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The material removal mechanism in machining is significantly affected by the cutting edge
geometry. Its effect becomes even more substantial when the depth of cut is relatively small as
compared to the characteristic length which represents the shape and size of the cutting edge.
Conventionally, radius or focal length has been employed as the characteristic length with the
assumption that the shape of cutting edge is round or parabolic. However, in reality, there could
be various ways to determine the radius or focal length even for the same tool edge profile,
depending on the region to be considered as cutting edge in the measured profile and the
constraints to be set in constructing the best fitted circle or parabola. In this regard, the present
study proposes various models to determine the characteristic length in terms of radius or focal
length. Their physical compatibility are validated by carrying out 2D orthogonal cutting
experiments using inserts with a wide range of characteristic length (30 — 180 um in terms of
radius) and then by investigating the correlation between the characteristic length and the cutting
forces. Such validation is based on the common belief that the larger the characteristic length is,
the blunter the cutting edge is and the higher the cutting forces are. Interestingly, the results
showed that the correlation is higher for the radius or focal length obtained with a constraint that
the center of best fitted circle or the focus of the best fitted parabola should be on the bisectional

line of the wedge angle of tool.
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Fig. 1 Proposed models for representation of cutting
edge geometry
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Table 1 Characteristic length (CL, um) calculated for the
proposed models

Insert
No. Model 1 | Model 2 | Model 3 | Model 4 | Model 5
1 56.33 | 41.70 | 23.89 15.48 | 39.99
2 50.60 | 3522 | 21.83 13.55 | 33.28
3 4570 | 44.39 | 20.16 19.21 | 39.97
4 58.09 | 57.26 | 24.19 | 2332 | 60.22
5 65.65 | 65.89 | 28.38 | 28.50 | 75.10
6 69.48 | 70.01 30.33 3043 | 78.08
7 83.79 | 89.71 36.85 | 39.16 | 91.96
8 79.53 | 78.48 | 34.54 | 33.83 | 84.31
9 88.64 | 8829 | 3825 | 3799 | 99.86
10 88.53 89.37 | 39.69 | 39.99 | 98.58
11 9440 | 101.44 | 42.17 | 45.56 | 105.40
12 | 131.78 | 132.28 | 57.65 | 57.87 | 148.61
13 51.42 51.15 22.37 22.02 51.91
14 7022 | 68.82 | 30.73 | 29.76 | 89.14
15 99.44 | 94.84 | 4021 37.15 | 109.13
16 73.59 | 73.78 | 31.56 | 3148 | 78.25
17 69.08 | 70.60 | 26.14 | 26.13 | 58.59
18 84.04 | 63.15 | 31.96 | 23.44 | 46.10
19 50.25 | 39.06 | 22.08 15.60 | 38.93
20 8528 | 77.42 | 38.23 33.51 | 71.03
21 58.85 55.05 | 2556 | 23.06 | 60.88
22 69.13 | 41.55 | 28.06 15.59 | 33.96
23 41.94 | 40.81 16.77 14.71 | 30.17
24 50.32 | 55.80 | 2042 | 22.03 | 38.04
25 | 108.84 | 65.84 | 38.22 | 23.30 | 139.40
26 | 128.09 | 77.53 | 48.55 | 29.05 | 160.11
27 | 115.81 66.22 | 4145 | 23.95 | 165.65
28 8597 | 57.10 | 3229 | 20.99 | 104.63
29 | 102.18 | 68.22 | 36.82 | 24.27 | 142.03
30 76.15 | 4499 | 27.72 16.26 | 79.77
Zgo] A= 71 A9 column o ZAH FF FHA
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Fig. 6 Correlation between characteristic length and
cutting force (depth of cut: 100pm, rake angle: 0°)
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Fig. 7 Correlation between characteristic length and
thrust force (depth of cut: 100um, rake angle: 0°)

Table 2 Summary of cutting conditions

Conditions Value
Cutting velocity(mm/sec) 100
Length of cut(mm) 100
50, 100, 150
5,0,-10

Depth of cut(um)

Rake angle(degree)
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Table 3 Correlation coefficient(R) between the characteristic length and cutting forces

Rake angle 5 0 -10 Standard
(Degree) Mean deviation
Depth(ium) 50 | 100 | 150 | 50 | 100 | 150 | 50 | 100 | 150
_ |[Model 1] 0.88 | 0.84 | 0.82 | 0.66 | 0.67 | 0.71 | 045 | 033 | 0.27 | 0.63 0.22
2 2| Model2 | 0.86 | 0.86 | 0.89 | 0.84 | 092 | 0.89 | 0.78 | 0.74 | 0.70 | 0.83 0.07
é;: Model 3| 0.93 | 0.90 | 091 | 0.78 | 0.82 | 0.86 | 0.62 | 0.53 | 047 | 0.76 0.17
S % |Model4| 0.79 | 081 | 0.84 | 0.83 | 0.92 | 0.88 | 0.79 | 078 | 0.74 | 0.82 0.05
Model 5| 0.56 | 0.52 | 048 | 0.61 | 0.58 | 0.66 | 0.51 | 039 | 030 | 0.51 0.11
Rake angle 5 0 10 Standard
(Degree) Mean ..
Depth(um) | 50 | 100 | 150 | 50 | 100 | 150 | 50 | 100 | 150 deviation
. [Model 1] 087 | 0.83 | 0.81 | 0.74 | 0.66 | 0.70 | 0.50 | 042 | 0.38 | 0.66 0.18
2 2| Model2 | 0.87 | 0.86 | 0.89 | 0.94 | 093 | 0.95 | 0.86 | 0.84 | 0.82 | 0.88 0.05
S | Model 3| 093 [ 0.91 | 0.91 | 0.87 | 0.81 | 0.85 | 0.70 | 0.64 | 0.60 | 0.80 0.12
S [ Model 4| 080 | 0.81 | 0.84 | 092 | 092 | 0.94 | 0.88 | 0.87 [ 0.85 | 085 0.05
Model 5| 0.56 | 0.50 | 0.47 | 0.68 | 0.57 | 062 | 0.55 | 046 | 041 | 0.41 0.08
& S A dde FaeA Fak Soldolrt Mol 2H (R 4)°] wedge angle 9] o] SR Aol
0% F7E AT wo A4 g F43 B Qlojof Foke T& AL FEOoE AL Y
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