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Analysis of Cutting Edge Geometry Effect on Surface Roughness in
Ball-end Milling Using the Taguchi Method
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Article history: In this study, the effect of cutting edge geometry, such as helix and rake angles, on
Received 5  September 2014 surface roughness in ball-end milling is investigated by using the Taguchi method.
Revised 11  November 2014 A set of experiments adopting the L, (3") design with an orthogonal array are
Accepted 24 November 2014 conducted with special WC ball-end mills having different helix and rake angles.
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Analysis of variance (ANOVA) is performed to analyze the effects of tool
geometry and machining parameters, such as cutting speed, feed per tooth, and
depth of cut, on surface roughness. The ANOV A results reveal that helix and rake
angles are critical factors affecting surface roughness; the interaction of helix
angle and cutting speed is also important. This research can contribute to novel
cutting edge designs of ball-end mills and optimization of cutting parameters.

Nomenclature

Bo = nominal helix angle of ball-end mill

B = helix angle at ball-end mill hemispheric part
Ry = nominal radius of ball-end mill

R = cutting edge radius

o = rake angle

y = clearance angle

fi = feed per tooth

Py = pick feed

R4 = radial depth of cut
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Table 3 Experimental design for L27(313) an orthogonal array

Table S S/N ratio response for factors Ah, B, C, and D

No Row No Level Helix Cutting Feed per Depth of
1(2(3|4[5|6|7|8|9]10|11]12]13 v angle (Ap) | speed (B) tooth (C) cut (D)
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Fig. 10 S/N ratio response graph for factors A, B, C, and D
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Table 9 ANOVA results for surface roughness including rake
angle parameter

Mean sum
of squares

Sum of
squares

Degrees of

Factor
freedom

Pl (o

29.2753 2 14.6377 241.47

1.0443 0.5222 8.61 0.017

0.154 0.077 1.27 0.347

0.345 0.1725 2.85 0.135

ArxB | 1.0499 0.2625 433 0.055

ArxC | 0.4584 0.1146 1.89 0.231

ArxD | 0.5822 0.1455 24 0.162

[ S N I S B B SRS

Error | 0.3637 0.0606

Total | 33.2728
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