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Abstract. This article describes the features of voltage regulation in electrical networks of 35, 110, 220 

kV. The structural diagram of the 35/10/0.4 kV network  is presented. The paper also describes the adaptive 

automatic voltage regulation system which allows regulating the voltage taking into account the actual 

voltage values at the consumers' inputs. The structural diagram of the adaptive automatic voltage regulation 

system in the 0.4 kV electrical network using a boost transformer as an additional means of voltage 

regulation is given. The system is based on voltage sensors installed in different parts of an eletcrical 

network sending information on voltage values to to the processing unit which generates a signal for voltage 

regulating supplied to the executive device and the working body whuch, in turn, change the on-load tap-

changer position of a transformer. The paper justifies the need for the enhancement of the adaptive 

automatic voltage regulation system for different voltage classes wich allows controlling a voltage change at 

different power supply system levels and regulating voltage level in accordance with this change. For this 

problem the multi-level adaptive automatic voltage regulation systemis proposed. The system allows 

regulating the voltage not only in the 0.4 kV network but also in networks of higher voltage classes. The 

proposed system can be integrated into the structure of intelligent electrical networks. 

1 Introduction  

When organizing intelligent electrical networks [1-3], 

the different elemenents must be considered for e.g. 

• load and renewable energy sources production 

forecasting [4-5], 

• power control [6-7], 

• smart metering [8-9], 

• power quality [10-11], 

• security issues [12-13], 

• economic dispatch  [14-15]. 

Not indicated but urgent issue is the implementation 

of adaptive automatic voltage regulation in them. 

Currently, voltage regulation is automated mainly at 

substations of 35, 110, 220 kV using counter regulation 

by load regulation devices (on-load tap-changers) [16-

17]. In networks of 0.4 ÷ 10 kV, the regulation by on-

load tap-changers is hardly used. 

A voltage change in the 35 ÷ 110 kV network causes 

a change in voltage in the 6 ÷ 10 kV distribution network 

and in the internal 0.4 kV networks of consumers. 

Obviously, following this change in the electric network 

parameters, voltage regulation at different voltage levels 

of the electric network will be required. Figure 1 shows 

the structural diagram of the 35/10/0.4 kV network. 

2 Structure of adaptive automatic 
voltage regulation system  

The use of an adaptive automatic voltage regulation 

system in rural 10/0.4 kV electric networks are 

considered in works [18-19]. There are the developed 

methods and technical means for an adaptive automatic 
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Fig. 1. Structural diagram of the 35/10/0.4 kV network. 
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voltage regulation. According to them, voltage 

regulation is supposed to be carried out centrally by the 

on-load tap-changer of a transformer or a stabilizer 

installed at the beginning of the 0.4 kV power 

transmission line. Also, regulation options are provided 

using additional technical means, for example, boost 

transformers. 

Figure 2 presents the structural diagram of the 

adaptive automatic voltage regulation system (AAVRS) 

using a boost transformer as an additional means of 

voltage regulation. Information about the voltage in 

different parts of the network by sensors VS1, VS2, 

VSn, VSbus is sent to the AAVRS processing unit. It 

generates a signal for voltage regulating supplied to the 

executive device ED1. The executive device ED1 acts on 

the working body WB1 which changes the on-load tap-

changer position of the transformer T1. If it is necessary, 

the regulation signal is supplied to the executive device 

ED2 and the working body WB21, which affect the 

voltage boost transformer BT. Sensors VS1, VS2 are 

installed at the inputs of consumers S1, S2. The 

necessary value of voltage regulation is determined to 

take into account the voltage values measured by all 

voltage sensors [18]. This system is capable of 

responding to changes in voltage in a controlled 

electrical network by adjusting the voltage in a possible 

range taking into account the characteristics of a 

transformer on-load tap-changer and a boost transformer. 

3 Structure of many-level Adaptive 
Automatic Voltage Regulation System 

The enhancement of the adaptive automatic voltage 

regulation system for different voltage classes will allow 

controlling a voltage change at different power supply 

system levels and regulating voltage level in accordance 

with this change. Figure 3 presents the structural 

diagram of the many-level AAVRS. 

It is proposed to install AAVRS at different voltage 

levels of an electrical network. So, for example, the 

AAVRS processing unit installed at the 0.4 kV side 

controls the voltage deviation at the 0.4 kV electrical 

network. 

For example, if it is impossible to regulate the 

voltage both by means of the on-load tap-changer of the 

10/0.4 kV transformer and by means of additional 

technical means, the AAVRS-4 processing block 

transmits a signal to the AAVRS-2 processing block 

about the need for voltage regulation. The AAVRS-2 

analyzes the possibility of voltage regulation taking into 

account the data coming from all other 0.4 kV AAVRS 

connected to the 10 kV network of 10/0.4 kV 

transformer substation (AAVRS-3, AAVRS-5). The 

voltage value at the high side of all connected 

transformers 10/0.4 kV is also analyzed. If possible, 

voltage is regulated at the substation 35/10 kV using 

 
Fig. 2. Structural diagram of AAVRS using a boost transformer as an additional means of voltage regulation. 

 
Fig. 3. Structural diagram of the many-level AAVRS. 
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AAVRS-2. Similarly, regulation is performed using 

AAVRS-1 at 110/35 kV transformer substation. 

The advantage of this system is its extensibility and it 

can adapt to electric network operation modes. Such a 

structure allows regulation taking into account the actual 

voltage values, that is, the voltage losses that occur in all 

network elements [20]. 

The integration of many-level AAVRS into 

intelligent electric networks can be carried out using the 

IEC-104, IEC-61850 data protocols and existing data 

transmission channels and communication tools [21-22]. 

It can use channels of other systems such as control 

systems for power quality and power supply reliability 

[23], smart metering systems [24-25]. 

4 Conclusion 

The development of intelligent electric networks also 

affects the issues of ensuring a stable voltage level at the 

consumers' inputs. To do this, adaptive automatic 

voltage regulation systems must be used. The system 

allows voltage regulation based on the measuring actual 

voltage values at different electrical network points 

including at the consumers' inputs. The proposed 

structure of the many-level adaptive automatic voltage 

regulation system makes it possible to solve the problem. 
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