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Fig.4 Gaussian filtering results under different standard deviations
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Table 2 Calculation results of point cloud with different parameters for slicing

4R35k m p/mm TFeE ke &/mm iR ZE/mm
4 0.248 0.051
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6 0.068 6 0.408 0.065
8 0.544 0.047
4 0.296 0.046
8 0.074 6 0.444 0.040
8 0.592 0.039
4 0.304 0.043
10 0.076 6 0.456 0.079
8 0.608 0.061
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Fig.10 Blade point cloud segmentation diagram and segmentation results
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Fig.12 Principles of uniform B-spline curve and quasi-uniform B-spline curve fitting
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Table 3 B-spline fitting accuracy under different orders and levels of smoothness

Brix -1 B

0.001
3 0.01
0.1

0.001

4 0.01
0.1

0.001

5 0.01

0.1

e KPRZE/mm FHiR2E/mm
1.727 1.369
1.939 1.478
2.921 2.460
2311 1.750
2.486 1.898
3.284 3.171
2.703 2.151
2.841 2.333
3.835 3.874
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Fig.18 Schematic diagram of roughness

meter and thickness meter
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Table 4 Comparison of fluctuations between mesh division and point cloud segmentation paths

B WEE R/ IR/ e/ NHE/ TN B/
(mm/s) (mm/s) (mm/s) (mm/s) %
[l 4 5 4.998 11.629 3.327 166.04
Sy 5 4.994 5.375 3.874 30.02
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Fig.19 Velocity of mesh division and point cloud segmentation paths
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Fig.20 Mesh division and point cloud segmentation: six-axis angle variations of the robot
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Fig.21 Experimental physical image

(a) BRI

(b) BEHLIE My

22 EfRiEM A
Fig.22 Blade before and after grinding and
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Table S Measurement results of roughness and thickness before and after grinding and

polishing by point cloud segmentation method nm
X35 PE T LA JEE L RS PTG P 5
1 10.15 0.66 86.1 46.5
2 11.65 0.62 96.4 56.7
3 8.78 0.41 99.7 59.4
4 11.69 0.64 105.6 42.7
5 9.56 0.59 88.6 58.9
6 10.39 0.69 87.5 51.7
7 10.48 0.52 76.5 414
8 11.79 0.49 96.4 57.8
9 9.83 0.38 102.4 41.8
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Table 6 Measurement results of roughness and thickness before and after grinding and

polishing using grid partitioning method um
X3 VB S TR 2 VI R 2 PTG P B
1 12.31 0.62 94.2 35.1
2 11.78 0.91 108.4 69.6
3 10.87 1.12 86.3 62.6
4 10.56 0.78 104.6 43.9
5 10.23 0.52 84.7 32.8
6 9.15 0.86 101.3 62.2
7 8.94 1.33 89.5 41.4
8 10.45 1.09 92.4 72.8
9 11.72 1.48 80.5 31.7
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Precision Grinding and Polishing of Aero-Engine Blade Thermal Barrier
Coatings: Point Cloud Data Processing and Spline Path Optimization

CAI Zhenhua', SONG Xiaohang', DONG Shujuan', CHEN Tingyang', TANG Zuopeng’, ZHOU K¢’

(1. Wuhan University of Technology, Wuhan 430070, China;
2. Dongfang Turbine Co., Ltd., Dongfang Electric Corporation, Deyang 618000, China)

[ABSTRACT]

Thermal barrier coating (TBC) is a critical high-temperature protection technology applied to hot-section

components of military and civilian aero-engines. Composed of a ceramic oxide top layer and a metallic bond coat, it
significantly reduces the substrate operating temperature and offers technical advantages such as high hardness, excellent
stability, resistance to high-temperature corrosion, reduces fuel consumption, and improves engine efficiency and service
life. After initial preparation via atmospheric plasma spraying, the surface roughness of the coating is relatively high
(approximately R,10 pm). In production, grinding and polishing post-processing are commonly employed to reduce it to the
required range (around R,1.6 pm). This study proposes a spline path curve generation and feature point sampling method
based on the RANSAC segmentation principle, applicable to robotic automated grinding and polishing of TBC on small
turbine blades in aero-engines. The method utilizes a 3D vision sensor to scan the blade surface in real time, generating
point cloud data. Through point cloud processing and B-spline curve fitting algorithms, a full-coverage grinding and
polishing path for the high-temperature coating on the aero-engine blade surface is generated. Experimental verification
demonstrates that this method reduces the coating surface roughness to below R,0.7 um while maintaining effective coating
thickness, achieving precision grinding and polishing of TBCs on aero-engine blade surfaces.

Keywords: Aero-engine blades; Thermal barrier coatings (TBCs); Path planning; Point cloud slicing; Curve fitting
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