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ANALYSIS OF SURFACE MICROHARDNESS ON DIAMOND
BURNISHED CYLINDRICAL COMPONENTS

Abstract. Cold-plastic forming technologies are one of the most dynamically developing technological
processes in these days The main purpose of modern plastic forming is to achieve the shape and size of
the designed component by providing minimum environmental loads, while ensuring the proper values
of strength and deformation characteristics.These methods include surface strengthening processes,
characterized by the introduction of cold forming hardening and residual compressive stress [1]. In this
paper, we study the main types of surface consolidation in detail to burnishingof outer cylindrical
surfaces.The application of burnishing results in cost reduction in several aspects: cheaper, lower
alloyed, lower rigid structural materials can be used as raw materials, abandoned grinding and other
fine surface machining, can be replaced by heat treatment operations. In our investigation we used
polycrystalline diamond tool with spherical machining surface on C60 hardened steel examining the
changing of surface micro-hardness caused by different burnishing parameters.

Keywords: burnishing; Factorial Experimental Design; microhardness of burnished layer; number of
burnishing passes.

1. INTRODUCTION

In the course of the analysis of the structure of the material and its properties,
several strengthening mechanisms are known, one of which is forming
hardeningoccurred by cold forming. As a consequence of the cold forming is
limited to the surface layer, this strengthening mechanism can be exploited to
increase the load capacity and, above all, to increase the lifetime by increasing
resistance to fatigue strain.Moreover, in the industrial practice the quality
requirements of the parts, exposed to fatigue strain, include the value and
distribution of residual stressin the subsurface area [2].

To design and execute the experiments, Taguchi type full factorial
experimental design method [3-4] was used to create empirical formulas and
evaluate the results by a special relationship ratio to determine the parameter
setting values that provide the best results within the given technological parameter
ranges.

In the present experiments the examined parameters were: burnishing speed
(vb), feed rate (f), burnishing force (F,) and the number of passes (i). The latter
means how many times the tool passes along linearly on the rotating workpiece
surface.

Measuring of the surface micro-hardness of the specimens were executed
with Wilson Instruments Tukon 2100B measuring equipment in Vickers hardness.
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2. SURFACE BURNISHING

Finishing operations of high precision and low roughness working surfaces of
shafts are grinding or polishing, lapping. These operations significantly reduce the
surface roughness, but essentially only slightly modify the properties of the surface
layer. For occasional substitution of these relatively low productivity and costly
chip removal processes, burnishing is used on outer cylindrical surface. The
practical implementation of it can be seen in Fig 1.

Figure 1 — Burnishing in CNC lathe

During the experiments, a CNC lathe with flatbed by firm OPTIMUM type
OPTIturn S600 was used which is located in the workshop of Institute of
Manufacturing Science at University of Miskolc. The tool tip was PCD
(polycrystalline diamond) with 3.5 mm radius and the kinematic viscosity of the
manual dosed oil was 70 mm?/s.

3. EXPERIMENTAL CONDITIONS
3.1. Burnishing parameters

A number of test results are available in the literature for the burnishing of
certain heat-treated (hardness) workpieces with different technological parameters
[5-9]. Summarized the factors determining the micro-hardness of the surface layer,
according to the above mentioned studies, the following pie chart can be drawn:

From these parameters the burnishing force, feed rate, and speed were
choosen setting with two values of number of passes. The latter does not belong to
the factors because the experimental design, such as the representation of the
results will be too difficult and less obvious with four factors.
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Figure 2 — Parameters affecting surface micro-hardness [8]

In the matrix of the Taguchi type full factorial experimental design (Table 1)
we can see these parametersin natural dimensions and their transformed values

Table 1 — Applied burnishing parameters

Sign of Parameters of burnishing Transformed parameters
specimen | Fy[N] | f[mm/rev] | vo[m/min] X, X, X,
1 50 0.05 40 -1 -1 -1
2 100 0.05 40 +1 -1 -1
3 50 0.1 40 -1 +1 -1
4 100 0.1 40 +1 +1 -1
5 50 0.05 80 -1 -1 +1
6 100 0.05 80 +1 -1 +1
7 50 0.1 80 -1 +1 +1
8 100 0.1 80 +1 +1 +1

3.2. Measuring of surface micro-hardness

The apparatus (Wilson Instruments Tukon 2100B) also measures Vickers
hardness, which has the same principle as all hardness measurements, is to
examine how a material is subject to plastic deformation by using a standard force.
During the measurement, a 136 ° diamond pulley is pressed with a specific force,
10 N in our experiments for 10 seconds on the surface to be measured. In the
course of the evaluation, using a CCD camera, weigh the traces of the imprint and
the average of the two is calculated by the device own software calculating the
impression surface [10]. Fig 3 illustrates the measurement and a Vickers test
imprint on the workpiece surface.
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Figure 3 — Measurement process

In order to capture the most accurate values, we carried out control
measurements both on the workpiece surface and on a control block calibrating the
device.

4. RESULTS AND EVALUATIONS

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

aVp—fily
Pav =~ 1008 1)

g

where: pyv  Dimensionless improvement ratio of the surface micro-
hardness,
HV, Hardness of the burnished surface,
HVy Hardness of the grinded surface.

The larger the value of pnv, the greater is the improvement due to burnishing.

In some cases decrease in hardness was experienced, the reason of it will be
investigated

Measured data and the improvement ratios of surfacesmicro-hardness,
calculated by formula (1), in the case of setting 1 and 3number of passes,
summarized in Table 2.

154



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexuono2iunux cucmemax, 2019, eunyck 90

Table 2 — Measured and calculated results

HV HV
Sign of i=1 i=3
specimen after after prva[%] after after prva[%]
grinding burnishing grinding | burnishing
1 985.5 11.68 883 1018.5 15.35
2 914 3.58 961.5 8.89
3 882.4 977 10.72 986 12.74
4 1059 20.01 909 3.93
5 1024 16.05 874.6 906.5 3.65
6 860 -2.60 865.5 -1.04
7 883 832 -5.78 1042.5 19.19
8 854.5 -3.33 846 991.5 17.19

We created empirical formulas (2-3) from the calculated values,further
calculations and demonstrations (Fig. 7-8) were created by ,,MathCAD 16.0”

software.

vb = 80 m/min

vb = 40 m/min

f [mm/rev]

Figure 4 — Changing of surface micro-hardness in the case of i =1
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Vb 40 m/min

Vb = 80 m/min

Figure 5 — Changing of surface micro-hardness in the case of i =3

5. SUMMARY

The paper contains diamond burnishing experiments on hardened steel with
its measurement and evaluation results. The purpose of this study was to determine
how the choosen burnishing parameters affect the change of micro-hardness. The
experiments and the evaluation of the measurement results were performed by
using the Taguchi type full factorial experimental design method. According to the
measured, calculated and illustrated results the following conclusions have been
drawn:

e Among the examined parameters, the effect of feed rate is the most

dominant and it has a strong interaction with the burnishing speed

e Parameters that resulted the largest and thus the most favorable surface

micro-hardness were follows:

F=50N; wv.=80m/min; f=0.10mm/rev; i=3
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Bikropist ®epenunk, [lrona Bapra, Mimkosns1, Yropumaa

AHAJII3 TOBEPXHEBOI MIKPOTBEPJIOCTI HA IIUJITHAPUYHUX
JAETAJIAX ITICJIA AIMA3HOI'O BUTJIA/UKYBAHHSA

AHoTauis: TexHono2ii X0100HO20 NIACMUYHORO (YOPMYBAHHA € OOHUMU 3 MUX, SKI HAUOLIbWL
OuHamiyHo poszeusaromoecs y Hauwii Oni OCHOBHOIO MEMOI CYYACHO20 NAACMUYHO20 (POPMYBAHHA €
00csicHeHHA hopMu | PO3MIPIE NPOEKMOBAHO20 KOMNOHEHMA WIAXOM 3a0e3nedeHHs MiHIMATbHUX
€KON02IYHUX HABAHMAICEHb, NPU 3abe3neyeHHi HANeNICHUX 3HaueHb MiyHocmi ma Oepopmayitinoi
cmivkocmi. L]i memoou exknouaioms 6 cebe npoyecu NOBEPXHE6020 3MIYHEHHS, WO XAPAKMeEPU3YIOMbCsl
66e0eHHAM XOJOOHO20 NOBEPXHEE020 3MIYHEHHA 1 3aIUUKOGUMU HANpy2amu cmucHewHa. B Oawiil
pobomi Mu BUBHAEMO OCHOBHI MUNU VWIIbHEHHS NOBEPXHI OeMAlbHO 00 YWIIbHEHHs 306HIWHIX
YUNHOPUYHUX NOBEPXOHb. 3aCMOCYBAHHA CNANIOBAHHA NPUIEOOUNb 00 3HUNCEHHA 6apmocmi 6
0eKiNbKOX acneKmax: Oewlesiuli, HU3bKOAe208aH I, HUMNCUI meepOi KOHCMPYKYIUHI Mamepiany MoiCymy
6ymu BUKOPUCMAHI SIK CUPOBUHA, 8iOMOBA 8I0 WLNIYBAHH mMa THULOI MOHKOT 0OPOOKU NOBEPXHI, MOJice
b6ymu 3amineHa mepmiuroio 0opodKoro. 3 ananizy cmpykmypu mamepiany i 11020 eracmueocmetl 8i00M0
KIIbKA 3MIYbHIOIOWUX MEXAHI3MI6, OOHUM 3 SIKUX € 3MIYHEHH:, WO BUHUKAE NPU XOJNOOHIU Oeghopmayii.
Buacnioox mozo, wo xonoone Oeopmysants obMediceHe NOGEPXHESUM WIAPOM, yell NiOCUNIoIouuil
MeXauizm modxce Oymu 6UKOPUCMAHUIL OIS 301IbUEHHS] ONOPY 308HIUHIM HABAHMANCEHHAM i, nepul 3a
8ce, 015 30LNbUeH S MEPMIHY CLYHCOU 3a PAXYHOK 3011bUeHHs Onopy emomHoi depopmayii. Kpim moeo,
6 NpOMUCNOBIl npakmuyi, uMo2u 00 AKOCMI Oemanei, CXUTLHUX OO0 GMOMHUX HANPYICEHb,
BIOHOCSIMbCSA BENUYUHA | PO3NOOIN 3ATUWKOBUX HANPYXHCEHb 6 NpUnogepxHesili 3oHi. Mema yvozo
00CIONHCEHHS NOs2ANA 8 MOMY, W00 SUSHAYUMU, 5K 6UOPaHI nApaMempu 3MiYHEHHs GNIUEAIOMb HA
sminy mikpomeepoocmi. Excnepumenmu i oyinka pe3ynbmamis  uMipioganb npOGOOUNUCHL 3
BUKOPUCIAHHAM MEMOOy NIAHYBAHHS NOBHO20 PakmopHo2o excnepumennty muny Taeyui. Ha niocmasi
BUMIPSIHUX, PO3DAXOBAHUX | NPOLTIOCMPOBAHUX pe3yIbmamie Oyau 3pobieni Hacmynti 6UCHOBKU: cepeo
PO3TAHYMUX NAPAMEMPI6 GNAUE WEUOKOCHIL NO0Ayl € HAUOLNbW OOMIHYIOUUM, T BOHO MICHO NO8's3aHe
31 weuokicmio ywjinenennsa. Ilapamempu, sxi npugenu 0o HAOILWIOT i, omdice, HAUOLNbIW CHPUAMIUBOIO
Mikpomeepoocmi nogepxui, 6yau nacmynuumu: cuna npumucky 50H, weuoxicme 80 m / xe6, nodaua
0,1 mm / 06.

KuouoBi ciioBa: guenadocysants; NAAHYBAHHA (DAKMOPHO20 eKCHepUMeHmy, MIKpomeepoicmy
NONIPOBAHO20 WAPY,; KITbKICIb 8ULTAONCYBATLHUX NPOXOJIE.
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