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Abstract: To cope with unknown disturbances at high altitudes and maintain a constant contact forces
at the end of a high-altitude wind turbine blade repair robots during polishing, a passive compliant control
algorithm was proposed based on an improved ADRC approach. The algorithm combined dead-zone com-
pensation and gravity compensation algorithms, fully considering issues such as gas compressibility in the
pneumatic systems, characteristics of electrical proportional valve dead zones, changes in tilt angle during
polishing processes, and unknown disturbances during high-altitude operations. A tracking differentiator
was utilized for excessive input signals, a state observer was employed to monitor system disturbances, and
compensated through a state error feedback control law. By establishing the mathematical model of the
control systems and conducting simulation analysis, it is found that this control algorithm improves both
force control performance and response speed compared to the traditional proportional-integral-derivative
(PID) algorithm. An experimental platform was constructed to conduct experiments under various
operating conditions. The experimental results show that the control algorithm systems achieve 44. 6% to
51.4% reductions in settling time, a decrease in the absolute maximum error by 45. 4% to 69.4% , and re-
ductions in mean square error by 56.5% to 91.2%. Therefore, this algorithm demonstrates improved
dynamic response performance and force control accuracy, along with strong disturbance rejection capabili-
ties and robustness, providing a theoretical foundation for practical engineering applications.

Key words: active disturbance rejection control (CADRC) ; robot polishing; compliant control; pneu-
matic system modeling; wind turbine blade
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Fig.1 Schematic diagram of robot operation
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Fig.11 Curve of triangular load experiment
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Tab.5 Contrast of curve of triangular load experiment
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Fig.10 Curve of sinusoidal load experiment
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Tab.4 Contrast of curve of sinusoidal load experiment
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Fig.12 Constant force load experiment(disturb)
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Tab.6 Step 1 contrast of constant force load experiment
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Tab.7 Step 2 contrast of constant force load experiment
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