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ABSTRACT

Burnishing is a simple and effective method forrompment in surface finish and can be carried osing
existing lathe machines. It also saves more onyrtdn costs than other conventional processes asajrinding. There
are many type of burnishing tools developed tes8athe production requirements for achieving cersurface quality of
workpiece, comes at the forefront roller-burnishingls. Burnishing can be considered as hardengghly polished steel
rollers are brought into pressure contact with aftep piece part. The rotational and longitudinal tife operating
workpiece was analyzed before starting the turrdng then burnishing. Two roller types of burnishtogls, which are
single and multi are used for burnishing carborestaetal. Graphs are drawn on how these burnislpagameters vary
with the variation of the roller burnishing toolA. burnished surface is therefore smoother than laraded surface with
the same roughness height measurement. Experimeotél was carried out on a lathe to establish tlffieat of three
roller burnishing tool parameters; namely, burnisispeed, feed rate, burnishing force. The surfacghness and
roundness error of the turned test examples weramred by burnishing. The consequences of mul&frburnishing
were superior to that of single-roller. The surfacighness increments with low burnishing forcehigth speed for

various feeds utilizing multi-roller burnishing.
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INTRODUCTION

The studies determined working parameter rangd teritical in the burnishing process, since surfgoalities
were attainable over wide setting ranges. In a malidr burnishing operation, the component surdack under high
pressures, therefore, the roughness peaks amenfidttand the quality of the workpiece surface graved, F. Klocke.For
the treated material in this investigation, thetlmsisequences of surface roughness was acquitbdawange of ball
burnishing forces, rate it 80, 170, and 250. Theebsurface roughness was acquired at a feed fdtenim/rev. what is
more, a speed of 60.3 m/min. The littler roundnesstake additionally can be accomplished by utiligibburnishing

velocities running between 60.3 to 85.7 m/min. veitholishing feed of 0.11 mm/rev.
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Improvements in the surface roughness and increashe surface hardness achieve by the applicatidyoth
ball burnishing and roller burnishing with the nfemrous metals under consideration, Adel [1]. A bemof different
manufacturing processes, among which roller buimgslis distinguished by the following substantialvantages, can
achieve the required surface layer properties: higt deep-reaching compressive residual stressesxaellent surface
quality, F Klocke [2]. The determination of optinm@locess parameters in order to achieve a definddce layer requires
an elaborate experimental set-up and subsequemt-ciomsuming and cost-extensive measurements. HEbBT4$],
investigated in his study, that the potential f@ing the roller burnishing process to improve stefaoughness and
hardness of thermoplastics and thermosets, an@sitidé effect of roller burnishing parameters sashburnishing force,
speed, feed, and roller width contact.Pavana Kuingta made an attempt to investigate the effedira silicon carbide

abrasive particles in between roller burnishind tow cylindrical components of EN24 steel.

For burnishing experiments, three process parametensidered include spindle speed S, feed raten#,
burnishing force F.Trung [5], investigated the tielaships between machining parameters and sudbasacteristics of
the interior roller burnishing using response stefanethod model. Jawalkar [6], aimed to apply Tagsadesign of
experiments on the specimens find optimized vafaegnhancing the surface quality and hardnesscnmally, where
the surface roughness is the main response vaaabl¢he process parameters under consideratispardie speed, tool-

feed, number of passes and lubricants.

Features of burnishing include a good roughnessyadsas improvement of mechanical characteristitshe
surface due to implementation of compressive steeg®o the surface layer, Liviu Luca [7]. V. J&esad [8] made a
hardened steel roller as a tool and pressed agakd63 cylindrical rod. It is observed after bighingthat the surface
finish and corrosion resistance were improved.GgedB], dealt with the process improvements ofaefroughness and
shape correctness and change of these attributés the burnishing parametersondiamond-burnished #hayed
Aluminium shafts. Roller burnishing produces betied accurate surface finish on Aluminum work pieceninimum

time, J.N. Malleswara Rao [10].

The roller burnishing for minimizing the roundnessor and increasing surface micro-hardness ohdiikal
parts, is proposed. T. A. El-Taweel [11] studied thundness error by adding applied voltage aret-glectrode gap
parameters, to the applied burnishing force andtimtal speed. M.H. El-Axir [12] has been obtairedignificant
improvement in out-of-roundness and surface miaaress in aluminum alloy 2014 workpiece without tieed for the
difficult to set-up grinding equipment normally dsdor inner surfaces super-finishing.To explore thptimum
combinations of the process parameters in an effi@and quantitative manner, the experimentswesigded based on the
response surface methodology technique. Finallg, résults obtained are compared with the work doyeother

researchers and the results found are to be closer.
Selection and Setup the Roller Burnishing Tools

Roller burnishing toolsare designed for orthogohatnishing outside diameters. It is offered withtth@
hardened steel and a carbide roll. For cost savimgsind, all of manufacturers want to use a reliarnishing tool to
complete the processing of all surfaces and alledsions of a workpiece, which is called single amdti-burnishing
tools. For this work, roller-burnishing toolshaveeln selected to show how to complete the procesdirguter shaft

surfaces of the workpiece material profile.

Impact Factor (JCC): 5.2089 NAAS Rating 3.30
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a. Multi Roller Burnishing Tool b. Single Roller Burnishing Tool

Figure 1: Roller Outer Diameter Burnishing Tools

a. Creating a Surface Utilizing a Turning Tool b.Localizing and Start Burnishing Process

Figure 2: Setup of Side Turning and Roller Burnishing Tools

Figure 2 a, shows how a lightweight lathe can bedus flow metal, as to create a very smooth sarfdlso,
create a localized point of contact greater than adbmpressive yield strength of the material. Wiiile cross slide,
pressure is not especially high, a burnishing wemlild be preferable by removing the side-turning Bid replacing with
appropriate sized burnishes with coolant runningtlom selected part, figure2b. The burnishing edfjehe tool is

perpendicular to the work piece axis.

Formulation of the Experiment

Specimen

Machining trials were carried out on carbon steeDd8%C., which has a wide range of applicatiamghe
industry. The chemical composition is 0.18%C, 0.51%nd 0.55%Mn, and mechanical propertiescare 380 N/mm2,
and The measured hardness was121 HB. The specasemlength of 100 mm and diameter of 50 mm. It elasiped to

one side with the chuck and supported on the dafilderaccording to figure2.
Adjustable Burnishing Parameters

The three primary factors in any basic burnishingeration are burnishing speed (v, m/min), feed (&te
mm/rev), and burnishing force (F, N), to get a sthosurface and achieve the purpose of furnishirigceSroller,
burnishing displaces metal rather than removinthérefore, neglect depth of burnish.These thretoffa are the ones the
operator can change by adjusting the controls @ghihe machine. Important factors like, tool ritidtool geometry, and
kind of material has an influence, of course, itedmining the behavior of burnish-ability of meckwah workpiece.
Taking into account, when starting burnishing opiers the side and end burnishing edge, by meassnafl burnishing
force. Although, perpendicularity burnishing teaués are used for the experiments.The applied hing processes

parameters and conditions are listed in table 1.
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Table 1: Burnishing Parameters and Conditions

Burnishing feed) mm/rev. 0.048, 0.096, 0.176, 0.272, and 0.336
Burnishing speed ¢) m/min. | 16.8, 47.36, 96.48, 137.12, and 186|4
Burnishing force (F)N 112, 272, and 400

Burnishing conditions burnishing fluid-coolant

Surface Finish Measurement

Surface roughness can be measured by a varietystsiments including both surface contact and reomact
types. By far the universal technique is to measuréce roughness with a stylus contact-type unsént that provides a
numerical value for surface roughness, figure $luStis a shop floor surface roughness-measuritrgiment, which
traces the surface of parts, calculates their senfaughness based on roughness standards araydispsults. The stylus
is drawn across the surface to a distance of 2.5amingenerates electrical signals that are prapwtito the changes in
the surface. It attached to the standard deteatitrwill trace minute irregularities of surface wfrkpiece. The only

disadvantage is that the surface to be assessddamabgned precisely with the datum of the instemt.
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Figure 3: Scheme of Portable Surface Roughness
Burnishing Process

The workpiece to be burnished is clamped by theetimw chuck of the lathe and guided from othee $ig the
lathe tailstock. The burnishing process was appdiéer turning without releasing the workpiece frtme lathe chuck to
keep the same turning alignment. Slide burnishiegencarried out in one clamping process to minintfiwe concentric
runout in burnishing. Initial turning conditions meunified for all workpieces as follows: Turningrameters are; speed:
57 m/min., depth of cut: 0.25 mm, feed rate: 0.38/rav and tool nose radius of 0.2 mm. As the airthisf investigation
was to study the effect of the single and multletoburnishing tools in burnishing process uporaffisurface texture
(roughness and roundness), and to study the effdnirnishing parameters namely burnishing feednishing speed, and
burnishing force upon final surface texture. A hestlier is pressed against a rotating cylindricarkpiece and parallel to

the axis of the work piece on lathe.

In this work, produced surface roughness, and noessl error were measured after burnishing prodess.T
surface finish of the burnished specimens was medausing Mitutoyo Talysurf model. The measuremevese carried
out across the lay using diamond stylus of radifgsricrons and adjusted meter cut-off 0.8 mm. Ageraalues are
calculated for readings of surface roughness, Ree waken for each specimen.Roundness error wasuneeasising
Mitutoyo RoundTest. The pre-burnished surface eftést specimens were monitored by measuring ddciroughness

and roundness values for five specimens underaime £onditions.

Impact Factor (JCC): 5.2089 NAAS Rating 3.30
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RESULTS AND DISCUSSIONS

To study the effectiveness of the multi-roller hahing tool, and effect of burnishing parametersh@burnished
surface roughness and roundness, the experimestalts are plotted as shown in figures 4, 6, anthe. relations are
drawn for single-multi-roller burnishing to studyhich one has more effect that is appreciable. rEsalts of burnishing

tests and discussion are as follows:
Effect of Burnishing Feed Rate Parameter on SurfacRoughness

As mentioned before five burnishing feeds wereciete for these tests. The effect of feed rate €} wtudied
with constant burnishing speed of 96.48 m/min. anhdifferent values of burnishing force (F) to stutie interaction
between the two parameters (f, F). The relatiors @otted as shown in figure 4. The results of gisgingle

rollerburnishing are shown in figure 4a, while figdb shows the results of multi-roller burnishing.

F=112N F=272N F=400N Feed F=112N F=272N F=400N Feed
2.5 0.4 1.4 0.4
0.35 1.2 0.35
z 2 ] 0.3
g 03 = i1 s
3 0.25 F Z 0.25 =
500 £ £ os :
El 02 3 E 0.2 s
o 5 2 0.6 =
s 1 015 = s 015 =
=] a = g
= 2 T 0.4 &
% 05 o Z ot
0.05 0.2 0.05
0 0 0 0
1 2 3 4 5 1 2 3 4 5
a. Single Roll Burnishing b. Multi Roll Burnishing

Figure 4: Effect of Burnishing Feed on Surface Rougness for Different Burnishing Forces

The resulted surface roughness values in bothd&juare considerably reduced compared to machimnéace
roughness (Ra= 4.0um) i.e. before burnishing pyagkich gives the conclusion that the burnishog ts effective. The
trend of the relation between feed rate and thaiblied surface roughness, as shown in figure 4appeoximately the
same for single and multi-roller burnishing. Fitbie surface roughness slightly decreased as #ierége increased. Then

when feed rate increased above 0.176 mm /revsuiface roughness was increased.

To interpret the above phenomenon, a schematieseptation of roller burnishing process is showfigare 5.
It shows increasing of feed increasing the distdrateveen the peaks that lead to increasing of saifaughness.Using of
very low feed values caused reduction of area dfts the tool, which increased the compressivesst more which
caused overhardning that may cause flaking fosthitace and deteriorate the surface finish.Theepatif the connection
between feed rate and the burnished surface umrpieeess, as appeared in figure 4. First, the srfacghness
marginally decreased as the feed rate increasethaffpoint, when feed rate increased above 0.1mérewn. the surface
roughness was expanded. Utilizing of low feed valceused decrease of territory opposite to the vduth increased the
compressive stress, more which caused overhardhatgmay cause chipping for the surface and fadlriathe surface

finish.

www.iaset.us editor @ aset.us



6 Yaser A. Hadi

The minimum surface roughness was obtained witbraishing force of 272 N, at a feed rate of 0.17&/rav.
After this feed esteem the surface roughness exqubasl the feed rate expanded. The maximum surdacgness esteems
were acquired with a burnishing force of 112N. Embancement of surface roughness while increaderte from 112N
to 272N is normal as the increase of the forceeimant the profundity of penetration bringing abpatking more
severities and builds the metal stream that promn@dilling of more valleys that were existed arbsurface due to the
previous turning process.When the burnishing fanceeased from 272N to 400N, the surface roughmessincreased.
This may be due to the overhardning and consequélakling of the surface layer. The increase otéoabove a certain
value (272N) also increases the bludge in fronburhishing roller and widens the region of plasteformation, which

damages the burnished surface and increased tlaeesuoughness.

Original Surface

Texture Burnished Surface
Burnishing Texture
Direction /

Feed
Direction
Finished
Workpiece Height

Figure 5: Schematic Representation of the Burnishig Process
Effect of Burnishing Speed Parameter on Surface R@hness

The relations between burnishing speed and surfagghness are shown in figures 6 and 7. Figurdé®ys the
effect of burnishing speed on surface roughnese@dtant feed rate of 0.176 mm/rev, under diffelmhishing forces.
While figure 7, shows this effect at constant foafe272N and at different feed rates. Referrindigore 6a, it can be
noticed that, with a single-roller the increasirfgspeed decreases the surface roughness for tbe fd2N, but for the
forces 272N and 400N surface roughness first deetkavith the increase of speed up to a speed &f iBmin. then
slightly increased for further increasing of spe€de rate of increasing with a force of 400N ish@gthan that with the

force of 272N. This may partially, be due to chattehich is usually existed at high speeds witthHigrces.

Figure 6a, likewise demonstrates that, at low speke surface roughness is ideal at a force of 40@0Me the
most exceedingly one was acquired with a force INL This can be described to the way that, at $peeds the
deformation action of the roller is high which weak the surface roughness. For this situation, fugte is required to
press the pinnacles of the burnished surface. Mwsless, at high speeds the turnaround was valligré- 6a, likewise
demonstrates that, the minimum surface roughnesoi@ined at a speed of 96.48 m/min. what is nimmishing force

of 272N at 0.176 mm/rev. feed.

In circumstance where multi-roller were utilized fournishing figure 6b, it tends to be seen thétizing low
burnishing force (112N) the surface roughness meded as the speed expanded. A similar outcomeeepsred when
utilizing the power 272N yet with a lower slope. Wéhwith burnishing force of 400N, the burnishedfaae roughness is

reduced as the speed increment. It very well mageles from the figure. additionally that, the scopeariety of surface

Impact Factor (JCC): 5.2089 NAAS Rating 3.30



Impact of Single-Multi Rollers Burnishing Tools on Surface Roughness and Roundness Error 7

roughness for various speeds at the powers 272@0N is least than that of single roller burnishifge utilization of a
multi-roller as talked about before keeps this ales distortion and avoids spinning of the workggiewhich decreases
vibration between the burnishing tool and workpieaesing minimization for the speed variety's imipat the presence
of vibration among burnishing tool and workpiece.léw speed, additionally (16.8 m/min.) the surfacaghness for the
force 400N is more prominent than different foremsl this might be expected to overhardning causeth& workpiece

surface under the action of this force
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Figure 6: Effect of Burnishing Speed on Surface Rayhness for Different Burnishing Forces

It can be seen also from figure 6, that, the rasfggurface roughness obtained by multi-roller bsinitig is less
than that obtained by single-roller burnishing. Railti-roller, burnishing better surface roughneas be achieved using
low values of forces with low speeds, or using higites with high speeds. It tends to be seen iaddity from figure 6,
that, the scope of surface roughness acquired Hgi-raller burnishing is not as much as that gottn single-roller
burnishing. For multi-roller burnishing better sagé roughness can be accomplished utilizing lowmesibns of forces
with low speeds, or utilizing high forces with higheeds. If there should arise an occurrence gfesioller burnishing,
the surface roughness diminishes with the expar@idrurnishing rate until 96.48 m/min. speed antérathat somewhat

increments with the burnishing speed as appearggure 6a.
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Figure 7: Effect of Burnishing Speed on Surface Raghness at Different Feed Rates

Effect of burnishing speed on surface roughnesdiffgrent feeds under constant burnishing force2(®y7is
shown in figure 7. In case of single roller burtigh the surface roughness decreases with theaseref burnishing speed
until 96.48 m/min. speed and then slightly increaséh the burnishing speed as shown in figureThe disintegration of
surface roughness with the expansion of ratestlseatic as the multi-roller guided the example withauthorization for
elastic deformation. This may make the framewotkifachatter with the expansion of paces. At hggeeds, there is
likewise a lubricant misfortune because of lackiimge for it to infiltrate between the roller andetiburnished surface,
which is fundamental for multi-roller burnishing.n&h all is said in done for single and multi-buhirg the base surface
roughness can be accomplished utilizing 0.176 mmfeed, and at a roughness rate of 96.48 m/minsifagle ball
roughness, and 16.8 m/min. for multi-roller burtgh Figures 6 and 7, additionally demonstratessit@pes of surface

roughness for multi-roller burnishing is littlerath that for single-roller.
Effect of Burnishing Feed Rate Parameter on Roundrss Error

Roundness error assumes an essential role infiberecy of burnishing process, and this error doo¢ because
of the forces created amid burnishing. This miglt likkewise because of misalignment of the workpieseid
burnishing.Figure 8, demonstrates the impact ofl fee the burnished surface roundness error forlesimglti-roller
burnishing strategies. Figure 8a, appears, follesirgiler burnishing, that the increase of feedfrd.048 to 0.176 mm/rev,
diminishes the roundness error. Subsequently fuitfement of feed above 0.176 mm/rev. increasesdness error.
This can be clarified by the way that, at low feds twisting activity of the roller is gatheredchese of its little hub
development that may cause shear of subsurface (elygping) prompting crumbling of roundness errocreasing of
roundness error past the feeds above 0.176 mnsrexpected due of the increase of pivotal separatioved by the
instrument amid shining procedure. In this way, dmgle-roller burnishing it is desirable over abstfrom burnishing at

low feeds and in as well as at very high feeds.

Impact Factor (JCC): 5.2089 NAAS Rating 3.30
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Figure 8: Effect of Burnishing Feed Rates on Roundess Error at Different Burnishing Forces

For multi-roller burnishing figure 8b, the connectidisplayed roughly indistinguishable pattern framfigure
8a, for single-roller burnishing. Be that, as ityn¢he feed rate limit at which the roundness estarts to increment
expanded from 0.176mm/rev. to 0.336 mm/rev. as agpkin figure 8b.Figure 8, also shows that thendmess error for
multi-roller burnishing is smaller than that of gie-roller, where, the increase of force decreasandness error; this is
due to compressing more asperities on the burnishefice. Further increase of the force increasesdness error
because shear failure occurred for subsurface .layes lead the manufacturer to give more attenfmmthe value of
burnishing force as it affects the result of bunimg process.Figure 8b, additionally demonstrdtesetxpansion of power
from 112N to 272N abatements roundness error. iShdsie to compressing more asperities on the thedisurface with
the force of 272N. Further increment of the forc&l@0N increases roundness error since shear disapent happened
for subsurface layer under the activity of thisclarwhich thus builds roundness error. This leadntfanufacturer to give

more attention for the value of burnishing forcetadfects the result of burnishing process.
Effect of Burnishing Speed Parameter on Roundnessrior

Impact of burnishing speed on roundness error igeafed in figures 9and 10. Figure 9, was plotted to
contemplate the cooperation between speed and, fattiée figure 11,for the connection between spaad feed. For
single ball burnishing, figure 9a, the expansiosded diminish roundness error for all of burmighorces levels. Figure
10b, demonstrates that at low force of 112N, thgaasion of speed expanded roundness error for-naller burnishing.
Figure 9, additionally demonstrates the best dfeteof roundness was acquired with multi-rollerhishing by utilizing
burnishing force of 272N. Figure9; also show tha¢ best result of roundness error was obtained waititti-roller

burnishing while using burnishing force of 272N.
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Figure 9: Effect of Burnishing Speed on RoundnessrEor at Different Burnishing Forces
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Figure 10: Effect of Burnishing Speed on Roundnegsrror at Different Feed Rates

Figure 10, demonstrates the impact of burnishiregdpat different feed rates. As appeared in thardidor all
feeds esteems, roundness error is diminished apter increased with the exception of singlesrdilenishing at feed of
0.336 mm/rev. For this situation the expansion p#esl above 96.48 m/min. expanded roundness erhis. rilight be
because of, the increase of developed materiatoint fof the surface, prompting inordinate vibratiwhich decay the
roundness error. The small roundness error alsdbeaachieved by using burnishing speeds betweet89énd 137.12
m/min. with a burnishing feed of 0.176 mm/rev. Fegi 9 and 10, illuminate the viability of the buining tool, and

furthermore the ability of multi-roller burnishing delivering smooth surfaces than single-rollemighing.
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Factors Influencing Surface Roughness and Roundne&sror
Generally, it is found that the most factors infiaeg surface roughness and roundness error indhing are:

» Depth of burnishingAs it was not taken into consideration during thisrk, but have to point out that only
increasing the depth of burnish increases the bhimg resistance and the amplitude of vibratiors.aAresult,

burnishing temperature also rises. Therefore,ékjgected that surface quality will deteriorate.

* Feed RateExperiments show that as feed rate increaseacrbughness also increases due to the increase in

burnishing force.
e Burnishing speett is found that an increase of burnishing speeadegally improves surface quality.
» Engagement of rollerburnishing todhis factor acts in the same way as the depthuofibh.

e Burnishing tool wears:The irregularities of the mshing edge due to wear are reproduced on the
machinedsurface. Apart from that, as tool weargases, other dynamic phenomena such asexcessragiornl

will occur, thus further deteriorating surface dtyal

» Use of burnishing fluihe burnishing fluid is generally advantageousceoning surface roughness because
itaffects the burnishing process in three differertys. Firstly, it absorbs the heat that isgendrataring
burnishing by cooling mainly the tool and work swés. Inaddition to this, the burnishing fluid Eeato reduce
the friction between the roller facethe machinedame. Lastly, thewashing action of the burnishfhgd is
considerable, as it consists in removing chipfragimend wear particles. Therefore, the quality acfugface

burnished with thepresence of burnishing fluidxpexted to be better than that obtained from dmishing.

» Burnishing force componeniis should be noted that force values cannot beaseriori, but are related to
otherfactors of the experiment as well as to factmossibly not included in the experiment,i.e. ois not an
input factor and is used as an indicator of theadyiccharacteristics of the work piece, burnishiagl,tand

machine system, Mate, consider it as one of the paiameters to achieve the best surface finigj, [1

e Finally, the set of parameters including the abowentioned parameters that are thoughtto influencéace

roughness, have been investigated from the varesearchers, [14, 15].
CONCLUSIONS

The aim and objective of this study were to study influence of single and multi-roller burnishitapls on
metal turning process, and to evaluate the meagusinface roughness. After reviewing all graphatesl to burnishing
speed, burnishing force, and feed rate, they &enihin effect parameters on the surface roughfess above study, it is
clear that contact surface of a single-multi-robemrnished tool is a most important parameter fettigg good surface
finish. The result obtaining from the conclusiorsiate as a roller surface may be increased thieat@n burnished force
also get increases. In addition, surface roughgetssdecreases with respect to increasing in thingsspeed. In addition,
increase in feed rate can also increase the surfaggness. In addition, the results achieved watler burnishing are
impressive thanks to greater surface resistancdaager contact area ratios due to plateau formafiwe results obtained
from various experimental tests are useful in selg@ppropriate burnishing tool for various coratis of speed, feed and

depth of furnish, which leads to economical burimghand improved productivity. All figures show ththe best surface
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roughness can be obtained with multi-roller burimighThis is true as the use of a single roller imgithe workpiece to be

elastically deformed along its longitudinal directiunder the action of the normal force.
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