Measurement of Tool-Chip Interface Temperature
in Turning Using Two-Color Pyrometer
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Measurcment of Tool-Chip Interface Temperature in Turning
Using Two-Color Pyrometer

Mahfudz Al Huda, Keiji YAMADA and Takashi UEDA

The temperature of interface between a cutting tool and a chip in dry and wel lurning is
measured using two-color pyrometer with a fused fiber coupler. A translucent Alumina sintered
under HIP (Hot Isostatic Pressing) is used as the cutting tool, and 0.45% carbon steel (S45C) is used
.as a workpiece. The water soluble [luid (Sunlight TC-800) is used as the cutting fluid, and is
introduced onto the rake surface of the tool with a nozzle (diameter: 5 mm). The infrared rays
radiated and transmitted through the translucent tool are accepted by an optical fiber, and separated
to two optical fibers at fused fiber coupler. Each fiber leads the infrared ray, respectively, to two
infrared detectors of different spectral sensitivity. T'emperature is obtained by calculating the ratio
of the output voltage from these two detectors. The resull obtained are as follows: (1) The
technique developed is suitable for measuring the interface temperature between a cutting tool and
a chip. (2) The interface temperature is highly affected by the cutting speed, and the temperature
increases very rapidly with the increase of cutting speed. (3) The interface temperature reduced 30°C
in the wet cutting. Finally, the tempcrature distributions on the cutting too! and the work material

are analyzed by using a finite element method (FEM). Good agreement is obtained between the

analytical resulls and the cxperimental ones.

Key Words: Cutting Tool, Cutting Temperature, Cutting Fluid, Finite Element Method, Tempera-
ture Measurement, Tool-Chip Interface Temperature, Two-Color Pyromcter, Infra-
red Radiation Pyrometer, Wet Cutting
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Tablel Experimental conditions

Tool material : ALUMINA (A1203)
Rake angle, 157
Clearance angle, ¢ : 5°
Nose radius, r, : 0.4 mm
‘Work material : annealed 0.45% carbon steel (S45C)

(250HV1,210HV 1)
Cutting conditions:

Cutting speed, V' : 100 - 300 m/min
Depthof cut,d  :0.6-1.0mm
Feed rate, f : 0.2 mm/rev
Coolant : dry and wet
Cutting fluid : water soluble W2-1 (1:50 in water)
(Sunlight TC-800)
Temperature :20°C
Flow rate : 5.40 l/min
Nozzle angle :30°

Nozzle diameter : 5 mm

Cutting tool

Coolant nozzle

Optical fiber

Strain gauge

Two-color pyrometer |

Fig.1 Schematic illustration of experimental set-up
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Fig.3 Hlustration of optical fiber setting



i Qptical fer Table2 Characteristics of the optical fiber
Fused optical coupler X o e st

Cladding Condenser Graded index type of quartz fiber
Core Core diameter, d, : 100 gm
easuring area Ge ) Cladding diameter, d_, : 150 um
a Refractive index of core (peak). n, . 1.47
Object Ge filter Refractive index difference, A 195 %
) Numerical aperture, N, :0.29
o T e e e e = = —— Focusing constant, g :0.00395 lium
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Fig. 7 Ilustration of energy accepted at incidence face
of optical fiber
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Fig. 8 Influence of measuring distance on measured
temperature when the object has 4th power tem-
perature distribution
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Fig. 9 Problem regions and some boundary conditions

Fig. 10 Typical element mesh of the problem region
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Table 3 Ex;ﬁerimental data used in calculation

Tool material : Alumina (A1,0))
Work material : S45C

Tool-chip contact length, a : 0.8 mm

Cutting rato, 7, 1 0.57

Rake angle, a :-5°

Shear angle, ¢ 12847

Heat-transfer coefficient, h
Cutting conditions:

: 107, 105, 21000 W/mK

Cutting speed, V : 100 - 300 m/min
Depth of cut, d :0.6- 1.0 mm
Feed rate, f 1 0.2 mm/rev.
Coolant : dry and wet

Table4 Thermal properties of tool and workpiece

K WimK|4,255x104xT0H417 (0<T<1500)

Vg TS, g s,
ALO ¢ JrkgK 3.24%10 3 T5-1.35% 108 T44+2.12x [ 0% T?

-1.61x102xT2+6.59xT-147.26 (0<T<s1500)
p kg/m’

-1.44x [ 05%T?-1.70x10*xT+59.63 (0<T<1050)

3.98%10*
K WimK 2.10x10°xT+2.167  (1050<7T<1500)

3.88x10xT*-2.51x10*xT+446.36 (0<T<950)

S45C» C JkgK 16.24xT-14659 (950«T<1000)
-16.16%T+20741 (1000<T<1050)
-0.75xT+1410.5 (1050<T<1500)

p kg/m® | 7.844x10?
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Fig.11 A sample of output wavc from the pyrometer

(V=200 m/min, d=0.8 mm)
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Fig. 12 A sample of cutput wave from the strain gauge
(Principal force Fp, V=200m/min, d=0.8
mm)
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Fig. 13 Influence of cutting speed on the interface tem-
perature
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Fig.14 Influence of depth of cut on the interface tem-
' perature



0.5 mm .
(a) V=100m/min, d=0.8mm (b) V=150m/min, d=08mm (¢)

1100 -
- V=200 m/min
O A V=175 m/min
- 900 | -+ V=150 m/min
- V=125 m/min
g 700 | \ | V=100 m/min
E W 7=0.8 mm
£ s00
o
300 1 il A 1

00 02 04 06 08 10
Distance from cutting edge mm -

Fig.16 Temperature distributions on the rake face for
several cutting speeds (dry cutting)
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Fig. 17 Illustration of energy accepted by the fiber
when the rake face has temperalure distribu-
tion.
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Fig.20 Isothemal lines for 0, 10, 10° W/{m’K) of heat-transfer coeffisient (V' —250 m/min, ¢ —0.8 mm)
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Fig.21 Influence of convective heat-transfer coefficient
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