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Abstract

Coal mining environments are characterized by high-risk operations, intense load fluctuations, and enclosed spaces. As the core
infrastructure for coal extraction, transportation, ventilation, and drainage systems, the stability, precision, and energy efficiency of
electromechanical equipment directly determine production efficiency, operational safety, and cost-effectiveness. Traditional coal
mine electromechanical systems predominantly employ power-frequency starting and fixed-speed operation modes, which suffer
from excessive energy consumption, severe mechanical shocks, insufficient speed regulation accuracy, and high maintenance costs—
issues that hinder their adaptation to the demands of intelligent and green coal mining. Frequency converters, as advanced speed
regulation devices integrating power electronics and automatic control technologies, achieve stepless smooth motor speed control
through precise frequency and voltage adjustment. These devices offer multiple advantages including energy conservation, soft-start
protection, and precise speed regulation, gradually replacing traditional speed control methods and being widely adopted in various
coal mine electromechanical systems.
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