of 0.38 kV with the help of symmetric devices / Dissertation for the 
degree of Doctor of Technical Sciences (Saint-Petersburg) 387 

[4] Naumov I V 2019 An analysis of fires due to violation of the rules for design and operation of 
electrical plants, and how to prevent them in residential buildings (on the example of the 
amur region), 2019 International Science and Technology Conference "EastConf", EastConf 
2019 8725407 

[5] Kozlovskaya VB and Kalechyts V N 2019 Asymmetrical modes of outdoor lighting lines. 
Energetika. Proceedings of CIS Higher Education Institutions and Power Engineering 
Associations 62(3) 232-246 

[6] Du F, Cheng X, Zhou Q and Xu F 2020 Influence of three-phase imbalance and harmonic on 
line loss of three-phase four-wire low-voltage distribution network. Dianli Xitong Baohu yu 
Kongzhi/Power System Protection and Control 48(21) 22-30 

[7] Sidorov S V, Sukhachev I S, Sushkov V V and Antropova V R 2020 Operation Efficiency 
Evaluation of the Electrotechnical Complex of Branch Power Lines. 14th International IEEE 
Scientific and Technical Conference Dynamics of Systems, Mechanisms and Machines, 
Dynamics 2020 – Proceedings 9306118 

[8] Karamov D and Perzhabinsky S 2018 Influence of failures of overhead lines on reliability of 
autonomous power supply system. E3S Web of Conferences 69 02015 

[9] Protosovitskii I V, Zabello E P, Prishchepov M A and Daineko V A. 2020 Ensuring the 
reliability and efficiency of the power industry in the agricultural sector of the Republic of 
Belarus in Modern conditions. Energetika. Proceedings of CIS Higher Education Institutions 
and Power Engineering Associations 63(2) 116-128 

[10] Li R, Wong P, Wang K, Li B and Yuan F 2020 Power quality enhancement and engineering 
application with high permeability distributed photovoltaic access to low-voltage distribution 
networks in Australia. Protection and Control of Modern Power Systems 5(1) 18 

[11] Omorov T, Koibagarov T, Zhanybaev T, Takyrbashev B and  Boronin A 2020 For the 
construction of subsystem for power line diagnostic states of distribution networks as a part 
of AMRCS. E3S Web of Conferences 216 01042 

[12] Omorov T T and Takyrbashev B K 2018A Method for Identification of Nonmeasurable 
Parameters of a Distribution Electric Grid in Systems of Automation of Control and 
Accounting of Electric Power. Russian Electrical Engineering 89(3) 152-155 

[13] Mouhai L, Haibo T, Maotao Y., Hao C, Zhiyong W and Haijun P 2019 Design of Intelligent 
Commutation Switch System Based on HPLC Carrier Scheme. Journal of Physics: 
Conference Series 1187(3) 032015 

[14] Huang R, Guo G, Chen J, Liu M, Liu Z and Yu M 2020 Three-Phase Unbalanced Treatment 
Scheme Based on High-Speed Power Line Carrier. Journal of Physics: Conference Series 
1449(1) 012078 

[15] Dongdong L, Tao Y, Siyang D, Zhu L and Wenjing L 2020 Research on Three-phase 
Unbalance Control of Distribution Area Based on Intelligent Fusion Terminal. Journal of 
Physics: Conference Series 1639(1) 012063 



APEC 2021
IOP Conf. Series: Earth and Environmental Science 808 (2021) 012006

IOP Publishing
doi:10.1088/1755-1315/808/1/012006

6

[16] Li R, Wong P, Wang K, Li B and Yuan F 2020 Power quality enhancement and engineering 
application with high permeability distributed photovoltaic access to low-voltage distribution 
networks in Australia. Protection and Control of Modern Power Systems 5(1) 18 

[17] Polkovskaya M, Buzina T and Fedurina N 2020 Utilizing factor models to simulate emergency 
shutdowns of power grids. IOP Conference Series: Materials Science and Engineering 
939(1) 012059 

[18] Polkovkaya M and Yakupova M 2020 Mathematical Modeling of the Causes of Failure of 
Elements of the Urban Electrical Network (10 kV). 2020 International Multi-Conference on 
Industrial Engineering and Modern Technologies, FarEastCon 2020 9271114 

[19] Khomutov S O, Stashko V I  and Serebryakov N A 2020 Improving the accuracy of short-term 
load forecasting of delivery point cluster of the second level default provider. Bulletin of the 
Tomsk Polytechnic University, Geo Assets Engineering 331(6) 128-140 

[20] Lukovenko A S, Kukartsev V V, Tynchenko V S, Mikhalev A S, Kukartsev V A and Bashmur 
K A 2019 Calculation of balancing and filter compensating devices of the power supply 
system. Journal of Physics: Conference Series. International Scientific Conference 
"Conference on Applied Physics, Information Technologies and Engineering - APITECH-
2019". Krasnoyarsk Science and Technology City Hall of the Russian Union of Scientific and 
Engineering Associations; Polytechnical Institute of Siberian Federal University 55086 

[21] Oskin S V, Makarenko A S and Miroshnikov A V 2020 Increased Probability of Proper 
Operation of Filter Protection Devices against Phase Failure at Voltage Asymmetry in Rural 
Electrical Networks. Proceedings - 2020 International Ural Conference on Electrical Power 
Engineering, UralCon 2020 9216236 

[22] Bao G and Ke S 2019 Load transfer device for solving a three-phase unbalance problem under a 
low-voltage distribution network. Energies. Multidisciplinary Digital Publishing Institute 
(MDPI). Volume 12, Issue 15, 24 July 2019 2842 

[23] Bozalakov D, Mnati M J, Laveyne J, Desmet J and Vandevelde L 2019 Battery storage 
integration in voltage unbalance and overvoltage mitigation control strategies and its impact 
on the power quality. Energies 12(8) 1501 

[24] Xie Y, Wang L, Li P, Li T and Su X 2020 Research on Dynamic Hybrid Compensation 
Technology and Device in Low Voltage Distribution area of Transformer. Journal of 
Physics: Conference Series 1549(5) 052053 


