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Fig.1 Schematic diagram of the geometric similarity-guided laser remanufactured blade repair area detection method
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Table 1 Matching errors of three sets of experimental data under multiple algorithms
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Fig.4 Matching diagram of three sets of experimental data under multiple algorithms
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Fig.5 Schematic diagram of remanufactured blade repair region identification and machining trajectory planning
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Fig.6 Error map of laser remanufactured blade machining path curves
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Repair Region Precise Detection in Remanufactured Blade Based on
Geometric Similarity

TIAN Dazhuang"’, XING Wenhao™, LIU Hongdi*’, ZHUANG Kejia', ZHU Dahu™’
(1. Hubei Key Laboratory of Digital Manufacturing, Wuhan University of Technology, Wuhan 430070, China;
2. State Key Laboratory of Light Superalloys, Wuhan University of Technology, Wuhan 430070, China;
3. Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan University of Technology,
Wuhan 430070, China)

[ABSTRACT] Blade remanufacturing repair is a process maintenance approach prioritizing reliability, effectively
extending blade service life and representing cutting-edge technology in aeroengine manufacturing. Addressing the
challenge of precise measurement and identification of repair regions caused by failure of the original design model
in remanufactured blade, this paper proposes a high-precision detection method for repair regions based on geometric
similarity. First, a Geometric similarity-enabled matching (GSEM) algorithm compensates for point cloud stratification
errors caused by accumulated robotic kinematic errors, enabling high-precision blade measurement and stitching. Next,
under the failed original design model, an adaptive growth strategy incorporating feature deviation achieves precise
identification of the repair area on the remanufactured blade. Finally, the robot is guided to perform precise localized
grinding, achieving integrated adaptive repair of remanufactured blade through a “measure-identify-machine” workflow.
Experimental validation using laser-remanufactured blade demonstrates that the GSEM algorithm exhibits strong robustness
and high accuracy under disturbances such as abrupt changes in cladding morphology and inconsistent normal vectors, with
an average error of only 0.016 mm. This represents accuracy improvements of 46.3% and 42.9% over existing advanced
methods GDAA and WPMAVM. Post-robotic grinding, blade surface profile errors fell below 0.01 mm, validating the
proposed method's ability to significantly enhance the adaptive repair precision of remanufactured blade.

Keywords: Repair region detection; Remanufactured blade; Geometric similarity; Localized grinding and polishing;

Robotic adaptive repair
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