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Fig. 1 Automatic radiographic path planning method diagram for large castings
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Research on Automatic Path Planning for X-Ray Inspection of Large
Lightweight Alloy Castings

LI Qin-yang', LIU Zhu-peng", JI Xiao-yuan', DONG Hao', HOU Ming-jun', ZHAO Gao-zhan?, HUANG Zhi-
wei’, CHEN Qiang? ZHOU Jian-xin*
(1.State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of Science and Technology, Wuhan

430074, Hubei, China; 2.Southwest Technology and Engineering Research Institute of China Ordnance Equipment Group, Chongging
400050, China)

Abstract:

This study proposes a multi-objective automatic path planning method based on quality control points to
address high leakage rates and low efficiency in manual X-ray inspection planning for large lightweight
alloy castings. Firstly, a quality control point generation mechanism integrating wall-thickness analysis and
geometric feature extraction is established using density clustering for optimized spatial distribution. Secondly,
a cylindrical constraint model is built,converting 3D path planning into cylindrical mapping point optimization
through enveloping cylinder motion constraints. Thirdly, genetic algorithm is enhanced with multi-objective
fitness functions for path optimization. A graphical system visualizing 3D model analysis, point mapping, and
path planning is developed. Experiments show the automated paths achieve over 98% coverage with tripled
efficiency compared to manual methods, effectively resolving traditional inspection limitations and providing
innovative NDT solutions for large castings.

Key words:
defect detection; 3D model; path planning; quality control points
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