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Chip Forming Temperature on Micro Cutting (1st Report)
—Measurement of Tool Tip Temperature by Infrared Radiation Pyrometer with Optical Fiber—

Takashi Uepa, Masahiko Sato, Yasuyuki Kanapa and Tadaaki Suvcita

A temperature at the tip of a conical cutting tool is measured immediately after micro chip forming using an
infrared radiation pyrometer with an optical fiber. The fundamental structure of this pyrometer is that the infrared
flux radiated from the tip of the conical cutting tool after cutting is accepted and transmitted to an infrared
detector InSb by an optical fiber. The measurement accurancy when applying the pyrometer to the experiment is
investigated theoretically. The temperature at the tip of the conical tool at various cooling times after cutting is
measured using this pyrometer. A carbon steel and a tungsten are used as workpieces. A cooling characteristic of
the tool is analyzed by heat transfer theory. Applying the theoretical results to the experimental results, the
temperature of the tip of the conical tool just after cutting is estimated to be 1 500°C for carbon steel and 2 400°C
for tungsten; 1500°C is almost equal to the melting point of carbon steel.
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Fig. 1 Experimental arrangement
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Table1 Experimental
conditions

Cutting speed | 1347 m/min
Tool material | SisN,
Conical angle | 120°

Work material | S55C, W
Depth of cut

{
Cladding
]
B

. I N

Targe(tea Core Optical fiber
ar N

—0bject

30 #m

Table 2 Thermal properties of tool and work materials

SisNa S55C w

Specific heat J/(kg*K) 8.00Xx10? 4.62x10? 1.32x10?
Thermal conductivity W/(m<K) | 28.0 53.7 178.0

Condenser

Density kg/m? 3.23X10* | 7.83x10* 1.94%x10*
Thermal diffusivity m?/s 1.08x107% [ 1.65%107° | 6.95%X10"°
Melting point °C — 1540 3410
Ry R.
-
C
£ Cs Rs £,
HOutput
0P amp. 1 ; 0P amp.z
4
InSb 1

cell =

Fig. 2 Structure of I. R. P. using optical fiber system
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Fig. 5 Calibration curves of I. R. P.
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Fig. 6 Model to calculate the power received from heat source
which has temperature distribution
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Fig. 7 Variation of total acceptable energy
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Fig. 9 Characteristics of heating and cooling on surface temper-
ature of cutting tool tip
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