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A bstract: Cylindrical parts produced through turning often demand certain form tolerances such as cylin-
dricity to ensure proper function, reliability, and performance. As manufacturing shifts toward higher accuracy and
sustainability, understanding how process parameters influence cylindricity becomes increasingly essential. This study
presents an experimental analysis of the influence of three fundamental cutting parameters — depth of cut, feed rate,
and spindle speed — on the cylindricity of parts produced under dry turning conditions. The experiments were performed
on steel E335 using a full-factorial design with parameters varied at two levels. Cylindricity was measured on each
machined part and statistically analyzed to evaluate individual effects and interactions of the parameters. Results show
that all three parameters significantly affect cylindricity, with spindle speed exhibiting the highest statistical influence.
Higher spindle speeds were associated with improved cylindricity, while increased feed rate and depth of cut tended to
degrade form accuracy. A regression model was fitted to the experimental data to quantify the influence of each pa-
rameter and predict cylindricity deviations based on cutting conditions. The findings align with recent literature and
offer practical insights for optimizing dry turning operations to achieve higher geometric precision.
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EKCHHEPUMEHTAJIHA AHAJIN3A HA BJIMJAHUETO HA ITAPAMETPUTE
HA IMPOLECOT BP3 HUWJINHAPUYHOCTA IIPU CTPYXEILE

A1ncTpakT: PoTaunonn nenosu 100MEHH CO CTPYKEHE 4eCTO OapaaT CTPOTH TOJEpaHIMH Ha Gopma Kako
IITO € HHIMHAPHYHOCT. CO CTPEMEXOT Ha HHAYCTPHUjaTa KOH IOrojieMa TOYHOCT M OJIP>KIIMBOCT, C€ MOBAXKHO CTaHyBa
pa3bupameTo Ha BIMjaHUETO Ha TTapaMEeTPUTE Ha MPOLECOT BP3 HHIMHAPHYHOCTA. BO OBOj TPYA EKCIIEPHMEHTAITHO Ce
WCTIHTYBA BIIMjaHUETO HA TPH ITapaMeTPH — Aa00YHHATA Ha PEXKEHkE, IIOMECTOT U OpPOjOT Ha BPTEXKH Ha ITApUETO — BP3
LIMHAPUYHOCTA JOOMEHa PH CTPYKeHe 0e3 KOPUCTEHhE Ha PassiaiHO CpelcTBO. EKCIIepUMEHTHTE ce U3BEACHU Ha
yenmnk E335, xopucrejkn ceakTopeH eKCIIEpUMEHT CO MEHYBame Ha MapaMeTpuTe Ha JBe HuBoa. CTaTHCTHYKaTa
aHann3a MoKaka JIeKa CHTe TP apaMeTpH 3HAYHMTEHO BIUjaaT BP3 LHJIMHAPUYHOCTA, IPH LITO HAJTOJIEMO BIIUjaHHe
nma 6pojot Ha BpTexxH. IToroneMuoT Opoj Ha BPTEXH JOBELyBa O MOMaja BPEIHOCT Ha LMIMHAPUYHOCTA, TOJEKa
3rOJIEMEHHOT TIOMECT U J1abOuMHATa HAa PEXEHE Pe3yJITHPaaT co Morojema BpeqHOCT. Perpecnonen mozen Gere
MICKOPUCTEH 3a J]a C€ MOJENHNPA LIHINHAPUYHOCT BP3 OCHOBA Ha MapaMeTpUTEe Ha pexeme. JJoOueHuTe pesynraru ce
BO COTJIACHOCT CO JIUTeparypara M HpHIOHECYBaaT KOH ONTHMH3Hpamke Ha MPOLECOT Ha CTPYXeme 0e3 pasiamHo
CpeNCTBO.

Kity4unu 300poBH: CTpYKeHbe; IU3ajH Ha eKCIIEPUMEHT; PErPECHOHA aHAIIN3a;, [IATMHIPUYHOCT; MPOLICCHH NapaMeTpu

1. INTRODUCTION pins, achieve their cylindrical form through turning
operations, which reliably create axisymmetric sur-
faces [1, 2]. The importance of turning is to shape
parts to the desired dimensions but also to achieve
the required geometric accuracy to ensure proper
function. In particular, cylindrical parts often demand

Turning is one of the most widely used manu-
facturing processes for producing cylindrical parts
with high precision and repeatability. Critical com-
ponents, such as automotive shafts and aerospace
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form tolerances such as cylindricity to meet quality
and performance requirements [3].

Achieving high tolerance of cylindricity in
turned parts can be challenging because many fac-
tors in the turning process can induce form errors.
Machine tool imperfections (e.g., spindle misalign-
ment or bed deflection) and tool wear can contribute
to deviations from ideal geometry [4]. On the pro-
cess side, the cutting parameters used in a lathe have
a strong influence on the resulting form of the work-
piece [5], as well as on its surface roughness [6].
These parameters determine the cutting forces, tem-
peratures, and dynamics during material removal,
all of which affect how closely the part adheres to a
true cylindrical shape. Researchers have found that
controlling cylindricity is more complex than con-
trolling surface roughness, due to interactions be-
tween multiple inputs in turning [7]. In particular,
an aggressive combination of parameters can lead to
excessive tool deflection or vibration, resulting in
deviations such as out-of-roundness or taper along
the length of the part. Selecting optimal parameters
can minimize such errors and yield near-ideal cylin-
drical surfaces. Numerous studies in the literature
have investigated how turning parameters impact
form accuracy of metal components [8—11]. A con-
sistent finding across the literature is that the most
influential parameters affecting cylindricity are the
feed rate, spindle speed, and depth of cut. For exam-
ple, Patel et al. reported that in dry turning of Al
7075 alloy, feed rate had the most significant impact
on both circularity and cylindricity errors due to its
strong influence on cutting force and vibration, fol-
lowed by depth of cut and cutting speed [12]. Rafai
and Islam concluded that feed rate, cutting speed,
and depth of cut were influencing factors for diam-
eter error and circularity in the dry turning of AISI
4340 [13].

In recent years, the rise of new industrial revo-
lutions has enabled the adoption of advanced mod-
eling techniques, including artificial intelligence
methods [14, 15]. For instance, response surface
methodology and genetic algorithms have been used
to optimize cutting conditions and enhance cylin-
dricity [16]. A recent study using artificial neural
networks to model turning of aluminum AA7075
confirmed that the best results for overall surface in-
tegrity were obtained with a combination of low
feed rate and high cutting speed [17].

Another key aspect in manufacturing is the
machining environment: whether cutting is done dry
or with coolant. Although dry turning has environ-
mental and economic benefits, eliminating the need

for cutting fluid disposal and reducing health haz-
ards; the absence of coolant can result in higher cut-
ting zone temperatures and faster tool wear, which
potentially impact surface quality and accuracy
[18]. The literature suggests that a balanced setting
of lower feed rate, adequate (not very high) cutting
speed, and small value of depth can yield the best
cylindricity in dry turning of metals, even though it
shows to have a negative effect on the tool wear
[19].

Given the importance of turning for cylindrical
components and the critical role of cylindricity in
part functionality, understanding how cutting pa-
rameters affect this tolerance is of high practical rel-
evance. Therefore, the current study extends this
body of knowledge by experimentally analyzing the
effect of depth of cut, feed rate, and spindle speed
on the cylindricity of lathe-turned steel workpieces
made of steel E335 under dry cutting conditions. In
this work, a design of experiments approach is em-
ployed to analytically vary the three cutting param-
eters and measure the resulting cylindricity of the
machined parts. The findings contribute to a better
understanding of how cutting conditions affect cy-
lindricity and provide insights for optimizing lathe
operations to achieve higher machining accuracy.

2. EXPERIMENTAL EQUIPMENT

The experiments were carried out on a conven-
tional lathe manufactured by Prvomajska (Croatia,
model TVP 250). The lathe operates on a three-
phase power supply at 50 Hz, with a rated power of
11.2 kW. The nominal current of the lathe is 23 A,
increasing to 25 A during high-speed operations for
stable performance across the cutting conditions.

A PSSNR2525M12 tool holder (Pafana, Po-
land) with a SNMG120408-MF insert (Sandvik
Coromant, Sweden) were employed. The selected
insert has a nose radius of 0.8 mm and a negative
rake geometry, in order to enhance cutting stability
and efficient chip removal while maintaining sur-
face integrity and dimensional accuracy.

Cylindricity measurements of the machined
parts were performed using a Mitutoyo Roundtest
RA-400, shown in Fig. 1. The instrument is capable
of assessing roundness, cylindricity, and flatness
among others. The RA-400 is equipped with a pre-
cise G-series digital servo motor, auto-focus func-
tionality, and a maximum resolution of 65 nanome-
ters. For collecting data for characterization of the
surface form and cylindricity estimation, measure-
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ments were conducted along 20 mm length of each
workpiece using a spiral scanning pattern.

—

Fig. 1. Mitutoyo Roundtest RA-400 instrument used
for cylindricity measurements

3. EXPERIMENTAL DESIGN

A full-factorial experimental design was em-
ployed to investigate the influence of the machining
parameters on cylindricity during dry turning pro-
cess. The tests were performed on structural steel
E335, characterized by controlled impurities with
maximum values of P < 0.045%, S < 0.045%, and
N < 0.012%, and a carbon content around 0.17—
0.20%, according to EN 10025-2:2004.

Three process parameters were used in the
study: depth of cut (a,), spindle speed (), and feed
rate (f,), because as aforementioned these are widely
recognized in the literature as the most significant
factors affecting geometrical accuracy in turning
processes. Each parameter was varied at two levels
(low and high), with the corresponding values pre-
sented in Table 1. A full-factorial 2* experimental
design was employed to evaluate all possible com-
binations of these factors, to make a comprehensive
analysis of their individual contributions and possi-
ble interactions on cylindricity deviations.

Table 1

Variable factors with their levels employed
in the full-factorial experiment

Factor Low level High level
Depth of cut, a, (mm) 0.5 1.0
Feed rate, f, (mm/rev) 0.08 0.315
Spindle speed, n (rpm) 100 400
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Each experimental combination was replicated
three times for statistical reliability of the results. As
a result, the total number of experiments conducted
was 24. The sequence of the experiments was ran-
domized to mitigate external influences.

4. RESULTS AND ANALYSIS

Cylindricity was measured for each machined
sample in the experimental trials. The data were an-
alyzed using Minitab Statistical Software. Fig. 2 dis-
plays the individual values of cylindricity as a func-
tion of the values of the feed rate, depth of cut, and
spindle speed. Each data point represents a single
experimental observation, with symbol shapes dis-
tinguishing the two spindle speed levels: red squares
for 400 rpm and blue circles for 100 rpm. The plot
shows that the higher level of spindle speed (400
rpm) leads to lower cylindricity values, indicating
better form accuracy. In contrast, lower spindle
speeds (100 rpm) are resulting with greater devia-
tions from ideal cylindricity. Moreover, an increase
in feed rate and depth of cut tends to result in an
increase in cylindricity deviation, suggesting that
both parameters have a negative impact on form
precision when elevated.

24

— [ )
o S

Predicted values
of cylindricity [pum]
I~}

5 10 15 20 25
Measured values of cylindricity [um]

Fig. 2. Individual value plot of cylindricity values from the
experiment samples as a function of process parameters

These results are confirmed by various litera-
ture works. Studies report that for most materials
tested, increasing the cutting speed leads to reduced
cylindricity error in turning operations [20]. In
practical terms, using a faster spindle speed (within
machine and tool limits) generally improves
geometric accuracy. It’s worth noting that the
influence of speed on cylindricity is often less
pronounced than feed or depth effects [21]. Studies
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confirm that a higher feed rate results in a thicker
chip per revolution and greater cutting force, which
tends to deflect the tool or workpiece and produce a
less perfectly cylindrical shape [22, 23] Further-
more, studies show a clear trend of greater depth of
cut leading to larger cylindricity error, since the
cross-sectional area of the cut is increased, raising
cutting forces and potential deflection [24, 25].

These conclusions are further confirmed by the
main effects plot of the measured cylindricity val-
ues, shown in

Fig. 3, which illustrates that increasing depth
of cut and feed rate leads to worsening of the
geometrical accuracy, resulting in higher cylin-
dricity deviations. In contrast, increasing spindle
speed has a positive influence, resulting in improved
cylindricity and enhanced form accuracy.

a, (mm) S (mm/rev) n (rpm)

Mean of cylindricity (um)

0.5 1.0 0.08 0.315 100 400

Fig. 3. Main effects plot of investigated process parameters
on cylindricity

From the interaction plot for cylindricity (Fig.
4), it can be observed that no significant interactions
are present between the investigated cutting param-
eters, as indicated by the approximately parallel
lines in each subplot. The lack of strong interaction
effects suggests that each factor influences cylin-
dricity independently, without notable interaction
effects on the output variable.

Mean of cylindricity (pm)
0.08 0.315 100 400

[} a, (mm)
— -~ 20 05
it ’ -= 1.0
a,, (mm) e i~ . 15
. <
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5 10
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fo (mmrev) M L s
R o
S o
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Fig. 4. Interaction plot of investigated process parameters
on cylindricity

The ANOVA analysis provides a statistical as-
sessment of the significance of each cutting param-
eter on cylindricity, and the results by this analysis
are given in Table 2. The P-values shown in the ta-
ble are rounded on three decimal places. As shown,
all three factors have statistically significant effects
on cylindricity, with P-values less than 0.05. Among
them, the results show that spindle speed exhibits
the highest influence, as indicated by the largest
F-value (61.80), followed by depth of cut (F-value
equal to 39.20), and then feed rate (F-value equal to
9.86). This finding is consistent with previous stud-
ies showing that spindle speed can have a dominant
effect on form accuracy, since spindle speed gov-
erns the dynamic behavior of the machining system,
influencing factors such as tool-workpiece interac-
tion frequency, vibration tendencies, and thermal
stability [26].

Furthermore, the interaction terms between the
three factors did not show a significant effect based
on the P-values being higher than the threshold
value for statistical significance of 0.05. The find-
ings support the trends observed in the main effects
and interaction plots and align well with published
literature on the influence of cutting parameters on
form accuracy. From the ANOVA results all inves-
tigated factors will be included in the regression
model. Since the results show no significant inter-
actions between the factors, the regression equation
will be formulated in linear form with first-degree
terms.

Table?2.
Results of ANOVA for cylindricity

Source F-value P-value
ap (mm) 39.20 0.000
fn (mm/rev) 9.86 0.005
n (rpm) 61.80 0.000

The results of the linear regression analysis
showed the following predictive equation for cylin-
dricity (um):

C=10.46 +10,43-a, + 11.13-f, — 0.02183n (1)

where: C is cylindricity, a, is the depth of cut (mm),
f» is the feed rate (mm/rev), and n is the spindle
speed (rpm). The model demonstrated a strong fit,
with a coefficient of determination (R?) of 85.37%,
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indicating that 85.37% of the variation in cylin-
dricity is explained by the selected cutting parame-
ters. The positive coefficients for a, and f, confirm
their increasing effect on cylindricity deviation,
while the negative coefficient for n supports the ob-
servation that higher spindle speeds reduce cylin-
dricity error.

Fig. 5 presents a scatter plot of the predicted
values versus the actual cylindricity measurements,
providing a visual assessment of the regression
model’s accuracy. The red line represents the ideal
case where predicted values perfectly match the ac-
tual data. The distribution of points closely follows
this line, indicating a strong correlation between the
predicted and observed values. While some scatter
and minor deviations from the line are visible, the
overall trend confirms that the regression model ef-
fectively captures the relationship between the pro-
cess parameters and cylindricity, supporting the re-
liability of the linear regression model.

24
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Fig. 5. Scatter plot results of the fitted regression model
for cylindricity

5. CONCLUSION

This study investigated the influence of the
three most significant cutting parameters: depth of
cut, feed rate, and spindle speed, on the cylindricity
of steel parts produced through rough dry turning on
a conventional lathe. A full-factorial experimental
design (2°) was employed. Statistical analysis was
conducted using Minitab software to quantify the
individual and combined effects of the process pa-
rameters on the measured cylindricity. The findings
showed that all three cutting parameters signifi-
cantly affect cylindricity, with spindle speed as the
most influential factor. Increasing spindle speed re-
sulted in improved cylindricity, demonstrating bet-
ter form accuracy under higher rotational speeds.
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Depth of cut and feed rate both had a positive corre-
lation with cylindricity error, with larger values
increasing cylindricity deviations. No significant
interactions between factors were observed in the
interaction plots. Therefore, first-degree linear re-
gression model was fitted to correlate the cylindric-
ity output as a function of the three process param-
eters, which resulted with a high accuracy of R*> =
85.37%. These findings emphasize the importance
of optimizing machining parameters to enhance
precision and quality in turning applications.

For future research, the investigation will be
expanded to include different materials and tool ge-
ometries to generalize the findings. Incorporating
in-process monitoring methods, such as force or vi-
bration sensors, can also provide deeper insights
into the mechanisms affecting cylindricity and ena-
ble the development of adaptive control strategies.
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