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 THE RESEARCH OF AUTOMATIC EXCITATION REGULATORS ON HYBRID 
MODELING COMPLEX REAL-TIME OF ELECTRIC POWER SYSTEM 
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The vast majority of the equipment, and in particular controls the excitation of synchronous 

machines, is a dynamic elements. Research and designing of them is a difficult task due to the 
complexity of timely and reliable information about the processes occurring in them.Setting 
parameters of excitation regulators affect the processes in equipment and modes in the network, and 
their improper adjustment may result in the loss of stability of synchronous machines, occurrence of 
overvoltage and others unacceptable for operation modes [1].Therefore, the problem of 
investigating the processes that occur in the excitation controller of synchronous machines, and 
setting their parameters is an actual from the point of view of their impact on the network 
mode.Purpose of work is research the transient characteristics of automatic excitation regulator of 
strong action and evaluation of the impact of adjusting the coefficients on the parameters of the 
network in various modes using hybrid modeling complex real-time of electric power systems. 

Mathematical model of automatic excitation regulator of strong action, which is developed 
in labs "Modeling of electric power systems," Energy Institute of TPU is the object of the research. 
It is presented below: 

 ௙ܷ = ݇௎∆ ʒܷ + ݇И∫∆ ʒܷ݀ݐ + ݇′௎ܷ′ʒ + ݇௙∆′௙ + ݇′௙݂′ + ݇′ூܫ′௙ + ݇ʠʡܫʟ, (1) 

Where Uk , 'Uk , fk , ' fk , 'Ik , ' , ,I ɂ ɋɌk k k  - the transmission coefficients of regulator 

on the relevant regulating effect. [2] 
The research of transitional characteristics of all links produced on specialized software, 

whose main task is the automatic compilation of the program text of a system of differential 
equations on the language "C". A feature of the program is created subject to the restrictions 
connected with integer representation of the values of parameters and variables regimes. 
Specialized software and simulation tools developed in the transient environment Microsoft Visual 
Studio. 

Example of results of the transition process on the channel dU is shown in Figure 1. 

 
Fig. 1. Transient response on the channel Du 
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The research of transitional characteristics of all links of the mathematical model of 
automatic excitation regulator of strong action is necessary to determine the error of the solution in 
the whole range of the tuning parameters and transmission coefficients. 

Table 1 shows the calculation accuracy of the theoretical and experimental values dU. 
Table 1 - Accuracy in the theoretical and experimental values dU 

  t1=0,2sec t2=0,3sec t3=0,5sec t4=0,9sec 
Uoutp ɩɪɚɤɬɢɱɟɫɤɨɟ, ɨ.ɟ. 0,0 0,314 0,475 0,499 
Uoutpɬɟɨɪɢɬɢɱɟɫɤɨɟ, ɨ.ɟ. 0,0 0,314 0,476 0,499 
δ, % 0 0 0,002 0 

The calculation was performed using the formula: 

 ܷ௢௨௧௣ = ௜ܷ௡௣ሺͳ − ݁೟೔� ሻ (2) 

Where Ĳ=0,1 – time constant; ti –time in seconds; Uoutp – the value dU to output; Uinp – the 
value dU to input; 

Accuracy is calculated by the formula: 

ߜ  = ܷ௢௨௧௣ ௧ℎ௘௢௥௬ − ܷ௢௨௧௣ ௣௥௔௖௧ܷ௢௨௧௣ ௧ℎ௘௢௥௬ ∙ ͳͲͲ% (3) 

An important point in the research of automatic excitation regulator is to research the 
influence of its parameters on the processes in the network. Tool for obtaining complete and 
accurate information about the influence of the parameters of automatic excitation regulator of 
strong action on the processes in the network is hybrid modeling complex real-time of electric 
power systems. 

All elements included in the modeling scheme of hybrid modeling complex real-time, such 
as generators, excitation systems and their primary motors, asynchronous and synchronous motors, 
transformers and autotransformers with voltage control, power lines, shunting reactor, equivalent 
loads, are modeled full hybrid mathematical models, solution of systems are carried out in real time. 

With the help of hybrid modeling complex real-time of electric power systems can obtain 
complete and accurate information about normal and abnormal processes in equipment and EPS for 
all possible modes of operation. The resulting information can be used to effectively solve many 
problems in the design, research and exploitation of EPS. [3] 

To display the current mode parameters and interactive control in hybrid modeling complex 
real-time of EPS uses forms. 

Form displays the state of the circuit-modal elements or EPS as a whole and include the 
software tools for interactive control the parameters of the simulated components, and for short-
circuit condition, including the phase segregated, as well as for various display values and states of 
variables and parameters. 

The form with the image main electrical circuit shown in Figure 2. 
In addition to the main form with the image an electric circuit, when you click on any 

element, you can open the form of the element. 
Scripts dynamics or scripts transients setting user-defined procedure and conditions for the 

various actions, including algorithms for relay protection and automation. In the script you can turn 
the oscilloscope, which displays a list of selected variables defined in the script. 
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Fig. 2. The main electric circuit 

Example script of the dynamics and the resulting oscillograms for the parameter KТП’=2,are 
shown in Figures 3 and 4. 

 
Fig. 3. Script dynamics at KТП’=2 
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Fig.4. Resulting oscillogram at KТП’=2 

From the obtained results we can make a conclusion about the stability of the system for a 
given parameter, after some time will damped oscillations, and also to see the settings in relative or 
named units. 

In the work was conducted research the impact of changes tuning parameters of automatic 
regulators excitation of generators on the network. Examples of dependencies are shown in Figures 
5 - 6. 

 
Fig.5. The dependence of the parameters Ƚ-3 and Ƚ-4 from changing the U0 in Ƚ-3 

 
Fig. 6. The dependence of the parameters Ƚ-3, Ƚ-4 from changing the KΔU ɜȽ-3 
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Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɟɬɢ 6-γ5 ɤȼ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɨɬɹɠёɧɧɵɦɢ ɫɪɟɞɢ ɫɟɬɟɣ 0,4-

110 ɤȼ ɢ ɡɚɧɢɦɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɜ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɩɟɪɟɞɚɱɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɉɞɧɚɤɨ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɹ ɫɨɩɪɹɠɟɧɚ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɢɡɞɟɪɠɤɚɦɢ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ ɚɜɚɪɢɣɧɵɦɢ ɩɟɪɟɛɨɹɦɢ ɜ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɢ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɧɚɞёɠɧɨɣ ɪɚɛɨɬɵ ɫɟɬɟɣ 6-35 ɤȼ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɟɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɨɬ ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (ɈɁɁ), ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɷɬɨɬ ɜɢɞ 
ɩɨɜɪɟɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɵɦ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɹɯ (67-92 % ɨɬ ɨɛɳɟɝɨ 
ɱɢɫɥɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɣ) Д1Ж. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɬɚɤɢɯ ɡɚɳɢɬ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ 
ɫɜɨɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɚɡɨɣ ДβЖ. ȼ ɤɚɱɟɫɬɜɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɜɟɥɢɱɢɧ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɜɨɡɦɨɠɧɨ ɟɳё 
ɧɚɩɪɹɠɟɧɢɹ), «ɧɚɥɨɠɟɧɧɵɣ» ɬɨɤ ɫ ɱɚɫɬɨɬɨɣ, ɨɬɥɢɱɧɨɣ ɨɬ ɩɪɨɦɵɲɥɟɧɧɨɣ, ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɜ ɬɨɤɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ, ɧɚɤɨɧɟɰ, ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɟɯɨɞɧɨɦ ɩɪɨɰɟɫɫɟ ɈɁɁ. Пɨɫɥɟɞɧɢɣ ɫɩɨɫɨɛ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɤɚɤ 
ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɣ Д1, 2]. 

Ɉɞɧɚɤɨ ɞɚɠɟ ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɡɚɳɢɬ ɨɬ ɈɁɁ ɧɟ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ 
ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɹɯ ɜ ɤɨɦɩɥɟɤɫɟ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɞɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɜɪɟɦɟɧɢ ɥɢɤɜɢɞɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɢɬɚɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɪɟɛɭɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɥɨɤɚɰɢɢ ɩɨɜɪɟɠɞɟɧɢɣ. Пɨɞ ɥɨɤɚɰɢɟɣ 
ɩɨɧɢɦɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɚ ɈɁɁ. ɇɚ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɩɨɜɪɟɠɞɟɧɢɹ ДγЖ. Пɪɢ ɷɬɨɦ ɥɨɤɚɰɢɨɧɧɵɟ ɢ ɜɨɥɧɨɜɵɟ ɦɟɬɨɞɵ, ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɫɟɬɹɯ ɜɵɫɨɤɨɝɨ ɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɢɝɨɞɧɵ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɪɚɞɢɚɥɶɧɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɹɯ. Ɍɚɤɠɟ ɫɬɨɢɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɬɨɞɵ ɥɨɤɚɰɢɢ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɹɯ, ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ ɩɪɚɤɬɢɤɟ, 
ɹɜɥɹɸɬɫɹ ɦɚɥɨɩɪɢɝɨɞɧɵɦɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɫɚɦɨɭɫɬɪɚɧɹɸɳɢɯɫɹ 
ɡɚɦɵɤɚɧɢɣ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɦɟɫɬɟ ɫɚɦɨɭɫɬɪɚɧɢɜɲɟɝɨɫɹ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɭɯɭɞɲɚɟɬɫɹ 
ɢɡɨɥɹɰɢɹ, ɱɬɨ ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɪɢɜɨɞɢɬ ɤ ɭɫɬɨɣɱɢɜɨɦɭ ɡɚɦɵɤɚɧɢɸ ɧɚ ɡɟɦɥɸ, ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɚ ɥɢɧɢɢ ɫ ɨɫɥɚɛɥɟɧɧɨɣ ɢɡɨɥɹɰɢɟɣ ɩɨɡɜɨɥɢɥɨ ɛɵ ɧɟ ɞɨɩɭɫɬɢɬɶ ɚɜɚɪɢɣɧɨɝɨ 
ɪɟɠɢɦɚ. 

ȼ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɩɨɤɚɡɚɧɨ ɪɚɡɜɢɬɢɟ ɫɩɨɫɨɛɚ ɥɨɤɚɥɢɡɚɰɢɢ ɈɁɁ ɜ ɫɟɬɹɯ 6-35 
ɤȼ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɵɞɟɥɢɬɶ ɩɨɜɪɟɠɞёɧɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ, ɧɚ ɜɬɨɪɨɦ – 
ɩɨɜɪɟɠɞёɧɧɵɣ ɭɱɚɫɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɚ ɧɚ ɬɪɟɬɶɟɦ – ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɤɪɟɬɧɨɟ ɦɟɫɬɨ 
ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ. 

ȼ ɨɫɧɨɜɟ ɫɩɨɫɨɛɚ ɥɟɠɚɬ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɩɪɢɧɰɢɩ ɤɨɦɩɟɧɫɚɰɢɢ. 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɷɧɟɪɝɨɨɛɴɟɤɬɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɫɤɪɟɬɧɨ-
ɚɧɚɥɨɝɨɜɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɰɟɥɢɤɨɦ ɢɥɢ ɦɨɞɟɥɢ ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɱɚɫɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɟ 


