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Precise processing technology of 3D measured points for aviation
blades: method breakthrough and applications

XU Wei, LI Wenlong*, LI Wenpan, MA Bin, DING Han
(State Key Laboratory of Intelligent Manufacturing Equipment and Technology, Huazhong University of Science and

Technology, Wuhan 430074, China)

Abstract: Concerning the challenges posed by the complex geometries and numerous features of complex
aero-engine multi-assembly and aim-film holes blades—such as the difficulty in grouping measurement
points, low alignment accuracy, and inefficiency of manual intervention in traditional 3D inspection processes,
an efficient high-precision data processing methodology of 3D points and equipment application system was
presented. An automatic segmentation method for measurement points of multi-assembly blades based on
improved density-based clustering and adaptive K-means++ algorithm was proposed to rapidly identify
complex cross-sectional features. A VMM (variance minimization matching) optimization model of minor
out-of-tolerance was constructed to achieve high-precision adaptive alignment of complex blade surfaces.
Using the above method as the core, software and hardware tools such as the data processing and key feature
parameter evaluation software iPoint3D, as well as the series of 3D measurement hardware equipment
HScan/RobotHScan, have been developed. These have been validated through typical engineering cases
involving aerospace casting blades and high/low pressure turbine blades.. The results indicate that the
proposed method achieves precise processing of three-dimensional measurement points for aerospace blades.
This effectively resolves challenges in the batch inspection of complex blades, providing critical technical
support and engineering solutions for the intelligent manufacturing of core aero-engine components.
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Fig.2 Multi-assembly blade and measuring points
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Fig.4 Air-film holes blade and its measuring points
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Fig.5 Segmentation and sorting of blade measuring

points
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Fig.6 Defects in blade measuring points

B _EIRPRAORER, AR M2y R
FRFLI 5 = e D pAR BT, B0 22 B il
RO R I R AR B A R

FURGALIN ROR AL BT 70 Bl Ry 5

-T2 B et UG /N 22 R B D IR 59 o

2 R A ERAZ L 7 VA SRR

2.1 BRI RS RENE ST S

2.1.1 FIEHFALZN ZRT A M ER K0 F|
Z R R

T
K7 Z M ST 4

Fig.7 Segmentation of multi-assembly blade points
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(a) High-efficient curved surface type (HScan-E)
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(o) T/NRHIEEEAS %Y (HScan-S)
(c) Ultra-high-precise micro-feature type (HScan-S)
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Tab.3 Extraction accuracy of blade cross-sectional

keypoints

$~ M: mm

B A 1 I 2 A 3 i 4
EhRE 0.006 0.007 0.006 0.004
BRRE 0.008 0.009 0.007 0.006
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Fig.20 Inspection software for 2D/3D analysis of aviation
blade
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Fig.23 Aviation air film hole robot measurement system
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