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Chip Forming Temperature on Micro Cutting (2nd Report)
— Influence of Cutting Speed and Material Properties on Thermal Partition Coefficient —

Takashi Uepa, Masahiko Sato and Tadaaki SuciTa

The influence of cutting speed, and thermal properties of the work material and the tool material on the thermal
partition coefficient is investigated theoretically and experimentally. The temperature at the top of a conical tool
is measured immediately after micro chip forming using an infrared radiation pyrometer with an optical fiber. A
carbon steel, a titanium, a molybdenum and a tungsten are used as work materials, and a silicon nitride SisN, a
zirconia ZrO: and a diamond are used as tool materials. The cutting temperature increases in proportion to the 1/2
power of cutting speed and saturates to the melting point of work material. The fraction of heat conducted into
the cutting tool is independent on the cutting speed, and it becomes larger as the thermal conductivity of workpiece
is smaller or that of tool material is larger. In the diamond tool which has the highest thermal conductivity, its
thermal partition coefficient is the highest, but the tool tip temperature is the lowest.
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Table 1 Thermal properties of SisN4 used in FEM analysis

k(W/m-K=0.399%10"°7°~-0.185x 107" T +0.332 X 10°
¢ (J/kg*K™)=-0.324x107*T?+0.964 T +0.536 x 10°

k; Thermal conductivity, c¢; Specific heat, T'; Temperature K

Table 2 Thermal properties of tools and workpieces

SisNy ZrO, Diamond Ti S55C Mo w
Specific heat cal/kg*K™' 190.5 114.3 124.0 124.3 110.0 59.1 31.5
Thermal conductivity W/me+K™' | 28.0 3.0 21.9 53.7 138.0 178.0
Density kg/m?® 3.23x10° 5.56x10° 3.52x10° 4.50%10° 7.83%x10° 1.02x10* 1.94x10*
Thermal diffusivity m?*/s 1.08X107° | 1.12X107° [ 4.92X107* | 9.31X107® | 1.65X107° | 5.44X107° | 6.95%x107°
Melting point  °C 1668 1538 2620 3410
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Table 3 Cutting conditions

Work material | S55C, Ti, Mo, W
Tool material | Si;N,, ZrO,, Diamond
Conical angle | 120°

Cutting speed | 103.6-1 347 m/min
Depth of cut 30 #m
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