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Measurement of Tool-Workpiece Interface Temperature by Two-Color Pyrometer
Takashi Uepa, Masahiko Sato and Tadaaki Sucita

Temperature of interface between a cutting tool and a workpiece is measured using two-color pyrometer with
a fused fiber coupler. A conical tool is used as the cutting tool which is made of translucent alumina sintered under
HIP, and 0.55% carbon steel is used as a workpiece. The infrared rays radiated from the interface and transmitted
through the conical tool are accepted by a fused fiber coupler and led to two infrared detectors of different spectral
sensitivity. Temperature is obtained by calculating the ratio of the output voltage from these two detectors. The
results obtained are as follows. The temperature increases very rapidly and reaches 1 000°C at about 40 us after
the beginning of cutting. The rate of increase of temperature is very great : about 10® °C/s at the cutting speed of
1500 m/min. The temperature increases with the increase of cutting speed, but at a speed faster than 1 000 m/min
its influence is small. The temperature shows a tendency to saturate about 1300-1400°C as the cutting speed

increases.

Key words: tool-workpiece interface temperature, temperature measurement, two-color pyrometer, fused fiber

coupler, optical fiber, infrared radiation pyrometer
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Fig. 2 Experimental set-up

Table1 Cutting conditions

Cutting speed Vw=100-2 300 m/min
Depth of cut a=30 gm
Work material; S55C
Length; 6 mm
Conical tool
Material; Al.Os (sintered under HIP)
Conical angle; 120°
Nose radius; 100 yum
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Fig. 5 Illustration of incidence face of optical fiber
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Fig. 6 Influence of measuring distance on temperature

Table 2 Characteristics of fused fiber
coupler

Graded index type quartz fiber

Core diameter d.=100 ¢m

Cladding diameter dca=150 #m
Refractive index of core (peak) #n1=1.47
Refractive index difference 4=1.9%
Numerical aperture Na=0.29

Focusing constant g=0.0039 1/xm
Divided ratio; 1 : 1

Loss; 0.18 dB

Temperature
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Ratio of output voltage
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Fig. 7 Calibration curve
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