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ABSTRACT

In most of the metal industries, the use of cutting fluid has become more problematic in terms of both
employee health and environmental pollution. But the use of cutting fluid generally causes economy of tools
and it becomes easier to keep tight tolerances and to maintain work piece surface properties without damages.
Because of these, some aternatives has been sought to minimize or even avoid the use of cutting fluid in
machining operations. Some of these alternatives are dry machining and machining with minimum quantity of
[ubrication (MQL). In this paper, experimental investigations for the enhanced cutting fluid properties is
studied by inclusion of Al,O, nanoparticles. Surface Roughness, chip formation and tool wear in turning of
Mild Stedl at different industrial speed-feed-depth of cut combinations by HSS cutting tool are presented and
compared with wet machining, MQL machining and MQL with Al,O, nanoparticles. Results indicate that
inclusion of Al,O, nanoparticle enables substantial reduction in the cutting tool temperature, tool wear and
improve surface finish, which provide better cooling and lubricating in the Machining processes.

© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Thegrowing demand for higher productivity, prod-
uct quality and overall economy in manufacturing by
machining and grinding, particularly to meet the chal-
lengesthrown by liberalisation and global cost com-
petitiveness, indstshigh materia removad rateand high
stability and longlifeof the cutting tools. But high pro-
duction machining and grinding with high cutting veloc-
ity, feed and depth of cut areinherently associated with
generation of largeamount of heat and high cutting tem-
perature. Such high cutting temperature not only re-
ducesdimensiona accuracy andtool lifebut alsoim-
pairsthe surfaceintegrity of the product. In high speed
meachining, conventiona cutting fluid applicationfailsto
penetrate the chip-tool interface and thus cannot re-

move hesat effectivelyi. Addition of extreme pressure
additivesinthe cutting fluids does not ensure penetra-
tion of coolant at the chip-tool interface to provide lu-
brication and cooling?. Inappropriately handled cut-
ting fluids may damage soil, water resources causing
machine operators skin and breathing problemg®. Sev-
eral research workers state that the costs related to
cutting fluidswith stricter environmentd lavsarefre-
quently higher than thoserel ated to cutting tools. With
severd limitationsof cutting fluids, the search for sub-
stitutesisunderway. Thishasgiven riseto minimum
quantity lubrication refersto the use of cutting fluids of
only aminuteamount-typicaly of aflow rateof 50-500
mi/h which isabout threeto four orders of magnitude
lower than theamount commonly usedin flood cooling
condition. N.R. Dhar et.al .4 studied theinfluence of
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Figurel: (a) Photographicview of theexperimental set-up
(b) HSScuttingtool (c) Schematicview of MQL system

Figure2: Mixing of MQL and AL ,O,nanoparticlesusing
magnetic stirrer
minimum quantity of lubrication (MQL) oncuttingtem-
perature, chipand dimensiona accuracy inturningAlSI-
1040 sted. D.G. Thakur!™ studied optimization of mini-
mum quantity lubrication parametersin High Speed
Turning of Super aloy Inconel 718. Further they ob-
served that Also MQL under pul sed jet mode protects
the operator’s health and reduces the detrimental ef-
fects on the environment. Due emerging of
Nanotechnology, hightherma conductivity fluidscalled
‘Nanofluids’ as emerged. Nanofluids are engineered
colloidal suspensionof nanoparticle (1-100nm) inbase
fluidg®. Theapplicability of thefluidsascoolantsis
mainly dueto the enhanced thermo physical properties
of fluidsdueto the nanoparticleinclusion®,

The present work experimentaly investigatesthe
role of the nanofluid on surface roughness, Tool wear

flano Soienoe and flano Teohnology

TABLE 1: Experimental specifications

Machine tool GEDEE WEILER, 5hp Lathe
Workpiece: Mild Steel (size: @24mmx100 mm)
Cuitting tool HSS ,Miranda S-400

Working tool geometry 8°, 8°, 6°, 6°, 10°, 15°, 0.8 (mm)

Cutting velocity, V. 45,60, and 74 m/min

Feed rate, S 0.054,0.088 and 0.120 mm/rev

Depth of cut, t 0.2,0.3 and 0.4 mm

MQL supply Air: 6 bar, Lubricant: 200 mi/h
Wet (flood cooling) ,Minimum

Environment Quantity lubrication (MQL) and MQL

with Nano fluids.

TABLE 2: Processparameter and their levels

Factor Code  Unit Levell Level2 Level 3
Cutting Speed A m/min 600 0.054 0.2
Feed B mm/rev 790 0.088 0.3
Depth of Cut C mm 980 0.120 0.4

Wi kplece Depth of Cut

Miwhim:d Surface

Feed per Revolution

Cutting Speed
'

C.h]p
Cul.l.mu Tueal

Figure3: Parametersin turning operation

and chipformationin plainturning of mild sted at dif-
ferent speed-feed combinations by HSS cutting tool
and comparestheeffectivenessof MQL nanofluidwith
that of MQL and conventional cutting fluids.

EXPERIMENTAL

For the present experimentd studies, Mild sted rod
of initid diameter 24 mmand length 100mmwasplan
turned inaGEDEE WEILER, 5hp Latheby HSS cut-
ting tool at different speed-feed combinations under,
wet condition, minimum quantity lubrication (MQL)
conditionsand MQL with nanofluid condition to study
theroleof MQL onthemachinability characteristicsof
that work material mainly in respect of surfacerough-
ness, tool wear and chip formation. The experimental
conditionsaregivenin TABLE 1. Theranges of the
cutting velocity (V ¢) and feed rate (So) were selected
based on thetool manufacturer’s recommendation and
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1- wet condition

3- MQL + 2% Alumina nanoparticle
4- MQL + 5% Alumina nanoparticle

Figure4: Machining condition Vssurfaceroughness

TABLE 3: Experimental resultsfor wet condition

Expt. Cutting speed Feed rate Dept of Surface roughness Flank wear S/N ratio for S/N ratio for
No (m/min) (mm/rev) cut (mm) Ra-pm Vg -mm Surface roughness tool wear
1 1 1 1 2 0.2 -6.02 13.97
2 1 2 2 2.6 0.24 -8.29 12.39
3 1 3 3 3.8 0.31 -13.44 10.17
4 2 2 3 2.95 0.45 -9.39 6.93
5 2 3 1 4.00 0.4 -12.04 7.95
6 2 1 2 3.8 0.42 -11.59 7.53
7 3 3 2 11 0.74 -0.82 261
8 3 1 3 2.8 0.79 -8.94 2.04
9 3 2 1 5.12 0.65 -14.18 3.74

TABLE 3a: SN responsetablefor surfaceroughness

TABLE 3b: SN responsetablefor tool wear

Mean SIN ratio (dB)
Level 1 Level 2 Level 3 Max-Min

Symbol Cutting parameter

Mean S/N ratio (dB)
Levell Level2 Level3 Max-Min

Cutting parameter

A Cutingspeed  -9.25 -11.00 -7.98  3.02
B Feed rate 541 975 -1307 7.66
C Depthof cut ~ -10.74 -6.90 -1039 3.84

Cutting speed 12.17 747 2.79 9.38
Feed rate 7.83 6.79 7.14 1.04
Depth of cut 8.55 7.51 6.38 217

The total mean S/N ratio = -9.38 dB
industrid practices.
Preparation of nanofluid

In this project we used alumina (Al,O,)
nanoparticlesinto vegetableoil asabasefluid to make
MQL +AlLO, Nanofluidisgiven bel ow.

Takethe proper amount of ALLO, nanoparticlesand
directly mix withvegetableoil asabasefluid and make
two sampleswith different proportionsof nanoparticles.
l. 2Vol% of AL, O, nanofluid= 100 ml of vegetable

oil+2gmof AL, O,nanoparticles
1. 5Vol% of AL O, nanofluid=100ml of vegetableoil
+5gmof AL, O, nanoparticles

Theabovecomposition hasto mix continuoudy about
5to0 6 hoursusing Magnetic stirrer asshowninfigure 2.

The total mean S/N ratio = 7.40 dB

Selection of the factors and ther levels under
taguchi’sapproach

The cutting experiments were carried out on a
GEDEE WEILER, 5hp Lathe by HSS cutting tool for
themachiningof Mild stedl bars. The operating condi-
tions such as speed, feed, and depth of cut and mode
of machining (Figure 3) which aregenerally control-
lablein any turning situation were sel ected asfactors
for study. Thereforetheinitia cutting parameterswere
asfollows: cutting speed 600 mymin; feed rate 0.054mm/
rev; and depth of cut 0.2 mm. Thefeasible spacefor
the cutting parameterswas defined by varying the cut-
ting speed intherange 600-980 m/min, thefeed ratein
therange 0.054-0.120, and the depth of cut intherange

flano Science and flano Technology

A Judian Journal



74

Nanofluids as cutting fluids in minimum quantity lubrication turning operation

NSNTAIJ, 4(2) 2010

Full Paper ==

TABLE 4: Experimental resultsfor M QL condition

Expt.  Cutting speed Feed rate Dept of Surfaceroughness  Flank wear S/N ratio for S/N ratio for
No. (m/min) (mm/rev)  cut (mm) Ra-um Vg -mm Surface roughness tool wear
1 1 1 1 1.95 0.21 -5.80 13.55
2 1 2 2 2.3 0.18 -7.23 14.89
3 1 3 3 4.1 0.27 -12.25 11.37
4 2 2 3 2.65 0.41 -8.46 7.74
5 2 3 1 3.7 0.4 -11.36 7.95
6 2 1 2 35 0.39 -10.88 8.17
7 3 3 2 0.9 0.63 0.91 4.01
8 3 1 3 25 0.72 -7.95 2.85
9 3 2 1 4.8 0.63 -13.62 4.01

TABLE 4a: SIN responsetablefor surfaceroughness

TABLE 4b: S/N responsetablefor tool wear

Mean SIN ratio (dB)

Cutting parameter ]
Levell Level 2 Leved 3 Max-Min

Mean S/N ratio (dB)

Cutting parameter .
Levell Level2 Level 3 Max-Min

Cutting speed -842 -1023 -6.88 3.35 Cutting speed 13.27 7.95 3.62 9.65
Feed rate -4.45 -884 -12.25 7.8 Feed rate 8.43 8.56 7.85 0.71
Depth of cut -10.26  -5.73 -9.55 453 Depth of cut 85 9.02 7.32 17
The total mean S/N ratio = -8.51 dB The total mean S/N ratio = 8.28 dB
TABLES: Experimental resultsfor MQL +2 % Al O, condition
Expt. Cutting speed Feed rate Dept of Surface roughness Flank wear S/N ratio for S/N ratio for
No. (m/min) (mm/rev) cut (mm) Rz -pm Vg -mm surface roughness tool wear
1 1 1 1 1.85 0.21 -5.343 13.55
2 1 2 2 2.19 0.19 -6.80 14.42
3 1 3 3 3.9 0.23 -11.82 12.76
4 2 2 3 2.53 0.37 -8.06 8.63
5 2 3 1 3.6 0.34 -11.12 9.37
6 2 1 2 3.3 0.38 -10.37 8.4
7 3 3 2 0.8 0.60 1.93 4.43
8 3 1 3 2.39 0.67 -7.56 3.47
9 3 2 1 4.71 0.54 -13.46 5.35

TABLE 5a: SIN responsetablefor surfaceroughness

TABLE5b: S/N responsetablefor tool wear

Mean S/IN ratio (dB)

Cutting parameter )
Levell Level2 Level 3 Max-Min

Mean S/N ratio (dB)

Cutting parameter )
Levell Level2 Level 3 Max-Min

Cutting speed -7.98 -9.85 -6.36 3.49
Feed rate -3.82 -8.49 -11.88 8.06
Depth of cut -9.97 -5.08 -9.14 4.89

Cutting speed 13.57 8.8 4.41 9.16
Feed rate 8.87 9.08 8.83 0.25
Depth of cut 9.42 9.08 8.28 114

The total mean S/N ratio = -8.06 dB

0.2-0.4mm .Threelevds, having equa spacing, within
the operating range of the machinewere selected for
each of thefactorsasshownin TABLE 1. By selecting
threelevelsthe curvature or thenon-linearity effects
could bestudied.

For thegiven experiment Cutting speed, feed rate
and depth of cut were selected as the machining pa-
rametersto anayzetheir effect on surface roughness,

flano Soienoe and flano Teohnology

The total mean S/N ratio = 8.92 dB

chip formation and tool wear aswell. Atotal of 27 ex-
periments based on Taguchi’s L9 orthogonal array®
werecarried out with different combinationsof thelev-
elsof theinput parameters. In the Taguchi method, the
term ‘signal’ represents the desirable value (mean) for
theoutput characteristic and theterm ‘noise’ represents
theundesirablevaue(S.D.) for theoutput characteris-
tic. Sothe S/N ratio representstheamount of variation
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TABLE 6: Experimental resultsfor MQL +5 % Al,O, condition

Expt. Cuttingspeed  Feedrate Dept of Surfaceroughness  Flank wear SIN ratio for S/N ratio for
No. (m/min) (mm/rev) cut (mm) Ry -pum Vg -mm surface roughness tool wear
1 1 1 1 1.14 0.2 -1.13 13.97
2 1 2 2 1.48 0.17 -3.40 15.39
3 1 3 3 31 021 -9.82 13.55
4 2 2 3 18 0.31 -5.10 10.17
5 2 3 1 272 0.33 -8.69 9.62
6 2 1 2 25 0.29 -7.95 10.75
7 3 3 2 0.9 051 0.91 5.84
8 3 1 3 15 0.66 -3.52 3.60
9 3 2 1 38 0.51 -11.59 5.84

TABLE 6a: SIN responsetablefor surfaceroughness

TABLE 6b: S/N responsetablefor tool wear

Mean S/N ratio (dB)
Levell Levedl 2 Leve 3 Max-Min

Cutting parameter

Mean SIN ratio (dB)
Levell Level 2 Leve 3 Max-Min

Cutting parameter

Cutting speed -4.78 -7.24 -4.73 251 Cutting speed 1430 10.18 5.09 9.21
Feed rate -1.77 -5.20 -6.14 4.37 Feed rate 9.99 9.53 10.04 0.51
Depth of cut -7.13 -3.47 -6.14 3.66 Depth of cut 9.81 10.66 9.10 1.56

The total mean S/N ratio =-5.17 dB

TABLE 7: Comparisonsat different environmental condition
for surfaceroughness

The total mean S/N ratio = 9.85 dB

TABLE 8: Comparisonsat different environmental condition
for tool wear

Optimal cutting

Optimal cutting

Exp. par ameter Environmental rc?dr;iceiss Exp. par ameter Environmental v-l\—/ggl
No. A B cC condition Rg- m No. A B Cc condition Ve -mm
Level 3 Level 1 Level 2 ik Level 3 Level 1 Level 2 §

1 74 00544 03 Wet 11 1 45 0054 02 Wet 0.2
2 74 00544 03 MQL 0.9 2 45 008 03 MQL 0.18
3 74 00544 03 MQL withnanofluid(2vol %) 0.8 3 45 0088 02 MQL with Nanofluid (2vol %)  0.12
4 74 00544 03 MQL withnanofluid(5val %)  0.72 4 45 0120 03 MQL with Nanofluid (5vol %)  0.09

present inthequality characteristic®!¥, Therefore, the
S/IN ratioistheratio of themean to the S.D. Taguchi
usesthe S/N ratio to measurethequality characteristic
deviating fromthedesired value. The S: N ration is
defined as

n=-10log(M.S.D.)

Where, M.S.D. isthe mean-square deviation for the
output characterigtic.

Herethedesirable objectivesarelower values of
surfaceroughnessand tool wear. Sothelower-the-bet-
ter type S/N ratio, asgiven below wasapplied for trans-
forming theobserved data

n=—10|og(%iy?) Q)

Where, 1 is the S/N ratio for the lower-the-bett'%er cose;
y, themeasured quality characteristic for thei repeti-
tion; nthenumber of repetitionsinatrial.

Following TABLE 3-6 showstheexperimental re-
aultsfor surfaceroughness, tool lifeand the correspond-
ing S/N ratio for both under different environment con-
ditionusngEq.(2).

All above S/N responsetablewhich givestheopti-
mal levd of cutting parameter affectingthequdity char-
acterigtic continuoudy under different environment con-
ditioni.e. wet, MQL and MQL with Al O, Nanofluids

respectively.
RESULTSAND DISCUSSION

From the Taguchi optimization results, itisfound
that MQL +AlO, Nanofluidsshowsreductionin both
surface roughness and tool wear than wet and plain
MQL conditionand it also givesbetter chip formation
than both cutting condition.
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Figure6: Actual formsof chipsproduced during turning at
optimal level of cutting par ameter under (a) wet, (b) MQL and
(c) M QL with Nanofluid conditions
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Surfaceroughness

Fromfigure4 indicatesthat thereisareduction of
surfaceroughnessin MQL + 5%AI.0, nanofluid con-
dition ascompareto wet, MQL and MQL +2%Al,0,
Nanofluids. Thiscan bedueto moreintensivetempera:
tureand stresses at tool chip interfacein conventiona
cutting condition. It isobserved that plain M QL condi-
tion givesbetter surfacefinish than conventiond cutting
process depending upon controlling the deteri oration of
auxiliary cutting edgeof aborasion, chippingand built-up
edge formation. It is aso observed that MQL + 5 %
AlLO, nanofluid further decreasein surface roughness,
thisisdueto nanofluidsexhibit enhanced thermd prop-
ertieslikehigher therma conductivity and heet transfer
coefficientscomparedtotheplan MQL and solubleail.

Tool wear

Figure5indicatesreduction of tool wear inMQL +
5%Al,O, nanofluid condition ascomparetowet, MQL
andMQL +2%Al,0, Nanofluids. Thisisduetoat high
cutting speed, coolant may not have enough timeto
remove heat accumulated at cutting zoneresultingin
less reduction of temperature under plain MQL and
conventiond cutting fluidswhichleadsto morepredomi-
nant built-up edgeformation and increasein tool wear.
ButinMQL +Al O, nanofluid machining condition
nanofluids help to reducethetemperatureresulting de-
crease of built-up edge formation because of enhanced
thermophysica propertiesof nanofluids.

Chip formation

Figure 6 showsthat themild steel when machined
under wet conditions produced spira typechipsandthe
colour of the chipsbecomeblue. Thisspira typechip
and dark bluecolour indicatesthat thereishightempera-
ture between chip-tool interface and reduction of tem-
peratureisvery less. When machined under planMQL

flano Soienoe and flano Teohnology

theform of these ductile chipschangeappreciably into
moreor lesshalf turn and their back surface appeared
little bit brighter and smoother. Thisindicatesthat the
amount of reduction of temperature and presence of
MQL enabled favourablechip-tool interaction and trace
of built-up edgeformation. But when machined under
MQL + Al O, nanofluid the form of chip is does not
change appreciably than plain MQL condition but the
colour of thechipshavebecomemuchlighter, i.e. metd-
licfrom bluedueto largereductionin cutting tempera-
tureand dimination of built-up edgeformation.

CONCLUSIONS

Thefollowing conclusionscan bedrawn based on
theexperimenta resultsof thisexperiment:

e MQL isatechniquethat could reduce many cutting
problems coming from high consumptionsof [ubri-
cant, like high machining costs, environmental and
worker hedth problems.

e Taguchi’s robust orthogonal array design method is
used to analyze the surface roughness and tool wear
problem.

e Surfaceroughnessand Tool wear can beimproved
smultaneoudly through MQL + 5%Al, O, nanofluid
approach instead of Wet, MQL.
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