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Abstract: In practical machining processes, the dimensional accuracy of thin-walled workpiece
was significantly affected by multiple factors including cutting forces, forced vibrations, chatter phe-
nomena, geometric characteristics of workpiece and material properties, rendering deformation pre-
diction and control particularly challenging. A multi-source information fusion method for deformation
error prediction in thin-walled workpiece milling processes was developed. Machining parameters, vi-
bration signals, and other relevant data were integrated to establish a deformation error prediction
model through Stacking ensemble learning methodology, with comprehensive experimental validation
performed. Comparative analyses reveal that the constructed model demonstrates superior robustness,
higher accuracy, and enhanced practicality when compared with conventional data-driven prediction
methods.
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Fig.2 Three-layer wavelet packet decomposition
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Fig.4 Stacking ensemble model
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Fig.5 Base model training optimization flow chart
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Fig.6 Process of stacking ensemble model training
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Fig.7 Experimental workpiece geometry information
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Tab.2 Machining conditions information setup
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Tab.3 Coding of workpiece geometric feature information
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Fig.9 Spindle vibration signal waveform
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Fig.10 Three-layer wavelet packet decomposition

waveform of X-direction vibration signal
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Fig.11 Three-layer wavelet packet decomposition

waveform of Y-direction vibration signal
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Fig.12 Three-layer wavelet packet decomposition
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Tab.4 Workpiece milling deformation error

5 | Wit R/ mm W/ mm IR 2%/ pm
1 8.6 X8.6 8.5794 X 8.6066 13.6
2 5.2X5.2 5.1779X5.1705 25.8
3 3X8 3.0044X7.9741 15.15
4 13X13 12.9954X13.0054 5
5 1X8 1.0094 9.4
6 $6 $5.989 11.0
7 6 $5.9919 8.1
8 46 $5.9827 7.3
9 46 $5.9959 1.1
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Fig.14 Plots of prediction results for each model
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