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ARTICLE INFORMATION ABSTRACT
Original Research Paper Lubrication is an essential factor in sheet metal forming processes such as deep drawing in order
Received 31 August 2014 to reduce friction at contact surfaces, forming load, tool wear rate and increasing sheet

Accepted 08 November 2014

Available Online 14 December T4 formability. Various metal oxide nanoparticles can be used as additives to create desirable

tribological properties in base lubricants because of their unique properties such as specific

Keywords: surface area. In the present study, the conventional lubricant enhanced by alumina nanoparticles

Nano-lubricant (Al205) is utilized in deep drawing process in order to improve frictional conditions. The forming
Alumina Nanoparticles load, surface roughness (Ra) and thickness distribution values of the formed cups were assessed
Deep Drawing to evaluate the performance of the enhanced conventional lubricant with alumina nanoparticles

Surface Roughness

Thickness Distribution (Al203) in comparison to the conventional lubricant and dry forming condition. The obtained

results from experimental tests revealed that adding 0.5 wt% Al20s nanoparticles to the
conventional lubricant improves lubrication property significantly and reduces forming load by
16.39% and surface roughness by 19.33% compared to the conventional lubricant. Furthermore,
it is observed that using lubricant containing nanoparticle additives results in 23.94%
improvement in maximum thickness reduction in critical zone.

Lol JB sl 9 359 S ptde Jad po Shaol 2al5 )5 1) (oo (185 5 doude -1
o ooled sbe G STl Gl Sse 5 mets AY o aszy WS e Gl Gile s cas (e Jsame Wy (oS8 slaan] s Lol Guae
CobeS Gl g B gl Ghle el B adadSs (Rl mas anT s s [1]ed il ange g slge SO o teS b g el 4355 0
59 Sl 31 oolil Logas egycnl 5l 0800 onds ools JSs ashd s bk (s G5 el alyell cBam (ol & S Gl s Gees
b Jyame a5 @l Groe (1iS anlp alex Gl a0 S8 Slles 5 SIaol bylpd ey Sy B 5 a6 5 A
[y 3]ew rdbclinl 655 Srae fals 9 Yl codss 0391 ,10,5% 2 lozg Ceesl 55 Sly; Blee cnl y3 IS 36 Sl

Please cite this article using: S lod o3liiw! Jod @yl 5l lio cpl @ gla ! sl
B. Zareh-Desari, M. Abbaszadeh-Yakhforvazani, B. Davoodi, Lubrication enhancement in deep drawing process by utilizing nanoparticle additives, Modares Mechanicatl
Engineering, Vol. 15, No. 1, pp. 317-322, 2015 (In Persian)



Oblsed 9 OB £o1) J9 M

alp3g3l 5339581 1 0 3laiawl by Gaes Linds 35T b 13 619 Sgua

Dols lis S (555 2 o ilesl 6550 b Ul 0gs 55 e liie
Sl sg, p hlsdle LB b oS gl gsgyl ) eolinul af
Dyl 2 S cod slo sy sl 5 Sl

GOl Ml (S Parws 4 eyl Sliies I Jol> mls
9 bl Alie Ll )3 o)y, o Shas 3500 50 )3 ol (o933l
ol dyare JSls, 5l eslizl ols Bdmd Ban el ond (5)AFL
AABOBL  sguiwngdl 555 Guos iuiS an] 3 5o (AlOs) Liegl 13 4il
&9« s2Sh 9y el udS gla el 595 2 T B ey
Al e oadi sl IS Slakad o Blo 5 Cuslses

by g9y 9 390 -2

)&3'9) 55‘.3 ‘SJL\NGQLQT -1-2

o oebiie 3 1) 3 gl el 5l 6550 ISl 45) ol slaan o
Gy e b )55le 5 @olad )l mizen g (Sleie ool
4 S 5l ojlil mies 5 (Shslsd e ued sshate ar Cewl ol oolinul
S il a8 sl olfas 5 (stugy (S9SN gSass S 5l
sanlie 1 IS 5l a5 jsbilan camo e lid 1y Luegd] &lyd 5l ojlail
S5 5 oSl 4 4255 L 5 05 (55,5 Loy S5 s 1,8 5 59500
Olpls wims oo las 355 1) (s e (Sallom 5 2l 595 LSl b
Oeizad Slad cawlin (6, Slg, glao IS gl ond eolaiwl @IS g
50 a8 col gl 80 B 20 51 &lyd ojlasl il yess axals 2 IS 3olae
Shd 6k Slaseie ploo,)ls 1) 1S5 o i yiegil 40 ojlail L ol
Olgie 4 CM202A 1iS oyég, awl oo &Sl 1 Jga o eolitul 3550
Do ge Lad |y agly Tl ploerdtim (S 58

ol oads uu_u 6’)5 Qo0 1 LSH 0/1 Sgd=> 49 dgl; )&J‘s) )
2 S9 weys 05 cdale b Legll lid il g ol 50 [18-16 13]
Ord S SeS LTl 4 Wloas (gilwensSTy 4l Slg, Jsls
&lwoslel (sla IS5y, g5l 48,5 plxil aiBs 45 Cioe a4y Sgual 21

SEMMAG: 5000 kx ~ WD:6.016 mm

SEM HV: 15.00 kV Det: SE Detector
Date(m/diy): 03/02/14 Vac: HiVac

Laogll 1,3 5ib 51 SEM i 1 S8

500 nm

1 oslaiis 15 0993 1394 1133558 (w30 Silse Suwiie

2 Jsliie sla Sy, (S (LIS pae B)b G5l 3 la e o

ot 3 e 5 ool a3 o sloul il SlSal ials
b Sly, 51 oz s Gl crge 9 (5)sl8 9389, ST 5
—oolr glabglis b )SSls, 5 Lolul ol o0 Mo, (SHlg, ol &) pomsge
§ 5SrsS ol b itz 3 gl (g jluoaiSTyy 51 &S aites cnle
Ol Xaess | .[\‘5]&9&@ s al IS0, o Sl pe sl 100
s Y o 03 s s by S 5 o5 wlos S 555 (5ol
5 SWhasl ws (ploz 5 ool LIl 4l SISy, 4 (G993l plre 4wl
5 55 (96l iz oge Gll>Me B ok 1) gl igle wo
PERNC SRRSO [PIPNCCICIRVIN { PSRV JRE S 1 10) JRATOVS
253 oga3l 5l oslistal L g 00,5 0uiSTy (APISF 5 aly £5,) 05 £55
oas 4l glaSily, 56 Lol 5 SIlasl iy & (A5 5 23,
Elyd 5b sl b ofsy 5 APISSF gie, 4 wizil o ol izt
asl zals %5/8 o U18/4 -l & e a0 SSaol b o o SnS |
I, 5ol 50 o3Il b g0 sl @] 46 [11] o)) Kan g ity )5 censl
L JSE ofg) 9 SAEAD 0ég, Jalial JISOly; g9 g0 U3 5o
25U w4 960,5 0aiSTy (1 4 %0/5 HO/25) cilizs 39 slodo
Ol oo slagiall 55, poend wtle by, U 65
Y58 ()5l a0 Blald mhaw 65 5 5 Ul S Gale
Sogo oo as ol slad GGl oy olaglesl mls .asls,y AISIZT040
laba>Me JB ok 4 gl (505 9 )13 Gale dod S5, U 5l ool
iizs o [12] e 5 o abse 2alS Al ISl b anlie
2o 18061 poriagll SLIT iz I (glanksd (6,55 p0m 5,80 Slilas
oS (5)IS0lg; pems 03,25 (slsa b (5,IS0l5,) (s SSly, > aw
5l I8 aalllas 350 (SISl 956 (g5l aieS (5,15 s 9 2‘.)4”"
30 o5l b Loledl @ld 56 (g jloonsSTyy 51 oUT eslital o 50 Sy, b
o ] s s o 423 (s 5 AL (g, 515 55 iagl
by i laghow shiai )55 0w sl Sl i &5 ols plas
a5 ol Sy, il olem 4 aeS (5SSl s e el Sk
Pyds S hgw slajgliaS 5 lagys al>de B alS G
21 Leegll @ld 5 (g5l IS0y, 1 eolizal L5 [13] Al nddds
A adllas sj5e Sala wnl 8 55 0ad alss sleenisg gl Jilo
CedsS S5 50 1y Ll )3 gl cotte J3U ool conny il assls
0,800 gy a5 (6,558 Bakos [0 ol las eads ag sleodisg > mlaw
4 0938l Slyie 4 e 28T 210 5l 28 el [14] () Sen
5 oo ol olyed @ 1 oo a5l Jlasgil b1 .t soliul a3l ,ISls,
sb 45 4,8 IS, AISI 4340 Vg (g ,S5l5 anl s e Sis
S5 s tle 598 595 2 1y Jlew U 5 eslinal 56 (glanslis
50 a5 ol las ol Cuns 4y gl aisly 8 aslllas 850 S asked mlaw
S5 ealy oy 4 oz ML jlade 4y s 98T 203 9l (35381 & 50
4y s 124 5149 (e 4 5 4 )5 blo 59505 5 el
@0 b b ag3El b [15] ollSen 5 mlas b als Sas
50-100 (slaosladl b yoe wy i 5 s Sedlsos (59 eobualgo Soilses
sloanlp o eolinul 050 Jliio gla)ly; oyShae 1y eyl
o 0390 el 59 Gl 5 Sl sisls 13 Gialejl s jse (oo S5

1- Nano-Lubricants
2- Pure Minimum Quantity Lubrication

318



Oblsed 9 OB £o1) J9 M

alp3g3l 5339581 1 0 3laiawl by Gaes Linds 35T b 13 619 Sgua

B Lol sl ol wlasie 3 Jgua

(mm) o3lusl Syl
26 A lad
2912 o yile b
012 s

6 B g5 glais

SliglesT yo ooliiul 0590 aae LiiS LB g Loy oKiwd pguai 3 S

o Jols (o)S0lg, cilio Lylpd dus 0 Gros LidS ligles]
12855 plol Ll )3 53l (g5l Jgane JISUly, 5 Jpane Sy, oStz
Sz 2 oliglejl b 555 » 455 96 53U 5l oS sl jskiie 4
ghe g gl (g 95 2 Sy, B 5 Jgene I, S8)5 plnl SIS
& Jloel 395 00ls JS5 092 )13 &5 ()9 i 5305 551859 ghaw B
@ aél sladoe lSils, U 5 Jyane JSUly, Sloolial b o 5 ey
ssbite 4 ad e oolol gamy alojl (sl gl jeas Bl jsbo 4y ISy,
5 &,y > o 40 Geee GiiS Sllec imls 50,55 51 Lol
3,5 b lag 5 LS5 L

Gy ows 5l oad cols IS sladiges cJa...q CodaS gy p slyp
Jsb b ol dilaie 5 (gl latiges _mios (5,5 -t onlial b jale s
Sgae Sz ) ool JS (s lape sl o e s 4 (5 S Wiges
sl 00 ral?u‘ (M vy g »

oy @l -3

SIS 5985 59 2 SNy 93U iU -1-3
4 US55 s 090 6,015l a5 00l IS lalad 5l laigas
&y oae] Cansy olouls mgy8 e 5SS izes (ol a4l
Cowl i 5 UKo 5l a5 aFles s e plid |, Slakd
anl® Jsb 5o p3¥ 950 alamdlo BB (ol s JISUly, 5 (655,10
s ade sl Y S pre SRRl ol e o5 cul o T o S
el Sy, b iy SWhol JialS cpols Lo 4 Sl

1- Mohr

319

(4) )5

%9 !

|
\
|
|
|
|
\
\

2 /

/

0 -
T r Ty T T

1 10 100
(ogils) ol

1T

1000

™Iy

10000

LoglT )3 il ojll 59 2 S

Sibsiy ol 50 eolitul 5 )90 LlE £g5 Liagll l)3 ol liogas 1 Jgus

Jodo b
s %,

70 (nm) &3 ojlail lawsgie
>138 (M2/g) o9 haw coluns

99 () ool
880 (/kgK) o3y oloS cud bo
3890 (kg/md) J&

(CM202A) aoly JISl5, (omn 5 Sejeb Sleogas 2 Jgior

Jodo b
925 (Kgm?3) ol 5 siles a0 20 o S
80 (cSt) o1 3 iles a5 40 jo  Sileiw 55,15
110 95 pasls
-24 (01,8 slos 4 )0) Lo, alais
200 (o3 ilos 4> ,3) ] alais

U wlad 3 1,8 colaul 0,50 @13 gl (g5lwoauSTy 5l o aloldd ous

@l 2 ooy AT L a5 Oygo Jlinl Six cgm; 5 eBE S
oless Uas oll Sliaglesl

Bk i Wl ol -2-2

Sl g ead asle Beee S B Lol izl soll Slasis
21y (ROUSE (g5 Sud Sl a5 0oy Jus 09 So & jeme oo
B degorms il e 3 JSS 000 @0l Gy SIS yeis Slkae (>
olis 20 s Sldae (> 50 Ly oSws (59, podd cual 2> o,
9 ]msj.u: 50 ).,45 EY LS{LQO.J; Gl u.....S QL...:La)T r:l:u‘ 6‘)" AR e
oolitnl 3550 (500 )T iz ilodyd,F (g3lwoslel o Luo U5 culis
Sldes o o S plil 5l L3 a5 ail oo AABOBL pgeiegll LT
ilas,s )3 sl ol

ot 350 1998 o RS |



Oblsed 9 OB £o1) J9 M

alp3g3l 5339581 1 0 3laiawl by Gaes Linds 35T b 13 619 Sgua

Fally U5 cnl o amsge lid 1) )0y, llys ja 50 (talesl 1SS
plogl Slisle1 6 s illas .ol (uKile o 5 Gl sl saims yLis R2
So e Sle bawgle e aitis I5)55 5 (crilie (523185 5l oas
odips lid a5 Cewl 13/46 (KN) ,S5lg, 66 (6,5 )50 <> o oSS
sals %16/39 4 (17/79 (KN)) Sis cll> a cons Lials %24/32
Sl liae cpaizmen il e (16/10 (KN)) Jgone ,S5ly, 4 o
awlio b a5 cudl #9/48 Sis cl> 4 Cons Jgons Sy, (sl g
S5 Es g (124132) IS5, 9L sl ool Cemas aline o L )]
JSSlg, o Shee (60l 257 sgugs el Legll @l,3 il (y09581 a5 8405

ol 0ayd 5 Jgene

T Sl (59 32 HISlg ) 9ib Sl -2-3
2ol ead ol mhaw g5 sladdsn 5l wised ST S
Sl ol dly S 5| oS 8555 lan amo e ol 5, bl
s aLtls VU (g ond ool S diges e (T USE) St
slals 6lis | g 4l gmge ond ols S diges pebas kS (wr T USE)
s s (635 4S5 ol 38l ialS claidle ok 55
Sb b 039381 b atibise (39,500 0730 IS0y, 5L L (oSSl Lol
oads adlal wlyd il we S by W3 a5 4sSiled izmen b oo il
Sy 3 o AsUSE il o 5 3 L8 e S alodle
Sl Ly 1y eas eols IS8 Glakad mlas coa S

e 5l ead sxSeilail mhaw (605 Sile polis lasgie 8 IS
IS ol o wamo e ol (6,0l ciliee Lyl gl 1, ol ol

o o UK illas ol 5uSils o Bl ol saims Lt RZ yzal
19

(S Sgp ot Sle Lagie s =@ e

18 A
. 0056 S o3l jyolie disls e

~
~

174 Re0464 NG

~

j
3
o,
{
% 46 4 E R2=0.170
5 ™
“ A Y
g \
2 l, i \\
Y = AN
— \‘
3 \ R2=0.415
% 14 - .
A R

13

e L SFyere ,Sly, SKlg, o

25 GialesT S5 565 (sl (83 USE (5505 or STe g Jlaia B S
& )\SSlg, Loyl

1- Average surface roughness

1 oslaiis 15 0993 1394 1133558 (w30 Silse Suwiie

554 Slsiss |y Sld 5l gyl IS5, 5 solicil cls s Slasl ials
Oped DS Sl e KL clles Jsb po Tal Cas 358 pilSe
sogdle S oo |y (ouled sl Gl 5 Sy 5 03,5 Jos oS
e Wl aale Sl g sk ule S 55l (S 6558 O
45 0 g gwled ok y0 Sl o)Sles ad ulyd (el 252y
9 00 Gl slap il sl Shaol (28l (598 3,90 99 e 4
$b Sielsm 5 e o Shee BYs plore 4 5 (65500 (liie Lawgs M3
[20.19.17.15] wlowss \Ls Lo, S35,

Go 0)lgd Lal3El Ogai eaalin i 0 & IS y0 45 (6 S0 S
2 Oz 5 POUSE ALl Job 50 el s ()58 (sll o (oSS
Sl 23,5 0 Ol Bl 5 25559 e 4l ) Gy &5 lalad
b azg bl oo Gralil (o)Lad bo 2 azl jo @M 4l )0 &9
GERgiy Gl esliiul 950 B paas S5l rals Glai o b gl
(B Usaz) el o5 a5 g ple o onds )8 L po (&) Jlade
Loy ol gs8y a5 wiblioe LAl et ()55 Sletl 5o 5,51 oy
oki90 il O S Gillae el olyas mo ISS (5955 0yl Sl
Mly, Sl 90 & o SISl gl Sl eslinn] Sl s (a0 KL (59
58kt §l Sl AT Bl oslBl Bl s Fpedle o b iS5 Jsons
Lol ,S5lg, L e 5SSl

Sy sheasl sy (20 SKE (555 ey S Lansgte Hlade 6 S

@ .
() calise 6,S5lg, Loyl o o ot o0ls JS lalad 51 loaiges 4 S
IS5, 56 () 5 Jyese I, () Sz >

20
Soere Slg, = e Sz s
S Slg, gl seveee
16 - P
4 \‘ .................
.L I, \ g
{3 Il’ ..0... \\ _
\’}5 12 A b oo ., NN ,
’ . O - ’ \
2 y <° M ¥ i
4 v . AT Y S
i M/ \
o ¢ . o =
1 8 o LBt o
S e : wE
B o e eenennd
& [ < 3
2 £
, 7 . s
%7 Ay IS 950 0)bgd Sl
A &5l oy £58y Sl &,
r“
o - !} T | Ll T T
0 5 10 15 20 25 30 35

Grorkes) i gzl

Solite (5 S0y, Ll 8 oo o gy Slalsd s — 5 e 5 S

320



Oblsed 9 OB £o1) J9 M

alp3g3l 5339581 1 0 3laiawl by Gaes Linds 35T b 13 619 Sgua

Cwlbrs g Sojlail gl il cals colauwl [ISClg, ol o Slee i
b ol celes 5 05,5 locss s o5 i culis Syl olaks
Coles g8 9 S ol oad eolitul sl o e Lo 0/01 cds
olid 1) adllas 0,50 (5, Slg, byl ds Cod 0als ool IS lakad
el 4 pmie ISl i (6,5 IS 05 o oaalive 45 AisSiles a0 e
50 ool ool S dsdad o Olpnss g Cwlo oS axg LB
Sy dilie wiged dw o glp 9SS Billae .l 00y 5 Sy oles
B dis alsS elad 4l )5 5 00 LSy Cwls el i b
2 Slgy 586 b cnl o ()b g8y ol Jlw Jleil @y azgi Lol
el 435 13 Azl 050 4l pl (o Cwlrs eSSl g,
IS Glizme askad a6y ilon anl (o culbs ralS iSlas olas
ol 0o oolo &)1 4 Jgaz 0 5,50, Lyl 1 5a 40 0aud s ssls

e Sy S5 ) ol Gty ol 4 i lbe &
Gl Grizres g (B oo &y 859 5 oL Oy S 4 i lo 95
Sl messSle gy Shol Lylyd obnl am o niS gla i
wil palS grg B ek S0ly, 95U 5l eslinal Lyl s cow culis
P a0l 6 65 G A Jgaz 50 eads il s bl e
3O Faere Ky, 5 S Cdl> 4y s g %23/94 5 %40 &,
3l caie cpl a5 el 0095 ,5 ol ooy JSUi lakad Cualies ialS iSTos
L olabad (20 Ss fizmen 5 Sk g8y 51,0 Dlalad oS pals L
D)1 (60l 5 Hlwy Coanl YL (28T Gas

S5 mi -4
Ll )0 ARBOBL psiagl] ST Goae (S 0T3Sl cnl o

1.7
] JSlg, gl
Sy, —f3— g )
16 4 Seexe Sl P
Sz cdl> —n b @/’ /
I VA JORES / A
' 1.5 fsccieccccscsscccssascsnssnsssnncscss it . N Q) A
3 Y /K
3 P A,
=7 /7 K
I
N A
., . gs';l)”ﬁ' c\.._>l.\
. e g gl
l-l T r § v L} v T v T v LJ v
0 S 10 15 20 25 30

(rockee) 5550 5 alols
glie (6 Silg, Lyl s i 00 9 dgh lakad Caalses g6 i 9 S

5 e ools JSi wlabad gl o 4l o cwlus als iS4 Jeus
SISy iz Lyl

ASlg,y g Sy Sl Sas
0/18 024 0132 1 sges
019 0123 0/30 2 diges
017 024 0128 3 wiges
0/18 0/237 0/30 oSiles

321

el i @l (Sassly (SBhel Lyt glabl cle 4 Sas
Gl ol sy @l SOl sl 5 Jsexs Sl coly Sl
Gy bagle Hlaie 8 S5 ilhe ardlige orlio Jlaw (sl
SHBOIAB s 5 43 45 2l e 5ece OIBOL L s (S, 5 sl o]
bl Dol Sogl e Sy, 5 Sas b 5l jzes %19/33
S A a Ces sene Sy, Gl e CokS See Oliee
SSlg, b glp edal canss Jade b ool awslie L oS ol %55/96
e Lagll B3 9l (0938 & 05a5 (5 xS et s (H69/48)
0000)F gl CukS S5 0 Jgene JSHlg; 0 Shes 5l 124 55,

Culs 2595 59y 55Ny, i G -3-3

@35 slaanTp j3 byl oj9e (S sladasin onyiegs 3 o
lie gl 5 il go o ools JE5 b coalins ayjer 30 slogsys
Sl 6%l Glsiearond ools & Slalad Cualbes my35 5l 5

20.04Ra: 2130 [um]
0.0l ot e = VM\\/’ A
1 1.0 “70o 3.0 4.0
-20.04
4 (&)
)
Bo)
& 10.04Ra: 0.921 [um]
%) 0.0 M‘W‘A%M%r%w%%ﬁ
1 1.0 2.0 3.0 40
Tj: -10.04
2 )
~ 10.04Ra: 0.730 [um]
0.0 ko= —= JVV - O
1 1.0 2.0 3.0 4.0
-10.04
@
Gincles) 52545905 Joo

sols JSi lalad (gl el sy s (5 05 sl Judg 5 diged S T Sl
S (D) 5 Jyome ;155 () Szz el () alien (6 ISy, bl s 0
Kl

o
t

s 5595 (Sl polie bawgis Joie = a@e-

(=
1
-

o
@
1

4 2
j 1.8 - \\‘ 0y (5 S o3l jyolie disls e
1. \
\
1. \
% %71 R2=0195 Y\
3 \
% 14 4 \
2 1
3 \
9 1.2 4 \\
) \
\
i

o
o
A I
I
I
]
[}
-1 -

e s SFyere ,Sly, SKlg, o

2 olas a5l eads (g pSoslail mhaws (6 5 pSilee Ligie jlaie 8 JSi
S)Slg, Ll o

1 oolaiis A5 095 1394 1335 58 o e pSslSd Sho iy



Oblsed 9 OB £o1) J9 M

alp3g3l 5339581 1 0 3laiawl by Gaes Linds 35T b 13 619 Sgua

[4] X.Q.Wang, A. S. Mujumdar, Heat transfer characterization of nanofluid:
A review, International Journal of Thermal Science, Vol. 46, No. 1, pp. 1-
19, 2007.

[5] E. Ettefaghi, H. Ahmadi, A. M. Rashidi, S. S. Mohtasebi, R. Soltani, Effects
of nano-particles on properties of engine oil and its functionality rate on
wear reduction, The Journal of Engine Research, Vol. 24, No. 24, pp. 3-12,
2011. (In Persian)

[6] G. Liu, X.Li, B. Qin, D. Xing, Y. Guo, R. Fan, Investigation of the mending
effect and mechanism of copper nano-particles on a tribologically
stressed surface, Tribology Letters, Vol. 17, No. 4, pp. 961-966, 2004.

[71 S. M. Alves, B. S. Barros, M. F. Trajano, K. S. B. Ribeiro, E. Moura,
Tribological behavior of vegetable oil-based lubricants with
nanoparticles of oxides in boundary lubrication conditions, Journal of
Tribology International, Vol. 65, pp. 28-36, 2013.

[8] J. Lee, S. Cho, Y. Hwang, C. Lee, S. H. Kim, Enhancement of lubrication
properties of nano-oil by controlling the amount of fullerene
nanoparticle additives, Tribology Letters, Vol. 28, No. 2, pp. 203-208,
2007.

[9] M. Sayuti, A. A. D. Sarhan, F. Salem, Novel uses of SiO2 nano-lubrication
system in hard turning process of hardened steel AISI4140 for less tool
wear, surface roughness and oil consumption, Journal of Cleaner
Production, Vol. 67, pp. 265-276, 2014.

[10]Y. Y. Wu, W. C. Tsui, T. C. Liu, Experimental analysis of tribological
properties of lubricating oils with nanoparticle additives, Wear, Vol. 262,
Nos. 7-8, pp. 819-825, 2007.

[11] P. V. Krishna, R. R. Srikant, D. N. Rao, Experimental investigation on the
performance of nanoboric acid suspensions in SAE-40 and coconut oil
during turning of AISI 1040 steel, International Journal of Machine Tools
& Manufacture, Vol. 50, No. 10, pp. 911-916, 2010.

[12]J. S. Nam, P. H. Lee, S. W. Lee, Experimental characterization of micro-
drilling process using nanofluid minimum quantity lubrication,
International Journal of Machine Tools & Manufacture, Vol. 51, No. 7-8,
pp. 649- 652, 2011.

[13] S. Khalilpourazari, Effects of lubricating oil with alumina nanparticle
additives on spur gear surface roughness in hobbing process,
Mechanical Engineering, Vol. 22, No. 93, pp. 38-46, 2014. (In Persian)

[14] M. R. Shabgard, M. Jafarian Zenjanab, R. Azarafza, Experimental study on
the influence of CuO nanofluid on surface roughness and machining
force in turning of AISI 4340 steel, Modares Mechanical Engineering, Vol.
14, No. 2, pp. 27-33, 2014. (In Persian)

[15] M. Mosleh, N. D. Atnafu, J. H. Belk, O. M. Nobles, Modification of sheet
metal forming fluids with dispersed nanoparticles for improved
lubrication, Wear, Vol. 267, No. 5-8, pp. 1220-1225, 2009.

[16] S. khandekar, M. R. SanKar, V. Agnihotri, J. Ramkumar, Nano-Cutting
Fluid for Enhancement of Metal Cutting Performance, Materials and
Manufacturing Processes, Vol. 27, No. 1, pp. 963-967,2012.

[17] C. Mao, Y. Huang, X. Zhou, H. Gan, J. Zhang, Zh. Zhou, The tribological
properties of nanofluid used in minimum quantity lubrication grinding,
International Journal of Advanced Manufacturing Technology, Vol. 71, No.
1, pp. 1221-1228, 2014.

[18] T. Luo, X. Wein, X. Huang, L. Huang, F. Yang, Tribological properties of
Al203 nanoparticles as lubricating oil additives, Ceramics International,
Vol. 40, No. 1, pp. 7143-7149, 2014.

[19] K. Lee, Y. Hwang, S. Cheong, Y. Choi, L. Kwon, J. Lee, S. H. Kim,
Understanding the role of nanoparticles in nano-oil lubrication,
Tribology Letters, Vol. 35, No. 1, pp. 127-131, 2009.

[20] Ch. G. Lee, Y. J. Hwang, Y. M. Choi, J. K. Lee, Ch. Choi, J. M. Oh, A Study on
The Tribological Characteristics of Graphite Nano Lubricants,
International Journal of Precision Engineering and Manufacturing, Vol. 10,
No. 1, pp. 85-90, 2009.

1 olaiis 15 095 1394 11335 58 (w30 Silse wiie

S3b> (Jaere Sy, 5 (Jgene ISy, (S > ol 6,0y, ol
(BIUSE S8 28,5 plmil js soys 05 lale b Lol o361k
Oy 4 oas ool JSb sladiges cuslis LnalS Sl g amlaw cosS
st D50 (275 Dyge @ ) Sy, Lulpd ol Sl sla el )l G yiege
g ol b a esel Cusay ol b as S )8

@ Legdl Oly350 gal> ISy, 5 eolial > o a0 S (g9, -1
@ S (BOUSE G950 peSle bs S lab>Me LB sk
%16/39 § %24/32 e 4 ey @ Jgore Sy, § Sis lacdl>
Sl Lyl s sy Jols 2alS ol ams e ol |, 2als ws s
58kae 4z ;3 (& 5 B Szl gk o Sl oo ualS)
bl ge STy, U g

oS sy el sy SISl U 5l ool Sl s e CoS (g =2
5 W09/48 5y > ol e eud ools IS lalad v )
s Iy IS, 5 OSis Lyl ) s H10/33

@ S 0940 123194 5 %40 4 e s @ IS, 9L (5,518 -3
ool S8 kb s (als 1B 08 Jsane IS0y, 5 Sis cl>
A0,5 0dds

gy &5 adGakde (Ghagh ool @l 4 axg b S5 ke -4
ol Groe 225 ald )0 s BB o S0y, 9L S
Sk Jlil als s @) culbs g5 See e cnl )0 45 95 0
Cgenl Glabald mhas coaS 5 YL S Gee b Slabad pas IS0 5
75 08 BLal 4 kS oblie i Sl 4 az g Lo )ls Slong jlems
5 b Blagd L 31 S ] sy LiooglT 03 5 51 (oSS s g0
aro a9 5 Ol Sl SN0 Sl s SlS SU L anlie
ez § Bres GiiS Al b o5y sl b )lS3ly, 61U 51 s e arily 0
Dyt 0y (sxie (leie 3 il o IS slaanl b sl

&0 -5

[1] B. Barooghi, A. Amiri, M. H. Sadeghi, Study on hot ring compression test
of al 6082 alloy using experimental observation and FEM simulation,
Modares Mechanical Engineering, Vol. 13, No. 3, pp. 68-75, 2013. (In
Persian)

[2] T.S. Yang, Investigation of the strain distribution with lubrication during
the deep drawing process, Journal of Tribology International, Vol. 43, No.
5-6, pp. 1104-1112, 2010.

[3] H. Ghasemi, B. Soltani, Experimental investigation on the effective
parameters on forming force, dimensional accuracy and thickness
distribution in single point incremental forming, Modares Mechanical
Engineering, Vol. 14, No. 1, pp. 89-96, 2014. (In Persian)

392



