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Abstract. This article analyzes the process of electrode motion regulation in electric arc steelmaking furnaces. The 

limitations of existing regulation methods under conditions of sharp variations in arc current and voltage are identified. To 

address these challenges, an electrode motion regulation and control device, EHRK-2024, based on fuzzy logic, has been 

developed. The proposed device enables accurate and stable real-time control of electrode motion by directly measuring 

the arc current in the short network of the furnace. Comparative analysis results demonstrate that the device exhibits higher 

sensitivity, lower production cost, and improved energy efficiency compared to conventional PLC-based solutions currently 

used in industrial practice. 

INTRODUCTION 

In electric arc steelmaking furnaces (EAFs), the process of melting the primary charge is directly dependent on 

electrode motion regulation systems. The operating mode of the furnace is largely determined by the characteristics 

of power regulators responsible for stabilizing the electric arc and ensuring high-speed vertical movement of heavy 

electrodes. However, the steelmaking process in EAFs is a multistage, nonlinear, and highly complex technological 

process. Due to its nonlinear nature, the electrical parameters of the arc such as current and voltage can vary sharply 

over short time intervals, which significantly complicates the task of maintaining optimal electrode motion and stable 

arc length [1, 2]. 

In practical applications, electrode motion regulation is typically performed using power regulators based on arc 

current and voltage signals measured on the primary side of a special furnace transformer through measuring 

transformers. Nevertheless, the arc current in the short network between the furnace transformer and the electrodes is 

highly variable, often ranging from approximately 17 kA to 41 kA. This variability leads to considerable measurement 

inaccuracies when arc state parameters are evaluated indirectly, thereby reducing the ability of conventional control 

systems to respond rapidly and accurately to abrupt changes in arc conditions. Previous studies indicate that arc current 

fluctuations frequently exceed 4–7 kA, further complicating reliable regulation. 

The high dynamic variability of arc current poses a serious challenge for conventional electrode regulation devices 

and control systems. Most existing regulators are unable to precisely control electrode motion speed and maintain arc 

length within narrow optimal limits under unstable melting conditions. As a result, sharp fluctuations in arc current 

and voltage occur, leading to electrode breakage, electrode damage, and unplanned interruptions in the technological 

process. These disturbances ultimately increase the specific electrical energy consumption per ton of steel produced 

and reduce overall energy efficiency [3, 4]. 

Under these conditions, there is a clear need to develop advanced electrode motion regulation and control devices 

that can operate reliably in nonlinear and rapidly changing environments. The integration of intelligent control 

approaches capable of simultaneously regulating electrode motion, arc current, and arc voltage in a coordinated 

Auto-generated PDF by ReView V International Scientific and Technical Conference Actual Issues of Power Supply Systems

004KorjobovaICAIPSS2025.docxMainDocument AIPP Review Copy Only 2



manner is essential for improving arc stability, reducing electrode wear, minimizing energy losses, and enhancing the 

efficiency and reliability of electric arc steelmaking processes. 

EXPERIMENTAL RESEARCH 

Experimental investigations conducted on electric arc steelmaking furnaces indicate that electrode motion control 

is typically implemented without explicitly accounting for electrode movement speed [5]. Instead, electrodes are 

moved upward or downward through mechanical actuators primarily in response to changes in arc current. In certain 

operating conditions, a decrease in arc current triggers downward electrode movement in an attempt to restore the 

current level. However, when a non-conductive slag layer forms on the surface of the primary charge, such control 

actions may cause direct contact between the electrode and the charge material, resulting in electrode breakage [6]. 

This, in turn, leads to electrode damage and a sudden increase in arc current within a short time interval. 

These limitations highlight the necessity of developing advanced control approaches that consider not only arc 

current and voltage, but also electrode motion dynamics, particularly electrode movement speed. The implementation 

of such intelligent regulation methods is essential for improving arc stability, reducing electrode consumption, and 

enhancing the overall energy efficiency and reliability of electric arc furnace operations. 

The regulation device operates based on the values obtained from current and voltage measuring transformers 

installed on the high-voltage side of a special furnace transformer [7]. However, if the electrode lifting speed 

commanded by the controller is not ensured with sufficient accuracy, an increase in arc current may occur, leading to 

damage to the furnace walls, emergency shutdowns of the furnace, and excessive upward movement of the electrodes 

beyond the calculated distance. As a consequence, the efficiency of intensive melting of the charge by the electric arc 

decreases, energy losses increase, and overall energy efficiency deteriorates. 

Therefore, the main objective of this study is to implement a comprehensive electrode motion regulation device 

and control system for electric arc steelmaking furnaces, aimed at stabilizing arc current and voltage within narrow 

operating ranges [10, 11]. This approach enables faster and higher-quality melting of the charge material, while 

reducing the negative impact of rapid changes in arc state parameters on electrode breakage. To achieve this objective, 

an electrode motion regulation and control device (it is called “EHRK-2024”) for EAFs was developed. The external 

view of the proposed device is shown in Figure 1, where compact high-power components are employed to ensure 

reliable and efficient operation. 

 

FIGURE 1. External view of the EHRK-2024 device 

As shown in Figure 1, the proposed EHRK-2024 device for regulating and controlling electrode motion in electric 

arc steelmaking furnaces (EAFs) was developed to control the speed and direction of electrode movement based on 

the input values of arc current and arc voltage, ensuring that the arc length is maintained within optimal limits. To 

facilitate installation in an electric arc steelmaking shop and integration with existing furnace equipment, the device 

is equipped with a four-terminal connection block (1). In addition, a USB port is located on the side of the device (2), 

which enables integration with the electrode motion control system through the internal controller and allows 

configuration, monitoring, and data exchange. The device also includes a dedicated power supply unit connected to 

the electrical network for its own operational needs (3), as well as a status indicator (4). 
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The proposed EHRK-2024 device provides a 10% increase in operational lifetime and enables regulation of arc 

current within the 2–3 kA range. Owing to the selection of components with 1,7 times higher sensitivity to changes in 

arc voltage and, most importantly, due to localization of the device, its production cost is reduced by up to 45% 

compared to existing analogues. Furthermore, the implementation of a modern fuzzy-logic-based control system 

ensures precise and reliable regulation of electrode motion, resulting in high operational efficiency (see Figure 2). 

 

FIGURE 2. Internal structure of the EHRK-2024 device 

In addition, the proposed EHRK-2024 device complies with the requirements of GOST 22261-94 from the 

standpoint of metrological standardization [8]. The automatic electrode motion control system also meets the 

requirements of GOST 26.001-80 [9]. 

RESEARCH RESULTS 

Based on the conducted scientific research, it has been established that, in current industrial practice, electrode 

motion regulation in electric arc steelmaking furnaces (EAFs) is mainly implemented using electrohydraulic power 

regulators and electromechanical power regulators. In these systems, auxiliary control devices such as Siemens S7, 

Mitsubishi Q, and Delta PLC controllers are widely employed to regulate and control electrode motion in EAFs. These 

controllers process arc current and voltage signals and generate control commands for electrode lifting or lowering 

mechanisms. 

However, despite their widespread use, the existing regulation methods exhibit a number of limitations, 

particularly under conditions of rapid and nonlinear variations in arc current and voltage. In electrohydraulic regulation 

systems, delays associated with hydraulic response and fluid dynamics often reduce control accuracy, while 

electromechanical systems may suffer from limited responsiveness and insufficient adaptability to rapidly changing 

arc conditions [12, 13, 14]. As a result, maintaining optimal arc length and stable melting conditions becomes 

challenging, especially during the initial stages of primary charge melting. 

In the present study, the proposed electrode motion regulation and control method was subjected to a comparative 

analysis against these conventional approaches. Using available scientific literature and practical operational data, two 

widely applied regulation and controllling methods – Delta PLC, Mitsibushi Q and EHRK-2024 – were compared 

with the proposed intelligent regulation method. The comparison focused on key performance indicators such as 

response speed, regulation accuracy, adaptability to arc parameter fluctuations, reliability, and impact on electrode 

wear and energy consumption. 

The results of this comparative analysis made it possible to identify the advantages and limitations of each 

approach. In particular, the proposed method demonstrated improved sensitivity to rapid changes in arc current and 

voltage, enhanced precision in controlling electrode motion speed, and greater stability in maintaining optimal arc 

length. At the same time, potential implementation challenges and operational constraints of the proposed system were 

also identified. The summarized results of this comparative evaluation are presented in Table 1, which provides a 

structured overview of the performance characteristics of the analyzed regulation methods. 
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TABLE 1. Comparative analysis of electrode motion regulation and control methods in EAFs 

Performance indicators Delta PLC Mitsubishi Q EHRK-2024 

Power supply 
24 V DC inside cabinet; 

external 230/400 V AC 

24 V DC, 3–10 W 

(module-dependent) 

24 V DC (accepts 12–28 V 

DC), ≤ 3 W 

Rated frequency 50–60 Hz 50-60 Hz 50 Hz 

Analog input 

4–20 mA/0–10 V (with 

inductive/Rogowski 

interfaces) 

4–20 mA/0–10 V 
±10 V via Transreactor and 

analog devices 

Analog output ±10 V/4–20 mA 
±10 V or 4–20 mA, 𝐼out 

5–20 mA 
±10 V or 4–20 mA 

Control function 
PLC integration; servo-

valve control via ±10 V 

PLC with analog modules; 

servo-valve control ±10 V 

Servo-valve control via ±10 

V based on Fuzzy logic 

Control algorithm 
5…20 ms, adaptive 

model-based 

10–20 ms (PID) with 

filters 

10 ms (100 Hz) Fuzzy logic 

(Mamdani), remote-capable 

Operating temperature 
0÷+50 °C (depending on 

IP enclosure) 
−20÷+60 °C −25÷+50 °C 

Power factor (cos φ) 0,85-0,99 0,85-0,95 0,85-0,95 

Permissible relative 

humidity at nominal 

temperature, % 

95 96 90 

Weight, kg 0,45 0,75 0,35 

Dimensions, mm 130х90х60 98х27х90 70х60х60 

Service life, years 10-15 15-20 20 

Cost, million UZS 70 100 45 

The analysis of the proposed electrode motion regulation and control device demonstrates that the system exhibits 

a high degree of adaptability to the dynamic and nonlinear characteristics of the electric arc steelmaking process. The 

compact structural design of the device, its relatively low production and implementation cost, and its ability to 

accurately and stably regulate the arc current within a 2–3 kA range using fuzzy logic–based control clearly indicate 

its advantages over existing conventional analog systems currently used in industrial practice.  

One of the key advantages of the proposed device is its capability to regulate electrode motion in real time based 

directly on the arc current parameters measured in the short network of the electric arc furnace. This approach 

significantly reduces measurement errors associated with current and voltage transformers installed on the primary 

side of the furnace transformer. As a result, the response speed of the control system to technological disturbances is 

increased, and the accuracy of electrode motion control is substantially improved. 

In addition, the device is equipped with a controller integrated with a modern artificial intelligence–based 

Mamdani-type fuzzy decision-making system, which enables comprehensive, fast, and precise control of electrode 

motion. This control strategy ensures optimal adaptation of electrode movement under abrupt variations in arc current 

and voltage, maintains the arc length within an optimal operating range, and effectively reduces the risk of electrode 

mechanical damage and breakage. 

CONCLUSIONS 

In conclusion, one of the primary objectives of the present study—ensuring the effective operation sequence of 

an electrode motion regulation and control device for electric arc steelmaking—has been successfully achieved. The 

proposed control scheme enables stable regulation of arc current and voltage within narrow operating ranges, thereby 
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reducing electrode breakage, preventing technological interruptions, and enhancing both the intensity and energy 

efficiency of the steelmaking process under normal operating conditions.  

As a result of the conducted research, the following outcomes were achieved: 

1. An electrode motion regulation device was developed based on a Fuzzy logic control system integrated with a 

transreactor, opto-relay/thyristor power switching units, and PLC/Arduino platforms. As a result, stable maintenance 

of the arc current within narrow ranges under optimal arc length conditions was achieved, along with fast and stepwise 

regulation of electrode speed and direction. This approach reduced operating conditions that lead to electrode breakage 

and enabled an increase in the overall intensity of the technological process. 

2. The installation points and interface architecture of the EHRK-2024 device within the electric power supply 

system of an electric arc steelmaking shop were designed, and a comparative analysis was performed against existing 

solutions based on Delta PLC and Mitsubishi Q platforms. The results demonstrated the advantages of the proposed 

device, including a compact design and lower cost (approximately 45% reduction in production cost), extended service 

life (approximately 10% increase), about 1,7-times higher sensitivity to arc voltage variations, and the ability to 

accurately regulate arc current within a 2–3 kA range. 
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