YA-Yaf oo (owlpiis Vlie dcgaze Aolio jag AY o lois AD 093 AYAE YLT (e Sailke (Jwdige dlxe

WWAE GLTAE 9 \Y (oo oo )3 LIS (Ol «Aid punag Il S ysiiole 9 SIS yaiiile il p2iS sYlie Acgazo
OV 0 S0 wigo

mme.modares.ac.ir

=

M

Ol adgi g colu cwaige el
Sodiety of Manufacturing Engineering of Iran

M;’_/;:Z/,

oS 4 SR > e SOOIy 38 by Jhw 4 D3eib 39381 LT
O g0l 8 Ol o

Tsun 90 Lid jaans (s sl al g < (BY 90w yas (o815 sanns

IS iy iateo oSty (KMo wige o gl ) =Y
S i aio oKl ( SGlSe pundigee byl puoliid S =Y
I i o oSl (SlSe g e il ¥

O iy i oSl (Sln i ol ¥
akbari@sharif.edu AV \00-0FY iy Goo 45 #

ouSe

Vb el s oyl (sl 35 3,90 S slag g 3b5 G35 poguasie (651 Ll 298 0 ogmine s (6) dle slasbg) (e S YL o (Slo Sy W 4 (35S 03
Jogil 5l oslisal 5l 455ke SIS o0l (slyr (g5 gy s sl 08 plol 35Kk slng 5 SlS (gl (55K 1T 8 350 )3 gl Cliiog 38 b g e (35Kt slaalrja (48,
3Ygh 55w Al B (3900 (Sop0 4 (lod ($9p5 Comsd § ouoloe (Sop «($3908 (Soy8 Slyei ()25 b Wlis ol )3 aleS ()05 5 (5K 20T E oy > Sgeolp Sliles)
55w Jlw &y iz sbo o> 2o yd g dlal b porieogl] ST 1393l (0938] 13U Il .cawlods wyp (9 dw jo 5l lojen (godliiwl 3l 5L el (g )5S OY Y+ gl liglsl
sl g o oy el 48 dimd e 5 g5 ol 015 plol bS5 S syl cppsisasll dguS] (oog dus ) Lol 2005y (SMmtlie (yoges ol 48,5 S gyt Sy90
D)5 bagys pr wgmone w3 5Kt Jlow 42 () SAPSE (3938 i g gy St (R0 el e 5y sl Sl 4 035 039331 pastsagl] ST ol
Sgign g 5 s I3l g 55k slog s ke phalS el Bgolp il )| Hgds uizpn S o oo postsegl] 1T ) 6 | s Cul)S gk S oo

WS B 0lgy i Jlewgil gl p Olald )] o oS i Bl b5

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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