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Abstract. This article extensively covers the issues of stable and reliable voltage and frequency parameter
control in modern power systems. With the widespread use of renewable energy sources in the power sector,
such as solar and wind power plants, hybrid systems integrated with traditional centralized power grids are
emerging. One of the main problems in such systems is the effective elimination of voltage and frequency
disturbances caused by variability in production due to natural factors.

The article notes that photovoltaic panels can cause short-term but significant voltage fluctuations
due to rapid changes in light flux. This can reduce the reliability of equipment in the grid and the quality of
supply for users. Therefore, it is necessary to implement highly accurate automated control systems in power
grids.
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Modern power systems are expanding through the integration of renewable energy sources with
traditional centralized power grids. One of the main challenges in such a hybrid structure is ensuring the
stability of voltage and frequency parameters. The operating mode of renewable sources is highly dependent
on natural conditions, and their production capacity often fluctuates. For example, in photovoltaic systems,
light flux can change in seconds, which causes short-term voltage dips or surges. In order for centralized
power grids to respond to such dynamic changes, it is necessary to implement systems that control voltage
and frequency with high accuracy in accordance with IEC standards. Therefore, in order to ensure the
reliability of power grids integrated with renewable energy sources, it is required to comply with a number of
regulatory and technical requirements.

Voltage and frequency control in power grids is a key element for their reliability and stability. The
complexity and distribution of modern power grids require accurate and rapid control of these parameters.
Voltage and frequency serve to maintain the balance of energy flows in the grid, as well as ensure the normal
operation of equipment in the electrical sector. Violations of these parameters can lead to outages, equipment
failures, and economic losses. Therefore, modern technologies and automated control systems are used.

In modern power grids, renewable generation components cause rapid variability in voltage and
frequency parameters. For this reason, mathematical modeling tools are used. The main dynamic parameters
are evaluated as follows:

Relative voltage deviation:
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Table 1.
Voltage and frequency requirements specified in IEC 61727
Parameter Value Limits Connectlon/Plsconnectlon
Time
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Voltage 230V +10% 2s
Frequency 50 Hz +1 Hz 0,2s
A reliability index is used to assess the reliability of the control system:
R=1_15L
N

Where nsp is the number of cases of exceeding the specified limit; N is the total number of
measurements during the control period.
If 5 failures are observed in 10,000 inspections, the reliability level is:

5
= _— = — 0,
R=1 10000 0,9995 = 99,95%

This indicator represents high network reliability. As the share of renewable sources increases, the
importance of modeling increases.

IEC 61000 standard ensures electromagnetic compatibility and limits harmonic distortions in electrical
networks. When renewable energy sources are used, especially when inverters are used, harmonics occur in
the voltage. These distortions are evaluated with the total harmonic distortion (THD) coefficient:

THD =

According to IEC 61000, the THD value should not exceed 5%. For example, if the share of 3rd, 5th
and 7th harmonics is as follows:
Us=5V, Us=3V, U=2V
The main sinusoidal U;=230 V,
then:

THD = J (2%)2 + (%)2 + (2§—0)2100%=2,43%

This is the norm. Filters are used to reduce harmonic distortion. Electromagnetic compatibility and
voltage quality are one of the crucial factors in achieving high reliability.

Conclusion

In modern power grids integrated with renewable energy sources, ensuring the stability of voltage and
frequency parameters is crucial for maintaining the reliability and quality of power supply. This article
analyzes the voltage and frequency dynamics under the influence of renewable generation sources,
highlighting the factors that lead to their sharp changes.

In addition, the article extensively covers the possibilities of real-time monitoring through automated
control systems, filtering technologies, and reliability indices. It should be noted that this approach not only
ensures the stability of power grids but also contributes to the effective integration of renewable sources.
Therefore, in the process of widespread introduction of renewable energy sources in electric power systems,
scientific and practical research and technological solutions aimed at controlling the voltage and frequency
parameters of electric grids with high accuracy should be considered a priority.

Reference

1. Nuriddinov, U.R., Tojimatov, U.T. Renewable energy sources and their connection to the power
grid. - Tashkent: Fan, 2021. (in uzbek)

2. Nazarov, B.H., Kayumov, A.R. Quality control and reliability in energy systems. - Tashkent: TIT,
2020. (in uzbek)

3. T. Saravanan and G. Saritha and V. Srinivasan, Optimal Power Flow Using Particle Swarm
Optimization, Middle-East Journal of Scientific Research 20 (11): 1554-1560, 2014.

4. M. Braun, "Reactive power supply by distributed generators," 2008 IEEE Power and Energy
Society General Meeting - Conversion and Delivery of Electrical Energy in the 21st Century, Pittsburgh, PA,
USA, 2008, pp. 1-8, doi: 10.1109/PES.2008.4596266.

5. Aggelos, S., Bouhouras., Paschalis, A., Gkaidatzis., Dimitris, P., Labridis. Network
Reconfiguration in Modern Power Distribution Networks. (2020). doi: 10.1007/978-3-030-36115-0_7.

Peer Reviewed International Journal [6]
Volume 47


https://zienjournals.com/

Texas Journal of Engineering and Technology ISSN NO: 2770-4491
August 2025

https://zienjournals.com

6. T. Saravanan and G. Saritha and V. Srinivasan, Optimal Power Flow Using Particle Swarm

Optimization, Middle-East Journal of Scientific Research 20 (11): 1554-1560, 2014.
7. LL. Klein. Power supply of industrial enterprises. - Moscow: Energoatomizdat, 2013. (in russian)
8. Features of mode calculations in power districts with distributed generation: monograph / Yu.E.

Gurevich, P.V. Ilyushin. - N. Novgorod: NIU RANEPA, 2018 - 280 p. (in russian)

[7]

Peer Reviewed International Journal
Volume 47


https://zienjournals.com/

