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Abstract.

Today higher production rate is the basic principldndustry and there are serveral economic medrechieving this. High
productivity in machining is mainly achieved whesing high cutting speed and feed rates. Howeslyated cutting
temperatures generated at cutting zone in higlinguspeed reduce tool life, causing dimensionahgha to the work material and
adversely affecting dimensional accuracy of maahic@nponent as well as affecting the strength, iessl and wear resistance of
the cutting tool. Into his context cutting fluidshen properly chosen and applied, are used to neaiproblems associated with the
high temperature and high stresses at the cuttigg ef the tool during machining because theiria#tion, cooling, and chip
flushing functions. Unfortunately, process-genatgpellution in machining has been mainly comingnfrevaste cutting fluids.
Conventional cutting fluids also causes environmiesmta health problems. The current attention togheironmental impacts of
machining processes by government regulations bes forcing manufacturers to reduce or eliminate @mount of wastes. A
viable alternative to improving the characteristidshe tribological processes present at the wawkpiece interface in order to
improve the machinability of materials and at thme time eliminate environmental damages as wetliagnizing some problems
associated with the health and safety of operasoMQF application, which consists of applying aainamount of the highly
efficient coolant/lubricant at a flow rate ofteridn& 100 mi/h compared to 120000-720000 mi/h gehesahployed in conventional
coolant flow.This is why this technique is considered a “cleattieg process”. The concept of MQF sometimes ferred to as
near dry lubrication or micro lubrication. This pagvaluates the performance of MQF technique 2068 ml/h) compared to dry
condition when turning of AISI 1047 steel gradehnibated cemented carbides at various cutting speed feed rates. Tool wear
rate, failure modes (SEM images of wear) and sarfaish were recorded and used to assess therperfice of MQF technique.
Results show that the use of MQF technique pronretiisction in tool wear and improves surface firdgéimachined component.
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1. INTRODUCTION

Turning operation is probably the most common btl& machining processes and, then, more studidsation
conditions are expected to be carried out, maiekalise of the complexity of conditions existingirting zone. Also
this operation presents some problems during maghicompared to milling operation such as the gatian of
continuous chip formed when cutting ductile metatgl alloys that do not fracture on the shear plament and
Wright, 2000; and Childs, 2006) such as aluminumw hlloys steels and copper. Continuous chips adesirable
because they usually wrap themselves around th&peme or get tangled around the tool holder, tadgersely
affecting the surface finish generated and/or causdol damage. In some cases machining has toatbatpted in
order to clear them away.

In a machining process, new surfaces are cleawsd tihe workpiece through the removal of materighim form of
chips which demands a large consumption of enérgg. mechanical energy necessary for the machirpegation is
transformed into heat. As a result high temperatupeessures and severe thermal/frictional actomesir at the tool
edge in the cutting zone. The greater the energyswuption, the more severe the thermallfrictionetioas,
consequently accelerating tool wear and making ntle¢al cutting process more inefficient in termstobl life,
dimensional accuracy and material removal rate @¢€evic et al, 1995). Therefore, the efficiencyhd tmetal cutting
process depends to a large extent on the effeetbgeof the tribological condition provided for sifieamaterial-cutting
tool interaction (Da Silva, 2006). Into this corttean efficient cooling and lubrication functions cdtting fluid in
cutting zone is required (Machado and Wallbank,7199tanasio et al., 2006; Klocke and Eisenbl&i®97; Sharma et
al., 2009; Diniz and Micaroni, 2006; Dhar et aD0Z).
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In fact, lubricant can only be effective in thedslig zone because the cutting fluid whether initigor gaseous
form, is unable to gain access to the seizure Zbtechado and Wallbank, 1994). As a coolant theimmutfluids
reduces the temperature generated at the tool-veméxpand tool-chip interfaces both by its coolirggian and by
reducing the heat generated during machining (Md@ha990; Sales et al, 2001). Effective applicabboutting fluids
can also prolong tool life, thereby reducing thenber of tool changes, increase dimensional accuascyell as
improve surface of the machined components (DaaSéval., 2001) and decrease the amount of powesucoed.
However, machining without cutting fluids have béetatest years a great topic of research to nmasgarchers which
expect to optimize the use of cutting fluids in imatg processes. Ecological regulations and ecacadm
considerations have emphasised the need for mgrendchining or environmentally clean metal cuttiprgpcesses.
Additionally, use of cutting fluids causes enviraemtal and health problems.

At the same time, tool material properties haventiegroved and new tool materials have been deeelap order
to avoid or minimize the use of cutting fluids. Téfre, properties such as resistance to abrasidrdéfusion, hot
hardness and ductility have been greatly improvétth #he new tool materials. Tool coatings have pted high
hardness, low friction coefficient and chemical éimekmal stability to the tool. Tool geometries édeen optimized to
better break chips and also to produce lower serfanghness values in the workpiece. New concdptgchine tool
design have allowed machining speeds to becomerfastd increased rigidity enables more severénguttperations
to be used (Diniz and Oliveira, 2004; Derflingeakt 1999).

Due to these technological advances, machiningowttbutting fluid can be possible, in some situatioHowever,
it is important to eliminate cutting fluids fromehprocess without affecting productivity, tool lilsnd workpiece
quality.

In dry machining, the friction and adhesion betweéip and tool is higher then when machining inspreee of
fluids, which generates higher temperatures, highear rates and, consequently, shorter tool litefe, completely
dry cutting still is not suitable for many machigiprocesses (Da Silva, 2006).

A viable alternative to dry cutting is MQF that geally improves the characteristics of the tribadag) processes
present at the tool-workpiece interface, i.e., iowes the machinability of materials and at the séime eliminate
environmental damages as well as minimizing sonablpms associated with the health and safety ofabpes
(Machado and Wallbank, 1997). MQF technique cossi$tthe application (pulverization) of a very smallume of
cutting oil (usually less than 500ml/h), in a fl@vcompressed air. This small amount of oil, mdghe time is enough
to substantially reduce friction to avoid the adte®f the chip on the tool (Diniz et al., 2003).

The cutting temperature observed when using M@Rrigue is comparatively less than that in dry aetl turning
because cooling occurs by convective as well aparative heat transfer. In this condition, fluiglet with their high
velocity can puncture the blanket of vapors fornaed reach the tool interfaces that are under reghpératures,
facilitating evaporative heat transfer, which isremeffective than the convective heat transferti@gitfluid injection
thus provides better lubrication and effective heansfer, hence generating lower cutting tempeeathan that
observed under conventional wet turning.

Regard MQF technique parameters, Sharma et al9j20@ Vikram et al. (2007) observed in their ekpents that
cutting performance mainly depends on fluid appica parameters such as nozzle pressure, numbpulsés and
amount of cutting fluid delivered in each pulse.eyhconcluded that by carefully choosing these petars it is
possible to produce high quality of machined congmis with MQF technique.

The minimization of cutting fluid also leads to eomical benefits by way of saving lubricants costs
workpiece/tool/machine cleaning cycle time. Frorawpoints of performance, cost, health, safety amdrenment,
vegetable oils are, therefore, considered as vialbdenative to petroleum-based metalworking cgtfinids (Khan and
Dhar, 2006) because:

(1) Molecules, being long, heavy, and dipolar inun@, create a dense homogeneous and strong lobfitra that

gives the vegetable oil a greater capacity to dpogssure;

(2) The lubricating film layer provided by vegetafdils, being intrinsically strong and lubriciousiproves workpiece
quality and overall process productivity reducirigtfon and heat generation;

(3) The higher boiling point and greater moleculegight of vegetable oil result in considerably ldgss from

vaporization and misting;

(4) Vegetable oils are nontoxic to the environnaamd biologically inert and do not produce signifitarganic disease
and toxic effect;

(5) No signal and symptom of acute and chronic syp®to vegetable oil mist have been reported imamu

This paper evaluates the performance of MQF tectnigith two different flow rates (20 and 60 ml/hjhewn
turning of AISI 1047 steel grade with coated ceradntarbides at various cutting speeds and feed. r@@mparative
trials were carried out under dry condition. To@aw values, failure modes (SEM images of wear)saamthce finish
were recorded and used to assess the performam®Ieftechinique.
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2. EXPERIMENTAL PROCEDURE

Machining trials were carried out using a CNC lattith 10 HP motor driver. The workpiece materiaédisn this
investigation is a commercially available AISI 10gtéel grade with the following dimension: 130mrardeter x 250
mm long. Coated cemented carbides insert with @Ddesignations SNMA 120408 was used for the nmabitrials
(Tab. 1).

Cutting conditions employed in this investigatiare shown in Tab. 1. Cutting speed and feed rdigesavere
selected based on the tool manufacturer’s recomatiemdand industrial practices. Depth of cut wastlk®nstant.

The MQF technique needs to be supply at high pressod impinged at high speed throughout the ncaiztee
cutting zone. Considering the conditions requiredthe present research work and uninterrupted lgufpMQF at
constant pressure over reasonably long cut, a MQW® System) was used. The MQF jet in this work wasduct to
rake surface using a pressure of 0.6 MPa, throwgbzzles, to protect too the auxiliary flank t@ble better surface
finish. During MQF application the distance betwdlem nozzles and cutting zone was kept in 30mm.

The tool life rejection criterion for this invessiion was maximum flank wear,g¥na = 0.6 mm. Tool wear
measurement of maximum flank wear was carried outagious intervals using a Profile Measurement Mae
PJ300H at the end of each pass. Relevant imagbs @forn tools were selected and captured on a etemponnected
to the SEM.

Surface roughness (Ra parameter) of the machimégceuwere recorded after each pass using a Suktiegoyo
portable stylus type instrument with sampling léngf 0.8mm for all conditions investigated. Measneats were
carried out in three different regions (R1, R2 &) of workpiece as schematically illustrated igu¥e 1. Three
measurements were realized on each region and/énage of three readings represents the surfaghness value of
the machined surface for each region.

Table 1. Summary of the experimental tests cawigdvhen turning AISI 1047 steel grade at a conidbepth of Cut

of 2 mm.
Machine tool CNC Lathe machine (10hp)
Workpiece material AISI 1047 steel (C = 0.44%, Mn = 0.73%, Si = 0.19% 0.016%, Cu =
0.067%, S = 0.015%, Cr = 0.027%, Ni = 1.037%)
Dimension (0130 mm x 250mm long
Cutting insert designation Cemented carbide inserts ISO SNMA 120408 (withdip breaker)
Tool holder designation PSDNN2525-M12
Coating material TiAIN monolayer (low Al, less than 30 wt.%)
Cutting parameters Conditions (C)
Cutting speed (m/min) 220, 300 C 1. Vc =220m/min; f = 0.22mm/rev
Feed rate (mm/rev) 0.22,0.28 C 2. Vc = 220m/min; f = 0.28mm/rev

C 3. Vc = 300m/min; f = 0.22mm/rev
C 4. Vc = 300m/min; f = 0.28mm/rev
MQF supply Pressure: 0.6 MPa, Flow rate: 20ml/h and 60ml/h
Environment Dry and minimum quantity lubrication (MQF)
Cutting fluid Vegetable oil with additives and anti-oxidants ddgnsnts
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Figure 1. Schematic illustration of machining tea+kpiece-roughness device system showing workpieg®ns (R1,
R2 and R3) used for monitoring of surface roughness

3. RESULTS AND DISCUSSIONS

During machining operation the quantity of heategated is due the interaction of tool/chip/workeieg¢he heat
generated in the primary shear zone is due to sivehplastic deformation and the heat generatdoeathip/tool and
work/tool interfaces are due to sliding and rubbingspectively. All heat sources lead to generatibrelevated
temperatures at the chip/tool interface, which tariglly influence the chip formation mode, cugtiforces and tool
life.

Therefore, attempts are made to reduce this dattaheutting temperature. Conventional cuttingdlaipplication
may cool the tool and workpiece but can not effitie cool and lubricate the chip/tool interface. whyver, it was
observed that the MQF technique enabled reducfitimecaverage cutting temperature by about 5-10p&Ki@ing upon
the levels of the process parameter (Dhar et @6 R

Figures 2, 3 and 4 show the evolution of maximuamll wear, ¥mna, With length when turning AISI 1047 steel
grade under dry, MQF 20 and MQF 60 conditions, eesipely, as previous indicated in Tab. 1.

From these Figures can be observed gradual growMggq.x with increase of length of cut in all conditions
investigated.

From Figure 2 can be observed that lower flank wedme was generated under condition 2, i.e., wetccutting
speed of 220 m/min and higher feed rate of 0.28rmmivhereas condition 1 (lower cutting speed di #Zmin and
lower feed rate of 0.28 mm/rev) generated higteniflwear.
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Figure 2. Flank wear curves when machining AlISI7L8teel at various cutting lengths and differemtditions
(combination of cutting speed and feed rates) uddgsituation.
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Figure 3, machining with MQF technique with flowtgaof 20 ml/h, shows that again condition 2 (lowatting
speed and higher feed rate) gave least flank walalevMachining at conditions 1, 3 e 4 presentedlai flank wear
values. Best performance of condition 2 may bebaiied to improved lubrication conditions and eaffit cooling
achieved with MQF technique, which lead to reducid abrasive wear by retaining tool hardness dsal adhesion
and diffusion wear mechanisms which are highly sieesto temperature.
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Figure 3. Flank wear curves when machining AlSI7L8teel at various cutting lengths and differemtditions
(combination of cutting speed and feed rates) Mi@F technique at a flow rate of 20 ml/h

Figure 4, machining with MQF technique with flowteaof 60 ml/h, shows that again condition 2 (lowetting
speed and higher feed rate) gave least flank walaeyvMachining at condition 1 (lower cutting speedl lower feed
rate) also produced relatively lower flank wearueatompared to conditions 3 and 4. Flow rate ofm&® showed an
important role when machining with MQF techniquelater cutting speed of 220 m/min. From this Figaen be
observed that feed rate can also influence in wear.a same cutting speed of 220 m/min, highestl fete of
0.28 mm/rev generated lower flank wear value (cbowlil) then when machining with least feed rat®.@2 mm/rev
(condition 1). Best performance of condition 2 agai Figure 4 may be attributed to improved lubtima conditions
and efficient cooling achieved with MQF techniquehich reduced negative effects of thermal relateztmnism
existing when machining at conditions investigaiéés known that increase in feed rate directlysss increase areas
of primary and secondary shear zones, length ofacbrbetween chip and tool and consequently ineredsheat
generation. Increase in heat generation contsbtdeeasy shearing of the work material. Also, whelength of
contact between chip and tool is increased, moa isedissipated from cutting zone and in some casat transfer
rate to cutting tool is decreased. This phenomemay explain the best performance of condition Zfieer when
machining AISI 1047 steel.

By comparing Figure 3 and Figure 4, it can be olthat machining with MQF technique at flow rafé60 mi/h
(Figure 4) cutting tool reached maximum flank wealue of 0.6 mm faster, i.e. length of cut was hyea0% smaller
than that length of cut machined with MQF techniguelow rate of 20 ml/h, hence indicating thatlewf rate of
20 ml/h may be the optimum flow rate for machink&| 1047 steel under cutting parameters investidat
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Figure 4. Flank wear curves when machining AISI78tel at various cutting lengths and differemtditions
(combination of cutting speed and feed rates) Mi@F technique at a flow rate of 60 ml/h

Figures 5, 6 and 7 show worn cutting edges obtaaient machining AISI 1047 steel at various cuttaggnditions
and different cooling environments (dry, MQF 20lmahd MQF 60 ml/h, respectively).

In all the conditions investigated it can be obedrpresence of abrasive scratch marks on insaksland by the
examination of the craters, it was observed sntaditshes on the rake surface of the tool. It wes abserved some
presence of adhesive wear in the insert. Someipldsformation and micro chipping were noticed oserts after
machining under dry and MQF environments. Preseaicelear delamination of TiAIN monolayer from centeh
carbide substrate was observed in cutting insées machining under all tested conditions.

Figure 5. Worn coated carbide insert after maclgiiiiSl 1047 steel under dry machining.

Figure 6. Worn coated carbide insert after maclgiiits| 1047 steel with MQF technique at a flow rafe20ml/h.
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Figure 7. Worn coated carbide insert after mackgidiiSl 1047 steel with MQF technique at a flow rafés0 ml/h.

Figures 8 (a) and (b) show the surface roughnessemnorded at three regions of workpiece after rimaoty AISI 1047
steel at various cutting conditions: (a) condition(b) condition 3. It can be seen from FigureaBand (b) that the
surface roughness values recorded in all the donditinvestigated varied between 0.8 and | Figure 8 (a),
however, shows evidence of deterioration of théaserfinish when machining with MQF technique fathbregions 1
and 2 of workpiece. Machining with MQF techniquebath flow rates gave similar surface roughnesseslin range
of 3 to 4um at lower cutting speed and higher feed rate;Gfdand 1.5um values at higher cutting speed and lower
feed rate. These results show that combinationgbfen cutting speed with lower feed rate promotest lsurface finish,

a part from machining under dry condition. Machghimder dry conditions at higher cutting speed lamgtr feed rate
generated the highest surface roughness values.

Yo = 220m/min; f = 0,2Bmm/rev. Ve = 300m/min; f= 0.22mm/ray.
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Figure 8. Surface roughness recorded at threenggibworkpiece after machining AISI 1047 steelaious cutting
conditions: (@) condition 1; (b) condition 3

4. CONCLUSIONS
Based on the results of the present experimentdd the following conclusion can be drawn:

(1) Turning operation of AISI 1047 steel with MQEchnique showed superior performance compared yo dr
machining under the conditions investigated. Tdelresults show that there is not significanteliénce between MQF
at flow rate of 20 ml/h and 60 ml/h. MQF techniquevides the benefits mainly by reducing the cgttiemperature,
which improves the chip/tool interaction and maiméasharpness of the cutting edges.

(2) The surface roughness recorded show that th& Ghnique can improve quality of machined compoeie the
reduction of flank wear rate and cutting forcesegated during turning.



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

(3) From the overall results obtained in this warld take into account the economic factors of nmichj the best
condition for machining AISI 1047 steel is using K@t a flow rate of 20 ml/h and a cutting spee@2® m/min with
feed rate of 0.28 mm/rev.
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