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Study on Characteristics of Cryogenic Machining Process of Titanium

Alloy at a Low Cutting Speed
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Cryogenic machining uses liquid nitrogen (LN2) as a coolant. This machining process can reduce the cutting temperature
and increase tool life. Titanium alloys have been widely used in the aerospace and automobile industries because of their
high strength-to-weight ratio. However, they are difficult to machine because of their poor thermal properties, which reduce
tool life. In this study, we applied cryogenic machining to titanium alloys. Orthogonal cutting experiments were performed at
a low cutting speed (1.2 — 2.1 m/min) in three cooling conditions: dry, cryogenic, and cryogenic plus heat. Cutting force and
friction coefficients were observed to evaluate the machining characteristics for each cooling condition. For the cryogenic
condition, cutting force and friction coefficients increased, but decreased for the cryogenic plus heat condition.
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1 mm
Machining (Cutting Width) 3mm
Direction i ' '

Fig. 1 Ti-6Al-4V specimen for orthogonal cutting process
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Fig. 2 Configuration of experimental setup for the cryogenic
machining process

Table 1 Experimental conditions

. Cutting Depth Initial
Cooling .
. speed of cut Coolant ~ workpiece
P (m/min)  (mm) temp (°C)
Dry - 24
Cryogenic 1.2, 1.5, 1.8, LN2 24
I A 21 0.2
Cryogenic :
+Heat LN2 120
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Fig. 3 Measured cutting force by orthogonal cutting experiments of
Ti-6Al-4V alloy
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Fig. 4 Measured thrust force by orthogonal cutting experiments of
Ti-6Al-4V alloy
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Table 2 Measured cutting forces in various conditions

Cutting Force (N)
speed Force C -
. . ryogenic
(m/min) direction Dry Cryogenic Heat
2 Fc 429.0 464.3 402.5
’ Ft 228.7 2573 222.6
s Fc 420.7 461.9 392.0
' Ft 230.6 2573 206.4
13 Fc 425.7 438.0 380.3
’ Ft 233.1 240.3 203.4
)1 Fc 431.1 456.0 382.8
' Ft 235.1 259.9 2102
Average Fc 426.6 455.1 389.4
Average Ft 2319 253.7 210.7

C

Fig. 5 Serrated chip morphology showing the measured parameters
Aoz AtzE).
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(@) (b) (©

Fig. 6 Generated chip shape of Ti-6Al-4V alloy by orthogonal cutting at 1.2 m/min cutting speed in (a) Dry condition, (b) Cryogenic
condition, (c) Cryogenic + Heat condition

Table 3 Calculated friction coefficient for various conditions

Cutting Friction coefficient
speed . Cryogenic

(m/min) Dry Cryogenic Heat
1.2 0.42 0.66 0.19
1.5 0.47 0.63 0.07
1.8 0.42 0.66 0.17

Evaporated
2.1 0.41 0.71 0.17 o | Cloud
Average value 0.43 0.67 0.15 °  Tool

J I 1.2 m/min cutting speed
| 1.5 m/min cutting speed
| 1.8 m/min cutting speed
0.8 - I 2.1 m/min cutting speed

Fig. 8 A schematic diagram of air gap at tool/chip interface in
orthogonal cutting process
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