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Annotation.  The paper considers the possibility of modeling the process of controlling the power supply 

of the consumer in the lower levels of network organizations to improve the quality indicators of electrical 

energy in the distribution electrical networks of 0.4 kV.  The analysis of the process of control of indicators 

of the quality of electricity in the supply of energy to consumers.  The block diagram of the adaptive power 

supply control module of the consumer and the algorithm of the control process are presented.  A consumer 

power supply control module in 0.4 kV distribution networks is proposed. 

 

 

Introduction 
 

Improving production efficiency depends on the supply 

of energy resources to consumers in accordance with the 

requirements of the Laws of the Russian Federation [1], 

GOST [2,3], industry and other regulatory documents 

[4,5].  New scientific developments in this field of energy 

should be aimed at improving the network economy of 

energy suppliers [6,7], modernizing the technological 

equipment of electricity consumers [8,9]. 

 The purpose of this work is to develop a model of the 

consumer's power supply control process in the adaptive 

system [10] of the power quality control and management 

complex [11,12] in the 10 / 0.4 kV power distribution 

network [13,14] and to solve the optimization problem 

[15] of the control technological process  quality of 

electrical energy (EE) [16,17] by developing an 

algorithm for monitoring and control. 
 

1 Adaptive control system. 
 

 An adaptive control system to eliminate the asymmetry 

of the phase load will be used in the concept of creating 

a complex for monitoring and managing the quality of the 

EE of a section of a 10 / 0.4 kV electrical distribution 

network (Fig. 1).  The control complex for the section of 

the distribution network for monitoring and managing the 

quality of energy efficiency is a symbiosis of electrical 

and telecommunication networks, technological 

equipment, software and consists of a central 

management complex (CMC), control measuring 

complexes of 10 kV (CMC-10 kV) and 0.4  kV (CMC-

0.4 kV), remote measuring points (RMP), adaptive power 

supply control modules of consumers (CAM) (Fig. 1). 

The result of the use of the adaptive control system is the 

uniform distribution of the single-phase load over the 

phases of the three-phase network, increasing the energy 

characteristics of the network. 

A diagram of a section of a 10 / 0.4 kV electrical 

distribution network using an adaptive control system is 

shown in Fig. 2. 

The control system includes a CMC -0.4 kV, a RMP, 

CAM.  CMC are located at 10 / 0.4 kV substations.   

 

 
Fig.  1. Scheme of the complex for monitoring and managing 

the quality of electricity in the 10 / 0.4 kV electrical 

distribution network section. 

 

 
Fig.  2. Diagram of an adaptive control system for eliminating 

phase asymmetry of a 10 / 0.4 kV electrical distribution 

network section. 
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RMP is located on the end supports of the overhead line-

0.4 kV.  CMC, RMP and CAM perform the following 

main functions: monitoring EE parameters; collection, 

processing, transmission of data to the CMC.

2 Adaptive power supply control 
module 

 The 0.22 kV consumer power management adaptation 

module (CAM) is part of an adaptive control system for 

eliminating the load asymmetry of the phases of the 0.4 

kV power grid [18], which will be used in the concept of 

creating a complex for monitoring and controlling the 

quality of electric power in the 10/0 distribution network 

section  , 4 kV.  CAM is intended for uniform distribution 

of a single-phase load over the phases of a 0.4 kV three-

phase network.  AM contains input terminals L1, L2, L3,

N for connecting the mains and output terminals L and N 

for connecting the load, and also includes a measuring 

device (MD), a device for selecting phases (switch) 

(PSD), a device  control and data transmission (CDTD), 

communication device (CD) (Fig. 3). 

Fig.  3 Consumer power management adaptation module. 

  

The task of the CAM device is to achieve balancing of 

phase currents (loads) of a three-phase distribution 

network of 0.4 kV, reducing the volume and cost of 

hardware, ensuring the realization of the goal of 

balancing phase currents (loads). 

This CAM works as follows.  Power supply to each 

consumer is carried out through the CAM, which is 

installed on the support of the power transmission line at 

the point of connection of the branch of the overhead line 

(OHL) of 0.4 kV.  Power is supplied to the CAM input 

contacts in phases. The measuring device (MD)

determines the magnitude of the parameters of the power 

grid for each of the phases: voltage, current load, power 

factor, electric power consumption of electricity (full, 

active, reactive) and others.  The MD sends data on the 

state of the power grid to the CDTD for data analysis.  

The CDTD of each CAM transmits data on the state of 

the electric network at each specific point of the 0.4 kV 

overhead line through the CD to the measuring control 

complex to process the measurement data and decide on 

switching certain consumers to balance the loads along 

the phases of the power line, as well as  sends control 

commands to a specific CAM for switching and load 

balancing.  CDTD processes the received information, 

makes a decision and sends a command to the PSD to 

switch a certain consumer to a phase that meets the 

specified requirements.  Having received a command, the 

PSD switches the consumer's power supply to a 

predetermined phase and reports information on the 

switching performance to the control unit and the control 

unit. 

 The implementation of this device eliminates the use of 

additional hardware for regulating the asymmetry of the 

phase parameters of the 0.4 kV network. 

3 Algorithm of the consumer energy 
supply control process 

The block diagram of the algorithm of the process of 

managing the power supply of the electricity consumer to 

eliminate the phase voltage asymmetry and phase voltage 

deviations is shown in Fig.  4. The description of the 

operation of the algorithm is presented point by point. 

 1. Beginning of the algorithm. 

 2. Entering the technical characteristics of the power 

transmission line (PTL).  The following technical 

characteristics are introduced: the total length of the 

power lines , the number of power line wires , the cross-

sectional area of the power line wires , the distance from 

the starting point of the power line to the point of 

connection of each AM to the power line , the specific 

resistance of the power line conductors, maximum 

transmission capacity of power transmission lines , 

maximum power of electrical equipment of consumers 

connected to power lines. 

 3. Enter restriction parameters for the network.  It is 

necessary to introduce the following basic restrictions: 

the tolerance for the maximum permissible deviations of 

the voltage value is not more than ± 10% of the nominal 
voltage , the tolerance for the value of the voltage 

unbalance factor between the phases of a three-phase 

four-wire electrical network is not more than ± 4% of the 
nominal voltage , tolerance  to exceed the amount of 

power consumed by the consumer's electrical equipment 

relative to the declared maximum power determined by 

the terms of the power supply agreement. 
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Fig.  4 Algorithm of the process of energy management of the 

consumer. 

4. Measurement of the electrical parameters of the 

network at the points of CAM connection to the power 

transmission line.  To calculate the symmetry of 

electrical loads  and voltages in phases of a three-phase 

electrical network, the following parameters are 

recorded: electric current flowing in the circuit I, electric 

voltage U , active power factor , reactive power factor,

electric active power P, electric reactive power Q. 

 5. Calculation and analysis of asymmetry of phase 

voltages and values of maximum deviations of phase 

voltages and values of power consumption.  This is 

necessary to determine the configuration of the 

distribution of the connection of CAM consumers in the 

phases of power lines.  The values of phase voltages 

should be equal to each other, i.e.  it is necessary to fulfill 

the relation 

                  �₁ = �₂ = �₃ ,                                 (1)

where, U1, U2, U3 - electric voltages of phases L1, L2,

L3 respectively. 

 The deviation of the voltage levels of the phases of the 

three-phase four-wire electrical network should be no 

more than ± 10% according to paragraph "3" of the 
algorithm: 

                     ���� < �	 < ��
� ,                            (2)

where, Ui - is the voltage value of phase i; UMIN , UMAX - 

minimum and maximum voltage values. 

Next, we check the ratios of the phase voltage deviations 

among themselves:  

|�₁ −�₂| < ∆ ?;|�₂ −�₃| < ∆ ?;|�₃ −�₁| < ∆ ? (3)

If relation (3) is not satisfied, then the transition to step 

"6" of the algorithm occurs.  To determine the 

correspondence between the consumed and allowed 

capacities, the average active power consumed by the 

electrical equipment at the point of connection of the 

consumer CAM to the power transmission line is  

calculated:

            
потреб = �	 ∙  �	 ∙ ����	 ,                           (4)

where, Pпотреб - active power consumption;  Ui , Ii , cosφi
- network parameters of the i phase.

The condition for matching the capacities is checked 

when moving to paragraph "10" of the algorithm. 

 6. The choice of the algorithm action based on the 

analysis of the asymmetry of the mains phase voltages 

and the maximum deviations of the mains phase voltages.  

If the voltages U1, U2, U3 have equal values in phases 

L1, L2, L3 of the network according to the tolerance 

requirement for voltage unbalance and maximum voltage 

deviations specified in paragraph "3" and the condition: 

(|�₁ −�₂|  < ∆) ∧  (|�₂ −�₃|  < ∆ )  ∧

                              (|�₃ −�₁|  < ∆)                           (5)

then, no actions are taken to switch the load on the phases 

of the power transmission line and the transition to point 

"12" "End of the algorithm" is performed.  If the voltages 

U1, U2, U3 have unequal values in phases L1, L2, L3 of 

the network in accordance with the tolerance requirement 

for voltage unbalance and maximum voltage deviations 

specified in paragraph "3" and condition (2) and (5) is not 

met, then actions are taken  to switch the consumer load 

to the power transmission line phase, which meets the 

requirements specified in paragraph "3" and proceeds to 

paragraph "7" of the algorithm. 

 7. Determination of the configuration of the optimal 

connection of the consumer's CAM to the phases of the 

transmission line.  The voltage regulation method can be 

carried out by distributing the power of consumers over 

the phases of the network to equalize the voltage level 

and switching the load of the consumer to the phase of 

the network, which meets the requirements of relation 

(5). 

 8. Decision-making on the distribution of the connection 

of CAM consumers taking into account the indicators of 

electric voltage at the points of connection to the power 

transmission line.  the decision is made on the basis of 

determining the most optimal variant of the distribution 

of CAM consumers by phases. 

 9. Automatic switching of CAM consumers to selected 

network phases.  Switching selected CAM consumers to 

other phases of power lines is carried out in compliance 

with relation (2). 

 10. The choice of the algorithm based on an analysis of 

the comparison of power consumption with the allowed 

(declared).  If the condition for limiting the permitted 

power for the consumer is met and the power consumed 

by the electrical equipment does not exceed or equal to 

the allowed: 

                           
потреб ≤ 
разреш                              (6)

then, you go to "12" "End of algorithm".  If the condition 

for limiting the permitted power for the consumer is not 

met and the power consumed by the electrical equipment 

exceeds the permitted: 

                           
потреб > 
разреш                              (7)

then proceeds to step "11". 

11. Temporary limitation of the consumption of electrical 

energy through the consumer's CAM.  At present, 

exceeding the maximum power is a violation of

consumer obligations under an electricity supply 

agreement, for which a restriction on the consumption 

regime is introduced [14]. 
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 12. End of the algorithm execution. 

 13. Controlling influence of the adaptive control system.  

An adaptive system for controlling electrical loads as part 

of a control measuring complex and an adaptive module 

for controlling energy supply of a consumer eliminates 

uneven distribution of electrical loads in phases, 

asymmetry of currents and phase voltages for monitoring 

and controlling the quality of electricity in a section of a 

distribution electrical network. 

 14. Database for receiving, storing transmission of 

information. 

4 Results of modeling the operation of 
the algorithm of the consumer's power 
supply control process 

The adaptive power supply control module of the 

consumer, using the operation of the control process 

algorithm, analyzes the parameters of the network phases

according to the magnitude of the voltage level [18,19].

When the voltages U1, U2, U3 have equal values in 

phases L1, L2, L3 of the network according to the 

tolerance requirement meets the specified limitation 

conditions, the action of the algorithm is performed to 

move from point "6" to point "12" of the algorithm and 

the optimization process is not performed. If the voltage 

value exceeds the limits of the limits, a transition is made 

to point "7" of the algorithm, then the optimization 

process is performed on the choice of the electric phase 

for powering electrical appliances, which corresponds to 

the specified conditions of the limits [20] .

Let us consider an example of calculating the problem of 

optimizing the operation of an adaptation module using 

linear programming when the voltage in the supply phase 

of the network drops below a given level under the 

conditions of restrictions.

Let the consumer's electrical equipment through the 

adaptation module be powered from phase A of the 

electrical network. The voltage values of the phases of 

the network L1, L2, L3 are 190 V, 200 V, 230 V, 

respectively. The voltage value of phase A is lower than 

the level specified by the condition-limitation of item "3" 

and the conditions (2) and (5) of the algorithm are not 

met.

Let us solve this problem using the dual simplex - the 

method [21] of linear programming using a simplex 

table.

The objective function is as follows:

                   F(X) = 190x1+220x2+230x3                  (8)

Let us determine the minimum value of the objective 

function under the following constraint conditions:

                      190x1+220x2+230x3≤242                   (9)

                     -190x1-220x2-230x3≤-198                 (10)

To construct the first reference plan, the system of 

inequalities is reduced to a system of equations by 

introducing additional variables [22]. We introduce the 

basic variables Х4, Х5.

The coefficient matrix A = a (ij) of this system of 

equations has the form:

A =

190 220 230 1 0

-190 -220 -230 0 1

Let's solve the system of equations for the basic 

variables: X4, X5.

The initial version of the simplex table is shown in able 

1.                        

                                                                    Table 1

Basis B x1 x2 x3 x4 x5

x4 242 190 220 230 1 0

x5 -198 -190 -220 -230 0 1

F(X0) 0 -190 -220 -230 0 0

After performing the transformations, the simplex table 

acquires the final version (table 2).            

The optimal plan can be written as follows:

                      x1 = 0, x2 = 0, x3 = 99/115                   (11)

F(X) = 190*0 + 220*0 + 230*99/115 = 198   (12)

                                                                 

Table 2

Basis B x1 x2 x3 x4 x5

x4 44 0 0 0 1 1

x3
99/115

19/23
22/23 1 0 -1/230

F(X1) 198 0 0 0 0 -1

The optimal plan can be written as follows:

                      x1 = 0, x2 = 0, x3 = 99/115                   (11)

F(X) = 190*0 + 220*0 + 230*99/115 = 198   (12)

We will also determine the maximum value of the 

objective function (8) under the above conditions-

constraints (9).

The initial version of the simplex table is shown in Table 

1. After performing the transformations, the simplex 

table acquires the final version (Table 3).
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                                                                       Table 3

Basis B x1 x2 x3 x4 x5

x5 44 0 0 0 1 1

x3
121/115

19/23
22/23 1 1/230 0

F(X2) 242 0 0 0 1 0

The optimal plan can be written as follows:

                       x1 = 0, x2 = 0, x3 = 16/115                 (13)

F(X) = 190*0 + 220*0 + 230*16/115 = 242   (14)

We see that the condition for limiting the voltage value 

in phase A of 198 V was not met. To fulfill this condition, 

it is necessary for CAM to switch the power supply to 

phase B or C, which satisfy the condition for limiting the 

voltage value in the range of variation of the objective 

function from 198 V to 242 V according to expressions 

(12), (14). That is, as a result of solving the optimization 

problem, the control process is carried out for the 

selection of the supply phase for the power supply of the 

consumer.

Conclusion 

The presented article discusses the issues of modeling the 

process of managing the energy supply of the consumer. 

As a result, a structural diagram of the adaptive module 

for controlling the consumer's power supply, an 

algorithm for the process of controlling electrical loads in 

a three-phase 0.4 kV electrical distribution network was 

developed. Also, a study was carried out to simulate the 

operation of the algorithm for the control process of 

electrical loads based on the use of the dual simplex 

method of linear programming. As a result, simulation 

modeling of the state of the network and the operation of 

the algorithm for changing the configuration of the 

consumer's connection was carried out to achieve a 

uniform distribution of power over the phases of the

network and the magnitude of permissible voltage 

deviations. 

References 

1. 1. H.D. Chiang, “A  decoupled  load  flow  method  
for  distribution  power   network   algorithms,   

analysis and convergence  study,” Electrical Power 
and Energy Systems,13 (3),  130-138, 1991.  

2. G.B. Jasmon, L.H.C. Lee, “Distribution  Network  
Reduction  for  Voltage Stability Analysis and Load 

Flow Calculations,” Electrical Power & Energy 
Systems, Vol.13, no:1, pp. 9-13б 1991.

3. U. Eminoglu and M.H. Hocaoglu, “A New Power 
Flow Method For Radial  Distribution  Systems  

Including  Voltage  Dependent  Load  Models,” 
Electric  Power  Systems  Research, Vol.76, pp.106-

114, 2005.  

4. 4. K. Prasad, N. C. Sahoo, A. Chaturvedi and R, 

Ranjan “A Simple Approach In Branch Current 

Computation In Load Flow Analysis Of   Radial   

Distribution Systems,” International   Journal for 
Electrical Engineering Education, Vol.44/1,  pp.1, 

2007.   

5. S.Ghosh and K.Sherpa, “An Efficient Method  for  
Load−Flow  Solution of Radial Distribution 

Networks,” Proceedings International Journal  of  
Electrical Power and  Energy  Systems Engineering, 

Vol. 2, № 2,  pp. 2094-2101, 2008. 

6. 6. A.Kumar and  Aravindhababu, “An Improved 
Power   Flow Technique for  Distribution Systems,” 
Journal of Computer Science, Informatics  and  

Electrical  Engineering,Vol.3, Issue  1, 2009. 

7. S. A. Taher and  S.  A.  Afsari, “Optimal location  and 
sizing of UPQC in distribution networks using 

differential evolution algorithm,” Math. Probl. Eng., 
pp.2012, 2012. 

8. V. Salehi, A. Mohammed, A. O. Mohammed, 

“Implementation of real-time optimal power flow 

management system on hybrid AC/DC smart 

distributed network,” 2012, IEEE Industry 
Applications Society  Annual  Meeting  (IAS),  pp. 1-

8, 2012.  

9. Y. Liu, “Enhanced  Load  Power  Sharing  Accuracy 
in  Droop-Controlled  DC  Distributed  networks  with  

Both  Mesh  and  Radial  Configurations,” Energies,  
pp. 3591-3605, 2015. 

10. 10. A. Bari,  J.  Jiang, W. Saad, A.  Jaekel,  

“Challenges  in  the  Smart  Grid Applications:   An   

Overview,” International Journal of Distributed 
Sensor Networks,” Vol. 10, No. 2,  pp. 10-25, Feb. 

2014.

11. M. Sochinskaya, “Distributed networks:  
12. experiences, barriers  and success factors,” 

Renewable and Sustainable Energy, Reviews,  pp. 5-

30, 2014.  

13. C. Y. Changa, W, Zhanga, “Distributed Control of 
Inverter-Based Lossy  Distributed  networks  for  

Power  Sharing  and  Frequency  Regulation  Under  

Voltage  Constraints,” Department  of  Electrical  and 
Computer Engineering,  pp. 3-14, 2015. 

14. 13.  J.C. Hernandez, F.S. Sutil, P.G. Vidal, 

“Protection of a multiterminal DC compact node 
feeding electric vehicles on electric railway systems, 

secondary distribution networks, and PV systems,” 
Turkish J. Elect. Eng. Comput. Sci.,   Vol. 24, 

pp.3123–3143, 2016. 

15. Y. Klimenko, A. P. Preobrazhenskiy and I. Y. 

Lvovich, "Optimization of Technological Process of 

Monitoring of Power Quality in Distribution 

Networks 10/0.4 kV," 2019 International Ural 

Conference on Electrical Power Engineering 

(UralCon), Chelyabinsk, Russia, pp. 422-427, 2019. 

16. A. A. Chowdhury and D. O. Koval, “Generation 
reliability impacts of  Industry-owned  distributed  

generation  sources,” in  Industry Applications 
Conference, vol. 2,  pp. 1321–1327, Oct. 2003.  

17. T. Ackermann;  G.Andersson; L. Soder, "Distributed  

Generation:  A Definition”, Electric Power Systems 
Research, Vol 57, pp 195– 204, 2001. 

E3S Web of Conferences 209, 07005 (2020)
ENERGY-21

https://doi.org/10.1051/e3sconf/202020907005

 

5



18. T.L. Vandoorn, J.D.M. de Kooning, B. Meersman, 

J.M. Guerrero,  L. Vandevelde, “Automatic power-
sharing modification of P/V droop controllers in low-

voltage resistive microgrids.” IEEE Trans. Power 
Deliv. Vol.27, pp.2318–2325, 2012. 

19. S. Augustine, M. Mishra, N. Lakshminarasamma, 

“Adaptive droop control strategy for load sharing and 

circulating current minimization in low-voltage 

standalone DC microgrid.” IEEE Trans. Sustain. 
Energy,  Vol. 6, pp.132–141, 2015.  

20. P. Zhang, W. Li, and S. Wang, "Reliability-oriented 

distribution network reconfiguration considering 

uncertainties of data by interval analysis," 

International Journal of Electrical Power & Energy 

Systems, vol. 34, no. 1, pp. 138-144, 2012  

21. S. Talluri, M.K. Kim, T.Schoenherr, "The 

relationship between operating efficiency and service 

quality: are they compatible?", Intern J Prod Res 

vol.51, 2013, pp.2548–2567. 

22. Pekka Neittaanmäki, Sergey Repin and Tero 
Tuovinen (Eds.). Mathematical Modeling and 

Optimization of Complex Structures; Series: 

Computational Methods in Applied Sciences. 

Springer International Publishing AG, Switzerland; 

2016. DOI 10.1007/978-3-319-23564-6.  

23. G.O. Odu,  O.E. Charles-Owaba, "Review of Multi-

criteria Optimization Methods - Theory and 

Applications", IOSR Journal of Engineering 

(IOSRJEN), vol 3, 2013, pp.1-14.  

E3S Web of Conferences 209, 07005 (2020)
ENERGY-21

https://doi.org/10.1051/e3sconf/202020907005

 

6


