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Design of A Small Thin Milling Cutter Considering Built-up Edge

Kyoung Deuk Jung*, Tae Jo Ko** and Hee Sool Kim**

ABSTRACT

Generally, a metal slitting saw is plain milling cutter with thickness less than 3/16 inch. This is used for
cutting a workpiece that high dimensional accuracy and surface finish is necessary. A small thin milling cutter like
a metal slitting saw is useful for machining a narrow groove. In this case, built up edge (BUE) is severe at each
tooth and affects the surface integrity of the machined surface and tool wear. It is well known that tool geometry
and cutting conditions are decisive factors to remove BUE. In this paper, we optimized the geometry of the
milling cutter and selected cutting conditions to remove BUE by the experimental investigation. The experiment
was planned with Taguchi method based on the orthogonal array of design factors such as coating, rake angle,
number of tooth, cutting speed, feed rate. Response table was obtained from the number of built-up edge generated
at tooth. The optimized tool geometry and cutting conditions could be determined through response table. In
addition, the relative effect of factors was identified by the analysis of variance (ANOVA). Finally, coating and
cutting speed turned out important factors for BUE.
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Fig. 1 Metal slitting saw and knitting needle
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Fig. 2 Schematic diagram of experimental setup
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Fig. 3 Drawing of the milling cutter
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Table 1 The factors and the corresponding levels

Factor Rake Clearance No. of tooth Land width
Level angle(® ) angle(® ) ()

1 5 5 18 0.4

2 6 10 22 0.6

3 7 12 24 0.8

Table 2 The factors and the corresponding levels

actor Coating Rake No. of Cutting(speed Feed rate
Level angle(® )| tooth (m/min) (mm/tooth)
1 non-coat ing 3 18 | 94.25(1500rpm) | 0.00041
2 coating 6 22 157.1(2500rpm) | 0.00071
3 - 9 24 [219.91(3500rpm){ 0.00101
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Table 3 S/N ratio(dB)

No. 1 2 3 4 5 6 7 8 9
S/N  |-17.4|-17.8|-14.1]|-18.5[-18.5|-17.8|-17.8}-19.4|-16.9

Table 4 Response table (dB)

Factor Clearance No. of 3
Rake angle Land width
Level angle tooth
1 ~16.43 -17.9 -18.2 ~-17.6
2 -18.3 -18.6 ~17.73 -17.3
3 -18.03 -16.27 -16.8 -16.5
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Table 5 S/N ratio(dB)
Bxperiment | ) 1y | g | 4 | 5 | 6 7 18| 9
No.
S/N ratio |-5.64(-8.92|-16.7(-7.12|-10.1}~17.18|-15.24} -19 |-19.1
Exp“‘N‘O”“e“‘ 0112|138 w}| 15| 16| 17|18
S/N ratio |-13.2|-1.54(-1.38|-8.50| -6 |-22.92{ -6.8 |-5.36|-1.38
Table 6 Response table(dB)
Factor Coating [Rake angle|No. of tooth Cutting | Feed
Level speed rate
1 -13.22 7.9 -9.43 -10.28 | ~7.83
2 -7.46 -11.97 ~8.48 -7.6 1-11.02
3 -11.14 -13.12 -13.15 |-12.17
Table 7 Variance analysis
Degree | Sum of | Average of | Variance | Percentage
of square sum of ratio [contribution
freedom | (dB) square F (%)
Coating 1 149.1 1491 3.18 19.6 -
Rake angle 2 55.77 27.88 0.59 7.3
No. of tooth 2 71.84 35.92 0.75 9.4
Cutting speed 2 92.47 46.24 0.98 12.14
Feed rate 2 60.54 30.27 0.63 8
Error 8 331.62 47.37
Stum 17 761.29
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(a) Non-coated cutter

(b) Coated cutter
Fig. 4 Photograph of flank and side face
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Table 8 S/N ratio(dB)

Brperiment | ) 0y | 3 L4 s |67 |8 | 9
No.
S/N ratio {-17.65{-11.69]-12.84|-16.15|-10.31|-14.23[-13.62|-11.69| -20
E’“’e"o"“e“‘ o | |12 | 3luls]e]| w8
N,
S/X ratio | -10.7 | -4.77 [ -9.16 | -3.98 |-10.41] -20 {-12,24|-12.43| -5.12
Table 9 Response table(dB)
Factor . No. Cutting
C Raki 1 Feed
Level oating | Rake angle | .~ speed eed rate
1 -14.24 -11.14 -12.39 | -15.17 ~10.97
2 -9.87 -12.52 ~10.22 -8.98 -13.49
3 -12.52 -13.56 | -12.02 -11.71
Table 10 Variance analysis
Degree of | Sum of |Average of sum| Variance Percentage
freedon {square(dB)| of square(dB) | ratic (F) | contribution (%)
Coating 1 86.12 8.12 5.93 23.6
Rake angle 2 7.6 3.8 0.26 2.08
No. of tooth 2 34.52 17.26 1.19 9.46
Cutting speed 2 114.88 57.44 3.96 31.48
Feed rate 2 20.14 10.07 0.69 5.52
Error 3 101.16 14.52
Sun 17 364.93
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Fig. 5 Graph of surface roughness
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Table A-1 Orthogonal array(L9)

Experiment No.|Rake angle Clearance | No. of Land width
angle tooth
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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