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Abstract. This study investigates the combined effect of cutting insert geometry and feed rate on surface
roughness in turning of 42CrMo4 alloy steel. Controlled experiments were conducted on a CNC lathe
using three insert geometries (C, D, and V types) and three feed rates (0.15, 0.25, and 0.35 mm/rev),
while maintaining constant cutting speed and depth of cut. Surface characteristics were evaluated
through quantitative roughness measurements and qualitative microscopic analysis. The results
demonstrate that feed rate is the dominant factor influencing surface roughness, with increasing feed
leading to a significant deterioration in surface quality, as reflected by higher R, and Rt values. Insert
geometry also plays a critical role: C and D inserts produce consistently lower roughness values, whereas
the V insert results in inferior surface quality under identical cutting conditions. Notably, despite identical
nose radii, substantial differences were observed between C and V inserts, highlighting the pronounced
influence of edge geometry, particularly the end cutting edge angle. The findings indicate that
conventional geometric models based solely on feed and nose radius are insufficient to accurately predict
surface roughness. Instead, insert shape parameters must also be considered. This study contributes to
improved understanding of the interaction between tool geometry and machining parameters and
provides practical guidance for optimizing surface quality in turning operations.
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1. Introduction

Machining is a process used to create a part or shape with precise dimensions
and tolerances [1]. Surface roughness plays a crucial role in determining the quality
of the product [2], as it directly impacts the product's performance during use. The
quality of the surface significantly enhances properties such as fatigue strength,
corrosion resistance, and creep life [3]. With the increasing demand for improved
surface quality, especially in industries like automotive, aerospace, and die and
mould manufacturing, achieving a smooth surface finish is essential. Surface
roughness is typically measured by a specific value, where a higher value indicates
a rougher surface and a shorter fatigue life. Therefore, it's important to clearly
specify the required surface roughness in designs to ensure the machining process is
appropriately adjusted to meet these standards [4].

© S. Nuriddinov, B. Miké, 2026
101


https://orcid.org/0009-0009-6932-4234
https://orcid.org/0000-0003-3609-0290
mailto:2miko.balazs@bgk.uni-obuda.hu

ISSN 2078-7405 Cutting & Tools in Technological System, 2026, Edition 104

Achieving an ideal surface finish in machining remains a significant challenge
due to the complex and interdependent interactions between the cutting tool, the
workpiece material, and the machining environment. Several factors contribute to
surface imperfections, including the formation of a built-up edge (BUE) [5], which
alters the effective geometry of the cutting tool; surface damage caused by chips
curling back and impacting the freshly machined surface; tearing during chip
formation in ductile materials; and surface cracks resulting from discontinuous chip
formation in brittle materials [8]. Friction between the tool’s flank and the workpiece
further degrades the surface finish. Beyond these, key machining parameters - such
as feed rate, cutting speed, and depth of cut - along with the process kinematics,
cutting tool geometry and material, mechanical properties of the workpiece, and
dynamic issues like machine vibrations and tool deflection, play crucial roles. The
precision, rigidity, and overall condition of the machine tool itself also significantly
influence surface quality [6,7].

Surface roughness measurement is essential for evaluating the quality and
performance of machined components, as it directly affects factors like friction, wear,
fatigue strength, and sealing capability [8]. Depending on the required accuracy,
surface type, and application, different measurement techniques are used. Contact
methods, such as stylus profilometers, are widely adopted for their reliability and
standardized outputs, while non-contact optical methods, like interferometry and
confocal microscopy, offer high-resolution analysis without risking surface damage.
Advanced techniques like atomic force microscopy enable nanoscale assessments,
although they are limited to small areas and specialized applications. Selecting the
appropriate method depends on balancing precision needs, surface characteristics,
and practical constraints such as speed and cost [9,10].

Predicting surface roughness in machining is critical for ensuring product
quality and process optimization. Multiple approaches have been developed, each
leveraging different principles, tools, and technologies. Below are five key
approaches to surface roughness prediction, along with expanded explanations
[11,12]:

e Approaches that are based on machining theory to develop
analytical models and computer algorithms to represent the machined
surface,

¢ Approaches that examine the effects of various factors through the
execution of experiments and the analysis of the results,

e Approaches that use designed experiments,

o Artificial intelligence (Al) approaches,

e Surface roughness characterization by using image processing.

Numerous roughness parameters have been developed to describe surface
textures. These parameters describe different characteristics of surface roughness, so
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we can choose the parameter most suitable for describing the surface, knowing the
purpose under investigation [13]. Whitehouse proposed an approximation technique
to estimate the maximum peak-to-valley roughness (R:) and the arithmetic average
roughness (Ra) for surfaces generated using a circular tool nose. Similarly, Vajpayee
provided an approximation for estimating R; for surfaces created with a circular tool
nose. Qu and Shih formulated mathematical models to predict Ry, Rs, and root-mean-
square roughness (Rq) for ideal tool nose shapes composed of elliptical and circular
arcs, using both implicit and approximation methods. Their work is further analysed
and compared to the digital simulation method introduced in this study [14].

The aim of this research is to investigate the influence of insert geometry and
feed rate on surface roughness during the turning process. The study focuses on
analysing how different insert shapes affect the quality of the machined surface
under three different feed conditions.

2. Material and methods

The experiment was carried out using a CNC turning on a Euroturn 12B CNC
turning machine. The workpiece material used was 42CrMo4 (1.7225) alloy steel,
which is commonly used for high-strength mechanical components and an often used
reference test material in cutting experiments.

Each test was performed under the same machining conditions except for the
feed rate, allowing a comparison of the machining behaviour and surface
characteristics produced during the CNC turning process. Three specimens were
machined with three tools, and each test part contain 3 separate surfaces (Figure 1).
The cylindrical workpiece had a diameter (D) of 34 mm and a length (L) of 30 mm.
During the turning operation, a constant cutting speed (v¢) of 120 m/min and a depth
of cut (ap) of 0.5 mm were maintained throughout the experiment. To investigate the
influence of feed rate on the machining process, three different feed values were

applied: 0.15 mm/rev, 0.25 mm/rev, and 0.35 mm/rev.

L
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Figure 1 - Turned specimens.

Three different cutting insert and tool-holder combinations were used during
the CNC turning experiments to evaluate their influence on the machining
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performance and surface quality of the workpiece. The inserts were manufactured
by Sandvik Coromant and TaeguTec (Table 1, Figure 1), which are widely
recognized suppliers of cutting tools for metal machining applications.

Table 1. Data of three turning tools.

Insert KAPR SIG ECEA RE
CCMT 09T304-PM4225 (Sandvik) 95 80 5 0.4
DCMT 117308 FG TT8125 (TaeguTec) 93 55 32 0.8
VBMT 110204-UF4315 (Sandvik) 0.4
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Figure 2 - Cutting insert geometries and tool holder configurations.

The first cutting tool used was the CCMT 09T304-PM4225 insert mounted on
an SCLCR 1616 H9 tool holder (Figure 2). This tool configuration has a tool cutting
edge angle (KAPR) of 95°, a clearance angle (SIG) of 80°, an end cutting edge angle
(ECEA) of 5°, and a nose radius (RE) of 0.4 mm. This geometry is typically used
for stable turning operations and is suitable for medium machining conditions due
to its balanced cutting forces and good chip control.

The second tool consisted of a DCMT 11T308 FG TT8125 insert mounted on
an SDJCR 1616 H11 tool holder, produced by TaeguTec. This configuration has a
KAPR of 93°, SIG of 55°, ECEA of 32°, and a nose radius of 0.8 mm. The larger
nose radius can improve surface finish and distribute cutting loads more evenly,
which may reduce tool wear during machining.

The third tool used in the experiment was the VBMT 110204-UF4315 insert
mounted on an SVJBR 1616 H11 tool holder, produced by Sandvik. This tool also
has a KAPR of 93°, but with SIG of 35°, ECEA of 52°, and a nose radius of 0.4 mm.
The sharper geometry and smaller nose radius make this insert suitable for finishing
operations and precision machining where lower cutting forces and improved
surface quality are required. The larger end cutting edge angle (ECEA) ensures
turning a steep undercutted feature.
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The use of these three different tool geometries allowed the investigation of
how insert shape, cutting edge angle, and nose radius affect the machining process,
tool performance, and the resulting surface characteristics of the turned specimen.

Surface roughness of the machined surfaces were measured after the turning
process. Surface roughness measurements were carried out using a Mitutoyo SJ-301
Surface Rroughness Tester (Figure 3). The instrument was used to determine the
roughness parameters of the machined surfaces. Each surface was measured ten
times, so the analysis was performed based on 90 data sets.

Three surface roughness parameters were analysed:

. R, — Average Maximum Height of the Profile is the average of the
successive values of Ry.

. R: — Maximum Height of the Profile is the vertical distance
between the highest and lowest points of the profile.

. Rsm - Mean Spacing of Profile Irregularities is the mean value of
the spacing between profile irregularities.

Figure 3 - Measurement and testing of the three machined specimens for surface roughness
analysis: a) Digital microscope b) Mitutoyo SJ-301.

For the qualitative roughness measurements, the surface topography of the
specimens was examined using a digital microscope (Figure 3). The microscope
images allowed a detailed observation of the surface texture, feed marks, and
machining patterns generated during the turning operation. The combination of the
roughness measurements obtained from the surface tester and the visual analysis
from the digital microscope provided a more precise evaluation of the surface quality
of the machined specimens.

The data analysis was performed with Jamovi v2.6.44 and Minitab v22
software.
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3. Results

The most significant results of the surface roughness measurements under
different machining conditions are presented below. Figure 4 shows that at a feed
rate of 0.15 mm/rev, the surface profiles exhibit low amplitude with shallow valleys,
indicating smoother surfaces. At 0.25 mm/rev feed rate, the peaks become more
noticeable and regularly spaced, showing a moderate increase in roughness. At 0.35
mm/rev feed rate, the profiles display high, sharp peaks and deeper valleys,
indicating a significantly rougher surface. It can be observed that the surface profile
produced with inserts C and D is similar for all three feeds.

This similarity can also be seen in the microscopic images (Figure 5). However,
the V insert shows a significantly different profile and image. In case of small feed,
the V insert produced more regular profile, than C and D.

Table 2 shows the mean values of the measured R, R; and Rsm values as a
function of the insert shape and feed. The values of R, and R; are almost the same.
The V insert shows a substantially stronger sensitivity to feed rate, with R, increasing
by up to 254%, compared to 159-168% for C and D inserts. The values of Rsm
increased by 99%, 53% and 116% for the feed. The Rsm mean value is highly
correlated with the feed, no clear dependence on insert geometry can be identified.
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Figure 4 - One measurement results of surface profile.
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Table 2. Mean value of Rz, Rt and Rsm parameters.

Insert f R; Rt Rsm
0.15 7.57 9.16 0.175
C 0.25 14.20 15.60 0.269
0.35 20.30 21.70 0.349
0.15 7.06 8.16 0.228
D 0.25 10.50 11.70 0.277
0.35 18.30 19.30 0.348
0.15 11.60 12.90 0.164
\Y 0.25 21.00 22.90 0.262
0.35 41.10 42.80 0.355
4. Discussion

Three surface roughness parameters were selected from the results, because
several of the parameters show high correlation. Based on the measured results
presented in Figure 6, it can be concluded that both insert geometry and feed rate
have influence on surface roughness parameters (R;, R:, and Rsm) during the turning
process. The distributions clearly demonstrate that variations in feed rate (0.15, 0.25,
and 0.35 mm/rev) lead to noticeable changes in roughness values across all insert
types (C, D, and V).

As the feed rate increases, there is a general trend of increasing roughness
values, particularly evident in R, and R; parameters, indicating a deterioration in
surface quality. Lower feed rates produce more concentrated and stable distributions
with smaller roughness values, which suggests better surface finish. In contrast,
higher feed rates result in wider distributions and higher peaks, reflecting increased
variability and roughness.
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The effect of insert shape is also prominent. The V insert geometry tends to
produce higher roughness values under similar cutting conditions, while C and D
demonstrate more stable and lower roughness profiles. This indicates that insert
geometry plays a crucial role in controlling surface characteristics.

Additionally, the Rsm parameter shows sensitivity to both feed rate and insert
type, reflecting changes in the spacing of surface irregularities. This suggests that
not only the height but also the pattern of surface texture is influenced by machining
conditions.

Based on the geometric model of the theoretical surface roughness of the
turning, the nose radius (RE) and the feed (f) have influence on the surface
roughness. Based on it, the C and V insert should be produces similar profile and
surface roughness parameters because of the same RE. However, the more favorable
ECEA angle of insert C in terms of surface roughness compensates for the
unfavorable nose radius. Thus, the roughness of the surfaces created by inserts C and
D is similar, while insert V with a large ECEA angle and a small tip radius shows
much higher roughness results.

The statistical analyses of the measured data by Main Effect Plot (Figure 7)
shows that feed rate has the strongest influence on surface roughness, which meet
with the theory. As the feed rate increases, R, and R; values rise, leading to poorer
surface quality, while lower feed rates ensure a smoother finish.

Insert geometry also plays an important role: C and D inserts produce lower
roughness, whereas the V insert results in higher values. The analysis confirms the
effect of the insert shape on the surface roughness, the average roughnesses for
inserts C and D are almost the same, while the values for insert V are significantly
higher. It can also be observed that the effect of the shape of insert C does not
completely eliminate the difference, insert D with a larger nose radius provides better
surface roughness.
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Figure 6 - The results of the measure.

The Rsm parameter in the feed direction shows a different pattern. Based on the
measured data (Figure 6), the C and V inserts show a similar pattern, while the D

insert has a significantly higher variance, especially at low feed rates.

The main effects plot shows the ratio of Rsyn to feed, which is ideally 1. At
higher feed rates, the Rsm parameter approaches the feed rate value. As can be seen,
the C and V inserts with the same radius resulted in almost the same average value,
which is also shown by the radius effect. In this case, the shape of the C insert has

no compensating effect.
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Figure 7 — Main effects plots for Rz, Rt and Rsm.

Overall, the results confirm that optimal surface quality can be achieved by
selecting appropriate insert geometry and maintaining lower feed rates. These
findings provide a useful basis for improving machining performance, enhancing
product quality, and optimizing cutting parameters in turning operations.

5. Summary

This study investigates the surface profile and roughness values of turned
surfaces as a function of feed and insert geometry for 42CrMo4 steel alloy. Three
insert geometries (C, D, V) were compared. Feed rate was found to be the dominant
factor in terms of surface roughness of the turned surface, but edge geometry
variations resulting from insert shape have significant secondary influence on
surface roughness.

The future work of the research is to develop a roughness prediction model
based on a geometric-kinematic model. The model, supplemented with statistical
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elements, creates an equivalent replacement profile (ERP), which allows for the joint
estimation of several roughness parameters. Based on the current results presented
in the article, when designing the statistical model, not only the classical feed and
nose radius parameters should be taken into account, but also the shape of the insert.
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Cypamxon Hypianinos, banam Miko, ByganemT, Yropuiuaa

BILIMB ®OPMH PI3AJIbHOI BCTABKH TA IOJAYI HA
MPO®LIIb OBPOBJEHOI IOBEPXHI

AHoTauis. [e docnidoicents euguac CyKynHuil 6naue 2eomempii pizanbHoi 6cmasKku ma enutuny nooayi
Ha wopcmKicmy No6epxHi npu  mokaphit 06pobyi aecoeanoi cmani 42CrMo4. Komwmponvosani
eKcnepuMenmu nposoounucs Ha eepcmami 3 4I1Y 3 eukopucmantam mpbox 2eomempiti 6cmagox (munu
C, D i V) i mpvox weuoxocmeii nooaui (0,15, 0,25 i 0,35 mm/o06epm), 36epieaiouu nocmitiny weuoxicns
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pizanns ma embuny pisy. Xapaxmepucmuku noeepxHi OYIHIBAIUCS 3d OONOMO20K) KiNbKICHUX
BUMIPIOBAHL WOPCMKOCMI Ma AKICHO20 MIKPOCKONiYHO020 auanizy. Pezynemamu nokaszyioms, wo
WeUOKICMb n00aui € OOMIHYIOUUM GAKMOPOM, WO 6NAUBAE HA WOPCMKICHb NOGEPXHI, 4 36LNbUIEHHS
nooaui npuzeo0unv 00 3HAYHO20 NOCIPUIEHHS SKOCMI NOBEPXHI, WO 6i000pANCAEMbC Y BUUUX
sHavennsx R, i R. Teomempin ecmasxku maxooic sidiepac kpumuuny porv: écmaeku C i D oaroms
CMAaBINbHO HUICYT 3HAYEHHSL WOopCmKocmi, moodi sk V-6cmaska npu3eoo0ums 00 2ipuioi AKocni nogepxui
30 00HAKOBUX YMO8 pizanHa. Bapmo 3aznauumu, wo, nesgadicarouu na ioemmuuHi padiycu 6epuiuHu,
cnocmepieanucs cymmesi giominnocmi migic ecmaekamu C iV, wo niokpeciroe supajiceHuil 6naus
2ceomempii Kkpais, ocodoauso Kyma pixcyuoi Kpaiiku eepuiunu. Pesynemamu ceiouame, wo 36uuaiini
2eomempudHi MOOei, 3ACHOBAHI BUKIOYHO HA noOadi ma paodiyci npu Gepuiui, HedoCmammi O1s
MOYUHO20 NPOSHO3Y8AHHA WOPCMKOCHI nosepxHi. Hamomicms cnio épaxosysamu napamempu gopmu
ecmagku. Lle 0ocniodcenss cnpusic Kpauwjomy po3yMIHHIO 83AEMOOIT MIdIC 2e0Mempi€lo iHcmpymMenma ma
napamempamu 00poOKU ma HAOAE NPAKMUYHI peKomenoayii Ons onmumizayii AKOCMI NOGepXHi 6
moxapHux onepayisx. Maiibymus poboma O00CIONCEHHS NOAA2AE Y PO3POOYI MOOENi NPOCHO3YEAHHS
WOpCmKoOCmi HA OCHOBI 2eoMempuiHoO-KinemamuyHoi mooeni. Mooenb, 00no8HeHa CcMAMUCMUYHUMU
eleMeHmamu, cmeoproe exgieanrenmuuil npodine 3aminu (ERP), wo 0o360.15€ cninoho oyintosamu kinoka
napamempie wopcmrocmi. Buxodauu 3 nomounux pesyibmamis, npeocmagienux y cmammi, npu
PO3pOOYI cmamucmu4Hoi Mooeni o 8paxoeyeamu He Juule KIACUYHI napamempu nooaui ma paoiyc
npu eepuiuni, a it popmy 6cmagku.

KuawuoBi cioBa: npogine nosepxwi; mouinHs;, opma 8cmasku;, nooayd; wOpPCmKICmb NOGEPXHI,
epagik ocnosHo20 epexny.

112



