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Abstract: This project proposes the implementation of a datquisition system to be used in the study of &34
steel milling process using minimal amount of f(MQF) at different flow rates compared to convenéil lubrication
in the concordant and discordant for machining oohlrbide with coating. The project is being depelb in the
Machining Laboratory Studies at UNESP-Guaratinguetsing a CNC Machining Center DMG brand model eseri
DMUS5S0ECO DMG Ecoline which was equipped with thesysacquisition is capable of performing real-tichata
capture of power cut. The steel used in this redeas the SAE 4340, it has a large industrial usariechanical
components that receive dynamic forces. For thesiadtpn of consumed motor power machining centerawised a
Hall effect sensors brand LEM model AT 100 B10. fbloé wear was measured with the stereoscopic Bridiatir,
MarVision MM200 model. It was applied an appropeatatistical analysis (analysis of variance) ofults in order
to understand the effects of the steel milling M&3KO and correlate the output variables. As a resud intend to
know the effects of the MQF consistent tangentibihgy process and discordant steel SAE 4340 witbie cutters.

Keywords: Milling , minimum amount of fluid , power ratinipol wear.
1. INTRODUCTION

Currently, many researches and industries are ngokir a more economical and environmentally cdrsetution
to the issue of lubrication and cutting fluids retmachining process. Many studies have triedntoesponse to this
need, enabling the use of MQF technique in macgimrocesses such as turning, milling, drilling agrihding.
However, little is known about the steel milling4Busing MQF. There were no studies addressingsdinge input
conditions and output variables studied in thisjgmb The project consists in the development, tanson and
application of a data acquisition system with acfion to capture in real time during the machinpmcess, the
consumed power, and the acoustic emission genevitedion.

The mechanical metal sector has been using in machihe concept of monitoring parameters for qualontrol
machines. In turning, milling and grinding there already companies that monitor the conditionhef ¢utting tool
through real-time analysis of current consumedngiree power. The material selected for the studyiguieis the SAE
4340 steel which is a steel high hardenability godd forgeability of great industrial use. Duetdharacteristics it is
applied to manufacturing crankshafts for airplanesstors, axles with high mechanical stress ardcles in general.
The airline industry is widely used due to its higthength and toughness that are critical in aerticed projects for
various applications, from parts used in the as$ewithe aircraft as well as in tooling that arged for construction
and assembly of aircraft (Torres, 2002).

The choice of the milling process for this projecbecause of the recent acquisition of a machicirger with
numerical control (CNC), with 5-axis and high-tetin.addition, the milling has not been exploredésearch in the
Department. So, it was thougt to reconcile the afsa next-generation equipment already purchasedirstalled, a
topic of great importance industrial and scientifiexplored.

The milling process is a widely used process inrttgal mechanical industry, because with it cantltain parts
with complex geometries. Diniz et al. (2013), cldahmat the milling is a process whose operationasenexpensive than
the planing. They also claim that it is the appiater process for the machining of surfaces thatretct each other, as
well as being a process of great capacity for mategrmoval.

Once the milling hardened steels has great indlistipplicability and development, and the curreend of
ecological sustainability concerns was appliechis study also the technique of minimal amountleflf(MQF). By
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having the interrupted cut, the use of MQF in mdlihas been a viable alternative as it providesoding in the period
in which the cutting edge does not touch the part.

Cutting fluids generate costs that can reach 20%efotal production cost (Sreejith and Ngoi, 20@sides the
economic factor, the coolers agents can also csaersgus damage to the environment and humans hapistifies the
search for new cooling methods, such as the MQF.

Based on this, a dynamic testing was done with déoincooling (conventional) and subsequently u$ir@F,
seeking to enable its use.

Importantly, the acquisition system used subsedpessist in research involving processes of maabimaterials
such as metals, polymers, ceramics, compositesceit.be used in any machine tools such as lathi#gg machines
and machining centers.

2. OBJECTIVES

Study the feasibility of using MQF in milling macimg center for the hardened steel SAE 4340. Cheeleffect
of increased fluid in the MQL system in relationeagutput variables. Compare the shapes lubricdtioaoling.
Analyze the behavior of the roughness of the mahiparts. Check the power ratting consumed duriilingto
different test conditions. Further analyze the waadt breakdowns of tools for different test comalis, comparing the
behavior of carbide tools and wear.

3. JUSTIFICATION

This study is justified by the fact that the mifjiprocess is widely used in industries, moreoves, groject studies
the machining of the steel 4340 with great indastapplication. Seek alternatives to reduce théngufluid volume
through MQL, in a process of very important indizggtmachining, using a widely used material in wés, machinery
and airplanes, may contribute economically to trec@ss as well as reduce damage to the environamehbperator
health.

With regard to the concordant and discordant witQRMtangential milling machining centers little iadwn.
Studies seeking to reduce the amount of cutting fluthe process are required to be an alternatinge possibly more
environmentally correct feasible, since the cueinmtittently provides a refrigeration is not due dotting fluid
(Armendia, 2010).

The high maintenance costs and disposal of thénguttuid, in addition to the problems that thesa dring to
humans and the environment justifies the searchdar modes of cooling, as is the case the MQF.

Therefore, comparative testing with abundant caplimere performed (conventional) and MQF in the new
acquisition of materials and technology departmentpachining center with numerical control (CNCjaxds and
precision. Combining the use of a next-generatigupment purchased with a theme of technologicabvation and
great industrial and scientific application andhagiarticipation, support and partnership of Secol3 company.

4. BIBLIOGRAPHIC REVIEW

4.1 Process of milling

The most widely used machining processes are theettional as turning, milling, drilling etc., ciye manual or
automatic, through Computerized Numerical Cont(GINC).

The milling machining is a process where materahoval of a particular piece of non-continuous mdsle
performed by rotary motion of a tool multicortanteany cutting teeth, thus obtaining surfaces ofedéfit shapes
(STEMMER, 1992). The milling can be concordant mcdrdant. The discordante miling is characterizgdhe case
of forward direction angle start at zero and reacmaximum value at the end of the pass of thentuitidge. The
direction of forward movement contrary to the diil@e of movement of the cutter and the cutting Hejpicreases
progressively from zero to a maximum value. Theccodant miling is characterized by the angle stavith a
maximum value and decreases to zero at the enctoftiag edge. In the table consistent cutting fertion has the
same direction as the rotational movement of thé to

4.2 MQF

The use of cutting fluid in abundance is the mashimon process for machining requiring cooling anatitation.
However, this cooling mode is being gradually repth by other methods due to increased rigor in land
environmental damage, economic and health it cagecaAn alternative is the use of MQF, which izatty widely
used in other machining processes. The MQF chaizete by mixing compressed air and fluid, where theéd
consumption is less than 60ml / h to form a spraythe air pressure is 8 kgf/crim
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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 contact zorfeiction reducing tool; reducing the temperaturansforming the
vaporization heat (the fluid) and driving the &ini (SHOKRANI, 2012).

It is an alternative to conventional cooling, esaly when dry cutting is not applicable and does wish to use
the flood. MQF has some advantages over convemtinaaner, such as:

-Fluids used in smaller quantities;

-Reduzed problems with storage, treatment and dapod fluid;

-Decrease or absence of problems with bacteridargl.

4.3 SAE 4340 steel

The material used in this study is the SAE 4346lsihis steel is high hardenability parts of latljieknesses and
high strength. Suitable for crankshafts aircrafictors, trucks and cars, rods, gears, shafts gineubject to great
efforts. It is often used in mechanical equipmemdeun the action of dynamic stresses.

4.4 Power ratting

The level of material removal of a particular piecen be directly associated with the equipment powe
consumption (Gongcalves et al., 2010). The powes@emeasures the power consumed by the motor drefeency
range of the engine, where its measurement is tsune the current and the motor voltage. Due tg ieasallation in
equipment, power sensors are used in large-scalariog of machining equipment (JEMIELNIAK, 1999).

4.5 Tool wear

Wear is the progressive phenomenon on the surfate ¢ool due to the action of cutting, which cas the shape
and therefore the original tool geometry. As fag thear, they are the result of several differenthmaaisms depending
on the nature of the machined material and machioamditions prevail either of the mechanisms @ndtier.

This depends on the workpiece material and to@,nlachining operation, the cutting conditions, tgebmetry
and employment and the application of cutting flefticiency (DINIZ et al.; 2001).

5. METODOLOGY

This research project is being developed in thehinémy laboratory at Unesp-Guaratingueta, usingaghining
center DMG brand model series DMUS0ECO DMG EcoljRgure 1), for which it was developed and mourged
power data acquisition system.

The project dynamics is through experimentatioartistg from preliminary tests to determine the pasters and
variables more suitable to research as cuttingdsdeed rate, feed per tooth, cutting depth, theveational system
flow and lubrication system of MQF, cutting fluid=g.

It will be used as proof of the AISI 4340 steel pashose dimensions have been defined. The cuttersised
carbide, with and without coating.

To carry out the project the conventional lubricatsystems will be used (fluid in abundance) ownachining
Center and an MQF system (Compressed air and fMiébhining of Studies Laboratory. Cutting fluidskte used have
already been defined in terms of machining cond#tiand consultations with manufacturers.

The data acquisition comprising a computer systeith w data acquisition board, a module channeld, @n
connecting cable between the plate and the chano@lile has been deployed and allows obtaining attyeovariables
measured in time real as cutting power, acoustisgan and vibration. The power sensor, acoustisgon sensor
and vibration sensor have been coupled to thersyste

During execution of preliminary tests the signalresponding to the power captured by the data aitopui card is
of the Hall-effect sensor trademark LEM model ATOI®10. The roughness that will later be used isrthuighness of
the brand Mahr MarSurf M300 model, and tool wedt k& measured with the stereoscopic Brand Mahm\i4ion
MM200 model.
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Figure 1 - a machining center DMG model DMU50EC@esBMG Ecoline
5.1 Testing methodology

Initially we used the conventional method of lultion for concordant operation (C) and discordgmgration (D),
tungsten carbide cutter with cover running 3 réjoets of testing for each condition.

6. DEVELOPMENT
6.1 Test specimen and cutting fluids

It was designed to test samples that could be madhso as to be possible for sufficient materiaiaeal to occur
tool wear. The dimensions of the specimens werx2@®5mm. It was determined that the samples wargéred
and annealed with a final hardness of 56 HRc. Thid used in the MQF is the LB-1100 lubricant ACQUBE,
suitable for operations that generate a lot of laeat machining hardened metals operations, anchdahlorine. For
conventional machining was used lubricant BLASERSGO 1000.

6.2 Tools

A partnership with Seco Tools company, based iro&dra. The Company donated two different toolsfifontal
milling and other two for tangecial milling, the NI®-16019R08Z3 MO05- 3 cutting edges, MP16-16019ReMD&
with cutting edges 6, and LOEX080408TR-M08 witadjes and XOMX10T308TR-MEQ7 with 4 edges.

6.3 Installation and calibration of the data acquisition system

It also performed the instalation and preparatibrihe data acquisition system and the data testwd@jsting
machinery, equipment, sensors. The implanted degaisition system consists of a computer equipp&l w data
acquisition board, a module channels, and a coimgectble between the plate and the channel modiis. system
allowed the obtaining of any physical variables dppropriate sensors or transducers, have been rtedviato
proportional electrical signals. Preliminary testéh the data acquisition system were carried autverify its
functionality. For these tests it was used alumirR084. It was also performed the system calibratiésts that have
proven their functional capacity.

6.4 Definitive tests with conventional lubrication andMQF

First tests were conducted with a conventionalibamt, which uses cutting fluid in abundance fa toncordant
and discordant directions, varying all the toolsmning 3 replicates for each test conditions, tleehiming direction
concordant and discordant test and wear.

Later tests were conducted with the technique mahamount of fluid. Again varying the direction @itting tools
and cutting fluid flows. The flow rates used weg9,140 and 12 ml / hr, again performing 3 trialsdach condition to
the machining direction concordant and discordasit and wear. The cutting parameters were: cusiregd = 200 m /
min, feed rate: 0.04 mm / tooth, RPM: 2609.

6.5 Power rating acquisition
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For the acquisition of power consumed engine maaficenter effect sensors were used Hall brand InEddel
AT 50 B10. The sensor signal (power) is capturethieydata acquisition card and stored during tleeetion of the
tests. Where by equation 1 below the acquired bigarabe transformed into the power unit (Wattsipsituting the
value of signal obtained and divided by 10, forskasor captures amplitude voltages in the ran¢@-bv0V), the value
of the amplitude of the current 50, the value eftiotor phase voltage (220 V), and the factor(§ljp2) of the engine,
and by multiplying by being a three phase motorictvlwvas used to transform signal acquired in Vofta power
consumed in watts.

real
p=""" t0p.220.092 .43
1o )

6.6 Determination of wear and tool damage
Determining the wear of the tool was carried ouid®ntifying what the type of fault or wear thatshaccurred due to
the machining efforts. For this, we used the swgepic Mahr brand, model MM20 MarVision, since adtimated
damage was possible to compare the lubrication adeath
7. RESULTS AND DISCUSSION
7.1 Statistical Analysis

To better understanding of the experiment, it waiseda statistical analysis of the data obtainecxgentally. It
was developed the experiment design study forféliorial, with the determination of three maintéas (lubrication,
milling type and direction of cutting) that direcihfluence on the data obtained and the necessanper of levels for
each factor, the levels for their time has the fismcof presenting the condition or situation ofiaéion in the factor.
Repeating three times was used for the study|ngt86 combinations for the 3 factors and subsegjesels.

7.2 Power rating

Considering the power rating, using a statistiaalgsis of variance, it can be obtained the valtiefective
interation between each factor. The obtained datalzown in the table 1.

Table 1 — Analysis of variance for the cutting Powe

Analysis of variance fo the cutting power

lubrification 3 219,96 0

type of milling 3 31,40 0,000
cutting direction 1 0,62 0,434
lubrification*type of milling 9 1,02 0,436
lubrification* cutting direction 3 1,24 0,304
Type of milling* cutting direction 3 4,57 0,006
lubrification*type of milling* cutting direction 9 1,19 0,032
Error rate 64 # #

Coefficient of determination R-Sq(adj) =91,14%

For the power, few interactions are significant,cas be seen by the PValue or even the value oDRly the
lubrication factors and type of milling (tool chagcan influence the power values. The cuttingatiibe can be
neglected.

Interactions only type milling cutter to effect waignificant, it can be said that it is unnecesdarylisplay the
graphics of other interactions since the obsereutitthat would be analogous.

The value of R2 also explain that the averagegiitdrom these values are explained almost enti@yering
over 91% of the data.
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Main Effects on the Cutting Power
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Graphic 1 — Main effects for the cutting power

Excluding the peak in lubrication 1, it is intefiagtto note that for the MQF smaller cut power easlwith a small
increase only for tangential milling were obtainadd with respect to the straight cutting sensesiie very close to
the average of the average indicating processlisgabi

As the cutoff power is the power delivered to thel edge and consumed in the chip removal igésteg
smaller power values, describing the MQF as grdaidation process, especially in consideratiothefmachining of a
hardened steel. There was no interaction of thid tirder.

Interaction of Cutting Power

800 cutting

direction
—— 1

750 = 2

700

Mean

650

600

Type of Milling

Graphic 2 — Interaction between type of milling audting direction

For the tangential milling, the power valuest bathdiscordant and concordant milling were highertt® best
would be to employ the frontal operation to getllest out of power.

7.3 Tools Wear

Since the definition and the study of failures ofting tools is very important factor for a gooddenstanding of
the machining processes, it was observed all metifums and wear of the tools used by separatingutiadysis of tools
used with the technique of minimal amount of flaitd used in conventional lubrication. With thisdstis expected to
meet or determintar the existence of influenceshenhigher occurrence of faults in the tools with modification of
lubrication.

Qualitatively and quantitatively analyzed the damagnd wear occurred. For milling using conventional
lubrication, and considering the carbide inserhwviito cutting edges (MEOQ7 tool), the edges of tived used pellets
were analyzed. One crater wear of the edges foprohably caused by an increase in temperature aggbyre in
machining, in other edges only was found flank weigith of 0.096 and 0.06 mm thick.
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Figure 2 — Crater wear and flank wear on the insélt 2 cutting edges with conventional lubrication

Stiil in conventional lubrication and frontal milly, the insert with 4 cutting edges had only flamgar, with
dimensions of 0.034 mm and 0,038mm, much smalkar those seen in the tablet 2 edges, due to théhtaincreased
number of edges . For the tangential milling, thel tvith 3 cutting edges presented frontal weahwitmensions of
0.044; 0.023 and 0.032 mm for each of the threesdg

In the use of the MQF some peculiarities were fodrause the insert with 2 cutting edges apresestete flanks

wears of the order to 0,063mm and 0,094mm. On tier dhand, for the face milling insert with fourged, the flank
wear found were 0.032; 0,015mm and 0.02mm withafribe edges having a chipping due to excessive fu@at.

Figure 3 —Flank wear on the insert with 2 cuttidges for the frontal milling using MQF and a chippion the
insert with 4 cutting edges for the frontal millinging MQF

8. CONCLUSION

Considering the data obtained during the projecggplied statistical analysis becomes requirecbeerdetailed
study of interactions and combinations of factdrat thave proven significant, because only thenalblmwed to be
found better conditions for the use of the MQF #radr optimization points. The variance tabless important to note
that with the values of P and F gives a higherditgliof the treatment, as the charts show only ¢ewctes, closed
between limits.

The data obtained for MQF relative potency werés&attory in more general than or equivalent to rataunt
lubrication, which encourages continuing reseancthis area. To the wear found in the tools usezhsurable wear of
flank or front were very low, of less than 0.1 mnder. And using the MQF tools showed the highestlkeof wear but
they were rarely more problematic, such as chipgingnotch wear, which could lead to breaking of duge and
significantly influence the workpiece surface fimis

It was found that in different tools and differdldws made it possible to better understand thecaatant and
discordant milling for hardened steel with applicatof MQF, and upon the data obtained and analwtatistically,
the MQF has performed very satisfactory, with ngangariations in surface quality and enabling gsodface quality.
Therefore, the feasibility of using MQF in millingachining center for steel hardened 4340 was auefi; favoring
the largest study of milling conditions with MQFchkmique for future application in the industry, fging many
economic benefits, and sustainable.

9. ACKNOWLEDGEMENTS

FAPESP - Foundation for Research Support of thee $thS&0 Paulo - Brazil, for the scientific initan scholarship
(Process No. 2014 / 03636-6); The company SECO T®for the partnership and support of the Endowrfemthe
milling inserts and the inserts for machining. Teiversidade Estadual Paulista "Julio de MesquitaoF - UNESP,
Guaratingueta, for providing all the infrastructeffeheir laboratories and resources needed ty cartrthis project;

10. REFERENCES

ARMENDIA, M.; GARAY, A.; VILLAR, A.; DAVIES, M. A.; ARRAZOLA, P. J.“High bandwidth temperature
measurement in interrupted cutting of difficulini@chine materials” CIRP Annals - Manufacturing Technology 59
(2010) 97-100.



ALVES, M. C. S,, CALLISAYA, E. S.
Power rating and tools wear in milling of hardened SAE 4340 steel with Minimal Quantity of Fluid

DINIZ, A. E.; GOMES, D. M.; ALDO BRAGHINI, JR. Turning of hardened steel with interrupted and semi
interrupted cutting” Journal of Materials Processing Technology 153895} 240-248.

DINIZ, A. E., MARCONDES, F. C.; COPPINI, N. L. Teglogia da usinagem dos materiais. 3 ed., Sao PAcdier
Editora, 2001.

REDDY, T. S.; REDDY, C. EReal Time Monitoring of Surface Roughness by Am&shission in CNC Turning
Journal of Engineering Science and Technology Reuavala Institute of Technology. n.3, v.1, p.1115, 2010.

GONCALVES, M.T.T.; CAGNON. J. A; TIBURCIO, U. F d®©.; SOUZA, A. J. D deConsumo de poténcia no
torneamento cilindrico de madeiras de eucalipto EBRAMEM, 10°. S&o Pedro, SP, 2006. Anais.&00

GARAY, A.; VILLAR, A.; DAVIES, M. A.; ARRAZOLA, P. J. “High bandwidth temperature measurement in
interrupted cutting of difficult to machine matdga CIRP Annals - Manufacturing Technology 59 (209G}-100.

SANDVIK. Sandvik. Disponivel em: <http://www.sanéywtom/>. Acesso em: 27 maio 2012.

SREEJITH, P.S.; NGOI, B. K. A.Dry machining: Machining of the futute Journal of Materials Processing
Technology 101 (2000) 287-291.

STEMMER, C. E. Ferramentas de corte II: brocasrgaldores, ferramentas de roscar, fresas, brockbs)os,
abrasivos. Editora da UFSC, Florianépolis, 314.992.

TORRES, M.A.S.; VOORWALD, H.J.C.; “Aervaluation of shot peening, residual stress ancksstrelaxation on the
fatique life of AISI 4340 steelnternational Journal of Fatigue Vol. 42; p 8886; vol 24.2002. ARMENDIA, M.;

WEBSTER, J. A.; DONG, W. P.; LINDSAY, FRRaw acoustic emission signal analysis of grindingcpss In: Annals

of the CIRP, vol. 45, n. 1, p. 335-340, 1996.
SHOKRANI, A.; DHOKIA, V.; NEWMAN, S. T. ‘Environmentally conscious machining of difficukttachine
materials with regard to cutting fluids'International Journal of Machine Tools e Manufiaet57 (2012) 83-101.

11.RESPONSIBILITY NOTICE
The authors are the only responsible for the pdimt@terial included in this paper.



