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Abstract : As the demand for high-precision machining and superior surface quality increases, micro milling
has become a key technique for machining freeform geometries at the micro scale. This study
quantitatively investigats tool wear characteristics in the micro-milling under varying process parameters to
identify optimal condition and develop a predictive model. Experimental results showed that spindle speed
had the most significant effect on tool wear with contribution of 80.8%, while feed rate showed only 0.3%.
The optimal condition, 8 mm/min, 6,000 rpm, 20 pm, improved tool life by 29% compared to the best
result in experimental cases. Additionally, a multiple regression model for tool wear prediction demonstrated
statistical significance and predictive capability with R* of 0.70 and average deviation of 0.036.
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Table 1 Conditions of process factors and levels

Levels
Factors Unit
1 2 3
Feed rate, A 2 5 8 mm/min
Spindle speed, B | 6,000 |12,000|15,000| rpm
Depth of cut, C 10 20 30 pm

Fig. 2 Definition of micro end-mill diameter
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Fig. 3 (a) Tool wear over processing time, (b) Tool

fracture in Exp. no. 3 in 60 minutes

Table 2 Effective diameter of end-mill tool

o [ [ e il
1 1 1 1 292.6 | 264.0
2 1 2 2 293.9 | 260.9
3 1 3 3 293.6 | 236.0
4 2 1 2 295.7 | 269.6
5 2 2 3 289.5 | 247.8
6 2 3 1 292.4 | 239.1
7 3 1 3 292.04 | 258.4
8 3 2 2 291.3 | 245.0
9 3 3 1 2952 | 259.7
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Table 3 ANOVA result of tool wear

poF | ss | v | R | QY
A 2 0.1 0.05 1.0 0.3
B 2 28.1 14.1 | 307.5 | 80.8
C 2 6.6 33 72.0 18.9
Error 2 0.1 0.05
Total 8 34.9
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Table 4 ANOVA result of regression model

DOF SS v Fo
Regression 3 0.0793 | 0.0264 3.723
Residual 5 0.0356 | 0.0007
Total 8 0.1149
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