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Selection of Optimal Condition for Reducing Dimensional Error of Holes
in Dry Cutting of Polyacetal Resin with Indexible Drill
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In this study, polyacetal plates were machined with an indexable drill (@18mm) to measure the dimensional error of holes
according to the cutting conditions and investigate the influencing factors to obtain precision holes. Cutting velocity, feed,
and depth of cut were selected as experimental variables, analyzed using design of experiment, and optimal cutting
conditions were investigated. Cutting velocity and feed were significant factors affecting hole accuracy, whereas depth of cut
had little effect. The factor with the greatest influence on hole accuracy was cutting velocity, and the dimensional error of
the holes tended to increase as the cutting velocity increased. Dimensional error tended fo decrease as feed increased. In
addition, the interaction effect between cutting velocity and feed and cutting velocity and depth of cut were significant. In
this experiment, the optimal cutting velocity, feed, and depth of cut needed to minimize the dimensional error of holes were
100 m/min, 0.15 mm/rev, and 2 mm, respectively.
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Table 1 Levels of the parameters

Level
Factor
1 2 3
Cutting velocity
A [m/min] 100 200 300
Feed
B [mm/rev] 0.05 0.1 0.15
c Depth of cut ) 4 6
[mm]
Table 2 Properties of polyacetal
Properties Units Value
Density glen? 1.43
Tensile strength MPa 63
Elongation at break % 31
Notch impact strength kJ/m? 7
Coefficient of friction - 0.2
Modulus of elasticity MPa 2600
Melting temperature °C 165

2.2 HElyy
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478 ehi Aol B ARL 916 ASE BT (Fie @)K
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7} zalelo] WA 198 FAT. JHEE 274He) 29
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(CORDAX RS-50 DCC, Sheffield Measurement)S £33 W73
S5kt 54 FEE Y Aol 15 mm ofef| REo®
AlHEo]9] 172 A o]t

Shank: 025mm

Outer Insert
A: SPGG 060204 DA K10(TaeguTec)
B: TDR 3180-25T2-06(TaeguTec)
0D: 17.932mm

L: 54mm

(a) Insert and tool holder of indexible drill
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#
D @ o
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(b) Schematic of pre-drilled workpiece(168 x 140 x 30 T)

Fig. 1 Cutting tool and workpiece for experiment

Table 3 Analysis of variance for S/N ratios

Term DF SS MS F P

A 2 30.937 15.4683 23.85 0.000"
B 2 21.966 10.9831 16.94 0.001"
C 2 3.776 1.8882 291 0.112
AxB 4 66.173 16.5433 25.51 0.000"
AxC 4 8.717 2.1792 3.36 0.068
BxC 4 5.693 1.4233 2.20 0.160
Error 8 5.187 0.6484
Total 26

*P<0.05 means significant difference
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432/ June 2024
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Fig. 2 Main effects plot for S/N ratios (dB)
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Table 4 Estimated model coefficients for S/N ratios

Table 5 Estimates for models at optimal cutting condition

Term Coefficients Term Coefficients
Constant 25.8502 A%x B? -0.2368
A 1.4909 A x C 0.2784
A? -0.9728 A xC? 0.2973
B 0.0161 A*x C -0.6548
B? -1.1127 A?x C? 0.6927
C 0.5248 B x C -0.3528
C? -0.2057 B x C? 0.2772
AxB 1.8479 B*x C -0.5502
A x B? 0.6495 B%x C? 0.1955
A’ xB 0.3478
99
90
|
O 504
)
a
104
1 : - : .
-1.0 -0.5 0.0 0.5 1.0
Residual
(a) Analysis for model
(including all terms, R? = 0.882)
99
90
g
O 50+
[}
a
104
-1.5 -10 -05 0.0 0.5 1.0 1.5
Residual
(b) Analysis for modified model
(pooling B x C term, R? = 0.835)
99
90
€
8 50
)
a
10

-20 -1.5 -1.0 -05 0.0 05 1.0 15 20

Residual
(c) Analysis for modified model
(pooling A x C, B x C terms, R?> = 0.776)

Fig. 4 Normal probability plot of residuals for S/N ratios

Estimates
Model Pooling - ‘
No. terms ADI S/N ratio
[mm] [dB]
1 - 0.042 27.646
2 BxC 0.047 26.743
3 AxC,BxC 0.048 26.465
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