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Fluctuation Diffusion Network Modeling and Fluctuation Source Identification

of Multi-Fluctuation-Source and Multi-Process Machining Processes
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Abstract: To investigate the characteristics of the fluctuation and diffusion of multi-fluctuation-
source and multi-process machining, the features of multi-source and nonlinearity of the quality
evolution law are paid attention to. The fluctuation diffusion principle of the machining process is
analyzed and a network weighting method is proposed following the complex network modeling
theory. Then a weighted fluctuation diffusion network model for multi-fluctuation-source and
multi-process machining is constructed. The key nodes of the network are identified with the
network characteristic analysis method and the weighted semi-local centrality node importance
ranking algorithm. A fluctuation diffusion path search scheme based on the breadth first search
(BFS) strategy is proposed to realize the identification of the fluctuation source for the key

nodes. Finnally, taking the machining process of steam turbine blades as the research object, the
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process of blade machining quality fluctuation and diffusion is modeled and analyzed. Through the
analysis, the rough milling of blade root inlet steam side plane, re-punching of pinhole, fine
milling of blade root profile, and rough milling of blade root are key processing procedures, and
the re-punching pinhole procedure is taken as an example to solve the fluctuation diffusion path
based on the BFS algorithm. The search results show that the state fluctuation levels of the
drilling machine and the drill bit equipment, as well as the machining accuracy of the plane
positioning benchmark on the steam outlet side of the blade, will have a direct and significant
impact on the processing quality of the process, which is a source of quality fluctuations that need
to be monitored. At the same time, other important sources of fluctuations that pass through the
fluctuation diffusion path also need to be controlled, which will help further improve the
processing quality of the key feature — the pinhole feature. The above analysis and identification
of important fluctuation sources and diffusion paths are in line with the actual processing and
working conditions, indicating the effectiveness of the fluctuation source identification scheme.

Keywords: multi-fluctuation-source multi-process machining; fluctuation diffusion; complex
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