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Prediction of Corner Milling Forces for Circular-Arc Milling Cutters
Using an Improved Average Force Method
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Abstract: When milling the corner profiles of wallboard-like grid structures using circular-arc milling cutters, the
changing contact area between the tool and the workpiece results in variations in milling forces. These fluctuations
increase the instability of the milling process and compromise the machining accuracy. To address this challenge, a
precise prediction model for milling forces with variable cutting widths was proposed based on an improved average
force method. By analyzing the geometric contact relationship between the tool and the workpiece, the milling proc-
ess was divided into five phases. In each phase, the radial cutting width of the tool was calculated, enabling the es-
tablishment of a variable cutting width function that evolves with the tool trajectory. Integrating this function with a
micro-element milling force model, a comprehensive prediction model for milling forces in circular-arc milling cut-
ters was developed. To enhance the accuracy of milling force predictions in corner milling, an improved average
force method was proposed, accounting for the influence of the tool’s circular edge on the milling force coefficient.
The milling force coefficient was treated as a function of the tool’s axial height. Using the concept of integration, the
milling force coefficients for different sections of the tool were calculated individually, resulting in a comprehensive
milling force coefficient function varying with the axial height. To validate the effectiveness of the proposed coeffi-

cient identification method and prediction model, 40 different parameter sets for the milling force coefficient identifi-
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cation scheme were designed. These sets used the tool’s axial height and feed per tooth as independent variables, and

a series of milling experiments were conducted. The experimental results indicate that the proposed method signifi-

cantly improves the accuracy of milling force predictions in corner milling, achieving a prediction error of less than

15%. This work is expected to provide a foundation for trajectory optimization in future research.

Keywords: circular-arc milling cutter; milling force; corner milling; variable cutting width function; milling force
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Fig.6 Milling force coefficients at various heights
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Fig.7 Straight milling and corner milling tests
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Fig.9 Measured milling force data for A02 validation set
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