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Optimization of Cutting Tool for High Speed Machining
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Abstract

Theoretical considerations in the development of new cutting tool materials for high speed
machining is presented. The progressive wear of cutting tools is assumed to consist of the
abrasive and solution components as major modes. Theoretical calculations of relative wear rates
between various tool materials based on the two modes are possible using their hardness and
solubility data. Assuming cementite as the major hard particles in machining steels, relative wear
rates of possible tool materials were calculated. The results indicate that Al,O; in oxides, HfN
in nitrides and HfC in carbides are the optimal tool materials from the view point of mechanical
and thermochemical wear resistance. And several methods for improving the fracture toughness
of the above tool materials are suggested.
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Table 1 Predicted abrasive wear rates relative to
TiC at various temperatures
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Table 2 Predicted chemical solution wear rates
relative to TiC at various temperatures

Tool Temperature (K) Tool Temperature (K)
materials 800 1000 1200 materials 800 1000 1200
HIN 1.1 0.28 0.073 HIN 0.00004 | 0.0009 0.0000
ALO, 3.5 2.4 1.7 ALO; 0.00000 | 0.0000 0.0000
TiO, 12 2.2 2.0 TiO, 0.00000 | 0.0000 0.0000
HfC 0.55 0.34 0.20 HfC 0.015 0.035 0.056
TiO 3.2 2.8 4.2 TiO 0.00000 | 0.0000 0.0003
TiN 4.8 2.9 1.8 TiN 0.0018 0.0018 0.074
HfB, 1.7 1.6 1.5 HfB, 0.25 0.32 0.33
ZrC 1.0 0.79 0.61 ZrC 0.24 0.36 0.38
TaC 1.2 1.0 1.3 TaC 1.2 1.1 0.89
TiC 1.0 1.0 1.0 TiC 1.0 1.0 1.0
NbC 3.3 2.2 1.4 NbC 2.5 1.9 1.4
TiB, 0.82 0.89 0.97 TiB, 8.5 5.3 3.5
SisN, 0.22 0.03 0.009 SisN, 300 250 200
wcC 0.063 0.008 0.001 WC 54000 5200 980
Mo,C 79 110 55 Mo,C 170000 12000 1900
SiC 0.014 0.004 0.004 SiC 350000 24000 3700
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Table 3 Ratio of abrasive and solution wear for
machining SM40 with TiC

Temperature (K) 800 1000 1200
Abrasive wear 0.962 0.083 0.026
Solution wear 0.038 0.917 0.974
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Table 4 Predicted total wear rates relative to TiC at various temperatures with test results
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Tool Temperature (K) Text

materials 800 1000 1200 results(xm/min)
HfN 1.0582 0.0242 0.0077 0.12
ALG; 3.3670 0.2 0.0442 0.28
TiG, 11.5440 0.1833 0.052
HfC 0.5297 0.0604 0.0597
TiO 3.0784 0.2333 0.1095
TiN 4.6177 0.2582 0.1189 0.32
HiB, 1.6449 0.4267 0.36
ZsC 0.9711 0.3958 0.386
TaC 1.2 1.0992 0.900
TiC 1.0 1.0 1.0 0.87
NbC 3.2696 1.9250 1.4
TiB. 1.1118 4.9250 3.4342
SisN, 11.6 229 195
WC 2052 4766 955 18.63
Mo,C 6536 11009 1852
SiC 13300 22000 3604

Text conditions : Cutting speed : 180m/min
Feed :0.2m/rev
Depth of cut : 1.0mm
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HIN 1240 1070 900
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TiO 1090 750 470
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ZxC 1260 910 660
TaC 1200 870 590
TiC 1260 870 610
NbC 1070 790 580
TiB, 1290 890 630
Si;N, 1620 1500 1380
wC 1940 1810 1680
Mo,C 670 430 280
SiC 2380 1940 1596
Fe,C 510 370 260
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2. Excess Free Energies of Solution of Tool
Constituents in Ferrite®

Tool Excess free energy
constifuent (Cal/mole)
Ti —6900
Zr —5000
Hf —2100
Nb —100
Ta —200
Mo —5000
w — 7100
Si —16700
Al —10700
B —2100
C +7600
N +5700
0 | —12600




