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Abstract

The article analyzes measures aimed at effective automation of the electric drive in the
operating mode of mine ventilation fans. For this purpose, we are talking about the methods of
operation of mine fans, the introduction of innovative equipment and automation systems for
saving electricity and increasing energy efficiency. The article examines the importance of
modernizing the electric drive, creating control and automatic control systems in mine
conditions, as well as strengthening automation to ensure safety. At the same time, information
will also be provided on the registration of fan operation, operating in optimal mode, and
methods of effective control of air flows through fans. The article emphasizes the importance
of promoting modern directions and practices for increasing the ecological and energy
efficiency of mine production.

Introduction

The accumulation of hazardous gases (mostly methane - CH4 and carbon monoxide - CO) in
mine mines poses a direct threat to workers' lives. Powerful exhaust ventilation systems are
used for the continuous removal of these gases. These systems often operate on the basis of
high-power electric drives and account for a significant portion of the field's electricity
consumption. In most cases, fans operate at maximum power throughout the entire operating
period, which leads to excessive energy consumption. In fact, the need for ventilation varies
depending on the gas concentration, so it will be possible to save electricity by automating this
process. In this article, we will analyze, on a scientific and technical basis, the automation of
the operating mode of the suction fan device, operating on the basis of an asynchronous electric
drive with a power of 250 kW, and as a result, the saving of electricity. One of the most
important elements of safety in mines is the constant supply of fresh air. The accumulation of
gases in the mine increases the risk of explosion, especially when gases such as methane (CH4)
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and carbon monoxide (CO) reach critical levels. Therefore, the presence of powerful and
reliable ventilation systems in mines is mandatory. The main requirements of the ventilation
system are: ensuring constant air circulation; automatic change of operating mode with an
increase in gas concentration; optimization of electricity consumption.

Optimal operation of fans plays an important role in ensuring energy efficiency. Therefore, by
automatically controlling it and activating it only as needed, it is possible to save a large amount
of electricity. The operating condition of the fan unit is characterized by the following
indicators: air pressure and its volume; temperature of the electric drive and fan rotor bearings;
oil temperature in the electric drive spool and lubrication system; oil pressure and its amount.

These indicators are constantly measured. The arrangement of measuring instruments used for
their measurement is shown in Figure 1.
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Fig-1. Diagram of the arrangement of instruments for monitoring the operation of the
fan unit.

According to safety regulations, the productivity and load of ventilation equipment used in coal
and shale mines must be measured in its normal and reverse operating conditions. For this
purpose, in gas-free mines, a pressure gauge is installed, and in highly gaseous mines, a self-
recording pressure gauge and an air flow meter (flow gauge) are used [10-25].

Ventilation devices with continuous monitoring of productivity and load and two self-
recording depressometers (one in the fan and the other in the mine dispatcher room) are
permitted to operate without a machinist. To automate their work, a complete set of CATC-2
automation tools is currently being used.

Technical information on measures for automating the operation mode of the mine ventilation
fan's electric drive should primarily be aimed at ensuring maximum efficiency and energy
saving of the fan's operation [10-25]. In this case, the main objectives of automating the fan
operating mode are as follows:
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1. Automatic control systems:

The activation and activation of the fan should be performed automatically based on the need
for mine ventilation. For this purpose, monitoring of operating modes is carried out, and
corresponding signals are received through various sensors and sensors. The operating
parameters of the fan (for example, the air pressure and temperature necessary for operation)
are controlled automatically, and in arbitrary cases, a shut-off or start-up mechanism is
implemented.

2. Energy saving:

Fans should be able to automatically change their operating speed to save electrical energy. For
example, depending on the change in the airflow in the mine, the fan's operating system should
be able to switch to high or low speeds. The operating mode of the electric drive and fan is
automated through a microcontroller or PLK (Programmable Logic Controller), thereby
optimizing its operating mode.

3. Conditional signaling and auxiliary systems:

In case of any disproportion in the operation of the fan (for example, overload of the fan, news),
the automatic alarm system must be activated and provide an auxiliary signal to the mine
personnel. Automatic systems work with safety measures and various auxiliary elimination
methods in various situations (for example, situations that interfere with the operation of the
ventilation system) [1-20].

4. Sensors and monitoring:

Air parameters in mines are constantly monitored through sensors for air pressure, temperature,
humidity, and gases (methane, oxides). If the air parameters in the mine exceed the norm, alarm
systems are activated to detect and detect imbalances in the ventilation system.

5. Automated auxiliary systems:

To support the fan, pumps and other auxiliary systems in the electric drive are automatically
directed to work. These factors contribute to the stable and efficient operation of the mine
ventilation system, while also being aimed at energy saving, ensuring safety, and optimizing
the operating system. Measures for automating the operation mode of the mine ventilation fan's
electric drive also include the following factors.

6. Automatic explanation of operating conditions:

The automation system allows for the selection of modes (for example, standard mode,
emergency mode, general mode) depending on various operating conditions for the mine. Fans
automatically receive signals for restarting or disconnecting equipment depending on the
operating condition [1-25]. If unexpected changes in air conditions occur in the mine, the
automation system allows automatically changing the modes and, if necessary, determining the
fan operating speed.
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7. Automated diagnostics and prevention:

During the operation of the fan, technical defects and faults are monitored. If technical errors
or anomalies are observed in the system, the automatic diagnostic system may activate and stop
the operation of auxiliary systems or require their verification. During the operation of the fan
and other electric drive equipment, preventive inspections are carried out, which are performed
automatically and at certain intervals. During this time, leaks, impacts, or maximum movement
times are detected, increasing the efficiency of fan operation.

Monitoring of the operating conditions of fans and other systems, as well as the pre-air
condition in the mine in real time. With the help of these simulation methods, maximum
efficiency and energy savings can be achieved. To ensure a harmless impact on mine air and
atmosphere, the environmental indicators of ventilation systems (e.g., gas emissions into the
atmosphere) are monitored. Also, to reduce energy consumption, the maximum efficiency of
fans is monitored.

The ventilator operating mode automation system should be integrated with other engineering
systems in the mine (for example, auxiliary pumps, heat exchangers, etc.). This ensures
balanced control based on the full performance of the mine air and ventilation system. With
the help of modern technologies, fans in mines can communicate with each other through IT
and adapt to changing conditions. For example, data on various air parameters and indicators
in the mine are directed to centralized platforms, which helps to coordinate and evaluate work.
Information about the fan's operation, including operating time, speed, temperature, and air
pressure, is continuously collected and archived. This information is used in the preparation of
technical reports necessary for the operation and maintenance of the mine.

Automated systems, using forecasting systems based on the operating parameters of the mine
environment, help to take into account future needs. This, in turn, allows obtaining the
necessary reports for efficient and effective management of mine resources. These factors are
important for increasing the efficiency of the electric drive of the mine ventilation fan, energy
saving, ensuring safety, and minimizing the impact on the environment. Automation systems
facilitate mine operations and allow quick adaptation to changing conditions. When developing
a complete mathematical model for automatic control of the electric drive speed of the mine
ventilation fan in Python, it is important to take into account each detail and consider the
development of movements. Below is a program for more complete control of the mathematical
model [1-25].

1. Traditional operation (without automation):

1600kW x 8000 soat =12800000kWh/ year
Automated operation (average 70% power)

1600k x 8000 soat x 0.7 =8960000kWh/ year
Annual electricity savings

12800000 kW —8960000soat =3840000kWh/ year

Save money (1 kWt electricity costs $0.08)
3840000 kWhx 0,08 =307200%/year
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Automatically change the fan operating speed, monitor the operating mode, and achieve
maximum efficiency. This ensures efficient use of electrical energy in the mine. Constant
monitoring of fan operation is carried out, based on which automatic system alarms and alerts
are activated in case of technical errors and anomalies. This ensures the safety of workers in
the mine. The condition and operation of the fans are automatically checked, which contributes
to the improvement of the system as a result of maintenance and preventive maintenance.
Constant analysis of mine air, monitoring of fan operation through various sensors, correct
automatic reaction to the appearance of high or low pressures.

Conclusion

Measures for automating the operating mode of the mine ventilation fan electric drive are
largely aimed at efficient and safe mine operation, reducing energy consumption, and
improving the environmental situation. These processes are aimed at the following main goals.
The importance of ventilation systems in ensuring the effective removal of gases from mines
and the safety of workers is invaluable. Due to the constant operation of such systems, the
energy consumption of the electric drives installed in them is very high. Therefore, equipping
asynchronous electric drives with a power of 250 kW or more (for example, 1600 kW) with
automated control systems allows for significant energy savings.

According to the calculations presented in the article, automation for a 1600 kW fan electric
drive will save 3.84 million kWh of electricity per year, which is equivalent to 307 thousand
US dollars. Such efficiency not only brings great economic benefits, but also serves to reduce
environmental damage and increase mine safety. Therefore, automation of ventilation systems
in mines based on modern sensors, the PLC system, and frequency converters is one of the
most optimal and effective solutions.

References

1. Maftunjon U. et al. Interaction of the main mechanisms of a quarry excavator in the
extraction of rocks //uk ssientifis review of the problems and prospests of modern ssiense and
yedusation. - 2022. - Vol. 1. - No. 2. - P. 10-16.

2. Khamzayev A. A. et al. Application of modern methods for regulating the speed of a two-
speed electric motor // Internauka. - 2018. - No. 25. - P. 76-78.

Usmonov M. Studies of fastors affesting tire wear //Technical Sciences: Problems and
Solutions. - 2021. - Pp. 117-121.

4. Atakulov L. N. et al. Theory of forces influencing the process of excavator busket operation
//X  1oOWnerHOW MEeXITyHapOJHOW HAayYHO-IPAKTUYECKON KOH(EpEeHINH, MOCBALICHHOM
"MHCTUTYTY BBICOKHMX TEXHOJOTHH" aKTyalbHbIE MPOOJIEMBbl YPaHOBOM MPOMBIIIIEHHOCTH. -
2022. - P. 24-26.

5. Usmanov M. Z. et al. Determination of rational parameters of the lever // Web of Scientists
and Scholars: Journal of Multidisciplinary Research. - 2021. - Vol. 2. - No. 2. - P. 72-76.

Licensed under a Creative Commons
Attribution 4.0 International License.




&
3

1

Z2
-

&) webofjournals.com/index.php/1

Web of Teachers: Inderscience Research

s

3 I

)
eee | B

Volume 3, Issue 5, May — 2025 ISSN (E): 2938-379X

6. Zohidjon ugli U. M., Sherali ugli A. D. Salsulation of the yelestris drive of the turning
meshanism of the single-busket EXSAvator EKG-5A // Education Innovation and Integration.
-2021. - Vol. 34. - No. 2. - P. 203-208.

7. Lazizjon A., Shoxid H., Maftun U. Improved Application of Yesg Excavator Compressor
Filter in Quarries //Naturalista Sampano. - 2021. - Vol. 28. - No. - P. 3210-3215.

8. Rakhmatov B. Kh. U., Usmanov M. Z. U. Analysis of existing methods for starting the
electric drive of a fan with a two-speed asynchronous electric motor //Asademis research in
educational sciences. - 2021. - Vol. 5. - No. 5. - P. 513-519.

9. Khamzayev A. A. et al. Analysis of the operating modes of electric drives of quarry
excavators using a manipulator //Asademis researsh in yedusational ssienses. - 2021. - Vol. 5.
- No. 5. - P. 638-648.

10. Khaydarov S. B., Usmanov M. Z. Analysis of factors influencing the increase in the
efficiency of excavator working bodies // Digital Technologies in Industry/Digital
Technologies in Industry. - 2021. - Vol. 1. - No. 2. - P. 70-78.

11. Kayumov U. E. et al. Analysis of the improvement of the lubrication system of compressor
units //Innovations in Teshnology and Ssiense Yedusation. - 2021. - Vol. 2. - No. 7. - P. 1122-
1128.

13. Jasurbek Ulugbek og' Ye. yet al. Selection of a suitable type of device for cleaning the face
with a belt conveyor // problems of science and education development. - 2021. - Vol. 1. - No.
7.-P.15-17.

14. Kayumov U. E. et al. Analysis of the method for increasing the service life of belt conveyor
rollers //Asademis researsh in yedusational ssienses. - 2021. - Vol. 4. - No. 3. - P. 531-536.
15. Kurbanov O. M., Elbekov Zh. U. U., Ikromov B. Kh. U. Analysis of the selection of loading
and unloading equipment at open-pit mining, a complex structural deposit // OPEN innovation.
-2018. - P. 44-48.

16. Khamzayev, A., Mambetsheripova, A., Nietbayev, A. Thyristor-based control for high-
power and high-voltage synchronous electrostatic drives in ball mill operations/ Ye3S Web
Sonf. Volume 498, 2024/ III International Conference on Astual Problems of the Energy
Complex: Mining, Production, Transmission, Processing and Environmental Protection
(ISAPE2024) DOI: https://doi.org/10.1051/ye3ssonf/202449801011

17. Akbar, K., Javokhir, T., Lazizjon, A., Umidjon, K., Muhammad, I. Improvement of Soft-
Start Method for High-Voltage and High-Power Asynchronous Electric Drives of Pumping
Plants. AIP Sonferense Proseedings., 2024, 3152 (1), 040006.

18. Akbar, K., Sadovnikov, M., Toshov, B., Rakhmatov, B., Abdurakhmanov, U. Measures for
automation of mine fan installations. Proseedings of SPIE - The International Sosiety for
Optisal Engineering., 2024, 12986, 129860R. https://doi.org/10.1117/12.3017728

19. Buri, T., Akbar, K., and Shaxlo, N. *Development of a Cirsuit for Automatic Control of an
Electric Ball Mill Drive*. AIP Sonferense Proseedings., 2023, 2552, 040017.
https://doi.org/10.1063/5.0116128

Licensed under a Creative Commons
Attribution 4.0 International License.




Volume 3, Issue 5, May — 2025 ISSN (E): 2938-379X

20. Buri, T., Akbar, K. Development of Teshnisal Solutions for the Improvement of the Smooth
Starting Method of High Voltage and Powerful Asynchronous Motors. AIP Sonferense
Proseedings, 2023, 2552, 040018.

21. Khamzayev Akbar, A., Toshov Buri, R., Niyetbayev Arislanbek, D. Improvement of soft
starter suits for high-voltage and high-power asynchronous motors. Publications of SPIE - The
International ~ Sosiety  for  Optisal  Engineering, 2023, 12616, 126160U.
https://doi.org/10.1117/12.2675694

22. A.A. Umarov, A.A. Khamzaev, Sh.B. Khaydarov, O. U. Zokhidov, N. O. Polvonov.
Increasing the service life of pumping units by reducing the cavitation phenomenon. Asademis
research in European sciences, 2022.

23. K.T. Alimkhadjayev, A.A. Khamzayev. Problems of direct startup of asynchronous engines
of large power fan settings for TPS. International journal of Advanced research in science,
engineering and technology. Issue 11. 11224-11228.

24. B.R. Toshov, A.A. Khamzayev. Development of automated control systems for the

3
I

#
¥

operating modes of pumping and ventilation units. 2017 Young Scientists, 80-83.
25. A.A. Khamzaev. Implementation of modern equipment and technology for automatically
regulating the speed of two high-speed electric motors. 2016 by Young Scientists, 207-209.

&) webofjournals.com/index.php/1

Web of Teachers: Inderscience Research

s,

)
eee | B

Licensed under a Creative Commons
Attribution 4.0 International License.




