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Abstract. This study presents a comparative investigation of surface topography in turning of two
engineering materials, 42CrMo4 alloy steel and X5CrNi18-10 austenitic stainless steel. A full factorial
experimental design was applied to evaluate the effects of cutting speed, feed, depth of cut, and material
type on selected areal surface roughness parameters. The analysis focused on Sg, Sp, Sv, and Sgq,
representing surface height and gradient characteristics according to 1SO 25178. The results show a
strong dependence of surface topography on material properties. The 42CrMo4 steel exhibited
significantly higher roughness and steeper surface features compared to the stainless steel under identical
cutting conditions. Increasing cutting speed led to a consistent reduction in all evaluated parameters,
while feed rate primarily influenced the amplitude-related characteristics. The Sqq parameter showed
lower sensitivity to cutting conditions but highlighted clear differences in surface slopes between the
materials. The findings demonstrate that the combined evaluation of height and gradient parameters
provides an effective approach for characterizing machining-induced surface features and supports
improved selection of cutting conditions.
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1. Introduction

Surface quality is a critical aspect of machining performance, as it directly
influences the functional behaviour, reliability, and service life of mechanical
components [1,2]. In turning operations, the generated surface topography is
controlled by a complex interaction between cutting parameters, tool geometry, and
material properties [3]. While conventional surface characterization has long relied
on profile-based parameters, the increasing availability of three-dimensional
measurement techniques has led to a growing interest in areal surface roughness
evaluation based on 1SO 25178. These parameters provide a more comprehensive
description of surface features, enabling improved interpretation of machining-
induced surface characteristics.

Among the various groups of areal parameters, height-related metrics such as
Sq, Sp, and Sy are widely used to quantify the amplitude of surface irregularities [4].

Sq represents the overall magnitude of surface deviations, while Sy and S, describe
© I. Sztankovics, 2026
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the extreme peak and valley features, respectively. In addition to amplitude, the
functional performance of a surface is also influenced by its local slopes and
gradients [5,6]. The Sqq parameter, defined as the root mean square gradient, provides
insight into the steepness of surface features and complements the information
obtained from height parameters. The combined evaluation of these parameters
enables a more complete understanding of surface formation mechanisms during
machining.

The generation of surface topography in turning is strongly affected by
technological parameters such as cutting speed, feed, and depth of cut. Feed rate is
typically considered the dominant factor influencing surface roughness, as it directly
determines the theoretical surface profile [7,8]. Cutting speed can modify the cutting
process through thermal and tribological effects, often leading to improved surface
finish at higher values [9]. Depth of cut, although generally less influential than feed,
can affect process stability and material deformation behaviour [10]. However, the
extent to which these parameters influence areal surface characteristics may vary
depending on the material being machined.

Material properties play a particularly important role in surface generation.
Differences in hardness, ductility, strain hardening behaviour, and thermal
conductivity can lead to distinct chip formation mechanisms and tool-workpiece
interactions [11-13]. For example, high-strength alloy steels typically exhibit more
stable cutting behaviour but may generate pronounced surface irregularities due to
their resistance to plastic deformation [14,15]. In contrast, austenitic stainless steels
are characterized by high ductility and significant strain hardening, which can result
in smoother surfaces but may also introduce phenomena such as material smearing
or adhesion.

Despite the numerous research on machining-induced surface roughness,
comparative studies focusing on the combined analysis of amplitude and gradient
parameters for different materials under identical cutting conditions remain limited.
There is a need for systematic investigations that evaluate how material-dependent
behaviour influences not only the magnitude but also the morphology of surface
features [16]. Such studies are essential for improving the understanding of surface
generation mechanisms and for supporting the selection of appropriate machining
parameters in industrial applications.

In this context, the present study aims to perform a comparative analysis of
surface height and gradient parameters in turning of two widely used engineering
materials: 42CrMo4 alloy steel and X5CrNi18-10 austenitic stainless steel. These
materials were selected due to their distinctly different mechanical and physical
properties, which are expected to result in different surface formation characteristics.
A full factorial experimental design was applied, considering cutting speed, feed,
depth of cut, and material type as input factors. The surface topography was
evaluated using selected ISO 25178 parameters, namely Sg, Sp, Sy, and Sgq. This
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selection enables a focused yet comprehensive characterization of both amplitude
and slope-related surface features. The study seeks to identify the dominant factors
affecting these parameters and to quantify the differences between the two materials
under identical machining conditions.

The results of this work contribute to a better understanding of material-
dependent surface generation in tangential turning and provide practical insights for
the optimization of cutting conditions when surface quality is of primary importance.

2. Experimental conditions and methods

Machining tests were performed using a CNC turning centre (EMAG VSC
400 DS) under stable operating conditions. A tangential turning approach was
applied, where the cutting edge is oriented at an inclination angle relative to the
workpiece surface (S117.0032.00 insert mounted in an H117.2530.4132 tool holder).
This configuration alters the mechanics of material removal compared to
conventional turning processes. Cutting was carried out under dry conditions using
an uncoated cemented carbide insert. The tool geometry was kept constant
throughout the experiments, and the cutting edge condition was controlled by
regularly replacing inserts to avoid the influence of tool wear.

The experimental investigation was carried out on two metallic materials with
significantly different mechanical behaviour in machining. The first material was
42CrMo4 alloy steel in quenched and tempered condition, exhibiting a hardness of
approximately 410 HV10. The second material was X5CrNil8-10 austenitic
stainless steel with a hardness of around 300 HV10. While the alloy steel represents
a relatively stable cutting material, the stainless steel is characterized by higher
ductility and strain hardening, which can affect chip formation and surface
generation.

Surface characterization was conducted using a three-dimensional optical
measurement system (AltiSurf 520). For each machined sample, a 4 mm x 4 mm
area was analysed in the steady-state region of the cut, excluding entry and exit zones.
The acquired topography data were evaluated in accordance with ISO 25178. To
maintain a focused analysis, four areal surface parameters were selected:

e Sy - root mean square height, representing the
overall surface height variation;

e S, - maximum peak height, indicating the highest
point above the mean plane;

e S, - maximum pit depth, corresponding to the
deepest valley below the mean plane;

e Sy - root mean square gradient, describing the
average slope of the surface.
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These parameters jointly characterize both amplitude and gradient features of
the machined surface.

The experimental plan was based on a full factorial design including cutting
speed, feed, depth of cut, and material type. Each numerical factor was examined at
two levels: cutting speed of 100 and 200 m/min, feed of 0.3 and 0.6 mm/rev, and
depth of cut of 0.1 and 0.2 mm. Together with the two material types, this resulted
in 16 distinct machining conditions, which are summarized in Table 1.

Table 1 — Experimental setups

Setup 1 2 3 4 5 6 7 8

Ve 100 100 100 100 200 200 200 200
[m/min]
[mfm] 0.3 0.3 0.6 0.6 0.3 0.3 0.6 0.6
[mam] 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2

3. Experimental results

The measured surface topography parameters obtained from the full factorial
experiments are summarized in Tables 2 and 3 for X5CrNil18-10 and 42CrMo4,
respectively. The results clearly indicate substantial differences in both magnitude
and variability of the evaluated parameters (Sq, Sp, Sv, Sdq) between the two materials,
as well as notable dependencies on the applied cutting conditions.

Table 2 — Experimental results — X5CrNi18-10
Setup 1 2 3 4 5 6 7 8

Sq 050 040 053 061 029 030 049 058
[um]

S 329 545 397 543 303 181 194 240
[um]

Su 344 581 320 550 159 176 195 250
[um]

?ji‘ 014 016 013 015 016 013 0.6 0.13

For X5CrNil18-10, the Sq values range from 0.288 um to 0.605 pm. The lowest
Sq value is observed at the higher cutting speed (200 m/min) combined with low feed
(0.3 mm/rev) and low depth of cut (0.1 mm), while the highest Sy occurs at lower
cutting speed (100 m/min) and higher feed (0.6 mm/rev) with increased depth of cut.
In general, Sq values remain within a relatively narrow band, indicating a stable
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surface generation process across the investigated parameter space. The S, parameter
for X5CrNi18-10 varies between 1.805 um and 5.453 um. The highest peak values
are associated with lower cutting speed and higher depth of cut, whereas increasing
cutting speed tends to reduce peak height. A similar tendency is observed for S,,
where values range from 1.594 um to 5.812 um. The highest valley depths occur at
lower cutting speed and higher depth of cut, while reduced values are observed at
higher cutting speeds. The Sqq parameter for X5CrNi18-10 shows limited variation,
with values between 0.127 and 0.163. No extreme deviations are observed,
suggesting relatively uniform surface slopes across all cutting conditions.

Table 3 — Experimental results — 42CrMo4
Setup 1 2 3 4 5 6 7 8

St 201 190 127 35 058 036 054 051
[um]

939 707 850 1231 377 316 418  3.20
[um]

1429 881 700 1332 413 423 230 215
[um]

D% 040 032 025 040 028 021 024 025

In contrast, significantly higher values are observed for 42CrMo4. The Sq
parameter ranges from 0.360 um to 3.556 um, with the highest values occurring at
lower cutting speed and higher depth of cut. A pronounced reduction in Sq is
observed when increasing cutting speed from 100 m/min to 200 m/min. The S,
values for 42CrMo4 range from 3.164 pum to 12.312 um, while S, varies between
2.145 um and 14.29 um. These values are substantially higher than those measured
for X5CrNil18-10, indicating more pronounced peak and valley formation. The
highest Sy and S, values are consistently associated with low cutting speed and high
depth of cut. The Sqq parameter for 42CrMo4 ranges from 0.209 to 0.404, showing
considerably higher values compared to the stainless steel. This indicates steeper
surface gradients and more irregular surface features.

Overall, the results demonstrate a strong material dependency of all
investigated surface parameters, as well as consistent trends with respect to cutting
speed, feed, and depth of cut.

4. Discussion

The experimental results reveal clear and systematic differences in surface
topography between X5CrNil8-10 and 42CrMo4, which can be interpreted by
considering both the machining parameters and the intrinsic material properties.
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As shown in Figure 1, a comparison of Sy values indicates that the surfaces
generated on 42CrMo4 exhibit significantly higher roughness levels than those on
X5CrNi18-10. At a cutting speed of 100 m/min, Sy values for 42CrMo4 reach up to
3.556 pum, whereas the corresponding maximum for X5CrNil8-10 remains below
0.61 um. This represents a difference of more than a factor of five. When the cutting
speed is increased to 200 m/min, Sq values decrease markedly for both materials, but
the relative difference remains substantial. This behaviour may be attributed to the
higher hardness and lower ductility of 42CrMo4, which can promote more brittle-
like material removal and the formation of irregular surface features. In contrast, the
more ductile X5CrNi18-10 likely undergoes greater plastic deformation, leading to
smoother surface profiles. Feed rate exhibits a strong influence on Sy for both
materials. Increasing the feed from 0.3 mm/rev to 0.6 mm/rev generally leads to
higher Sq values. This effect is particularly pronounced for 42CrMo4 at low cutting
speed, where Sq increases from approximately 1.265 pm to 3.556 um. This trend is
consistent with the increased uncut chip thickness, which directly affects the
resulting surface geometry.

4.00 m X5CrNil8-10
—.3.00 m42CrMo4
g
=2.00
“1.00 I I
0.00 . [ | . . -. [ 1 | .. ..
| 2 3 4 5 6 7 8

Setup number

Figure 1 — Alteration of the Sq in the studied range

The analysis of Sp and Sy provides further insight into the asymmetry of surface
features (Figure 2 and 3). For X5CrNi18-10, Sp and Sy values are relatively balanced,
typically remaining within a similar range. In contrast, 42CrMo4 often exhibits
higher Sy values than Sp, particularly at lower cutting speeds, where S, reaches 14.29
pm compared to Sp of 9.39 um. This indicates the presence of deeper valleys relative
to peak heights. Such behaviour may be related to material fracture and localized
material pull-out, which can generate deeper surface defects. For X5CrNi18-10, the
more homogeneous deformation behaviour appears to limit the formation of extreme
valleys. Cutting speed has a consistently beneficial effect on both Sy and S..
Increasing the cutting speed from 100 m/min to 200 m/min results in a significant
reduction in both peak and valley magnitudes for both materials. For example, in
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42CrMod4, S, decreases from 14.29 um to approximately 4 um or lower at higher
cutting speed. This suggests improved surface formation stability at elevated speeds.
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Figure 2 — Alteration of the Sp in the studied range
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Figure 3 — Alteration of the Sy in the studied range

The Sqq parameter provides additional insight into surface slope characteristics
(Figure 4). The results show that Sqq values for 42CrMo4 are approximately 1.5to 3
times higher than those for X5CrNi18-10. For instance, maximum Sqq Values reach
0.404 for 42CrMo4, compared to approximately 0.16 for the stainless steel. This
indicates that surfaces produced on 42CrMo4 are not only rougher in terms of
amplitude but also exhibit significantly steeper gradients. From a functional
perspective, this may have implications for contact behaviour, friction, and wear
performance. The influence of cutting parameters on Sqq is less pronounced than for
Sq Sp, and Sy, particularly in the case of X5CrNi18-10, where Sqq remains within a
narrow range across all conditions. However, for 42CrMo4, higher Sqq values are
observed at lower cutting speeds and higher feeds, indicating that aggressive cutting
conditions promote sharper surface features.
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Figure 4 — Alteration of the Sqq in the studied range

A combined interpretation of Sq and Sqq highlights an important aspect of
surface characterization. While Sy describes the overall magnitude of surface
deviations, Sqq reflects the local steepness of these features. The results show that
high Sq values are generally accompanied by high Sqq values for 42CrMo4, indicating
that rougher surfaces are also steeper. In contrast, X5CrNi18-10 maintains relatively
low Sqq values even when Sq increases, suggesting smoother transitions between
peaks and valleys. From a practical standpoint, the results suggest that cutting speed
is the most effective parameter for improving surface quality for both materials.
Increasing cutting speed consistently reduces Sq, Sp, and Sy, and also contributes to
lower Sqq values. Feed rate remains a dominant factor influencing surface amplitude,
while depth of cut shows a secondary but still noticeable effect.

Finally, the observed differences between the two materials emphasize the
importance of material-specific parameter selection in turning operations. Identical
cutting conditions do not yield comparable surface characteristics, and the choice of
parameters must consider the underlying material behaviour.

5. Conclusions

This study presented a comparative experimental investigation of surface
topography generated during turning of 42CrMo4 and X5CrNil8-10, based on
selected 1SO 25178 areal parameters (Sq, Sp, Sv, Saq). The applied full factorial design
enabled a systematic evaluation of the effects of cutting speed, feed, depth of cut,
and material type on both amplitude- and gradient-related surface characteristics.
The results clearly demonstrate that both machining parameters and material
properties play a decisive role in surface formation. Significant differences were
observed not only in the magnitude of the measured parameters, but also in their
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sensitivity to changes in cutting conditions. While similar trends were identified for
certain parameters, the extent of these effects varied considerably between the two
materials. The main findings of the study can be summarized as follows:

1. The material type has a dominant influence on surface topography. The
42CrMo4 alloy steel consistently exhibited higher values of the analysed
parameters compared to X5CrNi18-10, indicating rougher and steeper surface
profiles. In contrast, the austenitic stainless steel produced smoother and more
uniform surfaces under identical cutting conditions.

2. Cutting speed proved to be an influential technological parameter in improving
surface quality. Increasing the cutting speed from 100 m/min to 200 m/min
resulted in a significant reduction in all evaluated parameters for both materials,
particularly in the case of 42CrMo4, where substantial decreases in peak and
valley magnitudes were observed.

3. Feed rate primarily affected the amplitude-related parameters (Sq, Sp, Sv), with
higher feed values leading to increased surface roughness. The Sqq parameter
showed lower sensitivity overall, but higher values were associated with more
aggressive cutting conditions, especially for 42CrMo4.

In summary, the findings highlight that identical machining conditions can lead
to markedly different surface characteristics depending on the workpiece material.
The combined evaluation of height and gradient parameters proved to be an effective
approach for capturing these differences. The results provide a useful basis for
selecting appropriate cutting conditions in practical turning operations where surface
quality is a critical requirement.
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Iwrrean [lItankoBrY, MiMIKoJIbII, YTOPIIHHA

MOPIBHAJILHE JTOCJIJ)KEHHS TOBEPXHEBOI TOIOTI' PA®II TA
T'PAJIIEHTA TAPAMETPIB OBPOBKHU ITPU TOUYIHHI CTAJIEA
42CRMO4 TA X5CRNI18-10

AHoTauis. V yvomy docniodcenni npedcmagieno nopishsivbhe 00CIONCeH s NogepXHe6oi monozpagii
npu mokapmiu 06podyi 06ox indicenepnux mamepianie — aezoeanoi cmani 42CrMo4 ma aycmenimnoi
Heporcagitovoi cmani X5CrNil8-10. Byno 3acmocosano noeHuil paxmopianvHuii eKcnepumeHmanibHull
Ou3aiin 015l OYIHKU GNAUBY WGUOKOCIE PI3anHsl, nOOayi, 2IubUHU PO3PI3y ma muny Mamepiany Ha 6ubpani
napamempu wopcmrocmi nogepxni. Ananiz 6ys 3ocepedoicenuii na Sq, Sp, Sv ma Sdq, wo idobpadicaiomo
8UCOMY HEPIBHOCMEN NOBEPXHI MA XAPAKMEPUCTUKU 2pAdieHma 8ionosioHo do ISO 25178. Pesyismamu
NOKA3YI0Nb CUTbHY 3a1eACHicmb monocpaghii nosepxui 6i0 enacmusocmeti mamepiany. Cmans 42CrMo4
0eMOHCMPYBANA 3HAYHO BUWY WOPCMKICMb | KPYMIULy NOGEPXHIO NOPIGHAHO 3 HEPICABIIOUOIO CINALTIO 3
O0O0HAKOBUX YMO8 PI3aHHA. 30inbUleHHs WBUOKOCTI PI3AHHS NPU3BOOUTIO 00 NOCIIO08HO20 3HUNCEHHS 6CIX
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OYIHIBAHUX napamempis, modi K GelUYUHA NOOAdi 20J06HUM YUHOM BNAUBANA HA AMAIIMYOHI
xapaxmepucmuxu. Ilapamemp Sqq n0KA3a6 HUICHY YYMAUBICMb 00 YMOS Di3AHHA, alle YimKo niOKpecIus
GIOMIHHOCI y HAXULAX NOGepXHI Midic mamepianavu. Tun mamepiany mac OOMIHYIOUUL 6NIUG HA
nosepxuesuii penvedh. Jlecosana cmane 42CrMo4 cmabinbHo OeMOHCMPY8ANd BUWI 3HAYEHHS
aHanizosanux napamempis nopieusano 3 X5CrNil8-10, wo ceiouums npo 6invut wopcmxi ma Kpymiudi
nogepxuesi npogini. Hamomicme aycmenimua nepoicasiioua cmanw 3abesneuyeana 6iibul 2naoki ma
OOHOPIOHI NOBEPXHi 34 O0OHAKOBUX YMO6 pi3aHHs. Llleuokicme pi3anHsA BUABUNACH BANCIUBUM
MEXHON02IUHUM Napamempom OJi NOKPAUjeH s AKOCmi nosepxHi. 30invuienHs weudkocmi pizanus 3 100
m/x6 00 200 m/x6 npu3eeno 00 3HAUHO20 3HUICEHHSL 6CIX OYIHIOBAHUX napamempie 05 060X Mamepianis,
ocobnueo y eunadxy 42CrMo4, de cnocmepicanocs 3HauHe 3HUICEHHS NIKOBUX | OOJUHHUX MACHIMYO.
Pesyromamu noxaszyroms, wjo KomOiHO8aHA OYIHKA napamempis sucomu ma zpadiewma 3adesneuye
eexmusnuil nioxio 00 XapaKmepucmuKy NOGePXOHb, SUKIUKAHUX MEXAHiuHOI0 06pobKolo, | cnpuse
Kpawjomy 6ubopy ymos pizansi.

KaiouoBi cioBa: maneenyianvne obmouysanus, monoepaghis nogepxmi; napamempu wopcmkocni;
NOPIGHAHHS Mamepianie.
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