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Measurement of Temperature Field in the Primary Deformation Zone in 2-D Orthogonal
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The present study develops a method for directly measuring the temperature field in the primary
deformation zone with a high spatial resolution during 2-D orthogonal machining. This is enabled
by the use of a high-speed, charge-coupled device (CCD) based, infra-red (IR) imaging system
which allows characteristics of the temperature field such as the location and magnitude of the
highest temperature and temperature gradient in the primary deformation zone to be identified.
Based on these data, the relation between the machining temperature and the cutting conditions
is investigated.
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Table 1 Cutting conditions

Workpiece Material Zinc (Purity: 99.95%)
Workpiece Size 200mmx50mmx1.5mm
Tool Insert Code TCGW16T304

Rake angle 0°, +5°, -10°

Clearance angle 7°,2°,17°

Cutting edge radius ~20um

Cutting speed 100, 500, 1000 mm/sec
Depth of cut 50, 100, 150um

Table 2 Nominal properties of zinc

Density, p (kg/m3) 7140
Hardness (Hv) 48.3

Specific heat capacity, ¢ (J/kgK) 388
Thermal conductivity, k (W/mK) 116

Fig. 2 Schematic showing IR imaging system used for
direct measurement of the temperature field in the

primary deformation zone
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Fig. 3 An example of calibration curve (integration time:
300ps, workpiece: zinc)
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Fig. 5 Temperature rise in the workpiece when cutting

zinc with varying cutting speed (depth of cut:
150um, rake angle: 0°)
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Fig. 6 Temperature rise profiles in the shear plane derived
from the temperature fields shown in Fig. 5
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Fig. 8 Temperature rise in the workpiece when cutting

zinc with varying depth of cut (cutting speed:

1000 mm/sec, rake angle: 0°)
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Fig. 9 Temperature rise profiles in the shear plane derived
from the temperature fields shown in Fig. 8
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