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Composite Hierarchical Anti-Disturbance Control for High-altitude Cabin Intake
Pressure Environment Simulation System

Li Xin', Qi Xipu', Wang Xin?, Zhai Chao®, Zhang Hehong'
1. Fuzhou University, Fuzhou 350108, China

2. AECC Sichuan Gas Turbine Establishment, Mianyang 621703, China

3. China University of Geosciences, Wuhan 430079, China

Abstract: The accuracy of aero-engine performance testing directly impacts its research, development, and
optimization outcomes, playing a critical role in advancing national defense technology and the aviation industry. This
paper proposes a composite hierarchical anti-disturbance control (CHADC) method that integrates a disturbance
observer with a non-singular terminal sliding mode (NTSM). The disturbances are categorized into internal
perturbations (including unmodeled dynamics, parameter and structural uncertainties) and external perturbations. A
disturbance observer is employed to estimate internal perturbations and offset them through feedforward
compensation, while the non-singular terminal sliding mode control method is utilized to suppress external
perturbations. A novel approach law is designed to address the issue of excessive chattering in control inputs.
Simulation results demonstrate that the proposed CHADC method combining the disturbance observer and NTSM
reduces the maximum instantaneous pressure fluctuation of the controlled system to below 0.5%, shortens dynamic
adjustment time by over 2s, and significantly enhances dynamic response speed, control precision, and disturbance
rejection capability during engine transient-state testing. This research achievement enables more accurate
environmental simulation for aero-engine development and testing, thereby accelerating performance optimization of
aero-engines.
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