Studies on minimum quantity lubrication turning :
measurement of tool temperature using
fiber-coupled two-color pyrometer
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Studies on Minimum Quantity Lubrication Tumning
— Measurement of tool temperature using fiber-coupled two-color pyrometer —

This paper discusses the MQL (Minimum Quantity Lubrication) tuming using specified MQL tuming tools. The too! holder has branched oil
holes that extends to two nozzles near the flank face and the rake face of the insert. Oil mist is thus supplied directly to both the flank—work and
rake—chip contact zones. In this study, tool temperature at the flank face is measured using a newly developed fiber-coupled two-color pyrometer,
and the effect of oil mist on cutting force, surface roughness and tool wear are also examined. In MQL turning, tool temperature decreased
drastically compared to dry cutting when the oil mist diameter is appropriately controlled. This effect enables the high speed cutting as far as the
tool temperature is lower than a critical value. With regard to the cutting force in MQL tuming, the oil mist supplied to the rake face is more
effective. On the other hand, the surface roughness of the workpiece is improved by the oil mist supplied to the flank face over a wide cutting
speed range. Finally, a multi-nozzle MQL. system in which different types of oil are supplied to tool rake and flank faces individually is developed.
This innovative method is effective in reduction of tool temperature where tool temperature at the tool flank face is more than 150°C lower than

that in dry cutting
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Fig.1 Structure of fiber-coupled two-color pyrometer equipped for tumning
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Fig2 Schematic illustration of experimental setup

Tablel Experimental conditions
Workpiece: SCM440H (350HV0.5)
Cutting tool TNGM 160408
Nose radius: 0.8 mny, Rake angle: —6°
Insert: TiICN-coated cermet
Cutting speed : v = 30~300 nvmin
Depthofct g =0.5mm
Feed f =03 nm/rev
Workpiece: FCMP (310HV0.5)
Cutting too] DNGA 150408
Nose radius: 0.8 mm, Rake angle: —6°
Insert: Alumina ceramics
Cutting speed { v = 100~600 n¥min
Depthofet g =0.15mm
Feed' £ =0.15 nm/rev
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Fig3 Generating system of oil mist connected to
turning tool holder with oil hole

Table2 Oil mist generating conditions

Cutting fluid Qil-35 (Vegetable oil )
Kinematic Viscosity i35mm?/s (40°C)

Air pressure 0.7 Mpa

Mist pressure 0.6 MPa

_Bypass pressure p, 0.1 MPa
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Fig4 Diameter distnbutions of oil-mist droplets
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Fig5 Effect of MQL on tool flank temperature in tuming of SCM440H
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Fig6 Effect of tool temperature on tool wear in tuming of SCM440H
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Fig.7 Effect of MQL on too! flank temperature in tuming of FCMP
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Fig8 Effect of tool temperature on tool wear in tuming of FCMP
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Fig. 9 MQL tumning system using specified tool with separated mist holes

Table3 Ol mist supplying conditions

Atomizer Ebara Ecomist
ZELLS MBMO02

Air pressure 0.7 MPa

Mist pressure 0.6 MPa

Flowrate of oil mist

Flank face | g =16 m¢/h
Rake face gr=11 mgh

Cutting Oil Oil-35 (35mm?/s , Vegetable oil)
Qil-20 (20mm?/s , Vegetable oil)
Oil-8 (8.2mm?%/s , Water-included oil)

Supplying style Rake face, Flank face, Both faces
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Fig.10 Cutting force in various cutting styles of MQL
in which Oil-35 is used for cutting oil
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Fig12 Effect of oil mist supplied totool rake and flank faces on tool flank
temperature in the case Oil-35 is used for cutting oil
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Fig16 Effect of composite supplied oil mist on tool flank temperature
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