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Titanium alloy has been widely used in the aerospace industry because of its high strength and good corrosion resistance.
During cutting, the low thermal conductivity and high chemical reactivity of titanium generate a high cutting temperature and
accelerates tool wear. To improve cutting tool life, cryogenic machining by using a liquid nitrogen (LN2) jet is suggested. In
cryogenic jet cooling, evaporation of LN2 in the tank and transfer tube could cause pressure fluctuation and change the
cooling rate. In this work, cooling uniformity is investigated in terms of liquid nitrogen jet pressure in cryogenic jet cooling
during titanium alloy turning. Fluctuation of jet spraying pressure causes tool temperature to fluctuate. It is possible to
suppress the fluctuation of the jet pressure and improve cooling by using a phase separator. Measuring tool temperature
shows that consistent LN2 jet pressure improves cryogenic cooling uniformity.
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Fig. 1 CNC lathe with LN2 supply system (LN2 tank with transfer
tube)

Fig. 2 Cryogenic jet cooling method and EDM drilled hole on the
rake face for thermocouple insertion
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Fig. 4 Schematic of cryogenic supply system includes phase
separator and vacuum insulated flexible hose
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Fig. 5 Schematic of phase separator composition and picture of
developed prototype
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Fig. 6 Comparison of pressure fluctuation between with and
without phase separator at various jet pressure
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Fig. 7 Comparison of tool temperature between with and without
phase separator during turning process with 4 bar LN2 jet
pressure
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Table 1 Mean and standard deviation of measured temperature at
steady state (30 - 50 sec)

w/o Phase separator w/ Phase separator

Average temperature [°C] 117.5 59.4
Standard deviation [°C] 242 13.8
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Fig. 8 Comparison of tool temperature and LN2 jet pressure during
turning process with 4 bar LN2 jet
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Fig. 9 Comparison of surface morphology measured by using
optical microscope and white light interferometer: (a) At a
stable pressure point, (b) At a pressure dropping point
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