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An experimental investigation of surface roughness produced by
micromilling of Ti6Al4V alloy under different lubrication and cooling
conditions
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Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
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ABSTRACT

Micromilling is a suitable method for fabrication of miniature parts with 3D complex geometries. This method has wide applications in
fabricating of medical micro tools. Titanium alloys were used in medical applications extensively due to their high strength-to-weight ratio,
corrosion resistance and biocompatibility. Owing to the fabricating of micro parts in implants and medical tools, studying the micromilling of
titanium alloys becomes more important. In this study, the surface roughness produced by micromilling of Ti6Al4V alloy is investigated.
Spindle speed, feed rate and axial depth of cut have been considered as cutting parameters. Micromilling has been done with three
lubricating and cooling conditions: dry, wet and minimum quantity lubrication (MQL). TiAIN coated carbide micro-end mill tool with the
diameter of 0.5mm were used. Taguchi method has been used to design and analyze the experiments. The results showed that the surface
roughness is minimized by the use of the minimum quantity of lubricant. Surface roughness decreased with the increase in cutting speed and
feed, regardless of the lubrication and cooling condition. The minimum surface roughness was 118 nm in the condition of spindle speed=
30000 rpm, feed rate= 0.8 pm/tooth and depth of cut= 60 pm.

Keywords: Lubrication and Cooling, Micromilling, Surface Roughness, Ti6Al4V Titanium Alloy

el g fagSee Ver B0 Jha8 o Il G 5l e oS Solas Gl L docdo -
F B tle poleda (b SzgS b oS (o oolil fiog e V-V e S lalad Ci b (gl anie o5 5 peiiene sloan]b Sl (So (5,055,855
GRSl oy ) glad a3 eunBl ool Culid gSe @ gSle gl o Al e (samn oz SIS 5 il glaguiz b (5l
eme 035 V] 288 s 0 55 Gl oed oo |y 0 4 5 08 o oy SlaislssS el Sezse slagty, nle b aalis jo VL Wy &5
o piiie chlize olge ()5 dlogSn Zebll dmlie ln omlie il Jsens )55,8 Slilas aline (5157589, Jgol sl S50

Please cite this article using: 2 Lod o3l 13 ©yle 5l e (pl & glo ) (gl p
H. Hassanpour, A. Rasti, M.H. Sadeghi, ]. Hashemi An experimental investigation of surface roughness produced by micromilling of Ti6Al4V alloy under different lubrication
and cooling conditions, Modares Mechanical Engineering, Proceedings of the Advanced Machining and Machine Tools Conference, Vol. 15, No. 13, pp. 78-81, 2015 (in Persian
=)



Ol 9 )93 s S

alizo )5 SIS 9 SIS W) ol pb a5 TIGAIAV SWIT )155 559 550 Sl Jsols Ehows (6005 TS W0

slal 4 g iz (nl 5l (xS slaaigas (g3, bagilesl 285 1,5 ool
5 b,y 5 a8 plonil 00,55 S 0575 b e Vex Y ex)
Giebgy b eSS a5 iz 3l A ds £35S 58 e tales]
Folnl Sg glad g az,o ¥ maylo aly aler /0 8 oy TIAIN
CNC 55 oo 53, laialej] (oolad 3 "sten 5,8 Solo f2eg Sn
Jaieal 53 551 L UCP710 Juo *g,80ke plosan J55 joe Jle
slghlel Slad & baye ngal ol plxl aids n e TV
ool oaal VS 50 (60875 ,89 500

MQL 5 5 6,55 5 65 0ls, lacdl jo oslinul 550 (55 (529,
azy Foopo Sl e VY olS LW Gan olwe o8
2SS A I 5 o5 e ey 1V e Jlessl alais o 5 ik
s J3b 5o b )0y, pites 39 35 ke 42,0 V0 )3 oo e
Fdhea V¥ 55 by (20 09 485 13 Jlpl 4 S 4z 0 Yo gl
De b P jlad g el p

7L Gleil (b by, 5l eslinl b 6)1575,5 (slagilesl caslsl 5o
() Jiopl Slysd Zo s Jol (6,5 ndle el A a5z b
odls yost e Y0 (Ap) Gysme i Bes g () Als 5 gy
oyl polie § zokaw oslaad (g, omile gloyalb O Jgaz ,0 il
5 6,50l cdl an o g @lse 5,155,8 > o byl .l ous]
oo ol 5l ol 4 slaw e slml MQL 5 5 oSt (o5
TV bz 6,55 5 6,50y, Sl dw (5,38 L a8 el Censy Giules]

5 el Gk (55 (9025 Gl

Sl s ) ows 5l sslainl bonds 5,5 niile slodiges mhaw (53
G5 e Sl E s S osll e e OIF uysS Jsb LYl Jae
P a b e Gl Gladoe 13 5 a8, ¥ 0 (axiuis ) iged o el
23,5 S (Ra) basgie s (5325 Ol & (eSilos 5 plil ¢l

539,50 slaptalesl Sl V IS8

bl ok 5 alesl 0590 slayzally V Jour

Tobe )
G oeible slo sl )
Y Y \
\ 5. Al ap (Mm) (5,970 oy Gos
JA 8 .Y f2(um/tooth) (69 yiey C p
v Y. \ n (rpm) Jaiel o5

4. HAMTools
5. Mikron
6. Mahr-Perthometer M2

\A)

Serge 4,50 5 il o] d Ko o o3l Sl i semy Jdoay ol
s0nl 3 i 5 b Glioad |) ) mtlos Sle (slannT3 5
sl Gn Bl e Sgx e Glaaey 3 Sliddes
Y]l plosl s o gan codls i T slazg,5 g 6, omile
[t

G G e S0 Sl e Sl GRS 5w
5 69 e el 5 285 (55, 45 )8 edle b sl S 5 Sl
Sad & 6,5 oeile Sldee 15 6,5 lg, il S o Uil 1) cogeo S
S b O GRAL e 5 0l Jlw g5 Sl & as
S Glizme Slge 5,5 il (51 039,01 45 5,5 0lg, sl bs Elsil oo
A w Yoo . . . .o oz
5 or Jlw Bl o5 o Sas laptann Jolh gl oo i8S
[(B] Mbso 92 ‘_th‘JfAe)

Jdo a8 05 cériy ceyun 4 VAT gaas Sl 5l psslis Cais
Pl (S ey ol ol 0551 gy Lidlen canio s o] sones
Wlge >b 15 pgatte 5 4 plSotin] Cad oy iy a5 (5,0l ool
2 el Gl Ko 08 ailioe o Gl 5 pssilnd & bsye
bl (Soy05 4 Cuglin el ol Jdo a5 el (Sagy slacaliel
al sl Sl cole collB s e 5l Ll asbie b
Iy 60l Hlawn Syl gol ol a5 sl 0¥ 5l Sl A B Y (pauslis
009 JuiSTs Jles W3LIT ol pion S oo 0l 6 5 paile mige o
Gl el ol gl oo (G35 Yl (ol 4 B edle (e 59 s
IA-#] csls salss o jo 1) ades Slabad orbaws eodlos

2 dedy JSw ops gl e A8l e bl gees o
Loy 39 wblS 5] Lo XSCINIT8-10 5 555 Y58 (51555 Soo
Gyl Gl anain a5 ols las g 05 cwyp |y el </ lad
FSe5 sy 680k 5 5 st s Garim b e (g B inile
ol 35 56 ancly

S 5 a3l 6155550 (225 aalllan 4 [V 0] 1l Sen 5
ad glas 5l 3585 candl s eoly slacwlbrs o mhw ) a5 WS
anlpasl ) et anlp b cde a4 Wi ol b oo il
b g 0ad Sl el g 0)lS 4 dlse (35 LS cage (5 el
S o obml G Oldee b anlie jo s

TIGAMY SUT (615 85,50n ainej o (S oo sbals 9558
ol Gy S5eless Sledbl b ol 5l cnlply ol sad i1
ol i 50 5,0l 1 0g 0ol axwgs Comalyy SLIT Gl (618558 e
S50 st Dyge & ()15 85,800 anl 3 )0 TIGAIV SLIT mlaws (55
Wi g ol t b 256 lej] b 285 15 alllas
s 95 A 5l oMl b g mhans 4w 10 970 (2 Bk 9 (5958
Sl MQL g 5 o Sis pinns Jold Gilizs 6,505 5 5,5 ls,
gl 6p) Pl Jlae Golaly ) il angy Lulpt cole po

alo3T plosit 295 § O e Y
350 Yo rHV 5w b oas [T TIGAIAV agslis 5LIT gubss cpl jo
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