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Experimental Characterization of Turning Process of Titanium Alloy
Using Cryogenic Cooling and Nanofluid Minimum Quantity Lubrication
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Recently, titanium alloys have been widely used in aerospace, biomedical engineering, and military industries due to their
high strength to weight ratio and corrosion resistance. However, it is well known that titanium alloys are difficult-to-cut
materials because of a poor machinability characteristic caused by low thermal conductivity, chemical reactivity with all tool
materials at high temperature, and high hardness. To improve the machinability of titanium alloys, cryogenic cooling with
LN2 (Liquid Nitrogen) and nanofluid MQL (Minimum Quantity Lubrication) technologies have been studied while turning a
Ti-6Al-4V alloy. For the analysis of turning process characteristics, the cutting force, the coefficient of friction, and the
surface roughness are measured and analyzed according to varying lubrication and cooling conditions. The experimental
results show that combined cryogenic cooling and nanofluid MQL significantly reduces the cutting forces, coefficients of
friction and surface roughness when compared to wet condition during the turning process of Ti-6Al-4V.
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Fig. 1 Entire experimental system with cryogenic cooling (LN2)
and nanofluid (hBN) MQL supply units
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Fig. 2 Detailed view of the turning experimental system including

Workpiece
Titanium allo

the insert, workpiece, MQL nozzle and LN2 supply unit

Table 1 Experimental conditions

Cutting type External diameter turning
Workpiece Ti-6Al-4V (@ : 50 mm)
Tool PVD coated carbide insert
Cutting speed 60 m/min
Feed per revolution 0.25 mm/rev
Depth of cut 2 mm
Cutting length 70 mm
Cryogenic cooling pressure 1.5 MPa
MQL flow rate 0.6 ml/min
MQL pressure 0.5 MPa
MQL oil Vegetable oil
Nanofluid hBN (0.5 wt.%)

YRS £31%t 5 ujEEch. w3 713 A X, Y, 73 k] A4t
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Table 2 Experimental design

Run Lubrication oil Cryogenic cooling
1 Wet -
2 MQL (Vegetable oil) -
3 hBN (Nanofluid) MQL -
4 - LN2
5 MQL LN2
6 hBN MQL LN2

Table 3 Characteristics of MQL oil and hBN nanofluid

MQL oil hBN Nanofluid

Base oil Vegetable oil

hBN

Nano particle ) (Lamella structure)

Particle size - Average 70 nm
Concentration - 0.5 wt.%
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Fig. 4 Calculated coefficients of friction
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