ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 97

UDK 621.923.7 doi: 10.20998/2078-7405.2022.97.07
V. Ferencsik, G. Varga, Miskolc, Hungary

THE EFFECT OF BURNISHING PROCESS ON SKEWNESS
AND KURTOSIS OF THE SCALE LIMITED SURFACE

Abstract. In this paper roughness examination and analysis on burnished low alloyed aluminium
surfaces are reported, highlighting 2 parameters from the vertical deviations of the roughness profile
from the mean line. From the input parameters of the burnishing process, the effect of burnishing force,
feed rate, speed and number of passes are investigated. Measurements of the surface topography —
before and after burnishing — are conducted on an Altisurf 520 3D measuring device. The generated
and calculated values of the machined surface roughness are analysed in detail with the drawing of the
conclusions as well.

Keywords: low-alloy aluminum; smoothing; surface roughness; parameters of the 3D topography of
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1. INTRODUCTION

The quality of the machined surface is crucial for mechanical parts as, it is an
indicator of surface integrity, thus it has a direct impact on the properties and
complete lifetime of the product [1]. For this reason, measuring and evaluating the
surface roughness of machined parts is a widely used method in industry [2-4]. As
a result of the ever-higher requirements, many measurement methods and
techniques have been developed which are partly contained in standards [5, 6], and
partly in the literature that provide new possibilities.

The cornerstone of the 3D evaluation technique was laid by Stout et al., when
they interpreted 3D surface roughness and defined 3D metrics in their publication
[7]. The scientific interest in surface topography is due to the fact that it enables a
significantly more realistic analysis of the surface [8], so many researchers have
dealt with investigation of this topic.

Dzionk et al. investigated and compared different 3D amplitude roughness
parameters on burnished hardened C53 material shafts when the tool was SizN4
ceramic ball [9]. In certain cases they managed to achieve 3.5 times better
roughness values. Skoczylas et al. [10], beyond surface micro-hardness, examined
Sa and S, parameters and according to the results the values of these were effected
by mostly the burnishing force. In contrast, Luo et al. [11] experienced that higher
burnishing depth and speed cause higher improvement when non-ferrous materials
(LY12 aluminium alloy and H62 brass) were burnished with PCD tool. In this
paper, we study the effect of burnishing force (F), feed (f), speed (v), and number
passes (i) on 2 kinds of 3D roughness parameters (Ss, Sku) investigating the
correlation between these setting parameters on low alloyed aluminium workpieces.
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2. IMPLEMENTATION OF BURNISHING PROCESS

Burnishing is one of the cold plastic forming procedures which utilizes the
mechanics of mechanical deformation and it is suitable for machining external
cylindrical surfaces. The process has many advantages: it reduces surface
roughness, increases micro-hardness, while causes compressive residual stress,
improves shape correctness and it is environmentally friendly because it does not
require a high amount of coolant and lubricant [12—16].

The mechanism of burnishing is shown in Fig. 1., in which a rigid ball with
certain parameters and defined force passes on the surface of the rotating
workpiece while performing a rectilinear movement.

Figure 1 — Schematic illustration of burnishing [17]

In this study, the material of the examined cylindrical workpieces was EN
AW-2011 grade low alloyed aluminium as extending the exact knowledge of
machinability of non-ferrous materials is a major field in many industries
(automotive, aeronautics, aerospace) due to their low density and good mechanical
properties [18-20].

Before burnishing, finish turnings were carried out set at f; = 0.2 mm/rev,
than f, = 0.15 mm/rev. Burnishing process was realized with the same machine
(E400 universal lathe) using r = 3.5 mm radius PCD spherical tool. The kinematic
viscosity of the manually dosed oil was v = 70 mm?/s.

Table 1. contains the adjusted burnishing parameters, which were determined
based on preliminary experimental work.
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Table 1 — Applied burnishing parameters

No F [N] f [mm/rev] v [m/min] i[-]
1 15 0.05 50.54 2
2 25 0.05 50.54 2
3 35 0.05 50.54 2
4 25 0.01 50.54 2
5 25 0.1 50.54 2
6 25 0.05 35.71 2
7 25 0.05 71.43 2
8 25 0.05 50.54 1
9 25 0.05 50.54 3

3. MEASURING OF THE 3D SURFACE ROUGHNESS

Many methods and techniques are known for characterizing surfaces and
measuring surface roughness. It is important and necessary to review the
measurement practice, the setting and standardization requirements of the
measurement conditions, especially in the case of 3D topographic measurement
and evaluation [21].

In this experiment, measurements of 3 areas of 2x2 mm rotated by 120° were
implemented with an Altisurf 520 3D surface topography measuring device before
and after burnishing. CL2 confocal chromatic sensor was used, the cut-off was 0.8
mm and Gauss filter was applied.

Results were evaluated with Altimap Premium software, Fig. 2 shows a state
during measuring process.

Figure 2 — Working area of the measuring device
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The 3D roughness parameters can be classified into 6 groups, one of them is
the amplitude parameters [22], Table 2 includes which 2 parameters from those
were examined.

Table 2 — Examined 3D roughness parameters according to EN 1SO 25178 [23]

Mark Name Definition Formula
Represents the degree 11
Skewness of the scale of bias of the 3
S limited surfaces roughness shape 53 [ﬁ ﬂ; Z°(x, y)dxdy ]
(asperity) 7

The value of itis a

Kurtosis of the scale | measure of sharpness 111 4

St limited surface of the roughness 54 [j . Z%(x, y)dxdy
profile 7

4. RESULTS

Table 3-4 summarizes the averaged values of the measured roughness
parameters and contains dimensionless ratios that were created to make more
illustrative the changes.

For Ss parameter the calculations were made according to EI-Taweel and EI-
Axir [24]:

'p_\‘ps UIEI — (SSkbefore_Sskaﬁ:er) . 1000}6, (1)
sk Sskhafnra
where:
Ssk before Surface roughness parameter measured after turning,
Ssk after Surface roughness parameter measured after burnishing,
ApSs% Percentage value of the calculated ratio.

Table 3 — The results of Ssk with the calculated ratios of the experiment

No. Ssk [pm] ﬂpssk
before after [%]

1 0.4033 -0.5941 24731
2 0.3373 -0.4502 23347
3 -0.5299 0.2204 -141.59
4 -0.1326 -0.1361 2.64
5 0.0988 0.5335 -439.98
6 0.5559 -0.0160 102.88
7 0.5461 0.0015 99.73
8 0.3335 -0.3031 190.88
9 0.2222 -0.0068 103.06
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The smaller the value of Sg become, the better the change, because in the case
of a negative S, it is a surface with good bearing properties and wear-resistant. In
the case of a positive value of S, there are sharp peaks on the surface, which result

in very fast initial wear.

As Sy, expresses the dispersion range of the topography, and for Gaussian
surfaces Sy, = 3 [25], therefore, the ratios express the deviation from this value, as
the closer As, is to zero, the better its value due to burnishing. Measurement

results of S, before and burnishing are shown in Table 4 as an illustration.

ASp, =3 _Skt:_bg‘a

@

Table 4 — The results of Sku with the calculated ratios of the experiment

No. Sku [pm] before ASyy, p[pm] Sku [pm] after A8y o [pm]
1 2.5835 0.4165 3.0478 -0.0478
2 2.7854 0.2146 3.7455 -0.7455
3 6.4683 -3.4683 3.9387 -0.9387
4 3.3558 -0.3558 3.0667 -0.0667
5 3.7699 -0.7699 4.3709 -1.3709
6 2.7839 0.2161 3.2129 -0.2129
7 2.6563 0.3437 3.0571 -0.0571
8 2.6515 0.3485 3.4251 -0.4251
9 2.5508 0.4492 4,9857 -1.9857

The influences of investigated burnishing parameters (horizontal axis) on
calculated ratios and deviations (vertical axis) are presented in diagrams (Diagram

1-4).

Aps,,

Improvement [%)]

15 25

Force [N]

Deviation [pm]

ASyy,

after

before

Force [N]

Diagram 1 — The effect of burnishing force on the analysed parameters
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Diagram 2 — The impression of feed rate on the analysed parameters
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Diagram 4 — The impression of number of passes on the analysed parameters

The calculated results and the diagrams clearly show that the most
advantageous parameter setting was in the case of marked 1 surface. So, applying
F =15 N burnishing force with f = 0.05 mm/rev feed rate, and 50.54 m/min speed
with i = 2 number of passes produces the most preferred surface roughness values.
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5. SUMMARY

This paper analysed the burnishing process on low alloyed aluminium
cylindrical workpieces, where the considered parameters were burnishing force, feed
rate, speed and number of passes. From the 3D amplitude roughness parameters the
skewness and kurtosis of the scale limited surface were tested. According to the
measured and calculated results, following conclusions can be made:

e The most approving changing in surface roughness was experienced in case
of marked 1 surface and further results demonstrate that setting of F = 15 N force
with f = 0.05 mm feed rate is the most beneficial.

e The numerical experiment results also obviously prove that the higher feed
rate and speed adversely affect the change in surface roughness as, in case of 5
marked surface all 3D roughness parameters deteriorated to a great extent.

e Our future plans include investigating further 3D roughness parameters in
order to better understand the process taking place during machining.
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Bikropist ®epenunk, [ptona Bapra, Mimrkomnsi, YropmuHa

BII/INB MTPOLECY BUT'JIAJIZKYBAHHA HA ACHMETPIIO
I EKCIIEC HOBEPXHI OBMEKEHOI'O MACHITABY

AHoraunis: V yiti cmammi nogioomnaemuvcs npo OOCHIONCEHHs MA AHANI3 WOPCIMKOCHE NOTPOBAHUX
NOBEPXOHb [3 HU3bKONIC208AHO20 ANIOMIHIIO 3 BUOLIEHHAM 080X NAPAMEmpi6 GepPMUKAILHUX BIOXULEHD
npogpino  wopcmrocmi  6i0  cepednvoi ainii. 03000106aNbHe HAKOYYEAHHS (2QNMIGKA) CMANeGUMU
KYIbKamMy - ye 0OHA 3 Npoyeoyp XONOoOHO20 HIACHUYHO20 POPMYSaHHS, 8 AKOMY GUKOPUCTNOBYEMbCSA
Mexanika mexauiunoi degpopmayii i sika nioxooumv 01 0OPOOKU 306HIMHIX YUTITHOPUUHUX NOBEPXOHD.
Tlpoyec mae bazamo nepesaz: 3MeHULYE WOPCMKICIb NOBEPXHI, NIOBUILYE MIKDOMEEPOICHb, NPU YbOMY
BUKIUKAE 3ANUUKOG] HANPYIICEHH CUCHEHHS, NOKPAWYE NPABUNLHICMY POPMU I € eKONO2IUHO YUCHIUM,
OCKIIbKU He 6UMA2ac 6enuKol KitbKocmi piOuHu, wo O0Xoa00cye, | macmund. Y ybomy 0ocaiodcenmi
Mamepianom YuniHOPUYHUX 3a20MOBOK 0Y8 HU3LKONE208AHULl ANIOMINIL, OCKIIbKU POSUWUPEHHS MOYHUX
3HaHbL NpO  006pOONIOBAHICIbL  KONbOPOBUX Memalié € OCHOBHOIO 001acmio 6 0azamvoxX 2any3sax
NpoOMUCIO8OCHI  (ABMOMODITbHIL, asiayiiinill, AepoOKOCMIYHIl) yepe3 iX HU3LKY WITbHICMb [ XOpoul
mexaniuni enacmusocmi. I[leped 6uenaodsicy8anHAM GUKOHY8anu Yucmogy moxapHy o6poo6ky. IIpoyec
6U2NA0IICYBAHHSA 30IICHIOBABCA HA MOMY JIC 8ePCMAMI 3 GUKOPUCANHAM CQEPUYHO20 [HCHPYMENmy
nonixpucmaniunozo aimasy paoiycom r = 3,5 mm. Kinemamuuna 6's3xicmo Macaa, wjo 003yemvcsi 6pyumy,
cmanosuna = 70 mm2/c. 3a napamempamu MmpusUMIpHOT amnaimyou wWopcmKocmi 6y10 npomecmosaHo
acumempiro ma excyec no8epxHi, 0OMexceHoi Macuimadom. 3a pes3yibmamamu BUMIPIOBAHb | PO3PAXYHKIE
Oynu 3pobaeni maxi 6UCHOGKU: HAUOUILW CRPUAMAUGY 3MIHY WOPCMKOCHE NOGEPXHI 6YI0 GIO3HAUEHO V
BUNAOKY NOBEPXHI 3 MapKysanHam Nel, i nodanvuli pe3ynvmamu noKasyloms, wo ecmanogients cunu F =
15 H 3 noodauero = 0,05 mm € Hatibinbw CRpUAMAUBUM, PE3YTbMAMU YUCETbHO20 eKCNEPUMEHINY MAKONC
0UeBUOHO 00B00AMY, WO GULYT WEUOKICIb 06POOKU | WEUOKICIb NOOAYl HECTPUAMAUGO GNAUBAIONMb HA
3MIHY WOPCMKOCMI NOBEPXHI, OCKIIbKU V pasi po3miveHoi nogepxui No5 eci napamempu mpusumipHoi
WOPCIMKOCII 3HAYHO NOSIPWMUTUCA. Y naanu agmopie Ha MauOymHe 6xooumv GUEHEHHS O000aMKOBUX
MPUGUMIDHUX NApamMempié WopcmKocni, wjob Kpawe 3po3ymimu npoyec, wo 6iodysacmvcsi nio uac
00poOKU.

Ki11040Bi c10Ba: HusbKoN€208aHUI ANOMIHINL, BULIAONCYBAHHS, WOPCMKICIMb NOSepXHI, napamempu 3D-

monoepagii nogepxi.



