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Abstract: Research is conducted on the ball end milling process with the aim of achieving
reliable optimization of milling process parameters. Firstly, according to the motion trajectory of
the ball end mill cutting edge, the surface morphology formed during machining is simulated
using the Z-mapping (Z-MAP) algorithm, and the surface roughness (R,) is introduced to
measure the surface quality after machining. The accuracy of the surface morphology simulation
model is validated through surface morphology analysis experiments. Then, considering the
actual constraint conditions of the machining surface quality, the tool service life, and the
uncertainty of process parameters during the machining process, a reliability optimization model
for process parameters is established with spindle rotation speed, tool feed rate, axial cutting
depth and radial cutting depth as the optimization variables, and maximizing the material removal
rate (Q) as the optimization objective. Finally, the optimization model is solved using the grey
wolf optimization algorithm to obtain the optimal process parameters, and the feasibility of the
optimized results is verified through milling experiments.

Key words: ball end mill; Z-MAP algorithm; surface morphology; surface roughness; grey
wolf optimization algorithm; reliability optimization
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Fig. 5 Comparison of milling surface morphology between experiment and simulation
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