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Cutting Forces Prediction for Complex Surface Machining Based on Gaussian Process Regression

GE Licai, HUANG Tao, GU Mengqin, ZHANG Xiaoming
(State Key Laboratory of Digital Manufacturing Equipment and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

[ABSTRACT] In order to accurately and efficiently forecast the cutting force of complex surface multi-axis machining,
a cutting force model based on Gaussian process regression (GPR) algorithm is developed in this paper. Feature parameters
of tool-workpiece engagement, such as tool-axis inclination angles and cutting width, which serve as input characteristic
parameters of GPR model for cutting force prediction in complex surface machining, are extracted based on cutter location
file (CLS). The training set of the GPR model are obtained using the mechanical force model where the tool-workpiece
engagement is calculated by Boolean operations. Cutting force simulation software for complex surface machining is
developed and the efficiency of the proposed GPR model is verified by comparing with the traditional force prediction
model which adopts the Boolean operations to calculate the tool-workpiece engagement. The error of cutting force
prediction is less than 10% and the evaluation coefficient of prediction results is maintained above 0.98. An impeller runner
machining experiment was designed to verify the accuracy of the GPR model proposed in this paper for predicting cutting
force in machining complex curved surface. In force prediction based on the same CLS file for an impeller passage
processing, the method using Boolean operation takes 161 s, while the time elapsed of the proposed model is only
1.63 s. The results indicate that the proposed model is efficient and accurate for cutting force prediction in complex surface
machining.
Keywords: Cutting force prediction; Feature parameter extraction; Gaussian process regression (GPR); Impeller machining;
Simulation software development
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Fig.1 Definition of S5-axis machining coordinate system
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1 1.0 0.03
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3 1.0 0.1
4 1.5 0.03
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16 35 0.03
17 3.5 0.05
18 35 0.1
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Fig.12 Simulation diagram of overall impeller runner processing
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Fig.14 Cutting force predicted results of integral impeller runner processing
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