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Study of the performance of minimum quantity lubrication (MQL) and type of
lubricant in the milling process of stainless steel EN1.4903
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* P.0.B. 63616-47189 Behbahan, Iran, dr.emami@bkatu.ac.ir

Avrticle Information Abstract
Original Research Paper Abstract
Received 25 October 2018 Cooling/lubricant fluids are typically used in machining processes to reduce the tool-workpiece friction,

Accepted 18 January 2019

Available August 2019 decrease machining heat and improve surface quality. In recent years, however, several laws have been used

in place to protect human health and environment, requiring industry to reduce coolants consumption and

Keywords: expand the use of low-risk and renewable ones. For this reason, a recent new lubrication technique called
Milling minimum quantity lubrication (MQL) has been developed for the machining processes. Vegetable oils are
Stainless steel EN  1.4903, kinds of bio-based lubricants and have a significant capacity to be used in MQL due to their environmentally
Minimum  Quantity  Lubrication friendly and renewable properties. Stainless steels are considered to be difficult to machining materials and
(MQL) hence their machinability improvement has always been the subject of research. In this investigation, the

effects of MQL and type of lubricant in the milling process of martensitic stainless steel EN 1.4903 have been
studied. For this purpose, one type of vegetable oil derived from sesame seeds in two conditions including
non-additive (pure) and with antioxidant additives, as well as one type of mineral oil have been applied in the
experiments. Then, milling force, surface roughness and surface texture have been evaluated. Also, in order to
compare the results with other lubrication methods, the tests have been performed under dry and wet
conditions. The results show that the MQL compared to the conventional lubrication methods increases the
machinability of stainless steel by reducing forces and improving surface quality. Moreover, the type of oil
applied has a great influence on the process outputs.
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Table 1 Chemical property of the stainless steel samples
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Table 2 Physical, mechanical and thermal properties of the stainless
steel material
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Fig. 1 Experimental setup (1-milling machine, 2- milling tool, 3-
workpiece, 4-MQL Nozzle, 5-Dynamometer, 6-Amplifier, 7-PCI card,
8-Laptop)
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Table 4 Physical properties of the applied oils in MQL milling
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Fig. 3 The MQL system
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Table 3 Fatty acid composition of the pure sesame vegetable oil
applied in the MQL milling tests
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Fig. 2 Chemical structure of anti-oxidant BHT
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Fig. 5 (a), (b), and (c) milling force versus depth of cut in x, y and z
directions respectively.
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Fig. 6 (a), (b), and (c) milling force versus feed rate in x, y and z
directions respectively.
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Fig. 8 Surface roughness results, (a: the Ra roughness versus depth
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Fig. 7 (a), (b), and (c) milling force versus spindle speed in x, y and
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vegetable oil and additive.
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Fig. 10 The obtained root mean square deviations (S,) for the
machined samples under different lubrication conditions.
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