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Abstract. The goal of this work is to study the influencéhefproperties of the binding element (in thisscdsasic oils)
added to magnetic abrasive powder over surfacestiraf workpieces processed by cylindrical magnetiasive

finishing. Magnetic abrasive finishing is a recgntleveloped manufacturing process whose objectivte provide
high quality surface finishing with low materialmeval, at low cost. In order to evaluate the effacthe oil over the
process, five different paraphinic basic oils wegsted, with kinematic viscosityes at 40 °C varyog 12,8 to 487,4
cSt, and viscosity indexes varying from 219,7 (Ewstltemperature dependency, thinner oil) to 9%ighest

temperature dependency,thicker oil). Also theceftd rotation speed and processing time were testedifferent
levels. Factorial design of experiments and thres-~&NOVA were used to plan tests and analyzeethdts. Both oil
type, rotation speed and processing time showedtlstitally significant effect over process, withgmifficant

interactions between oil type and processing time ails tipe and rotation speed. Results stronglggest the
existance of and optimum range of viscosity, weredgsurface finish and high material removal ardiaged with
smaller processing time. This range includes oith \winematic viscosities between 30,8 and 71,8at30 °C. Both
thinner and thicker oils showed worse results thiaese fluids.

Keywords: Magnetic abrasive finishing, Magnetic abrasivewg®r, Basic oil, Design of experiment, kinematic
viscosity.

1. INTRODUCTION

The goal of this work is to study the influencdudiricant characteristics, specifically viscositydaviscosity index,
over roughness and material removal obtained orptbeessing of ironmagnetic workpieces subjectedhamnetic
abrasive finishing process.

Magnetic abrasive finishing is a recently developegcess, whose main characteristics are the géneiaf fine
surfaces with extremely low material removal. Itais abrasive process, whose tool is a flexible mtgrbrush,
composed by magnetic and abrasive powder (callegheiir abrasive powder), iron and aluminum oxidieicsured by
a magnetic field.

Despite its poor industrial application, Kremenaét 1994, claimed it to be more efficient, and duce better
surface finish than traditional machining processash as grinding, burnishing, sanding and poighi

Magnetic abrasive finishing can efficiently achiesteface quality of the order of few nanometer lah gurfaces as
well as internal and external surfaces of tube typekpieces (Jain et. al., 2001), on processexotisgly called plane
and cylindrical (internal an external) magneticadive finishing, being also applicable on burr realqBaron and
Repkinova, 2001) and to correct geometric erroreifien et al., 1994).

The main process parameters on MAF are the magfieticdensity B, controlled by the input current on the
magnet, the air gaps between magnetic poles an#ipieoce, cutting speed, grain size of magnetic alnhsive
particles, processing time and the existence oohotechanical vibrations.

Several studies have been done concerning theemdftuof the process parameters on magnetic abrasisieing
results. Jain et al, 2001, has evaluated the edfettte working gap and circumferential speed omenia removal and
improvement on surface finish, showing that thehbi the speed and smaller the working gaps, bittesurface
finish. Exceptions were found for working gaps derahan 0.5 mm, because of the restrained spaaecompromises
abrasive renovation. The effect of circumferentipked is related to the longer distance travele@dmh abrasive
particle on the workpiece surface on the same thimavever, the results showed that a saturationtpmours at high
speeds, and attribute this phenomenon to the aatedewear of abrasive powder. Also processing {imeorim et al.,
2007; Amorim et al., 2006) has strong influenceremteface finishing results.

The characteristics of magnetic abrasive powdere hstvong influence on MAF results. Important partere
include magnetic and abrasive powder type and giai® and strength of bounding between magneticadmasive
grains. According Jain et al, 2001, there are thypes of magnetic abrasive powders: bounded, lpdrrinded and
unbounded. While bounded MAPs have physical boundietween magnetic and abrasive particles and unlsal
have no connection among different particles, lpogwunded MAPs provide weak bounding between gladi
through the addition of a third material, with adbér effect. This material is, generally, a lubnigand can be both olil
and solid.

Shinmura et al., 1986, studied the impact of additf cutting fluids over bounded magnetic abragige/ders, and
found higher material removal, despite of worsdasg finishing, for all studied fluids, with highawaterial removal
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associated with worse surface finishing and thickks. However, since tested magnetic abrasive gowes bounded
MAP, the application of these results on studiggeoning loosely bounded MAP must be carried oth waution.

Amorim and Lorini, 2008, compared the effect of &uklition of different lubricants on MAP, over sacé finishing
of workpieces, finding statistically significantfimence over surface finishing for lubricant andatemn speed. Three
different lubricants were evaluated as bindershia tvork, two solid (calcium stearate and talcumvger) and one
multiviscous oil. While SAE 20W40 oil allowed thétaining of finer surface finishing at lower rotati speed (400
RPM), it showed the worst results at 800 RPM. Amtirggsolid lubricants, talcum powder had showrvtbest results,
while calcium stearate allowed average surfacsHing.

Previous works [Amorim and Lorini, 2008 and 2008{idied the results obtained for different lubrisaand found
strong interaction between lubricant and rotatipeesl. For three different lubricants, it were fouhdee different
behaviors when rotation speed is increased, as rshiovwrig. 1. While multipurpose low-viscosity oillaved the
obtaining of surface roughness close to 0,18 pnatRawer cutting speed and high-quality surfacéskimg at higher
rotation speed and multiviscous automotive oil présd good results at 400 RPM and bad quality serfimishing at
higher rotation speed, hydraulic oil allowed tha@gm®tion of best surface quality at all rotatiopess.
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Figure 1. Surface roughness obtained by Amorim82€dYr different oils at different rotation speeds.

Since literature shows great variation of elemamid quantities added to magnetic abrasive powdbimagr, and
previous studies indicate strong influence of tkoglements over process results, it is of greabitapce to correctly
evaluate the real influence of those elements magnetic abrasive finishing results. However, desttie strength of
statistical data, the utilization of commercial fiighnts implies the existence of additives whicim d@afluence the
results. For this reason, the objective of the gmesvork is to evaluate the influence of the préipsrof the binding
elements of MAP over cylindrical magnetic abradiméshing. In order to restrain influence paramsttr the viscosity
of the oails, this work proposes the utilizationngfutral oils, without addition of any additive.

2. Experimental procedure

For this work, several basic oils were selectedyriter to reduce the influence of additives, thosting the study
to oil properties. The tested oils were all of & type, to know: spindle 09 (PSPQ09), light trali 30 (PNL30),
medium neutral 55 (PNM55), heavy neutral 95 (PNRA%) bright stock 33 (PBS33), in crescent viscositler. Table
1 shows dynamic viscosity and viscosity indexesaioled through saybolt viscosity test, for all exsdéd oils. All tests
were carried oun situs with the same oil samples used on magnetic alergsiwders.

Table 1. Viscosity and viscosity indexes for evéddeaoils.

Tested oil Viscosity at 40 °C (cSt)Viscosity at 100 °C (cSt]  Viscosity index
PSP09 12,8 7,3 219,7
PNL30 30,8 9,3 178,5
PNM55 50,8 11,0 156,3
PNP95 71,8 13,1 145,6
PBS33 487,4 32,5 95,4

Figure 2 illustrates the plot of dynamic viscositya function of temperature for the studied dilsshown in Tab.
1, the higher the viscosity at 40 °C, lower is thgpective viscosity index, which means that, fer oils evaluated in
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this work, thicker oils are more affected by tengpere than others. It also implicates that, agptyature increases,
the difference between the viscosity of the oileeiduced.
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Figure 2. Viscosity as a temperature function fadid oils.
Tests were carried out on ABNT 1045 grinded baelstgorkpieces, with an apparatus, composed of an
electromagnet and mechanical lathe, was used toderdoth magnetic field, rotation speed and vilmamotion. Test
conditions are shown in Tab. 2. Magnetic abrasweder characteristics, except lubricant type, aens in Tab 3.

Table 2. Working conditions.

Parameter Value

Magnetic Induction 0,65 mT

Rotation speed 400/800 RPM
Processing time 150/300 s
Working gap 1 mm

Frequency of vibration 5Hz

Amplitude of vibration 1 mm
Workpiece material ABNT 1045 grinded steel
Workpiece inicial roughness (Ra) 0,58 £ 0,04 pm
Diameter of the workpiece 25 mm

Table 3. Magnetic abrasive powder characteristics.

Parameter Value
Abrasive type Aluminum oxide
Average diameter of abrasives 88,32 um
Magnetic particle type Iron grit
Average diameter of magnetic particles 180,58 pum
Weight ratio (Fe:AlOs:lubricant) 4:1:0,4

The design of experiment used for the study isllacfossed 5x2x2 factorial experiment, with threetbrs. The
studied factors were lubricant type (5 levels)ation speed (2 levels) and processing time (2 $vel

3. Results and discussion

Factorial design of experiments allowed experimedtta to be analyzed through 3-way ANOVA (Variance
Analysis). Variance analysis allows both the inigsion of statistical significance of each studifttor and
interactions among them.

Results of surface roughness showed statisticalfi&ignt influence for both oil types, rotation sgkeant processing
time, in influence order. Among second level intdiens, all except the one between processing tme rotation
speed were found to be significant. However, thexel interaction was found to be non-significant.



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

Figure 3 shows the results of surface roughnessfasction of processing time, for both tested tiotaspeeds. As
expected, there is a tendency of reduction on neeghwith time, until a saturation point is reactigdm this moment,
there is no significant gain on continuing the msx The effect of rotation speed is similar: higgpeeds allow more
material removal in smaller processing times. Adidative of this effect is that results of testasried out at 800 RPM
for 150 s showed no statistically significant diéface from results obtained at 400 RPM for 300héckvis expected,
since the effective cutting length is the same.s€heesults agree with those obtained by Jain @01, which
suggested that the improvement on surface finisbioigined at higher cutting speeds is due to teesase of the
length travelled by the abrasives over workpiecéase.
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Figure 3. Surface roughness obtained after diftqpercessing times.

Figure 4 presents results of surface finish obthifeough the use of different oils. Thinner oia(affinic spindle
09) presents the worst results, followed by PBS Bltiple average comparisons didn't show any digant
difference between PNL 30, PNM 55 and PNP 95 dilsose results indicate a range of viscosities vikesbest
surface finishing is obtained.
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Figure 4. surface roughness Ra obtained with tested

Figure 5 (a) and (b) presents three factor platdHe results of surface roughness obtained u$iedifferent oils,
as a function, respectively, of rotation speed piatessing time. It is clear, for both PSP09 an&¥Boils that both
factors improve surface finish. However, while heghrotation speed causes small improvement on ther wils
(PNL30, PNM55 and PNP95), the increase of procgséine had caused no significant difference foséhproducts,
with occurrence of worse (but not statistically réfigant worse) surface finishing after 300 s th&n150 s. An
important result not showed in this plot is theividlial results of PSPQ09, processed for 300 s tRPM. The results
for this condition were on same range of resultsioled for PNL30 to PNP95 at 800 RPM for 150 sjdating that,
under tested conditions, and concerning Ra averagghness only, type of lubricant solely has infice over the
velocity of the process, but not over the saturagioint.
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Figure 5. Variation of surface roughness for ddéfaroils as a function of: (a) rotation speed; édorocessing time.

Figure 6 (a) and (b) show material removal as foncof time for tested oils at 400 and 800 RPM.sisingly,
material removal doesn’'t seem to be directly relai® viscosity, since highest material removal @0 RPM was
obtained with PNM55, whose kinematic viscosity @t°€ is between PNL30 and PNP 95 viscosities. Riebaeason
for this behavior is the existence of an “optimuamge” for oil viscosity, were the bounding forceused by the
lubricant is strong enough for the abrasives tq but still allows their renovation on the cuttingne. As expected,
PSPO09 oil provided small amounts of material rehds@th at 400 and 800 RPM, due to the weaker biognigetween
magnetic and abrasive particles. However, the ueaed result is that, while the use of PBS33 dibvedd low
material removal after processing for 150 s, itvpted high material removal after 300 s, when comgdo the other
basic oils. This phenomenon can be related toeimpérature in the cutting zone. Since this oillbasviscosity index,
i.e., it is strongly affected by temperature, higpheocessing time allows the obtaining of highenperatures, thus
reducing bounding strength due to viscosity, tHlewng abrasive renovation.
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Figure 6. Material removal for magnetic abrasivevgers containing different oils at (a) 400 RPM; gby800 RPM.

Relationship between material removal and surfaushing can be observed through comparison ofréigdl (a)
and (b) with figure 7 (a) and (b), which presentface roughness as a function of processing timedch individual
test. This comparison indicates a strong correlabietween those response parameters, with highrielatemoval
associated with good surface finishing. These teslibagree with the observed by Shinmura et 8B4 1where high
material removal was associated with worse surfagehing. This apparent discrepancy indicates adamental
difference between magnetic abrasive finishing witinded and weakly bounded magnetic abrasive powdeite in
the former magnetic and abrasive particles are ipaljss bounded through chemical or physical processgh as
sintering, preventing abrasive rotation and sowalig higher cutting forces, weakly bounded MAPs asg weaker
resistance to abrasive rotation. Thus, the cuttimge and, consequently, material removal is higigng bounded
MAP, which indicates that the different behaviolating roughness and material removal in this dasdue to the
process occur after the wear of roughness peakig thle use of unbounded MAPs causes progressineval of those
structures, and so gradual improvement on suriatshf
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Figure 7. Average roughness obtained for magnétiasive powders containing different oils at (a) &PM; and (b)
800 RPM.

Material removal obtained through execution of netgnabrasive finishing at 800 RPM shows resulty wmilar
to obtained at 400 RPM. In fact, there was obserf@dsome oils, few or no difference between bgpkeds, which
indicates that, for these combinations of elemeamnémeters (PNL30 0il/150 s; PNM55 oil/ 300 s), plositive effect of
higher cutting length over material removal is j@dist compensated by dynamic behavior, thus resgltin a saturation
point. It is also evident that, despite both preaes time and rotation speed have equivalent effaetr surface
finishing, material removal is more affected by themer, as can be seen by comparison betweereguits obtained
after 300 s at 400 RPM and after 150 s at 800 RiRjdre 7 (a) and (b). Exceptions were seen for ®SRvhich
allowed higher material removal at the second dariand PNP95, which provided results barelyedéht.

The effect described by Amorim, 2009, and showeHBlign 1 was not observed. Since it occurred witlitiviscous
automotive oil, it can be related to the high antafradditives, which can, in this case, causeezi§ip hon-newtonian
behavior called pseudoplastic. Pseudoplastic behavakes apparent viscosity to decrease at highristgerates. Once
shearing rate increases with the relative speesldagt surfaces, this phenomenon tends to occughtduitting speed.

Figure 8 shows a workpiece obtained after machimiith magnetic abrasive finishing for 300 s, usimggnetic
abrasive powder with addition of PNM55 oil. It isgsible to distinguish the quality of the surfaggsh through the
reflection of the letters over the region were n&tgnabrasive finishing process was applied, esfigcivhen
compared with the grinded part of the workpiece
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Figure 8. Surface quality obtained through grindimgl magnetic abrasive finishing.

3. Conclusions

Through careful analysis of experimental data,sitpossible to reach important conclusions concgrriie
properties of the oils used as binder for magnebcasive powder, as well as to confirm the infleerd well
documented process parameters, such as rotatied spe processing time.

Both higher and lower viscosity oils presented wassrface finish at evaluated processing time, whridicates the
existence of an ideal viscosity range. Probableseas the bonding force between magnetic and atergsirticles,
which increases with higher viscosities. Thus, eHi#SP09 oil provides weaker bounding force, whatemses
processing time for providing fine surface finispiand high material removal, PBS33, due to excesbinding,
restrains the abrasive particle renovation in thitirggy zone. This effect is reduced after longerchi@ng intervals,
when PBS33 allows high material removal and goathsa finishing.
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Under the tested conditions, a relationship exast®ngst surface finish and material removed thromglgnetic
abrasive finishing process, which relates low stgfoughness with high amounts of material remoMaik relation

Optimal range of viscosity is indicated by behawbown in Fig.4-7, were PNL30, PNM55 and PNP95 ailswed
achievement of both good surface finish and higkens removal.
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