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This study investigates tool wear and elemental analysis (EDAX) on cutting tool surfaces, machined surface topography
and microhardness variations in the cross-section of milled aluminium 7075 samples under dry, Flood Cooling and
minimum quantity lubrication (MQL) conditions. The MQL method, by reducing the friction coefficient and effectively
transferring heat, demonstrated better performance in reducing tool wear and improving workpiece surface quality
compared to dry and water-based coolant machining. In dry machining, defects such as built-up layers and tool chipping
were observed. In MQL milling, these defects were significantly reduced and tool chipping was eliminated. Based on
elemental analysis of the tool surfaces, a combination of burning defects and adhered layers was detected in all three
conditions. Increasing the cutting speed led to higher oxidation levels and a greater density of burn marks in all cases.
The burn area was smallest in MQL machining and largest in dry machining. With increasing cutting speed, the
workpiece average hardness in all three conditions increased compared to the bulk material. In dry conditions, due to
the absence of a coolant and lubricant, localized heating at the cutting zone caused thermal softening, resulting in lower
hardness values compared to the other conditions. Regarding surface topography, the lowest amount of adhered particle
defects was observed in the MQL condition due to the presence of a lubricant film on the work surface, which prevented
direct tool contact and reduced the surface friction coefficient. Conversely, the highest density and variety of defects
were observed in dry machining.

Keywords: Milling, Aluminium 7075, Tool Wear, Topography, Microhardness, Minimum Quantity
Lubrication (MQL).
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Table 1 Cutting parameters used in the machining tests

Tool Feedrate (mm/tooth) 0.25-0.5
Spindle Speed (rpm) 3700 - 7400
Axial depth of cut (mm) 4 x 1.75 cutting pass (constant)
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Fig. 1 Schematic diagram of the MQL system used in milling tests
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Table 2 Optimized settings and operating conditions of the MQL system

The optimized condition Parameters

Nozzle positioning Rear flushing (behind the tool)

Aerosol spray flow rate 70 — 80 (ml/hr)

Compressor air pressure 7 bar (constant)

Nozzle spray angle relative to the

workpiece surface 20 (degrees)

Nozzle -tool tip distance 30 (mm)

Air
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Nozzle
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Fig. 2 Display of main components of the MQL system in milling tests
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Third series: Spindle speed 7400 (rpm), tool feedrate 0.25 (mm/tooth)
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Fourth series: Spindle speed 7400 (rpm), tool feedrate 0.5 (mm/tooth)
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Fig. 3 Microhardness diagram for machined samples during the third and
fourth experimental series
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Table 3 Selected specimens for microhardness measurement tests

Test series Spindle Speed (rpm)  Tool Feedrate (mm/tooth)
Third series 7400 0.25
Fourth series 7400 0.5
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Fig. 4 Topography images of machined surfaces in the second series of

experiments (spindle speed 3700 rpm, feedrate 0.5 mm/tooth)
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Fig. 6 Elemental analysis on the tool rake face in the second series of
experiments (spindle speed 3700 rpm, feedrate 0.5 mm/tooth)
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Fig.7 Elemental analysis of the burn area on the tool rake face for the second test series (spindle speed 3700 rpm, feedrate 0.5 mm/tooth)
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Fig.10 Elemental analysis of the burn area on the tool rake face for the fourth test series (spindle speed 7400 rpm, feedrate 0.5 mm/tooth)
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