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Shear Angle Variation Depending on Chip-Tool Friction
in Orthogonal Cutting
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Abstract

Through the careful interpretation of the results of the cutting tests carried out in this study,
it is found that under the cutting conditions when the internal shear of the chips take place the
cutting can be treated essentially as a steady state problem. A new shear angle equation has been
developed employing the conditions of force and moment equilibrium about the tool edge and the
stress distribution model suggested by Zorev. The equation contains the chip-tool contact length

C and stress distribution index n as important parameters.
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Table 1 Cutting test conditions
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Cutting speed
Feed rate
Width of cut
Rake angle
Cutting fluid

©15.75 30.44 37.38 44.06 65.42 74.76 88.12 108.14 130.84 186.92 216.92 m/min
©0.061  0.079 0.099 0.122 0.159 0.176 mm/rev

: 2.00mm/(const.)

10 deg.

. none
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Table 2 Metal cutting data (steel) work material : SPPS 38, rake angle(q) : Odeg
width of cut : 2mm, cutting fluid : none

f V. Fe Fo é )4 c © 4 4]
mm/rev m/min kgf kgf deg deg mm kgf/mm? ,
*0.061 15.75 34.73 17.64 22.53 26.92 0.845 0.507 2.824 79.53
*0.061 30.44 30.00 15.69 24.00 27.60 0.756 0.523 2.691 70.09
*0.061 37.38 28.42 15.69 25.48 28.90 0.695 0.552 2.574 66.66
*0.061 44.06 34.74 21.57 11.53 31.83 0.710 0.620 5.105 48.70
*0.061 65.42 44.21  39.21 7.65 41.56 0.720 0.886 7.576 42.12
0.061 74.76 43.42  39.21 7.78 42.08 0.720 0.903  7.448 41.88
0.061 88.12 41.84 35.29 8.16 40.14 0.680 0.843 7.110 42.39
0.061 108.14 41.05  35.29 8.60 40.68 0.660 0.859  6.757 43.31
0.061 130.84 41.05 37.25 9.53 42.22 0.630 0.907 6.406 44.89
0.061 186.92 39.47 37.25 10.66 43.34 0.620 0.943 5.975 45.33
0.061 216.92 38.68 37.25 10.85 43.92 0.610 0.963 5.642 46.27
*0.079 15.75 37.89 19.60 26.56 27.35 0.940 0.517  2.500 71.11
*0.079 30.44 44.21 27.45 22.79 31.83 0.960 0.620 2.799 73.85
*0.079 37.88 64.73  58.82 7.67 42.26 1.150 0.908  7.552 47.59
*0.079 44.06 63.15 56.86 7.66 41.99 1.040 0.900  7.564 46.43
0.079 65.42 56.84 52.94 8.30 42.96 0.880 0.931 6.994 44.44
0.079 74.76 56.05 50.98 8.63 42.28 0.850 0.909 6.734 45.39
0.079 88.12 55.26  49.01 9.10 41.26 0.790 0.886  6.400 46.87
0.079 108.14 53.68  47.05 9.64 41.23 0.760 0.876  6.055 47.74
0.079 130.84 53.68 47.05 10.06 41.23 0.735 0.876 5.969 48.30
0.079 186.92 53.68 47.05 10.33 41.23 0.720 0.876 5.638 50.57
0.079 216.92 53.68  47.05 10.55 47.23 0.700 0.876 5.263 53.59
*0.099 15.75 47.36 25.49 25.55 28.28 1.170 0.538  2.569 69.13
*0.099 30.44 64.73 52.94 24.22 39.27 1.260 0.817 2.672 77.31
*0.099 37.38 74.21 66.66 7.77 41.93 1.310 0.898  7.459 44.07
0.099 44.06 72.63 64.70 8.16 41.69 1.145 0.890 7.113 44.97
0.099 65.42 66.31 58.82 8.93 41.57 1.050 0.887 6.520 44.19
0.099 74.76 64.73 56.86 9.32 41.29 0.980 0.878 6.255 44.73
0.099 88.12 64.73 56.86 10.52 41.29 0.965 0.878  6.048 45.97
0.099 108.14 63.15 56.86 11.46 41.99 0.940 0.900 5.823 46.03
0.099 130.84 61.57 54.90 10.11 41.72 0.920 0.891 5.530 46.84
0.099 186.92 61.57 54.90 10.92 41.72 0.895 0.891 5.238 48.85
0.099 216.92 58.42 52.94 12.73 42.18 0.860 0.906  4.948 48.42
*0.122 15.75 50.52 27.45 26.94 28.63 0.398 0.546 2.475 60.12
*0.122 30.44 94.73 82.35 8.20 41.00 1.310 0.869 7.078 47.97
0.122 37.38 82.10 72.54 8.91 41.46 1.265 0.883 6.533 44.36
0.122 44.06 77.36 66.66 9.33 40.75 1.182 0.861 6.249 43.56
0.122 65.42 72.63  62.74 9.60 40.82 1.140 0.863 6.079 41.80

0.122 74.76 72.63 62.74 10.14 40.82 1.090 0.863 5.769 43.62
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0.122 88.12 72.63 62.74 10.80
0.122 108.14 71.06 62.74 11.13
0.122 130.84 71.05 62.74 11.40
0.122 186.92 71.05 62.74 11.32
0.122 216.92 69.47 60.78 12.82
*0.159 15.75 66.32  29.40 27.00
*0.159 30.44 104.21  90.19 9.32
0.159 37.38 90.94 77.64 9.72
0.159 44.06 90.94 74.11 9.82
0.159 65.42 85.25 70.58 10.81
0.159 74.76 85.25 70.58 11.72
0.159 88.12 85.25 70.58 12.83
0.159 108.14 83.83 70.58 13.17
0.159 130.84 81.54 69.05 13.93
0.159 186.92 — — 13.16
0.15% 216.92 — — —

*0.176 15.75 71.056 33.33 25.20
*0.176 30.44 120.00  100.00 9.23
0.176 37.38 110.52  88.23 9.96
0.176 44.06 104.21  84.31 10.99
0.176 65.42 98.63 81.31 11.23
0.176 74.76 97.89 81.31 11.44
0.176 88.12 96.20  80.05 11.57
0.176 104.14 94.73 80.05 11.94
0.176 130.84 - - 12.39
0.176 186.92 — — —

0.176 216.92 — — —

40.82 1.060 0.863 5.428 45.78
41.44 1.050 0.883 5.278 45.57
41.44 0.020 0.883 5.160 45.37
41.44 1.000 0.883 4.909 48.15
41.18 9.780 0.874 4.621 49.34
23.90 1.500 0.443 2.471 65.30
40.87 1.532 0.865  6.252 44.95
40.48 1.450 0.853  6.007 40.63
39.17 1.380 0.814 5.949 41.30
39.62 1.310 0.827 5.551 40.84
39.62 1.280 0.827 5.332 42.16
39.62 1.2565 0.827 5.097 43.69
40.09 1.225 0.841 4.916 44.01
40.25 1.025 0.846  4.767 43.77
— 1.185 — — —
25.13 1.595 0.469  2.595 60.59
39.80 1.660 0.883 6.299 46.76
38.60 1.495 0.798  5.857 46.05
38.94 1.400 0.808 5.341 46.71
39.50 1.380 0.824  5.243 44.70
39.71 1.360 0.830 5.074 45.45
39.76 1.340 0.832 4.625 47.90
40.19 1.320 0.845 4.496 47.98
— 1.300 - — —
— 1.255 — — —
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Fig. 3 SEM photographs of tool rake face (f:0.061
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Fig. 4 Photomicrograph of cross section in a plane
perpendicular to the cutting edge showing
fractured portion of the rake face of the tool
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