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ARTICLE INFORMATION ABSTRACT

Original Research Paper Minimum quantity lubrication (=MQL) technique has many technological and economic advantages in
Received 23 January 2017 grinding operation. It not only improves general grinding performance such as surface integrity,
Accepted 28 March 2017 grinding forces and wheel wear, but also, it is an eco-friendly technique because of its low consumption

Available Online 13 May 2017 of cutting fluid. Despite these advantages, MQL technique has a serious thermal problem in grinding

operations due to small amount of cooling. To overcome this problem combination of hybrid nanofluid

f\{/fmﬁfquanmy |ubrication and ultrasonic vibration has been suggested. Nanofluid can increase heat transfer from workpiece/wheel
ultrasonic assisted grinding interface due to its high thermal conductivity. Also, ultrasonic machining can decrease heat generation
hybrid nanofluid due to its reciprocating mechanism and reduction of time and length of contact between grain and
grinding temperature workpiece. In this research hybrid Multi Walled Carbon Nano Tubes (=MWCNT) (with high thermal

surface quality conductivity) and Al,O; (with good lubrication effect) nanofluid have been utilized. The results have

shown that combination of MQL and UAG leads to decrease of maximum grinding temperature up to
60.2% in comparison to dry grinding (from 254°C to 101 °C). Moreover, friction coefficient and
tangential grinding force have been reduced up to 35.9 and 69.2 percent respectively. Furthermore, no
burning has been observed with combinations of these techniques while severe burning has been
observed in dry grinding. Surface morphology analysis has shown decrease of plastic deformation and
side flow. Finally, the generated chips have shown similarity of cutting mechanism in in the utilized
techniques and conventional cutting fluids.
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Fig 1 Disadvantages of Metal Cutting Fluids: a) Operators health risks
and environmental concerns, b) High cost: Distribution of
cooling/lubricant costs in machining operations in the automotive
industry [4]
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Fig. 2 a) Schematic of oil mist spray in MQL grinding and b) lubricant
sources at the interface of grain and workpiece surface [19]
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Fig. 3 Schematic of ultrasonic assisted machining: periodic
grain/workpiece separation
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® Surfactant

* Sodium Dodecyl Sulfate (= SDS)

® Scanning Electron Microscope (= SEM)
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Table 2 Grinding parameters
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Fig. 7 Experimental Setup: 1) Grinding Wheel, 2) MQL Nozzle, 3)
Workpiece, 4) Workpiece fixtures 5) Dynamometer, 6) Transducer

fixtures, 7) Transducer, 8)Ultrasonic pulse generator, 9) MQL System
10)Infrared camera, 11) Infrared camera controller
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Fig. 8 Ultrasonic assisted grinding setup: 1) transducer, 2) piezoelectric
rings, 3) horn, 4) booster, 5) transducer fixture, 6) workpiece fixture, 7)
linear bearing, 8) workpiece.
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Fig. 9 Friction coefficient vs. specific removal rate for eight coolant-
lubricant environment
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Table 3 Friction coefficient decrease percent in comparison to dry
grinding
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Fig. 10 Rubbing, plowing and cutting regimes of deformation in
abrasive machining [24]
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Fig. 12 Grinding temperature vs. specific removal rate for coolant-
lubricant environment
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Fig. 11 Tangential grinding force vs. specific removal rate for coolant-
lubricant environment
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Table 4 Tangential grinding force decrease percent in comparison to
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Fig. 14 Generated chips for dry and combined hybrid nanofluid MQL
and UAG (1000X)
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Table 5 Grinding temperature decrease percent in comparison to dry
grinding
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Fig. 13 Surface quality: a) grounded surface (actual size), b) surface
morphology (magnification =1000X)
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