" The Japan Society for Precision Engineering

K B OB £+

SRBHIC & 1T BRI HKRE D BT 895 /I

‘-‘r’lﬂ‘? J” %’J Z skok ok

Analytical Prediction of Cutting Processes with Grains in High Speed Grinding

Yoshifumi OHBUCHI and Toshiyuki OBIKAWA

Statistical distribution of the effective rake angle of abrasive grains is obtained by applying kinematically
admissible velocity fields to a huge number of three-dimensional micro-cutting processes with abrasive grains which
randomly differ in the normal rake angle, inclination angle and cutting edge angles. Based on this distribution,
which has a peak around the effective rake angle of — 5 degree, thermo-elastic-plastic FEM analyses of orthogonal
cutting processes are conducted for rake angle — 60 to 30 degrees. Other cutting conditions are also widely
changed to investigate the influence of cutting speed, rake angle, undeformed chip thickness and tool material on
grinding characteristics. Simulated results show a critical undeformed chip thickness under which chip forms with
great difficulty. The critical value decreases as cutting speed or rake angle increases. This may result in better
grinding performances and ground surface integrity in high or ultra-high speed grinding.
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Fig.1 Definition of angles in cutting with abrasive grain
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Fig.2 FEM mesh for cutting with large negative rake angle
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Fig.3 Probability density of effective rake angle
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Fig.4 Typical deformation when cutting with large nega-
tive rake angle. Cutting conditions: work, carbon
steel SK-5; tool, WA (rake angle, —45°); cutting
speed, 30m/s; undeformed chip thickness, (a)100um,
(b)1um
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Fig.5 Chip formation map. Cutting conditions: work, car-
bon steel SK-5; tool, WA (rake angle, — 45°)
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Fig.6 Chip formation simulated and photomicrograph of
partially formed chip with — 60° rake. Cutting con-
ditions: work, carbon steel ((a) SK-5, (b) S$45C);
tool, diamond; cutting speed, 20m/s; undeformed
chip thickness 75pum
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Fig.7 Chip formation map for — 30° rake. Other cutting
conditions are the same as in Fig.5.
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Fig.8 Chip formation with — 15 to 15° rake. Cutting
speed, 30m/s(left) and 300m/s(right); other cutting
conditions are the same as in Fig.4(b).
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Fig.9 Chip formation map for — 15° rake. Other cutting
conditions are the same as in Fig.5.
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Table 1 Material properties (280 - 1100K)
Density WA 3920 - 0.1007T (7'<500K)
kg/m3 3903 — 0.0667T (500K<T<800K)
3946 — 0.1207 (T >800K)
cBN 3480
diamond | 3515
Specific heat WA 387.5+ 1.31T (T <500K)
J/(kg-K) 805.0 + 0.470T (500K<T'<800K)
1037 + 0.1807 (T > 800K)
cBN 1.689T
diamond | 2.667T (T <420K)
687.4 + 1.03T (T >420K)
Thermal WA 59.70 — 0.0790T (T < 500K)
conductivity 36.53 — 0.0327T (500K <T<800K)
W/(m-K) 17.23 — 0.00854T (T >800K)
¢BN 600
diamond | 2000
Frictional WA 0.4
characteristic cBN 0.4
constant diamond | 0.08
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Fig.10 Maximum temperatures of work and tool. Cutting
conditions: tool, WA, ¢cBN and diamond; cutting
speed, 300m/s; undeformed chip thickness, 1um
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