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Abstract

Complex operating conditions impose higher demands on the dynamic performance of mechanical hydraulic systems. This study
investigates operational state recognition methods for hydraulic systems under typical complex conditions, including high-frequency
variable loads and multi-process cycles. It analyzes the coupling relationship between key control parameters and system response
characteristics, and develops an optimization design strategy with adaptive regulation capability. The research was validated through
engineering applications in loading equipment and tunnel boring systems. The findings provide actionable technical pathways
for structural integration, control logic design, and engineering commissioning of hydraulic systems under complex conditions,
demonstrating significant practical value and broad applicability in engineering.
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