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EXAMINATION OF 3D SURFACE TOPOGRAPHY
OF DIAMOND BURNISHED C45 WORKPIECES

Abstract. Nowadays cold working operations like rolling, burnishing are important finishing methods.
In this paper the diamond burnishing of external cylindrical surfaces are studied. The principle of this
process is that a pressing tool, which goes along the surface of the workpiece with linear motion having
given parameters (e.g. feed) while the workpiece is rotating. Using of diamond burnishing has many
preferences: surface roughness of the workpiece is improving, hardness of the surface is increasing
while it’s micro-structure is also improving. Fatigue strength is increasing significantly due to the
compressive residual stress in the subsurface area causing by burnishing. The aim of this study was to
examine the influence of different burnishing parameters, such as burnishing speed, feed and force with
the using of two different kinematic viscosity oil. For plan and execute the experiments we used the
Taguchy type 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.

Keywords: burnishing; Factorial Experimental Design; 3D surface roughness; experimental
investigation; improvement ratio.

1. INTRODUCTION

While working on machines, most of the stresses are mainly applied to the surface
of the different machine parts or to a certain thickness of the surface layer, sothe
microgeometry of the machined surface has a great effect on the abrasion
resistance of the machine, and its stress-absorbing influence is considerable in the
case of fatigue stresses. The surface layer of the machine element is primarily
subjected to friction or fatigue [1]. The roughness of the surface of the machine
may be reduced more efficiently with life-enhancing mechanical machining than
chip removal processes and more and more researches deal with residual stresses
[2] and the examination of changing of texture on the surface of the workpiece [3].
The common feature of these material and energy-saving solutions and processes
of mechanical surface conditioning is to reduce surface roughness, increase surface
hardness by rendering structural defects and dislocations, resulting in significant
compressive stress in the surface layer [4-5].Surface-strengthening technologies
are differfrom each other in the terms of the relative displacement of the tool and
workpiece on the working surfaces. Diamond burnishing which is the subject of
the experiment uses sliding relative displacement.
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The diamond burnishing process is used for machining external and internal
cylindrical surfaces and its main application is automotive crankshafts, inner and
outer bearings, etc. form.

The Taguchi type factorial experimental design was used in this research[6], [7]
which is valid in between the minimum and maximum values of the input
parameters.

In the present experiments input parameters were: burnishing speed (vv), feed rate
(f), burnishing force (Fy) and kinematic viscosity of the used lubricants while the
output parameter: arithmetic mean of surface roughness (Sa).

2. APPLICATION OF BURNISHING ON EXTERNAL CYLINDRICAL
SURFACE

During burnishing, the roughness of the surface and the solidification of the
surface layer are characterized by the interaction between the tool, having a much
harder material than the material to be machined, and the surface sliding friction
between them. The pressure, required to realize the cold forming, occurs through
the overlap between the working tool and the work surface to be formed [8-
9].Kinematic relations are demonstrated in Fig. 1 [10].
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Figure 1 — Kinematics of burnishing [10]

Plastic deformation is caused by this low environment load (does not require huge
amount of coolant and lubricant)[10-11]is realized typically in the depth of
0.01+0.2 mm. According to the purpose of the machining can be distinguished
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smoothing burnishing (roughness reduction with small overlapping), surface
burnishing (forming at a defined depth) and forming burnishing (forming in full
cross-section) [1].

Diamond burnishing of outer cylindrical surfaces can be realized on conventional
lathes and CNC lathes as well. The applied tool tip can be hardened steel, carbide,
ceramics, or natural or artificial diamond.We used polycrystalline diamond which
was fixed with a low melting metal in the tool head and sharpened to
spherical. When holding the diamond, it must be taken into consideration that its
abrasion resistance differs in different directions and the different experiments with
artificial diamonds show that the optimum angle between the shafts is 120 ° [1].

3. EXPERIMENTAL CONDITIONS
3.1. Material of the workpiece

The material and the hardness of the workpiece to be burnished can be variousin a
very wide range. The object of our study was C45 unworked steel, the chemical
composition of which is shown in Table 1.

Table 1 — Chemical composition of workpiece

Elements C Si Mn | Cr Ni \Y/ W Cr Other
0,

Averagedwt% | 45 | g3 | g7 | - | - | - | - | - | 4s=003

(weight percent)

The choice of material for the releaseable structural steel with favorable
mechanical properties is justified by the fact that it produces medium wearable
parts that are exposed to wear.

3.2. Burnishing parameters

Several researchers have experimentally studied the effect of the technological
parameters applied in the burnishing process on surface quality [11], [13], [14].
Based on the results, these are summarized in Fig. 2 [14].

‘ Burnishing parameters that influences surface roughness ‘

v v v v v v v
Burnishing Burnishing Burnishing Number of Burnishing Workpiece Coolants/
speed force feed passes tool material lubricants
v ¥ v
‘ Type ‘ ‘ Viscosity H Additives ‘

Figure 2 — Kinematics of burnishing [14]
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From these parameters the burnishing speed, feed rate and force were choosen, it
can be seen in natural dimensions and their transformed values on Table 2 as the
matrix of the Taguchi type Full Factorial Experimental Design.

Table 2 — Applied burnishing parameters

Parameters of burnishing Transformed parameters
Sign of
specimen

[m/"r;in] f [mmirev] [f\lb] X, X, X,
1 180 0.05 45 -1 -1 -1
2 277 0.05 45 +1 -1 -1
3 180 0.10 45 -1 +1 -1
4 277 0.10 45 +1 +1 -1
5 180 0.05 82 -1 -1 +1
6 277 0.05 82 +1 -1 +1
7 180 0.10 82 -1 +1 +1
8 277 0.10 82 +1 +1 +1

The burnishing operations were carried out on OPTIMUM (OPTIturn L-Series
440) flatbed CNC latheusing PCD (polycrystalline diamond) tool with 3.5 mm
radius and the kinematic viscosity of the applied oil was 70 mm?/s and 220 mm?/s.

3.3. Measuring of the 3D 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
optical probe at the Institute of Manufacturing Science. The advantage of using this
machine is that the software can not only perform a particular measurement, but
can also be done in one setting in succession, so a pre-programmed measurement
process can be realized. This means that multiple measurements can be defined one
after the other or axis movements can be set [15]. Fig 3 illustrates a state of a
measurement, the workpiece was fixed in a prism.

3D surface roughness parameters are classified into five major groups in 1SO
25178 standard [16], one of which is the amplitude parameter whose parameters
are shown in Fig 4 [17].

The changing of the last surface roughness parameter of Fig. 3, S, was examined in
our investigations which shows the arithmetic mean of the deviation of the surface
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from the median plane, mathematically expresses the scattering around the median
planen(xi,yj) as it can be seen in Fig 5 [17].

Figure 3 — The measurement process
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Figure 4 — Classification of height parameters [17]
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Middle plane

Figure 5 —Basic dimensions for 3D evaluation [17]

For the full characterization of the surface, topographic studies were carried out on
certain parts of the specimens. To evaluate the measurement values, we used the
software of the roughness measuring instrument (PhoeNix). The topographic
recording with the optical sensor shows the characteristic machining traces as well
as the surface roughness change of the surface and provides quantifiable
characteristics.

Among these recordings, one of the topographic images and the results of the
evaluation of the three markedspecimen part is shown in Fig 6.
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Figure 6 —Burnished 3D topography

In the case of 16 analyzed topographies, the amplitude parameters that determine
the most important functional properties were examined and compared.
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4. RESULTS AND EVALUATIONS

As it was mentioned during the experiments, two kinds of kinematic viscosity
lubricants were used, a viscosity path of 70 mm?/s and 220 mm?/s, hereinafter
referred to as Oil 1 and Qil 2.

For evaluation of measured data an improvement ratio was introduced, which is
shown in formula (1):

SE
Psa = 2100 %, ()
ag
where:  psa Improvement ratio of arithmetical mean square height of

surface (Sa). This is a dimensionless ratio, which textures the
changing of surface roughness occurring because of
manufacturing,

Sap Residual stress remains after burnishing,

Say Residual stress remains after grinding.

The smaller the value of ps, the greater the improvement due to burnishing.
Measured data and the improvement ratios of surface roughness parameters,
calculated by formula (1), in the case of using Oil 1 and Qil 2, summarized in
Table 3.

Table 3 — Measured and calculated datas

Sign of Sa [um] with Oil 1 Sa [um] with Oil 2
. after after psa[%] after after psa[%]
specimen o . o .
grinding burnishing grinding | burnishing
1 0.2373 0.63 0.4898 1.36
2 0.2428 0.65 0.3193 0.89
3 0.3745 0.1917 0.51 03603 0.2085 0.58
4 0.2039 0.54 0.2489 0.69
5 0.5148 141 0.5841 1.56
6 0.6941 1.90 0.5510 1.48
7 0-3652 0.2235 0.61 03733 0.2393 0.64
8 0.1909 0.52 0.2725 0.73

Application of Factorial Experiment Design method empirical formulas (2) and (3)
were created from the calculated values. Calculations and axonometric figures
(Fig. 7-8) were prepared using ,,MathCAD 16.0” software.
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Figure 7 — Changing of improvement ratio of surface roughness using Oil 1
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Figure 8 — Changing of improvement ratio of surface roughness using Oil 2

ps, = —636.879 + 2.898- v, + 1.005 - 10%- f + 17.664 - F, —40.291- v, - f —

—0.077 - v * F, — 254.005- f -F, +1.031 v, - - F,

5. SUMMARY

@)

©)

The paper presents the experiments of diamond burnishing of external cylindrical
surface with different types of oil with the settings of different technological
parameters. For the improvement of surface roughness, we determined a ratio (psa)
that was formed from the ratio of pre- and post-burnishedresults. Using the
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Taguchi typefull factorial experimental design methodology, burnishing
experiments were carried out on the surface of a non-heat-treated cylindrical
specimen with spherical surface burnishing tool. Our results are illustrated in 3D
charts and the following statements are made:
Among the examined parameters, the effect of burnishing force is the
most dominant in the improvement characteristic of psa
In the examined parameter range, the larger psa surface roughness
improvement was observed in the case of the larger feed
(f=0.10 mm /rev)
The setting of larger burnishing force with lower feed rate can lead to the
increase of the roughness
Parameters that resulted the lowest and thus the most favorable surface
roughness were the following:

F=82N; vc=277 m/min; f=0.10 mm/rev; v=70 mm?/s
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BikTopis @epenunk, [Jroma Bapra, Mimkomnsm, YropmuHa

EKCITEPTH3A 3D TONOT PA®Ii MOBEPXHI JIETAJII
OBPOBJIEHOI ATIMASHAUMH BUTJIAJIKYBAYAMM C45

AHoTauis: B danuil wac onepayii xon100HOI 06POOKU, MAKI AK NPOKAMKA, NOJPYBAHHS, € BANCUBUMU
Memodamu 00pobKku. Y Oauili pobomi GUEUEHO AIMA3HE BUSTAOICYBAHHS 306HIUWHIX YUTIHOPUUHUX
nogepxonn. [Ipunyun ybo2o npoyecy noasicac 6 momy, wo NPUMUCKHULL IHCIMPYMEHM, SAKULL PyXacmbCs
V30080iC NOBEPXHI 3a20MOBKU 3 JIHIUHUM PYXOM, MAE 3a0aHi napamempu (Hanpukiad, nodayy) nio 4ac
obepmanna  3a20MO6KU.  Bukopucmanna —ammazHoz2o  6U2nNA0JCY8AHHA Mae bazamo nepesae:
NOMNUWYEMbCA WOPCMKICIbG NOBEPXHI 3A20MOBKU, 30INbULYEMbCA MBepOicb NOBEPXHI, ad MAKONMC
noainwyemsca it Mikpocmpykmypa. Bmomua miynicme 3HAUHO 30IMbUWYEMbCA Yepe3  3aNUUUKOSI
Hanpyau npu CMUCHEHHI 6 NIONOBEPXHEill 30Hi, AKI GUKIUKAHI BUSNA0NCYBAHHAM. Memoiw O0ano2o
Q0CHiONHCeH s OYNI0 BUBYUMU GNIIUE PISHUX NAPAMEMPIE BULTIAONCYB8AHHS, MAKUX K WEUOKICMb, nodaia
i 3ycunis, 3 GUKOpUCMAHHAM 080X Mdacel 3 Di3HOIO KiHemamuunoio eé'ssxicmio. [na niamyeamms i
npo6eOdeH s, eKCnepuUMeHmie Mu BUKOPUCTNOGYBAUL MemOoO NO6HO20 (PAKMOPHO20 —NIAHYEAHHA
excnepumenmie muny Tazyui, 3a 00NOMO2010 AKO20 MOICHA JIe2KO CMEOPI0SAM eMRIpuUHi POpMYIiL.
Bumipiosanns wopcmxocmi nosepxmi 0yno 6UKOHAHO 3 0ONOMO2010 GUMIDIOBANLHO20 00NAOHAHHS
Altisurf 520 3D ¢ Incmumymi éupobnuyux nayk. Bumipani pesynvmamu oyinio8amucs 3a 00nomo20io
cneyianvbHoi ghopmynu Kopensyii 015l GUSHAUEHHS ONMUMANLHO20 PieHsL KOMOIHAYIl pisnux napamempie
8 oanomy inmepeani. J{is NOMNUEHHS. WOPCMKOCME NOBEPXHI MU BUSHAYUNU CNIBBIOHOUIEHHS, siKe 6Y10
cpopmosano 3i cnigsioHoOweHHA pe3yabmamie 0o i nicis 06podku. Buxopucmogyrouu memooonoeino
nognux ¢pakmopnux excnepumenmie muny Tacyui, exchepumenmu no 3MiYHEHHIO NPOGOOUNUCA HA
noeepxHi HeoOPoOIeH020 YUNIHOPUYHOZO 3DA3KA 3a OONOMO20I0 6U21A0XHCYéaya cepuynoi gopmu.
Pesynomamu  npoinocmpogani na mpumipnux epagikax i 3pobneni HACMYNHI BUCHOBKU: cepeo
Q0CHiONHCeHUX napamempie naue Cuiu mepms € HAUOIbWl OOMIHVIOYUMU 8 XAPAKMePUCmuyi
noninwenns cnisgionowenns. Y oocniodcysanomy oianasoui napamempie 30inbuenHs WopcmKocmi
nogepxui cnocmepieanocs ¢ pasi oinbwoi nooaui (0,10 mm/06). Hanawmyeanns 6Oinvwioi cunu
npUMUCKy npu Oilbul HUZLKIL WEUOKOCHI nooayi modce npuzeecmu 00 30L1bUleHHS WOPCIMKOCMI.
Tapamempu, axki npueenu 00 HAUHUNCYOT I, omdice, HAUOIILUL CRAPUAIMAUBOI WOPCIMKOCMI NOBEPXHI,
oynu nacmynnumu: cuna npumucky 82H, wieuoxkicmo 277 m/xe, enubuna 0,10 mm/06.

KuouoBi ciioBa: suenadscysanus,; npoekmyeanus gaxmopuux excnepumenmis;, 3D wopcmkicme
NOBEPXHI; eKCnepUMeHmanbHe O0CHIONCeHHs; KOeiyicHm noninueHHs.
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