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Abstract

An orthogonal experiment regression analysis and a response surface methodology are used to build
the models to predict roughness of aluminum surface machined by a micro turn-milling NC machine. The
influence of milling parameters used in the experiment is analyzed by the two means, orthogonal analysis
and RSM. The milling parameters include cutting speed, feed per tooth, and cutting depth. In contrast
with the orthogonal analysis, the RSM is an optimization prediction model and has the higher precision in
micro-milling. The significance order of the parameters in the prediction model is determined based on
the result of the experiment. The cutting speed has the most significant effect on surface roughness, and
the second and the third significant parameters are feed per tooth and the cutting depth respectively by the
rounded analysis in the current experimental condition. The RSM prediction model has higher fitting
degree and practicability than the orthogonal analysis method. The milling parameters can be chosen to
control and improve the quality of the surface roughness based on the prediction model of RSM.
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Tab.1 Parameters and the results of the orthogonal

cutting experiment

Bk BRSO UIMIRE FREHREE
1

HEFE v/memin~"  f./pm-z” @,/mm R,/pm
1 18. 84 0.083 0.01 0.353
2 18. 84 0.167 0.02 0. 849
3 18. 84 0.250 0.05 0.861
4 37. 68 0.083 0.02 0.232
5 37. 68 0.167 0.05 0.231
6 37. 68 0. 250 0.01 0. 327
7 56.52 0.083 0.05 0.272
8 56.52 0.167 0.01 0.265
9 56.52 0.250 0.02 0.353
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Tab.2 Matrix of RSM model and the measured result

R % X, X3 x% x; ;x% XX, ETED Xyy ¥/ pm
1 -1 -1 -1 1 1 1 1 1 1 0. 540
2 1 -1 -1 1 1 1 -1 -1 -1 0.296
3 -1 1 -1 1 1 1 -1 1 -1 0. 640
4 1 1 -1 1 1 1 1 -1 -1 0.212
5 -1 -1 1 1 1 1 1 -1 -1 0. 864
6 1 -1 1 1 1 1 -1 1 -1 0.310
7 -1 1 1 1 1 1 -1 -1 1 0. 643
8 1 1 1 1 1 1 1 1 1 0. 546
9 —-1.682 0 0 2.828 0 0 0 0 0 0.878
10 1.682 0 0 2.828 0 0 0 0 0 0.323
11 0 -1.682 0 0 2.828 0 0 0 0 0.268
12 0 1.682 0 0 2.828 0 0 0 0 0.552
13 0 0 -1.682 0 0 2.828 0 0 0 0.391
14 0 0 1.682 0 0 2.828 0 0 0 0.586
15 0 0 0 0 0 0 0 0 0 0. 441
16 0 0 0 0 0 0 0 0 0 0. 642
17 0 0 0 0 0 0 0 0 0 0. 483
18 0 0 0 0 0 0 0 0 0 0.621
19 0 0 0 0 0 0 0 0 0 0.478
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Tab.3 Analysis of variance of the two prediction models
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it Sy =2.0672 8 4.468 >3.62
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Fig.1 Comparison of practical R, and the

result of the two prediction model
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Fig.2  Variation of R, with various levels of a, and v
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