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WEAR RESISTANCE OF HARD TURNED SURFACES

Abstract. The quality of working surfaces plays an important role in automotive industrial components.
One of the main characteristics of such surfaces is their wear resistance. In this study external
cylindrical surfaces were analyzed. A Design of Experiment methodology was applied and hard turning
experiments were carried out to analyze the effects of the cutting parameters on the 3D surface
roughness values of reduced peak height, skewness and kurtosis. The study confirmed earlier findings
that at lower feed the wear resistance is higher based on the analyzed roughness parameters. The
cutting speed and the depth-of-cut do not influence these parameter values significantly.
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1. INTRODUCTION

A working surface means that it has motion relative to another surface. One
of the most important phenomena in this relationship is the wear of surfaces. In the
automotive industry many components incorporate working surfaces. Most of them
have to be hardened in order to increase the wear resistance and therefore the life
of the components [1, 2]. Machining of these hard materials is challenging. Not
only the conventional grinding but the use of single-point tools is also possible [3].
Hard turning is a good choice to machine hardened surfaces by a relatively high
material removal rate and can result in an efficient procedure. However, turning
hard materials requires a machine tool with rigid structure and superhard tool
materials [4, 5] in order to reach the expected accuracy and surface quality [6].
Hard turning results in a periodic surface topography. If random topography is
required, grinding is the recommended technology [7].

Due to the complex requirement system of working surfaces, topography and
therefore surface roughness characterization have become highlighted topics in
machining [8-10]. Wear resistance is of the tribological properties of surfaces.
There are numerous roughness parameters that aim to provide information about
the wear resistance of a surface, for example the peak height (Sp), reduced peak
height (Spk), peak material portion (Si1), peak material volume (Vmp), skewness
(Ssk), kurtosis (Sku), and surface bearing index (Spi). These parameters are defined
in different ways, for example Ss and Se are dimensionless parameters, Vmp
measures specific volume and Syx measures a certain part of the profile height.
These differences make comparison difficult. In one study it was stated that the
orders of wear resistance of surfaces machined by different technological data are
different in the cases of the differently defined roughness parameters [11].
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In this study the results of hard turning experiments are demonstrated. The
technological data (cutting speed, feed, depth-of-cut) were varied. According to the
tool manufacturer’s recommendation the lowest and the highest values of these
data were applied and a design of experiment (DoE) was carried out, which
resulted in 8 setups. Among the above mentioned parameters the relatively widely
used Sy« and two statistical-based parameters, Ss and Sky, were analyzed. It has to
be noted that the industrial use of the 3D roughness parameters is not widespread
yet because of the relatively high time consumption; however, the accuracy of
these parameters is considered better than that of their 2D counterparts [12-14].

The novelty of the experiments is that more than one roughness parameter
was considered at the same time for the analysis of wear resistance and the
experiments were designed for the total range of technological parameters. The
results can provide useful information for the research of the tribological
characteristics of machined surfaces.

2. EXPERIMENTAL SETUP

In the experiments external cylindrical surfaces were machined by hard
turning. The technological data of the machining are summarized in Table 1, which
also details the DoE setups.

Table 1 — Setups of the experiment and the applied technological data

Surface / Setup des: T”?:n; . Ctj/tcti[rr]r?/;ﬂiﬁd f [nz%e/?ev]
A 0.05 60 0.05
B 0.05 60 0.2
c 0.05 150 0.05
D 0.05 150 0.2
E 0.3 60 0.05
F 0.3 60 0.2
G 0.3 150 0.05
H 0.3 150 0.2

The machining experiments were carried out on a CNC lathe type
Optiturn S 600. In the machining experiment a Mitsubishi CNGA 120408TA4 type
insert was used. The workpiece material was 16MnCr5, its hardness was 63 HRC.
The lengths of the machined surfaces were 40 mm and their diameters were 70 mm.

66



ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 96

The surface topography was analyzed by 3D roughness parameters. In the
measurements 2.05x2.05 mm areas were scanned by using a measurement machine
type Altisurf 520. A 0.8 mm cut-off and Gauss filter were applied. The scanning
was carried out using an optical sensor (type CL2). The x- and y-direction
resolutions were 2 um, therefore one million points were scanned. The z-direction
resolution was 0.012 pm. The nominal measurement range was 0—-300 pm. For the
analysis of the roughness parameters the standard 1SO 25178 was used

3. DISCUSSION

The arithmetical mean heights (Sa) were analyzed to get information about the
surfaces based on a parameter which is widely used in industry. S, values vary
between 0.11 and 1.08 um. The machine tool proved to be good; no resonances
were experienced during the machining process. In Fig.l examples are
demonstrated for the analyzed surfaces. In Table 2 the analyzed roughness
parameter values are summarized for the 8 setups.
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Figure 1 — Examples for hard turned topographies; (a) setup A, ap=0.05 mm, vc=60 m/min,
f=0.05 mm/rev, (b) setup F, ap=0.3 mm, vc=60 m/min, f=0.3 mm/rev

The reduced peak height is defined according to Fig. 2. A lower value
indicates better wear resistance. In Fig. 3 the values of this parameter are
demonstrated. It can be observed that the feed influences this value to a relatively
high extent. At 0.05 mm depth-of-cut (d-o-c), by increasing the feed from 0.05 to
0.2 mm/rev the Sy values are 11 and 9 times higher at cutting speeds of 60 and
150 m/min, respectively. At 0.3 mm d-o-c, by increasing the feed from 0.05 to 0.2
mm/rev the Sy values are 7 and 19 times higher at cutting speeds of 60 and
150 m/min, respectively. The lower feed results in better Sy values. The depth-of-
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cut does not influence the value. It is not obvious how the cutting speed influences
the parameter values. In the case of higher d-o-c Spk increases with the cutting
speed when higher feed is applied but in the case of lower d-o-c the opposite can
be observed.

Table 2 — Measured roughness values

Surface / Setup Sa Spk Ssk Sku
A 0.12 0.14 -0.03 3.14
B 0.94 1.56 0.65 2.39
C 0.13 0.11 -0.26 3.20
D 0.65 1.09 0.59 2.10
E 0.21 0.21 0.05 2.64
F 1.04 153 0.54 211
G 0.11 0.10 -0.20 3.13
H 1.08 1.88 0.62 2.21
Tarasum

Sk=
24331pm

Sk =
.2418pm

0 20 40 &0 a0 0%

Sr1=279837 % Sr2=882275 %
Sal = 282800.5870 pm3/mm2 Sa2 = 2141.3390 pm¥Fmm2

Figure 2 — Calculation of the Spk parameter (setup H)

In Fig. 4 the value ranges for the 2D R and Ry, parameters are demonstrated
for easier visualization.

The skewness gives information about the wear resistance, among other
things. A negative or zero value belongs to a greater bearing area, therefore the
wear resistance is better. In all the experimental setups the values do not exceed 0.7
(Fig. 5). When lower feed was applied, the values were around or below zero. The
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reason for this is that by such low feed the tool ‘burnishes’ the surface. At 0.05 mm
d-o-c, by increasing the feed from 0.05 to 0.2 mm/rev the Ss values increase by
0.68 and by 0.85 at cutting speeds of 60 and 150 m/min, respectively. At 0.3 mm
d-o-c, by increasing the feed from 0.05 to 0.2 mm/rev the Ss values increase by
0.51 and by 0.82 at cutting speeds of 60 and 150 m/min, respectively.
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Figure 3 — Reduced peak height: (a) ap=0.05 mm, (b) a=0.3 mm
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Figure 4 — The values of Rsk and Ssk parameters [15]

If the kurtosis value is 3 or lower, the wear resistance increases. When a
lower feed was applied, the values were around 3. At higher feed the values
decreased. At 0.05 mm d-o-c, by increasing the feed from 0.05 to 0.2 mm/rev the
Sku values decrease by 0.75 and by 1.10 at cutting speeds of 60 and 150 m/min,
respectively. At 0.3 mm d-o-c, by increasing the feed from 0.05 to 0.2 mm/rev the
Sku values decrease by 0.53 and by 0.92 at cutting speeds of 60 and 150 m/min,
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respectively. The d-o-c has no significant influence on the Sy, value. The role of
the cutting speed is again not obvious.
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Figure 5 — Skewness values: (a) a=0.05 mm, (b) ap=0.3 mm

Analyzing the three roughness parameters the following order can be stated
among the setups (better wear-resistance from left to the right):
e Sy H-B—»F—-»D—-E—-A—-C—-G
e Sy B—-»H-D—>F-E—-A—-G—-C
e S Do F>H—-B—E—-C—A—-G
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Figure 6 — Kurtosis values: (a) a=0.05 mm, b) a,=0.3 mm
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Figure 7 — Tribological topography map

The second four setups belong to the feed 0.05 mm/rev in all the three cases.
The reason for this clear order is that because of the lower feed a relatively ‘filled’
topography is formed by the cutting tool. Concerning the other two technological
parameters no clear tendency can be identified. It has to be noted that the surface
topography is mainly determined by the feed. This can be seen also in Fig. 7.

CONCLUSIONS

Hard turning experiments were carried out for 8 setups by varying the
technological parameter values of the cutting speed, the depth-of-cut and the feed.
Spk, Ssk and Sk 3D surface roughness parameters were analyzed. The change of the
d-o-c and the cutting speed do not influence the analyzed values. The only clear
statement of the experiments is that the feed influences the analyzed roughness
parameters. When lower feed (0.05 mm/rev) was applied, the wear resistance was
clearly better than in the case of higher (0.3 m/rev) feed. All the three roughness
parameters support this statement.
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BixTop MonpHap, Mimkonsm, YropimuHa

3HOCOCTIMKICTh IOBEPXOHBb 3ATAPTOBAHUX JETAJIEN
HICJIA OBPOBKH TOYIHHAM

Anorauisa. Obpobdka 3azapmosanux mamepianie € CKIAOHUM 3a80auHAM. Modcnuee Ak 36uuaiine
WA YBAHHS, MAK | BUKOPUCMAHHS OOHOMOYKOBUX THCMpYMeHmig. JKopcmke moyinHs - Xxopowull 6udip
0151 06POOKU 3a2apMOBAHUX NOBEPXOHb 30 PAXYHOK 8IOHOCHOI WBUOKOCII 3HIMAHHA Mamepiany i Modice
3abezneuumu egpexmueny npoyedypy. OOHax mokapHa 06pobka meepoux mamepianie eumazae
8epcmam 3 JHCOPCMKOI0 CMPYKMYpoIo ma IHCMpyMeHmit 3 Ha0meepoux mamepianie 0 00CAHeHHs.
ouixyeanoi moynocmi ma sxocmi nosepxui. Kopcmxe mouinns npuzgooums 00 nepioouyno2o penvedy
noeepxui. Yepes ckuadwy cucmemy 6umoz 00 poOOYUX NOBEPXOHb, MmMonozpais i, omoxce,
Xapakmepucmuxka WOpPCMKOCMI  NOGEPXHI  CMAU  NPIOPUMEmHUMU — memamu  npu  06pooyi.
3uococmitixicmo — ye mpubonoziuni enacmugocmi nogepxons. Icnye besniu napamempie wopcmrocnii,
AKi NOKAUKaui Haoamu iHghopmayito npo 3HOcOCMIliKicmb nogepxHi. Y yvomy 0ocniodxceHHi
O0eMOHCIMPYIOMbCsL pe3yibmamy  ekcnepumenmie iz meepoum mouinusam. Texnonoeiuni napamempu
(weuokicms  pizanHa, nooaua, eaubuHa pisanus) sminiosanuca. Bionosiono 0o pexomenoayiil
BUPOOHUKA THCMPYMeHmY OYIu 3ACMOCO8AHI HAUHUNMCYI Ma HAUBUWI 3HAYEHHA Yux Oauux, i Oy1o
npo6edeHo NIaHyBaHHs eKCREPUMEHIMY, 8 pe3ybmami ako2o 6yno ompumano 8 narawmyeans. Hosusna
eKcnepumMenmie y momy, wo 3 auanizy 3HOCOCMINIKOCMI OOHOYACHO 6pAX08Y8ANUcs Oinbuie 00HO20
napamempa wlopcmKOCHi, a eKChepuMeHmi NpoGOOUNUCs Ol YCb020 Oianda’ony MexHON02IUHUX
napamempis. Excnepumenmu no j#copcmromy modinHio npoeoounucs 0as 8 ycmanoeox 3 6apilo6anHam
3HAYEHb MEXHONOSIMHUX Nnapamempie WEUOKOCMI pPI3aHHs, 2auOuHu pisanus ma nooaui. Bynu
npoananizosani 3D napamempu wiopcmrxocmi noeepxui Spi, S ma Sw. 3Mina enubunu pisanHs ma
WBUOKOCMI PI3aHHs He 6NIUBAE HA AHANI308aHI 3HaYeHHs. €Ouna YimKka KOHCIMamayis excnepumenmie
— nooaua eéniueac na amanizoeaui napamempu wiopcmxocmi. Konu 3acmocogysanacs nudicua nodava
(0,05 mm/06), 3H0cocmitikicme Oyna A6HO Kpawjoro, Hixc y pasi 6inew eucokoi (0,3 m/06) nooaui. Vci
mpu napamempu wopcmKocmi niomeepoxcyiomsv ye meepoxcenns. Pesynomamu moocyms nadamu
KOPUCHY THhopmayito 015 00CTiOHCeHHA MPUOOIOSIUHUX XAPAKMEPUCUK 00POOTIEHUX NOBEPXOHD.
KurouoBi ciioBa: srcopcmre mouinus, sHococmitikicms;, 3D wiopcmkicms nosepxui.
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