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Abstract

The mine hoist is a critical transportation equipment in coal mine production
systems, and its operational safety directly affects personnel and equipment safety.
Under gravity lowering conditions, the hoisting container and counterweight are
driven by gravity, resulting in large inertia, rapid speed variation, high braking
demand, and severe consequences in case of failure. Traditional mechanical or
relay-based control schemes often suffer from limited regulation precision, rigid
interlock logic, weak fault diagnosis capability, and poor visualization for operation
and maintenance. To address these issues, this paper proposes a PLC-based gravity
lowering braking control system for mine hoists, using Siemens S7-1214C PLC and
SM1234 analog module. The system integrates hydraulic braking actuators, brake disc
pressure sensing, accumulator pressure sensing, proportional overflow valve
regulation, directional valve control, and HMI-based monitoring. The study covers
requirement analysis, overall scheme design, hardware architecture, I/O allocation and
signal processing, control strategy and program implementation, HMI configuration,
simulation debugging, and safety evaluation. A five-layer control framework of mode
management, interlock protection, pressure closed-loop, position-segment control,
and fault latching is established. It supports mode switching between normal and
maintenance modes, cage raising/lowering operation, normal stop and emergency
braking simulation, and coordinated control of pressure reducing valve, check valve,
throttle valve, and directional valve. Online parameter setting, trend visualization, and
alarm grading are also implemented. Test results indicate that the proposed system can
reliably complete deceleration, speed limiting, and positioning braking in typical
gravity lowering conditions, with fast pressure response, complete interlock logic, and
good engineering applicability and maintainability. The research provides practical
reference for mine hoist electrical retrofitting, educational training platforms, and
intelligent mine transportation upgrades.

Key words: mine hoist; gravity lowering; PLC; hydraulic braking; interlock

protection; HMI monitoring
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