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Research on Electric Winch System Design and Performance Optimization Based on High-Torque DC Motors
Hu Jinmiao
Zhejiang Hongbin Industrial & Trading Co., Ltd., Jinhua, Zhejiang 321000
[ Abstract ] Electric winches serve as high-efficiency traction transmission equipment widely used in off-road rescue operations,
engineering projects, and maritime loading/unloading operations. Their operational performance directly determines
work efficiency and operational safety. High-torque DC motors, characterized by substantial starting torque, superior
speed regulation capabilities, and compact structure, have become the core power source for electric winch systems.
Grounded in mechatronics principles and theoretical analysis, this study explores integrated design solutions for
high-torque DC motor-based electric winch systems. Key module design considerations—including power transmission
mechanisms, control algorithms, and safety protection systems—are systematically analyzed, with performance
optimization strategies proposed for torque matching, energy consumption control, and stability enhancement. The
research demonstrates that rational motor selection, optimized transmission mechanism coordination, precision control
algorithm design, and robust safety protocols are critical factors in improving traction efficiency, operational stability,
and service life of electric winch systems. This study provides theoretical foundations for engineering applications of
high-torque DC motors in electric winch systems and offers valuable references for similar traction equipment design
optimization.
[ Key words ] High-torque DC motor; Electric winch; System design; Torque matching; Performance optimization
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