Influence of minimum quantity lubrication on tool
temperature in end milling of difficult-to-cut
materials having low thermal conductivity
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Influence of Minimum Quantity Lubrication on Tool Temperature in
End milling of Difficult-to-Cut Materials having Low Thermal Conductivity

Masato OKADA*l, Akira HOSOKAWA, Naoki ASAKAWA, Yusuke FUJITA and Takashi UEDA

“! Kanazawa University, Institute of Science and Engineering
Kakuma-machi, Kanazawa, Ishikawa, 920-1192, Japan

The effect of minimum quantity lubrication (MQL) method in end milling of stainless steel and titanium alloy that
are typical difficult-to-cut materials with coated carbide tool is investigated. The effect is mainly evaluated by tool flank
temperature, cutting force and tool wear behavior. The tool flank temperature is measured using a two-color pyrometer
with an optical fiber having small measurement area and high response speed under non-contact condition with tool. In
MQL cutting of SUS304 and Ti-6Al-4V at cutting speed v=25m/min, the tool flank temperature decreases
approximately 50°C and 100°C than the case of dry cutting respectively, and the effect of MQL on tool flank
temperature is especially obtained in low-speed cutting. On the other hand, the tool flank temperature in MQL cutting of
Ti-6Al-4V is higher than the case of dry cutting in cutting speed v=100m/min or more. In the high-speed cutting of
Ti-6Al-4V, it is observed that the several chips adhere on the rake face of cutting edge. In addition, the output voltages
from detector are obtained when the adhesion chips on the cutting edge pass through the measurement area of two-color
pyrometer. In the case of the SUS304, the feed and thrust force are decreased by the supplying oil mist in high speed
cutting. The generation of micro-crack at cutting edge is contained by applying MQL even high speed cutting of
Ti-6Al-4V that is not obtained the effect of temperature decreasing.

Key Words : Cutting Temperature, Cutting Force, Chip, Two-Color Pyrometer, Minimum Quantity Lubrication,
Difficult-to-Cut Material
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Fig. 1 Schematic illustration of two-color pyrometer with an optical fiber
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Fig. 2 Experimental set-up

Table 1 Experimental conditions

Cutting tool Throw-away type single tooth end mill
Diameter D = 25 mm

Axial rake angle v,=23°, Radial rake angle y,=5°
Base material: Cemented carbide, JIS K10-grade
Film material: Multi-layered TiAIN/AICrN
Cutting speed v =25, 100, 300 m/min

Feed per tooth f = 0.10 mm/tooth

Radial and Axial depth of cut Ry=0.25,0.50 mm, Ay =5.0 mm

Cutting style Down-cut

Lubricant Dry, Air blow, MQL (Flow rate g=12ml/h, Mist pressure p=0.5M Pa)
Mist oil Vegetable oil, Water-insoluble

Specific gravity p=0.91, Viscosity n=30mPas @25°C

Optical fiber Core diameter ¢, = 500m
Acceptance angle &, = 23.6°

Measuring spot diameter ¢, = 940um
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Fig. 3 Outline of oil hole
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Table 2 Properties of workpiece material**~®

Vickers hardness |Vickers hardness|  Tensile . .. Machinability
. Elongation | Thermal conductivity .
Material (Actual value) (Mean value) strength %] @RT. [W/mk] rating
[MPa] [MPa] [MPa] o [96]
S50C 210 208 675 14 44 52
SUS304 151 160 592 51 16 34
Ti-6Al-4V 318 326 1041 12 8 22
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Fig.4 Influence of workpiece material on tool flank temperature
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Fig.5  Effect of supplying oil mist on tool flank temperature
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Fig.8 Typical wave profile of Ti-6Al-4V cutting in v=300m/min
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Fig.10 Influence of workpiece material on output wave profile
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Fig.11  Influence of supplying oil mist on cutting force in SUS304 and Ti-6Al-4V
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Fig.12  SEM photographs of worn tool tip in cutting of Ti-6Al-4V at v=300m/min
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Fig.13  SEM photographs of worn tool tip in cutting of Ti-6Al-4V at v=600m/min
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