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Abstract

In recent years, a large number of long tunnels and steep gradients have been constructed in China’s high-speed railway projects
to overcome complex terrain conditions. However, the adaptability issues of self-propelled maintenance equipment operating on
long gradients have become increasingly prominent. For example, brake shoes tend to overheat and wear severely during downhill
operation, resulting in limited continuous descent duration. Frequent stops for brake cooling are impractical, which compromises
the efficiency and safety of maintenance operations during scheduled windows. This paper provides a comprehensive analysis of
the performance of three main braking methods—hydraulic, pneumatic, and resistor braking—under long-gradient and multi-unit
operating conditions. Based on experimental data from self-propelled equipment, the study compares key indicators such as braking
stability, response time, energy dissipation, and wear characteristics. It also proposes optimized braking system configurations
adapted to different gradient levels and formation types.
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