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Surface roughness prediction with a full
factorial design in turning

Seung-Han Yang*, Young-Moon Lee*, Byong-Jung Bae**

Abstract

The object of this paper is to predict the surface roughness using the experiment equation of
surface roughness, which is developed with a full factorial design in turning. 37 full factorial design
has been used to study main and interaction effects of main cutting parameters such as cutting
speed, feed rate, and depth of cut, on surface roughness. For prediction of surface roughness, the
anthmetic average (Ra) is used, and stepwise regression has been used to check the significance of
all effects of cutting parameters. Using the result of these, the experimental equation of surface
roughness, which consists of significant effects of cutting parameters, has been developed. The
coefficient of determination of this equation is 0.9908. And the prediction ability of this equation
was verified by additional experiments. The result of that, the coefficient of determination is 0.9718.

Key Words : Surface roughness (F3 713 7)), Full factorial design ($HA Q2171 9), Analysis of
variance (EAHE4], ANOVA), Design of experiments (X EAIHW), Stepwise
regression (T+A13 2|H)
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Fig. 1 Profile of surface roughness
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Table 1 Lathes specifications

Spindle speed 17~1200 rpm (12steps)

Feed 0.049—-1.381 mm/rev (40steps)

Power 10 HP

Table 2 Cutting conditions for modeling

Cutting parameter 1 2 3

Cutting speed, V (m/min) ; 80 140 | 200

Feed, F (mm/rev) 0.098 | 0.296 | 0.493

Depth of cut, D (mm) 0.8 16 | 24
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Table 3 Cutting conditions for prediction

Cutting parameter 1 2 3
Cutting speed, V (m/mmn) | 80 140 | 200
Feed, F (mm/rev) 0.197 | 0.394

Depth of cut, D (mm) 0.8 16 | 24
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AW (measuring range)}™ 80mELE 600um
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Table 4 Surface roughness testers specifications

Model : Mitutoye Surftest-500

Measuring range [resolution]} :
8;m{0.001n], 80¢m(0 01gm], 600;m{0.15m]

Straightness * 0.3/m/100mm
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Table 5 Stepwise regression method

Step | Variable|Partial R2|Model R2 |F-value| Pr>F

I fl 0.9367 | 0.9367 |370.04 |<0 0001
2 2 00522 | 0.9839 | 11293 |<0.000]
3 | diftv2z ] 0.0019 | 09908 | 4.70 |00408
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Fig. 2 Measured(ll @, A) and predicted(solid
and dotted line) surface roughness in
modehng experiment
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Fig. 3 Comparison of measured and predicted
surface roughness in modeling experiment
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Fig. 4 Measured(lll.@.A) and predicted(solid
and dotted line) surface roughness in
prediction experiment
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