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Nanoparticles in minimum quantity lubrication (MQL) cutting fluid for
ultrasonic-assisted grinding (UAG)

Mohammad zarei, MirMajid Molaie, Javad Akbari*, MohammadReza Movahhedy

Mechanical Engineering Department, Sharif University of Technology, Tehran, Iran
*P.0.B. 11155-9567, Tehran, Iran, akbari@sharif.edu

ABSTRACT

Grinding is one of the most interested conventional machining processes, due to its ability to achieve low surface roughness, but it costs
much more than the most of the conventional machining processes because of high forces and specific machining energy needed for material
removal. Up to now, many researches have investigated the grinding process to reduce grinding forces. Three recent methods for force
reduction are incorporation of nano-fluid, ultrasonic-assisted grinding and minimum quantity lubrication. In this article, empirical results of
simultaneous use of these methods on tangential, normal forces and tangential force to normal force ratio are investigated during grinding of
AISI52100 hardened steel. First, the effect of adding aluminum oxide nanoparticles is investigated in different sizes and concentrations to
base fluid. Then, the corresponding results of different nanoparticles (aluminum oxide, multi-walled carbon nano-tube, and graphite) are
compared to each other. It's shown that increment of nanoparticles’ size and concentration in base fluid causes more decrement of
ultrasonic-assisted grinding forces. Adding MWCNTs to the base fluid doesn’t have any significant effect on grinding forces while graphite
nanoparticles reduce grinding forces more than aluminum oxide nanoparticles. Also, the presence of ultrasonic vibration causes the
decrement of grinding forces and increment of force ratio during grinding.

Keywords: Grinding, Minimum Quantity Lubrication (MQL), Nano-Fluid, Ultrasonic Vibrations.
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