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[ Abstract ] As the core actuating components of hydraulic systems, heavy machinery hydraulic motors play a critical role in
converting hydraulic energy into mechanical energy. Their wear characteristics directly determine equipment operational
stability, service life, and maintenance costs. Fluctuations in top root chamber pressure differential serve as the primary
cause of abnormal wear in key friction pairs such as motor blades, stators, and distributor plates. Under heavy-load,
low-speed, and frequent start-stop conditions, unstable pressure differentials exacerbate uneven contact stress and
lubrication failure in friction pairs, ultimately leading to motor performance degradation. This study focuses on
multi-action vane heavy machinery hydraulic motors, employing a combined approach of theoretical analysis, numerical
simulation, and experimental validation to investigate the design principles of top root chamber pressure differential
optimization schemes. We analyze the improvement mechanisms of pressure differential optimization on hydraulic
motor wear characteristics and explore the correlation between optimization parameters and wear rates. Results
demonstrate that optimizing top root chamber pressure differential effectively stabilizes contact pressure between blades
and stators, enhances lubrication conditions, reduces adhesive wear, abrasive wear, and fatigue wear, and significantly
decreases wear rates in critical components. The optimal wear reduction effect is achieved when top root chamber
pressure differential is maintained within 0.8 - 1.2 MPa, resulting in over 30% extended motor service life. This
research provides theoretical foundations and engineering references for anti-wear design, performance optimization,
and reliability enhancement of heavy machinery hydraulic motors.

[ Key words ] heavy machinery; hydraulic motor; root cavity; constant pressure differential optimization; wear characteristics;
improvement mechanism
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