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ABSTRACT

Helical machining is an efficient method for machining holes using an endmill. In this study, a surface
roughness prediction model was constructed for improving the productivity of hole machining. Experiments
were conducted to form holes by the helical machining of AL6061-T4 aluminum sheets and correlation
analysis was performed to examine the relationships between the variables based on the measured results.
Meanwhile, a regression analysis technique was used to construct and evaluate the prediction model. Through
these analyses, the parameter which has the greatest influence on the surface roughness when the hole is
formed by the helical machining is the feed, followed by the number of revolutions of the endmill.
Moreover, for the axial feed of the endmill, it was concluded that the influence of the surface roughness is
small compared to the other two parameters but it is a factor worth considering to improve the accuracy

when constructing the predictive model.
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Fig. 1 Schematic diagrams of helical milling
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Table 1 Chemical composition of AL6061-T4(wt%)

Si Fe | Cu | Mn | Mg | Cr | Zn | Al

040 | 0.7 | 0.15| 0.15 | 0.80 | 0.04 | 0.25 | the
~0.80| less |~0.40| less |~1.20|~0.35| less | rest

Table 2 Cutting condition(wet cutting)

Rotatonal feed Revolutional feed
(Table feed, mm/min)|  (H,, mm)

220~870 0.3~3.3

RPM

1700~6500
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Fig. 2 Drawing of workpiece

Fig. 3 Cutting tool and workpiece
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Fig. 4 Scatterplot of surface roughness vs RPM
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Fig. 5 Scatterplot of surface roughness vs table feed
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Fig. 6 Scatterplot of surface roughness vs H,

Table 3 Correlation analysis

Factors Pearson correlation | P-Value

Surf. vs RPM 0.249 0.026
Surf. vs Table Feed 0.464 0.000
Surf. vs H, 0.205 0.068

Table 4o+ A& 232 Yehla glor
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Table 4 Regression coefficient analysis

Predictor | Coef. SE Coef. T P
Constant 0.1 0.1128 0.88 0.379

o 0.000045 | 0.000016 | 2.76 0.007

B 0.000640 | 0.000130 | 4.91 0.000

vy 0.0682 | 0.03333 2.05 0.044

Table 5 Analysis of variance

Source DF SS MS F P
Regression 3 | 2.8352 | 0.9451 |11.94|0.000
Residual Error| 76 | 6.0162 | 0.0792
Total 79 | 8.8514

Table 6 Regression coefficient analysis

Predictor | Coef. SE Coef. T P
Constant | 0.21843 | 0.09876 2.21 0.030

a 0.000045 | 0.000016 |  2.69 0.009

B 0.000647 | 0.000133 | 4.87 0.000

Table 7 Analysis of variance

Source DF SS MS F P
Regression 2 | 25034 | 1.2517 |15.18/0.000
Residual Error| 77 | 6.3480 | 0.0824
Total 79 | 8.8514
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Table 8 Cutting condition for test(wet cutting)

Rotatonal feed Revolutional feed
RPM .
(Table feed, mm/min) (H,, mm)
800~9000 220~4100 0.3~4
0600 -+ Test value
0.400 - —=—Model 1(Pga1)
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Fig. 7 Test value vs prediction value
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Table 9 Mean squared error of prediction models

Model MSE
Eq.(5), Ppa 0.0871
Eq.(6), Pp, 0.0899
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