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EXAMINATION OF THE CHANGE IN SURFACE ROUGHNESS OF
BURNISHED LOW ALLOYED ALUMINIUM EXTERNAL
CYLINDRICAL PIECES

Abstract. The life and reliability of machine components or elements are affected greatly by the
surface integrity. Machined surfaces by conventional processes such as turning and milling have
inherent irregularities and defects like tool marks and scratches that cause energy dissipation
(friction) and surface damage (wear). Ball burnishing has proved to be a highly effective
mechanical finishing process of industrial workpieces because of the excellent surface roughness
and fatigue performance that induces in treated components. This paper focuses on the
examination of the influence of different burnishing parameters, such as number of passes (i), feed
rate (f) and burnishing force (F). For plan and execute the experiments we use full factorial
experimental design method by which empirical formulas can be created easily. The measurement
of the surface roughness was executed with Altisurf 520 3D measuring equipment at the Institute of
Manufacturing Science. The measured results were evaluated by the comparison of a special
correlation formula to determine the optimal combination level of the different parameters in the
given interval.
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1. INTRODUCTION

Surface integrity of manufactured components plays vital role to avoid
friction losses, good corrosion resistant property and high fatigue life.
Mechanical machining of different parts it is possible to improve life time by
selecting the right process and/or the adequate technological data [1], [2].
Surface roughness can be reduced by turning [3] or milling [4], [5] more
efficiently but conventional machining processes cannot modify the properties
of the subsurface layer. On the other hand, ball burnishing is a mechanical
finishing treatment, performed on workpieces to enhance their mechanical
properties and improving their performance to highly demanding working
conditions [6-8]. Nevertheless, burnishing has a special characteristic that
differentiates it from the other mentioned processes, that is, residual
compressive stresses are induced in the workpiece surface through one or more
passes of the burnishing tool, thus enhancing the fatigue performance of the
piece and inhibiting the origin of cracks and notches on parts [7], [9].
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This work presents a comparing analysis of surface roughness focusing
on the determination of each process parameter (I, f, F) influence and the
interest of it full factorial experimental design method was used in our
investigation [10], [11] which is valid in between the minimum and maximum
values of the above mentioned parameters.

2. BURNISHING OF OUTER CYLINDRICAL SURFACES

Surface burnishing is a force controlled forming process, which is widely
applied on finishing rotationally symmetrical parts e.g. found in the automotive
and aeronautics industries.

A burnishing tool is pressed under a force onto the workpiece surface and
this pressure is generated by the ball exceeds the yield point of the softer piece
part surface at the contact area, resulting plastic deformation on the surface
structure [6], [12]. As seen in Fig. 1 a tangential sliding displacement of the
tool deforms the material of the component, which results the reduction of the
roughness, while an increase in compressive residual stress at the boundary
layer is achieved [12].

burnishing tool

burnished surface turned surface

Figure 1 — Schematic illustration of burnishing process [12]
and the technological solution of it

Burnishing of outer cylindrical surfaces can be executed on conventional

universal lath or up-to-date CNC lath, the latter one was applied as Fig. 1
shows.
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3. IMPLEMENTATION OF THE EXPERIMENT
3.1. Material and parameters

For this experiment we have chosen lightly alloyed aluminium material as
automobile, aeronautics and astronautics industries more and more claims for
the application of non-ferrous materials due to its low density and good
mechanical properties [13].

The operation was performed with a spherical ( R = 3.5 mm)
polycrystalline diamond tool attached to OPTIMUM type OPTIturn S600 CNC
machine with different set-ups depending on the full factorial experimental
design method.

The following burnishing parameters were examined: number of tool
passes, feed rate and burnishing force, as it can be seen on Table 1 all of it have
a lower and a higher values according to the matrix experimental design,
containing the burnishing parameters in natural dimensions and their
transformed values.

Table 1 — The burnishing parameters

Adjusted parameters Transformed parameters
No: ifo] | flmmirev] | FIN] | X, | X, X,
1 1 0.001 10 -1 -1 -1
2 3 0.001 10 +1 -1 -1
3 1 0.005 10 -1 +1 -1
4 3 0.005 10 +1 +1 -1
5 1 0.001 20 -1 -1 +1
6 3 0.001 20 +1 -1 +1
7 1 0.005 20 -1 +1 +1
8 3 0.005 20 +1 +1 +1

3.2. Measuring of surface roughness

The measurement of the 3D surface roughness of the specimens before
and after burnishing was carried out on AltiSurf 520 type 3D surface roughness
tester with chromatic confocal sensor at the Institute of Manufacturing Science.
we used the own software of the roughness measuring device (PhoeNix) to
evaluate the measurement values. The individual sections were measured three
times, rotated at 120 ° fixed in prism.

Figure 2 illustrates a state of measurement process.
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Figure 2 — Measurement process of 2D surface roughness

4. RESULTS

In our investigation we have created a dimensionless ratio to make the
changing of surface average roughness more obvious, which are shown in
formula (1) and (2):

Rapyrnished
PRa Ratyrned (1)
p% = (prq — 1) - 100, )
where:
PRa Degradation ratio of surface roughness (Ra) parameter.

This is a dimensionless ratio, which textures the changes
occurring because of burnishing,

Ranumished  Surface roughness remain after burnishing,

Rawmes  Surface roughness remain after turning,

p% The percentage value of the improvement ratio.

The lowest the value of pra in the negative range, the greater is the

improvement.
The measured data and the calculated improvement ratios are summarized

in Table 3.
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Table 2 — Measured values and calculated improvement ratios

Ra[um]

No. Turned : Burnished pra [%]
1 1.1226 0.3457 -69.21
2 1.0118 1.8215 80.03
3 0.9947 0.3599 -63.82
4 0.9450 0.2516 -73.38
5 0.9213 1.2686 37.65
6 1.0622 2.2249 109.46
7 1.0679 0.5875 -44.99
8 1.0741 1.3817 28.64

Application of Factorial Experiment Design method empirical formula (3)
was created from the calculated values. Calculations and axonometric figure
(Fig. 3) was prepared using ,,MathCAD 15.0” software.

1 /
f [mm/rev] 1

i [o]

Figure 3 — Changing of surface roughness
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Pra = —352.6875 4 153.263-i + 6.328 - 10*- f + 18.766 - F —
—3.993-10%-i-f—5.879-i-F—4.208-10% - f - F + 2.008-i - f - F (3)

5. SUMMARY AND DISCUSSIONS

The paper deals with the experimental analysis of sliding burnishing
when the material of the workpiece was low-alloyed aluminium. Experimental
parameters were the number of passes, feed rate and burnishing force. The aim
of the experiments was how these parameters have effect to the surface
roughness.

On the base of the present research work it can be stated:

Among the examined parameters the effect of burnishing force is the
most dominant and it is seems to be there is a linear interaction with the
number of passes; according to it we would like realize further examination
with the application of lower burnishing force (F)

The higher improvement was caused by the application of these
burnishing parameters:

i=3
f=0.005 mm/rev
F=10N
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JOCJIIKEHHSA 3MIHA IIOPCTKOCTI HIOBEPXHI
OUJITHAPUYHUX JETAJIEA 3 HU3BKOJIETOBAHOI'O
AJIIOMIHIIO ITPH ITOJIIPYBAHHI

Anortauist. Tepmin cnyscou i HAOIIHICMb KOMNOHEHMI6 abo eneMeHmie MawuHu 6 3HAYHIU Mipi
3anedcums 610 yinicHocmi ix nogepxwi. OOpoOIeHi 36UNATHUMU NPOYECAMU NOBEPXHI, MAKUMU K
mokapHa o6pobra i Qpesepysanis, Malomv GIACMUSE HEPIGHOCMI [ Oehekmu, Mmaki K CAiou
iHcmpymenmy | NOOpANUHU, AKI BUKTUKAIOMb PO3CIIO6AHHA eHep2ii (mepms) i NOWKOONCEeHH:
nosepxui  (3noc).  ITlonipysanns — NIOWUNHUKOBUX — KYIbOK — 3APEKOMEHOY8AN0  cebe 5K
BUCOKOCEKMUBHULL  NPOYeC MeXAHIYHOI 0OpoOKU NpOMUCIO8UX Oemaleil uepe3 uy008y
WOPCMKICMb  NOBEPXHI | 6MOMHUX XAPAKMEPUCMUK, WO SUHUKAIOMb 6 HACIIOOK 06po6Ku
KomMnonenmamu. Lla cmammsa npucesuena 6UGYeHHIO 6NUBY PI3HUX NAPAMEMpPI8 NONIPYEAHHS,
Makux AK Kinbkicms npoxo0is (i), weuodxicms nodadi (f) i cuna noxipyeanns (F). [Jua nnanysanns i
npo6eOeHHs.  eKCnepuMeHmie — 6yi0  BUKOPUCMOBAHO — MemoO  (PakmopHo2o — NAAHYEaHHs
eKCnepuMenny, 3a 00NOMO2010 AK020 MOJICHA J1e2KO CMBopiosamu emnipuyni popmyau. Jna yvozo
eKcnepuMenmy euopanu 1ecKOCnIa6HUL antOMIHIESUI Mamepian, AKUM WUPOKO 6UKOPUCIOBYEMbCS
8 agmMoMoOINbHIl, asiayiliHill ma KOCMiuHill 2anyssx, Oe 6ce Oinbuwie i Oinbule npemensii Ha
3ACMOCY8AHHS KOIbOPOBUX Mamepianie uepe3 iX HU3bKOI WjiibHOCMI I XOpOWIUX MeXAHIYHUX
enacmusocmeii. Onepayis 6UKOHY8ANACS 30 OONOMO20I0 CepuiHo20 NONIKPUCHATTUHOZO
anmMasHo2o iHCmpymenmy, 3akpinienozo 6 eepcmami 3 YIIY 3 pisHumu Hacmpoiikamu 6
3anexAcHoCmi 6i0 YMO8 (PAKMOpHO20 eKcnepumennty. Bumipiosanns wopcmxocmi nosepxmi 6yno
BUKOHAHO 3 OONOMO2010 BUMIPI08aNbHO20 obaaonanna Altisurf 520 3D ¢ Incmumymi eupodnuqux
Hayk. Bumipsmni pesynromamu oyiHO8anUcCs WISIXOM NOPIGHAHHA 3d CHEYianbHoIO0 (HOpMYIoio
Kopenayii 015l GUBHAYEHHS ONMUMATLHO20 piGHA KOMOIHAyil pi3Hux napamempieé 6 OaHoMy
inmepeani. Ha niocmasi 0anoi 0ocnionuybkoi pobomu MOJICHA KOHCMAmMyeamu, wo cepeo
PO32NAHYMUX NAPAMEmpPI8 6NIUE NONPYIOHOL Cunu € HAubinbul OOMIHYIOUUM, I, CXOXce, ICHYE
JUHIHAG 83AEMO0Isi 3 YUUCTIOM NPOX00i8,  GIONOBIOHO 00 4020 NOMpPIOHO O nposecmu NOOATLULY
nepesipky iz 3acmocysanusam 6invus Huzokoi cunu noaipysanns (F).

KurouoBi ciioBa: wopcmkicmy nosepxwi; napamempu nonipysauua; 3D wopcmricms noeepxHi;
Cuna NOPyeanHs.
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