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Abstract. The decreased use of lubricating and cooler flurdsnilling processes is being sought by many itrikss
due to the high cost of maintenance and discarthe$e fluids, in addition to the severe damage theyg to the
health of workers and the environment. In this pape analyzed the acoustic emission in the SAE 48l milling
using minimal quantity of fluid (MQF) at differefibw rates compared to conventional lubrication @aldant) in the
concordant and discordant machine for carbide tpolgh coating. For different machining conditiomss checked
the surface quality of machined parts. The steetlusas the SAE 4340 hardened and tempered, withihéystrial
use in mechanical components that receive dynaotice$. The project was developed in Machining ®gidi
Laboratory at Unesp-Guaratingueta, using a CNC Mattg Center. An appropriate statistical analysanélysis of
variance) of results in order to understand theeef of the MQF in milling of chosen steel and elatte the output
variables was performed. As a result, we intenliriow the effects of the MQF in milling concordantl discordant
process of SAE 4340 hardened steel with carbidis.too
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1. INTRODUCTION

Currently, many research and industries are looking more economical solution to the issue ofitdtion and
cutting fluids in the machining process. Besidesdhonomic factor, the coolers agents can alscecsersous damage
to the environment and to humans who operate thaerd, this justifies the search for new ways of aapland
lubrication, as the technique of minimal quantifyfloid, to effectively reduce the heat energy imer to improve the
tool life and surface roughness, in a ecological @tonomic better way (Rakurty et al. 2013). Howegencerning to
SAE 4340 hardened steel, little is known aboulniting with the technical minimum quantity of fldi(MQF).

The SAE 4340 steel is a high hardenability anddgtargeability steel of great industrial use. Theraspace
industry is widely used because of its high streragtd toughness, from parts used in the assemblyechircraft as
well as in tools that are used for construction asgembly of aircraft (Torres, 2002).

The milling process is a process widely used @ nietalworking industry, because with it is achéete obtain
parts with simple geometry as much as complex. hew¢he development of alternative and sustainatdehining
technologies is needed, in search to save morgyyaad materials in industry (Simunovic, 2015).

By having the interrupted cut, the use of MQF iitling has been a viable alternative as it providesooling in
the period in which the cutting edge does not tahehpart. Based on these factors, milling testewen on hardened
SAE 4340 steel using the conventional lubricatiod aooling system (fluid in abundance), and latéhwhe MQF
technique in order to compare the results, anduguitseir feasibility.

2. OBJECTIVE

This project seeks to analyze the output variabtaustic emission, for the SAE 4340 tempered stedihgy using
carbide cutters, and under the conditions of cotieral lubrication and MQF technique.

It is also intended, in order to better understéra results for these techniques, analyze theasmrfuality of
machined parts by roughness.
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From these analyzes, it is hoped to find the pasitmeters in order that implementation of the MQpossible for
this process. Thus, also examine the carbide tossvior, with coating in the milling process wiliferent cutting
fluid application systems at different flow ratasd compare the concordant and discordant cuttinditons.

3. LITERATURE REVIEW
The following is a brief literature review of theam issues and technical concepts needed to uaddriiis work.
3.1 Milling process

According to Costa (2006), the machining is an apen which aims to generate size, shape and firasha
combination of these characteristics in one p@oalucing chips (portion of material removed frdma piece).

The milling is a machining process which is perfedrio remove material from a given piece of nonticolous
manner, by rotary motion of a multi-cutting toolithvseveral cutting teeth, thus obtaining surfaziedifferent shapes
(Stemmer 1992).

According to Souza Juanior (2001), cutting condisidnat directly influence the quality part are:

- Cutting speed (m/min) is the tangential speedltdth the outer diameter of the cutter traverseswbrkpiece,
and this diameter is measured between the oppaxdites of cuts linearly;

- Table feed rate (mm/min) is the relationship lestwthe distance traveled by the piece in a miimutelation to
the tool;

- Feed per revolution (mm/rev) is the distancepieee (table) travel for each rotation of the autte

- Feed per tooth (mm/z) is the distance travelethleywork table for each rotation, divided by numbgteeth of
the cutter;

- Cutting depth (mm): is the width of penetratidrttee tool in the workpiece, measured in a direcperpendicular
to the work plan;

- Work Penetration (mm): the penetration of thel redative to the workpiece, measured in the wodnpand a
direction perpendicular to the forward direction;

- Forward Penetration (mm): is the tool penetratimasurement in the work plan and in the forwardatiion.

3.2 Concordant and discordant milling

In discordant cutting, direction of forward moverhencontrary to the direction of movement of thater and the
cutting depth increases progressively from zera toaximum value. At the beginning of the cut, whentool touches
the part, this is forced into the workpiece, cagdiction, which causes plastic deformation as tloication instead the
chip formation, and high temperatures.

In the concordant milling, forward movement has shhme direction as the rotational movement ofdbk In this
type of milling, the vertical component of machigitas the same direction around the cut, that ushipg the
workpiece toward the table. This reduces severaWlacks compared to the discordant milling, howewasr the
beginning of the cutting occurs tearing the maxinaross-cutting section, much strength is dispeasede beginning
of the cut, a fact that is magnified in hard matsrimachining, which may promote breakage and dsecktool life.
Furthermore, this effect is favored cutting thewoence of mechanical vibrations (Diniz et al., 201

3.3 Cutting fluids

According to Hryniewiczt al (2000), the main features of cutting fluids are:

- The part and tool cooling, reducing the cuttiemperature;

- Lubrication, reducing the friction between theriygiece and the tool, facilitating start-up anchigort chips and
thus improving the surface quality of the workpiece

- Possibility to use higher cutting speed and patien rate.

However, there are a high maintenance cost amdntent, implying that costs can reach up to 20%heftotal
production price. Moreover, disposal, incorrectdiany and transport can cause serious ecologiaaiada. And yet,
there may be health problems, either through shkimtact or by inhalation and ingestion of fluid dietp, causing
problems in the respiratory and digestive systetusmell et al., 2006, Rakurty et al. 2013).

3.4 Miminum quantity of fluid technique

The application of cutting fluid in abundance inahiming processes is the most common procedure whban
need lubrication and cooling, however, in orderdduce the economic and environmental problemsechbg the use
and disposal of cutting fluids, is being soughemlative techniques. An alternative is the use @Fyiwhich is already
widely used in other machining processes (Uysdlas)
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The MQF technique is to apply a small amount ofiegtfluid mixed with compressed air to form anas by
promoting: lubricating the workpiece-tool contaone reducing friction and the temperature, tramsfiog the heat for
vaporization (of the fluid) and driving the air fio(Shokrani, 2012).

This is an alternative to conventional refrigeratiespecially when dry cutting is not applicabld do not want to
use the flood, and has some advantages, suchids fte used in smaller quantity; fewer problemghvgitorage,
treatment and disposal of the fluid; and diminutiwrabsence of problems with bacteria and fungi.

3.5 SAE 4340 steel

The steel used in this research will be the SAE)434is steel is high hardenability for parts afgla thicknesses
and high strength.

It is often used in various mechanical equipmerean the action of dynamic stresses in the aerespatomotive
and machinery and equipment, mainly for its higichaical strength, and the homogeneity of hardbgdss cross
section.

4. OUTPUT VARIABLES IN THE MILLING PROCESS
The output variables listed below will be analymedesearch seeking to understand the effects of MQnilling.
4.1 Acoustic emission

Acoustic emission is the spread of a vibrationavevan the mesh of crystalline materials due toraagement of
the internal structure of the material (William$968). When a deformation occurs in the materialdified by cutting,
abrasion, crack etc.) occurs a breakdown of thectire of the material which tends to rearrangemthéhese
rearrangements that generates vibrational wavesling speed of sound, hence the name acousticsimisThese
signals are captured by a piezoelectric sensoorgart mechanical signals into electrical signals.

Sales et al. (2009) stated that in machining,ait@ustic emission is dependent on basic discordareohanisms
such as dislocation of this discordances, grapssdind void coalescence. The piece-tool interagiieoe generates a
characteristic acoustic emission signal that ireeeats range due to several aspects.

According Mechefske et al. (2002) and Maia (208199, study of the wear phenomena by monitoringattaustic
emission has a high correlation, being the acoustitssions generated in a material being machither, providing
indications of the physical condition of the piece.

4.2 Roughness

Due to the withdrawal mechanism of material useddnventional machining processes, and the impehkedr
and vibration generated by the process and equipmekes the piece presents an uneven surface.

Most machining studies that aim to analyze the itjuaf the parts produced, analyze the imperfesiand the
topography left these parts. This topography ofghes produced is called roughness and is chaizateas micro-
geometrics errors being a result of the machiniogegss (Agostinho, 1981).

4.2.1 Avarege roughness (Ra)

One of the oldest parameters still in use thess @athe average roughness (Ra). Its use is atdbio the ease
way to obtaining it because of the simplicity &f fbrmulation. Its definition can be expressedhasrhean deviation of
profile of its average line. According Rossi (2008)erage surface roughness can be defined asehege distance of
a profile from its mean line, measured over a lengt

The midline is a line arranged parallel to thesdiion of the profile within the measuring p#t so that the sum
of the upper areas is exactly equal to the surhefdwer areas (Novaski, 1994).

4.2.2 Total roughness (Rt)

The total roughness is given by the difference betwthe highest peak and the lowest depressidwiodnsidered
length, irrespective of the partial roughness valde may be a good indicator of the occurrencdadfires in the
manufacturing process.

Rt parameter gives greater stiffness results, gards the sample length to the evaluation length.

5. METHODOLOGY
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The research project was carried out through ewpariation, starting from preliminary tests to detiere the
parameters and variables more appropriate to r&@se cutting speed, feed rate, feed per toothingudepth, the
conventional system and lubrication MQF system flaate, cutting fluids, etc.

5.1 Equipaments and lubrication systems
The work was developed in the Machining Laboratoryynesp- Guaratingueta, using a machining cebtemd

DMG model DMU50ECO series DMG Ecoline, Fig. (1)r fehich it was developed and assembled an acoqnsif
acoustic emission data system.

Figure 1. Machining Center, brand DMG model DMUS5@E€eries DMG Ecoline.

To carry out the project were used the Machiningt®&eown conventional lubrication systems (fluichioundance)
and an MQF system (compressed air and fluid) froacihhing Studies Laboratory. The fluid used in M@F was the
ACCU-LUBE LB-1100 lubricant from ITW Chemical, isisuitable for machining using minimal quantity fiafid,
since it is indicated for operations that geneeatet of heat and machining operations of hardenethl, and has no
chlorine. For conventional machining was useditamn BLASER VASCO 1000.

The data acquisition comprising a computer systeith a data acquisition board, a channel module and
connecting cable between the board and the chanoélile has been implemented and allows obtainirygvariables
measured in real time as acoustic emission. Intiegrahis data acquisition system is the acoustiission sensor
piezoelectric, with an output signal amplifier RM&oot Mean Square) rectified, PHYSICAL ACOUSTICS
CORPORATION brand, model R15A, and amplifier sigmaidel 1272- 1000.

For subsequent measurement of roughness valwasiused rugosimeter Mahr brand, MarSurf M300 mdet
the roughness the parameter analyzed was the avesdige "Ra" and "Rt" for best fit the surface $imistudies, as
found in the literature review. The sampling lengtis set at 0.250 mm (cut-off). The measuring trédw® for cut-off
of 1.25 mm is 0.250 mm, resulting in the averagb wélues acquired by measurement.

They were held in total 3 roughness measuresraadch sequence of machining, all specified in omaters.

5.2 Milling tools and test specimen

A partnership with Seco Tools company, based i&irya was held, in which was achieved the donatidools
for conducting the tests. As them, the MP16-160B#30MO05 with 3 cutting edges (Z3), MP16-16019R04v64
with 6 cutting edges (Z6) and the 2 edges wafer XQ#D408TR-M08 and the 4 edges XOMX10T308TR-MEOQ7.

All tools used have a coating of titanium aluminuitride (TiAIN). The main advantage of using haretai
cutting tools with this coating, called tinal isatthardness is maintained under extremes cuttingeeature, surpassing
the 700 °C.
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Figure 2. Tools 26, Z3, MEQ7 (upper) e M08 (lowegspectively.

Was used as a specimen the SAE 4340 steel whosmsions were defined (25x70x100mm). These dimession
also are due to the reason that they can be attaoleesupport to the specimen where the acoustiss@n sensor was
placed. After this specification the samples wewerggched and tempered in the Company Proterm inJ8&é& dos
Campos getting to the final hardness of 56 HRc.

5.3 Trials

First tests were conducted with a conventionalitamt, which uses cutting fluid in abundance far toncordant
and discordant directions, varying all the toalgning 3 replicates for each test conditions.

Later tests were conducted with the technique mahopantity of fluid, again varying the directiohautting tools
and cutting fluid flows. The flow rates used we29140 and 12 ml/h, again performing 3 trials facte condition to
the machining direction concordant and discordesitand wear.

The cutting parameters used were: Cutting spe&@Dm / min; Feed rate: 0.04 mm / tooth; RPM: 2609

6. RESULTS AND DISCUSSION

To better understand the experiment was done st&tat analysis of the data obtained experimentdtl was
developed the experiment design study for full deet, with the determination of three main factghsbrication,
milling type and cutting direction) that directlgfiuence on the data obtained and the necessaryramb levels for
each factor, totaling 96 combinations to 3 factord subsequent levels.

The analysis was performed using the Minitab gtesik software, providing tables, with their coeféint of
determination, degree of freedom, P-values andlfesga in addition to the main effects graphics. Bmalysis was
done considering a 5% significance level.

6.1 Avarege roughness (Ra)

Table 1. Analysis of variance for Ra.

FACTORS GL F Pvalue

Lubrication 3 3,07 0,034

Milling type 3 9,00 0,000

Cultting direction 1 7,94 0,006

Lubrication* Milling type 9 4,17 0,000

Lubrication* Cutting direction 3 1,75 0,166

Milling type * Cutting direction 3 9,76 0,000
Lubrication * Milling type * Cutting direction 9 a0 0,021
Error 64 # #

Coefficient of Determination R-Sq(adj) =52,93%
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Main Effects for Ra
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Figure 3. Main effects diagram for Ra.

For the table, most of the P values value indicéitrad the experiments were significant becausePthvalue was
less than the significance level of 5%, exceptititeraction of lubrication with cutting directioAs the value of P can
be hard to find, we can use the value of F, an@stcal table to through interpolation errortbé degree of freedom
with the factor, estimate the value of F critiCBhus, measured values F, which are numericallytgreéban the critical
F indicate experimental significance. The R2 vgket) indicates that the line average Ra of pdmisd by the not
fully explain the data, with a correspondence df &2.93% of the values.

For the lubrication factor, the value obtainedrirRa with lubrication was too low, on the ordeOdf microns and
may even replace the grinding process. The floe cdit40 ml/h showed the best results of roughnesshe MQF as
the increase of only 0.02, approximately.

Regarding the tools, the M08 showed best valuéaahan MEQ7, because of having four cutting edggacking
least the specimen at every step. For the tandgemilang, as the surface area of interest attackedarger, the
roughness increases, as can be seen for Z6 toelcitting direction discordant resulted in highezam roughness
values, as expected, since in that case the direcfiforward movement contrary to the directiorcofter movement.

6.2 Total roughness (Rt)

Table 2. Analysis of variance for Rt.

FACTORS GL F Pvalue

Lubrication 3 8,85 0,000

Milling type 3 14,55 0,000

Cutting direction 1 8,38 0,005

Lubrication* Milling type 9 3,23 0,003

Lubrication* Cutting direction 3 1,52 0,219

Milling type * Cutting direction 3 7,60 0,000
Lubrication * Milling type * Cutting direction 9 Ju¥is 0,049
Error 64 # #

Coefficient of Determination R-Sq(adj) =56,30%

To Rt only a P value yielded no significant only fateraction of the cutting direction with. The Ralue
indicates that the average line found by the pa@h®t, does not explain fully the data, only 58@6f the values.

For lubrication levels the chart followed the satmend of Ra chart, but without the sharp drop ie th
lubrication of 40ml/h, confirming the expected hégloughness values for least amount of cuttinig flu

The tangential milling with Z3 and Z6 tools wasmmaeritical as to Ra, and the sense of discordamit @lso.
It is also important to note that the Rt valueseverore specific and gave smaller than those ofwRéch features a
very satisfactory result.
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Main Effects for Rt
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Figure 4. Main effects diagram for Rt.
6.3 Acoustic emission

Table 3. Analysis of variance for acoustic emission

FACTORS GL F Pvalue
Lubrication 3 623,89 0,000
Milling type 3 111,73 0,000
Cutting direction 1 0,18 0,674
Lubrication* Milling type 9 133,63 0,000
Lubrication* Cutting direction 3 17,01 0,000
Milling type * Cutting direction 3 3,77 0,015
Lubrication * Milling type * Cutting direction 9 22 0,000
Error 64 # #
Coefficient of Determination R-Sq(adj) = 97,34%

In the analysis of variance for the noise emisderels, we can see, by P values, which only théingut
direction factor is not significant, and therefat the other factors, and combinations betweemtishould
influence the noise emission values. For the RRevalso see that the average from these valueghdtexplains
almost completely covering more than 97% of thedat

Because the cutting direction have not given i@gnt, can be seen in the acoustic emission geechart
that does not occur change the value of the aaoestission to vary between concordant or discordatntwever,
assessing the lubrication factors and type of ngjllwe can say that the most interesting were t&Nbrication,
the flow 40 ml/h and face milling with the M08 tooéspectively, provided for smaller acoustic eiisvalues.

The highest acoustic emission, which was providéti wonventional lubrication factor, was not exmekt
since the conventional lubricating should best ltesiHowever this can be attributed to the intéoaciof the
cutting fluid that is applied in abundance durihg process, and the acoustic emission sensor.
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Main Effects for Acoustic Emission
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Figure 5. Main effects diagram for acoustic emissio
7. CONCLUSION

After the analysis and evaluation of parameters pessible to verify the importance of studies @& thbles with P
and F values, as the charts show only tendendiesed between limits. Also is encouraged a morailéet statistical
analysis of interactions between process factoosder to find the best conditions for the impletagion of MQF.

From the study of the Ra and Rt values, good sertamlity data have been found and can even ihfgrthis
process MQF technique studied can get to replagerdhtifying process. Meanwhile, with the data aeglifrom
acoustic emission it is possible to estimate treariths create models of behavior, which can be usédrther assays so
as to monitor in real time the tool wear and padliy.

We observed, through the graphs generated acamsigsion during trials, the end of the cut is veldfined by
peaks, mainly for the sense of discordant courcdncordant sense, we can see the presence oktraegnals the
beginning of the court. Both facts are due to aggjue interaction of the tools with the piece, bipcmpacts, so the
start and end of CDP form the greater part of tharnzones.

With this study was possible to better understéedmilling with coating hard metal tools, of SAB4D hardened
steel, using the minimum quantity of fluid techréqururthermore, the vast majority of the analyzeslits occurred
with satisfactory values, bringing best resultdeast equivalents, the process abundant lubritatio

Finally, the feasibility of using MQF in milling nechining center for SAE 4340 steel hardened beeffiroued,
favoring the largest study of milling conditionstiviMQF technique for future application in the isthy, bringing
many economic and sustainable benefits.
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