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It is usually stated that sessile oak wood has the same properties as
pedunculate oak wood. However, in practice, sessile oak wood can be
distinguished from pedunculate oak wood by appearance, quality, and
machinability. The aim of the research was to compare cutting power and
surface roughness, as machinability parameters, when milling sessile oak
and pedunculate oak wood and to determine the effect of cutting depth
and feed speed on the oak wood machinability. Radially sawn samples
were milled in the longitudinal (90°-0°) cutting direction with three different
cutting depths and at three feed speeds. During milling, the active
electrical power and the machined surface profile were measured. The
surface roughness parameters Ra, Rq, and R; were determined according
ISO 4287 (1997). The average cutting power and roughness parameters
are higher when milling sessile oak than pedunculate oak wood. ANOVA
showed that wood species, cutting depth, and feed speed had a
statistically significant effect on cutting power and surface roughness
parameters with exception of effect of cutting depth on the parameter R:.
The differences in machinability parameters between sessile and
pedunculate oak wood when milling at the same feed speed and cutting
depth were not sufficiently pronounced to be detected by post hoc
analyses.
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INTRODUCTION

The two most known species of oak growing in Croatia are the pedunculate oak
(Quercus robur L.) and the sessile oak (Quercus petraea). Pedunculate oak and sessile oak
wood are processed in the same technological process without separation. In older literature
sources it is stated that wood of the sessile oak and the pedunculate oak have very similar
properties and equal machinability (Horvat and Krpan 1967; Despot 1985). In practice,
experts emphasize the ability to differentiate these two species of oak according to the
appearance and quality of the wood, as well as their machinability.

In order to evaluate the suitability of materials for processing by a certain machine,
the concept of machinability is used. According to ASTM D 1666-87 (2004), machinability
is defined as a property that describes the easiness to process and convert a certain wood
species into a final product. Dzin¢i¢ and Skaki¢ (2012) state that machinability is the ability
of a certain structural material to be machined by cutting or deforming using common,
economical production techniques and technologies. According to Savar (1990), better
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machinability means that a material that can be processed with a certain tool at higher
cutting speeds, with less cutting force and lower energy consumption, longer tool life,
better quality of the processed surface, a more favorable shape of the separated particle,
and a lower operating temperature of the tool blade. Most often, the machinability of wood
is expressed by measurement results of the cutting force (or cutting power) and the
roughness of the machined surface. Some authors have proposed some other calculated
machinability parameters, for example, the specific cutting energy, defined as ratio of
cutting power and material removal rate, or specific cutting force, defined as ratio of cutting
force and product of nominal chip thickness and cutting width (Savar 1990; Goglia 1994;
Astakhov 2014).

It is known that cutting forces, cutting power, and specific cutting force depend on
wood density (Ettelt and Gittel 2004). McKenzie et al. (1999) found a very good linear
correlation between wood density and cutting force. However, Eyma et al. (2004) pointed
out that wood species of the same density may require very different cutting forces. Cutting
force is also affected by the wood moisture content. All components of cutting force have
been found to decrease when increasing the wood moisture content from about 12% to
fibre saturation point (Beljo Luci¢ et al. 2004; Moradpour et al. 2013). The wood
machinability is also significantly affected by the thermal modification of wood. Koleda et
al. (2018) analyzed the power required for milling unmodified and thermally modified oak
wood and determined a decrease in the required cutting power with increasing thermal
modification temperature.

Specific cutting force, significantly depends on the material being processed (wood
species, moisture content, wood temperature) and on the machine kinematics and wood
cutting parameters (Orlowski and Ochrymiuk 2017; Koleda et al. 2018) such as the cutting
direction, tool sharpness, chip thickness, cutting tool geometry and cutting speed (DZin¢i¢
and Skaki¢ 2012; Porankiewicz and Goli 2014; Moradpoura et al. 2016).

Another parameter commonly used to determine the machinability of wood is the
roughness of the machined surface, which is also used as a measure of the quality of the
machined surface. The roughness of the machined wood surface depends on a number of
factors related to the anatomical structure and properties of the wood, and the parameters
of the machining tools and processing. The wood properties that affect surface roughness
are density, moisture content, texture, and anatomical structure (Gurau et al. 2005; Magoss
2008; Laina et al. 2017). The most important factors of the machining process that affect
roughness are the type of tool, the number of blades, the cutting angle, the tool radius, the
feed speed and cutting speed, the cutting depth, and the speed and amplitude of the machine
table vibrations (Usta et al. 2007; Skalji¢ ef al. 2009; Csanady and Magoss 2013; Laina et
al. 2017).

The standard procedure for measuring surface roughness relies on surface profile
measurements using contact profilometers. That measurement cannot be used during the
process of wood machining, but only on samples taken after processing, and the
measurement process is relatively slow. In order to include the roughness of the machined
surface as a parameter for on-line control of woodworking operations, non-contact methods
for determining the surface roughness have to be used. Research into the implementation
of non-contact surface roughness measurement methods and their application in industry
has been ongoing for many years (Lemaster and Dornfeld 1982; Nasir and Cool 2019;
Sandak et al. 2020), but in wood processing the application of non-contact methods in
industrial in-line process control is still limited.
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The results of many studies of the roughness of the oak wood machined surface
have shown that the roughness parameters have higher values and greater dispersion
compared to the roughness parameters of machined surface of other wood species. Such
results are most often attributed to the anatomical structure of oak as a ring-porous wood
species (Usta et al. 2007; Sofuoglu and Kurtoglu 2015; Thoma et al. 2015). Also, the size
and distribution of pores can give the wood a very uneven texture, which explains the
differences between the measurement results on multiple samples of the same wood
species. Puki¢ et al. (2023) measured the average value of the R. parameter of the
anatomical profile of the pedunculate oak surface in a radial section and it was (2.1 + 0.3)
um. Similar data were obtained by Gurau et al. (2005, 2007).

In research, the wood machinability is often described by functions. These are
mathematical models that describe the dependence of the process output values on the input
parameters and represent an approximation of the actual process function. In wood
processing, the most often used basic functions involve forces (or the cutting power), the
quality of the machined surface, and tool durability (Dzin¢i¢ and Skaki¢ 2012; Naylor et
al. 2012; Orlowski and Ochrymiuk 2017; Loc and Hung 2021; Jiang ef al. 2022; Yang et
al. 2023).

One of the most important advantages of wood is its easy machinability, in contrast
to metal and plastic products. However, its nonuniform characteristics within and between
species plays a significant role on its efficient and effective machining. For this reason, it
is important to correctly set the processing parameters and connect them with the properties
of the wood being processed (Malkocoglu and Ozdemir 2006).

The aim of this research was to compare the machinability of pedunculate oak and
sessile oak wood when milling. Due to their similar physical and mechanical properties
and common use in the same technological process, no research has been conducted to
compare their machinability parameters. Also, the aim of research was to determine and
compare the effect of feed speed and cutting depth on the cutting power and surface
roughness when milling these two oak wood species.

EXPERIMENTAL

Materials

Selected machinability parameters of sessile oak and pedunculate oak wood were
investigated on samples made from 4 m long planks remaining from logs after veneer
cutting. The planks were cross-cut to obtain 1 m long wood samples. The conditioned
samples were processed on a surface and thickness planer to a final thickness of 22.5 mm.
The average density of sessile oak wood determined on 12 samples, was 0.732 (0.048)
g/cm® and that of pedunculate oak wood was 0.596 (0.036) g/cm>. The average moisture
content in the samples was determined by the gravimetric method and was 9.2 % (0.3 %)
for sessile oak wood samples and 11 % (1.1 %) for pedunculate oak wood samples. The
standard deviation values of the data are given in brackets. The average ring width of sessile
oak wood samples was 2.54 mm and that of pedunculate oak 2.30 mm. The samples had a
texture of radial sawn timber (as shown in Fig. 1).

Duki¢ et al. (2026). “Sessile vs. pedunculate oaks,” BioResources 21(3), 7395-7411. 7397



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

a)

Fig. 1. Radial-sectional view of a) sessile oak and b) pedunculate oak wood

Milling Parameters

Machinability tests were performed during peripheral milling on a single-spindle
moulder Rojek FSN300A Euro 7, with rated motor power of 5.5 kW and rotational
frequency of 2865 min™!. The tool was a standard turnblade rebating cutterhead without
shear angle and with the cutterhead diameter D = 150 mm, produced by Leitz GmbH &
Co. KG. Only one main tungsten carbide (HW) cutter with rake angle y = 20° and clearance
angle a= 15° in cutterhead was used for cutting (the other cutter was ground so it was not
engaged in the cut) and the cutterhead was checked for unbalance. Before the experiment
cutter edge profile was measured on the Zeiss Axio Zoom V16 microscope and analysed
in Gwyddion software. The starting cutter edge radius was oo = 5 pm. The tool rotational
frequency was n = 6000 min"! and resulting cutting speed was vc = 47 m/s. The samples
were processed with three cutting depths ae = (1, 2 and 3) mm and at three feed speeds vr
= (6.5; 13 and 16.5) m/min. Under these conditions, the effective feed rate was fzefr = (1.1;
2.2, and 2.7) mm, which, according to the recommendations (Leitz 2011), should result in
fine, medium, and coarse quality of the machined surface. The cutting direction
corresponded to the longitudinal (90°-0°) cutting direction.

Methods

The active electrical power required during machine idling (Pel-opass)) and
machining (Pel-tot(pass)) Was measured using a three-phase energy and power quality analyzer
Fluke 435-11 (Netherlands). For each combination of input variables, 10 measurements of
required active electrical power during wood samples machining (Pel-tot(pass)) Were
measured. Based on the measured values, using the approximate diagram of the three-
phase asynchronous electric motor (Hamm 1970), the mechanical equivalents of the
measured values were calculated and based on these values, the average cutting power
(Pe(pass)) was calculated for each single milling pass according to the expression,

Pc(pass) = Pm—tot(pass) - Pm—O(pass) (1)

where Pm-tot(pass) 1S average total mechanical power during single milling pass (W) and Pm-
0(pass) 1S average mechanical power during machine idling between each pass.
The roughness parameters R, (the arithmetic mean deviation of the profile), R, (the
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root mean square deviation of the profile) and R: (the maximum height of the profile) were
determined on the basis of the surface profile measured with a profilometer Mitutoyo
SurfTest SJ-500 (Ser. No. BO007 1808) with a tip radius of 10 um in accordance with ISO
4287 (1997). The measuring chain was calibrated with Mitutoyo Precision Reference
Specimen, with mark 178-601 (s/n: 393041807). A Gaussian filter with a cut-off
wavelength of 8 mm was applied, and the evaluation length was 40 mm. The profile of the
machined surface was measured in the direction which coincides with the feed speed
vector, that is, mainly in the direction of the fibers (Fig. 2). The roughness parameters Ra,
R4 and R: were selected for analysis because they are commonly used in researching the
quality of the machined surface. However, their usefulness in determining the influence of
tools and machines on the roughness of the machined wood surface, especially on ring-
porous wood species, may be questionable due to the large influence of structural
irregularities (pores) on the final wood roughness results (Csanady and Magoss 2013).
Several samples of the machined surface were randomly cut out on the samples during
milling and 10 measurements of roughness parameters were carried out on several samples
for each combination of processing parameters.

Fig. 2. Surface profile measurements

The design of experiment consisted of 9 combinations of machining parameters for
each wood species.

A three-factor analysis of variances (ANOVA) at 5% significance using Statistica
software was performed to evaluate the effect of each factor on the cutting power and
parameters of surface roughness. The post hoc Tukey HSD test has been used to determine
the significance of pairwise differences between machinability parameters of sessile oak
and pedunculate oak wood in the same milling conditions.

RESULTS AND DISCUSSION

Cutting Power

Table 1 presents the arithmetic mean values of the measured total electrical power,
the calculated total mechanical power, and cutting power during milling of sessile oak and
pedunculate oak wood samples under different machining conditions.
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Table 1. The Arithmetic Mean Values of Cutting Power Measurements when
Milling Samples of Sessile Oak and Pedunculate Oak Wood (n=10 series of
milling passes)

Milling Parameters Sessile Oak Wood Pedunculate Oak Wood
Feed Cutting
Speed Depth Peitot (W) | Pm-tot (W) Pc (W) Peitot (W) | Pm-tot (W) Pc (W)
(m/min) (mm)
1 409 (10)* 308 (9) 61 (9) 418 (9) 317 (9) 70 (9)
6.5 2 485 (14) 382 (14) | 148 (14) 469 (6) 366 (6) 134 (6)
3 593 (31) 487 (30) 245 (30) 566 (14) 461 (14) | 214 (14)
1 421 (15) 320 (14) | 75 (14) 430 (8) 328 (7) 87 (7)
13 2 491 (23) 388 (22) | 153 (22) 458 (23) 356 (22) | 119 (22)
3 713 (50) 604 (48) | 356 (48) 628 (32) 521 (32) 274 (35)
1 448 (16) 346 (15) | 102 (15) 423 (14) 322 (14) | 82 (14)
16.5 2 531 (27) 427 (27) | 190 (27) 516 (39) 412 (38) | 177 (38)
3 675 (40) 567 (39) | 326 (39) 692 (51) 584 (51) | 340 (51)

Peitot— arithmetic mean of total electrical power of 10 milling passes (W); Pm-tot— arithmetic mean
of total mechanical power of 10 milling passes (W); P — arithmetic mean of cutting power of 10
milling passes (W); * data are mean values and standard deviations are given in parentheses.

According to the results of the three-factor ANOVA analysis of the cutting power
data (Table 2), at the significance level of p < 0.05, all three milling parameters (wood
species, cutting depth and feed speed) had a statistically significant effect on the cutting
power, which is in accordance with the current knowledge. Also, all interactions of the
investigated parameters proved to be statistically significant, which indicates a different
effect of changing the processing parameters on the cutting power during milling
pedunculate oak wood and sessile oak wood (Fig. 3). The results of the study showed that
variation of feed speed and cutting depth had a greater effect on cutting power than the
difference of wood properties between sessile and pedunculate oak. Between selected input
variables, cutting depth had the greatest effect on cutting power, which is obvious from the
diagram in Fig. 3. The cutting power increased with the increase of cutting depth and feed
speed. The results of the study of cutting force during longitudinal milling of oak wood
conducted by Dzinc¢i¢ and Skaki¢ (2012) showed that the average cutting force increases
with increasing cutting depth and with increasing feed rate, with the cutting depth having
a greater effect on cutting force, which is, taking into account that cutting power is
proportional to cutting force, in line with the results obtained in this study. Research results
of Jiang et al. (2022) also revealed significant effects of the cutting depth on the resultant
cutting force.

The average cutting power measured during milling sessile oak wood, calculated
as arithmetic mean of average values of cutting power in all combination of milling
conditions, was 184 W, and the average cutting power during milling pedunculate oak
wood was 166 W. According to research of Ettelt and Gittel (2004), the change in cutting
force, which is proportional to cutting power, is linearly related to the change in wood
density. So, a difference in cutting power could be expected, given that the density of
sessile oak wood samples is about 23% greater than the density of pedunculate oak wood
samples. Even from the research of Kivimaa (1950) it can be concluded that it is not the
wood species, but its density, that has influence on cutting force. It also must be mentioned
that wood species has the effect on cutting force, but through other properties related to
specific wood species, its habitat, efc. One way of compensating the influence of wood
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density and the ratio of late to early wood on cutting force is to calculate and analyze the
normalized value of cutting force as it is presented in research of Chuchala et al. (2021)
and Huang ef al. (2024).

The average value of cutting power during milling of sessile oak was greater than
during milling pedunculate oak in six cases of milling parameters. Contrary to
expectations, in three cases the situation was inverted, i.e. cutting power during milling of
pedunculate oak wood was greater than during milling of sessile oak wood.

Analyses of pairwise differences between cutting power during milling of sessile
and pedunculate oak wood samples across all parameter combinations using the post hoc
Tukey HSD test revealed that there was no significant difference of cutting power in almost
all cases of milling parameters (feed speed and cutting depth), as it is obvious from Fig. 3.
Significant statistical difference of cutting power was noted only when milling wood
samples at feed speed of 13 m/min and cutting depth of 3 mm. Although multifactorial
ANOVA showed a statistically significant main effect of wood species, the Tukey HSD
post hoc comparisons did not show statistically significant differences of cutting power
between individual pairs of sessile and pedunculate oak wood samples after correcting for
multiple testing. This result suggests that there is a general pattern of differences among
wood species, but the differences of cutting power between samples of sessile and
pedunculate oak wood when milling is performed with the same feed speed and cutting
depth were not sufficiently pronounced to be detected in post hoc analyses. The obtained
results could be explained by wood inhomogeneity and differences in density of wood
samples of the same species (because they are cut from different logs) or by effect of
measurement uncertainty on measuring lower values of cutting power.

Table 2. Results of ANOVA Analysis of the Influence of Processing Parameters
on Cutting Power (n=10)

Univariate Tests of Significance for Cutting Power Pc (W)

Sigma-restricted parameterization

Effective hypothesis decomposition

SS Degr. of MS F p
Effect (Freedom)
Intercept 5477715 1| 5477715 | 20819 | 0.000000
Wood species 14008 1 14008 19.348 0.000020
vi (m/min) 99470 2 49735 68.697 0.000000
ae (Mm) 1396337 2 698168 | 964.347 0.000000
Wood species * vi (m/min) 6680 2 3340 4.614 0.011264
Wood species * as (mm) 8406 2 4203 5.805 0.003677
vt [m/min]* @e (mm) 56819 4 14205 19.620 0.000000
}’r\]’%‘q’;’ species ™ vt (m/min)” g 21298 4 5325 | 7.355 | 0.000018
Error 116561 161 724
vi — feed speed; ae — cutting depth
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Wood species*v; (m/min)*a, (mm); LS Means
Current effect: F(4, 161)=7,3546, p=,00002
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Fig. 3. ANOVA analysis of the effect of feed rate and cutting depth on cutting power during milling
of sessile oak and pedunculate oak wood samples

From the experience and literature (Ettelt and Gittel 2004) it could be stated that
measured values of cutting power for the same piece of solid wood can have fluctuations
in the range of 20%. If the density and other influencing parameters are not closely
monitored, this can lead to questionable conclusions. On the other hand, the reason for no
significant differences of cutting power could lie in different effects of feed speed and
cutting depth on cutting power when milling sessile and pedunculate oak.

Surface Roughness

Table 3 presents the surface roughness parameters obtained for samples of sessile
oak and pedunculate oak wood processed by milling.

The mean values of all analysed roughness parameters were higher for sessile oak
wood samples than for pedunculate oak wood samples. The average value of the roughness
parameter R, was 6% higher, the roughness parameter R; was 5% higher, and the smallest
difference was in the parameter R, which was 3%. In comparison to research results of
other authors carried out on sessile oak and pedunculate oak wood samples (Usta et al.
2007; Sofuoglu et al. 2015; Thoma et al. 2015), in this study lower values of average
surface roughness under similar milling conditions were obtained. The reason for the
difference in these values may be in the choice of measurement points on the machined
surface, especially if the measured surface profile includes fewer deep pores.
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Table 3. Roughness Parameters of Milled Surfaces of Sessile Oak and
Pedunculate Oak Wood Samples (n=10)

Processing Parameters Sessile Oak Wood Pedunculate Oak Wood
S»Fpeee: y Cutting R, Rq R, R Rq R
(m/min) Depth (mm) (um) (Mm) (um) (um) (Hm) (um)

1 2.58 3.45 22.15 2.29 3.03 19.02

(0.20)* (0.34) (3.74) (0.20) (0.31) (2.33)

6.5 ° 2.98 3.76 21.41 2.97 3.93 22.87

: (0.55) (0.69) (4.52) (0.41) (0.56) (2.90)

3 3.06 3.98 22.58 2.78 3.67 21.79

(0.47) (0.62) (3.02) (0.54) (0.73) (4.59)

1 3.53 4.76 29.50 3.40 4.65 30.32

(0.41) (0.59) (4.20) (0.47) (0.73) (4.62)

13 5 3.61 4.74 27.80 3.43 4.49 27.36

(0.52) (0.77) (5.22) (0.61) (0.91) (7.13)

3 4.00 5.31 30.90 3.48 4.76 29.63

(0.90) (1.32) (8.45) (0.42) 0.57) (3.61)

1 4.51 577 32.88 412 5.18 28.85

(0.18) (0.36) (5.88) (0.38) (0.57) (4.28)

165 5 4.60 5.89 34.42 3.68 4.71 27.48

) (0.54) (0.79) (6.62) (0.44) (0.61) (4.52)

3 4.50 5.95 34.41 4.48 5.87 34.41

(0.45) (0.76) (5.88) (0.50) (0.77) (6.48)

Ra — the arithmetic mean deviation of the profile, Ry — the root mean square deviation of the
profile; Rz — the maximum height of the profile. * Data present mean values of roughness
parameters and standard deviations are given in parentheses.

Table 4 presents the results of the ANOVA analysis of the data obtained by
measuring the surface roughness expressed as the parameter R.. The wood species, feed
speed, and cutting depth had a statistically significant effect on the roughness parameter R,
at the significance level p < 0.05.

However, the interaction of the wood species with feed speed or with the cutting
depth did not show a statistically significant effect on the surface roughness, which
indicates the similar effect of changing the processing parameters on the roughness
parameter R, for both wood species.

The feed speed had the most pronounced effect on the roughness of the machined
surface. Usta et al. (2007) also showed in their research that the roughness parameter R. is
statistically significantly influenced by feed speed, cutting depth, wood properties and
additionally the number of cutters in cutterhead.

The results of the ANOVA analysis of the influence of the processing parameters
on the surface roughness expressed by the parameter R, (Table 5) show a statistically
significant influence of all investigated parameters, while the interactions of the parameters
did not prove to be statistically significant. The analysis of the influence of the processing
parameters on the surface roughness expressed by the parameter R. (Table 6), which is
significantly influenced by the anatomical structure of the wood, also showed that the
influence of the wood species is statistically significant. The effect of the feed speed was
also statistically significant, while the cutting depth did not have a significant effect on the
roughness parameter Rz, nor did the interaction of the investigated parameters.

Based on the theoretical analysis of the cutter marks that are created by the passage
of the tool during wood milling, it can be shown that for common values of cutting
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diameters the most influential technological parameter on the quality of machined surface
is the effective feed per knife, which is directly proportional to feed speed. Given that the
parameter R. actually represents the mean absolute value of the measured (both filtered
and averaged) signal of the machined surface roughness profile, and R, its Root Mean
Square (RMS) value, then it could be expected that these parameters increase with the
increase of the theoretical cutting marks height. Of course, these values are also affected
by the anatomical structure of the wood and machining roughness. The effect on surface
roughness could have also involved the clearance in the fit between the tool and the spindle
as well as inaccuracy in positioning the knives. For that reason, the present work used a
head in which there was only one knife in order to exclude the influence of inaccuracy in
the placement of the knives and their uneven engagement.

In the range of chosen input machining variables, calculated theoretical cutter mark

heights were rw = (2.4; 9.7 and 14.6) um. Anatomical characteristics of ring porous wood
species, which affect resulting surface profile, can have much higher variation. Considering
the methodology for calculating the roughness parameter Rz, it can be expected that in such
cases it is possible that this parameter is mostly influenced by anatomical properties of
wood and not by machining parameters.

Figures 4 through 6 show the influence of feed speed and cutting depth on the
roughness of the machined surface when milling samples of sessile oak and pedunculate
oak wood, expressed by the parameters Rq, Rg and R-. The figures clearly show that samples
of pedunculate oak wood, on average, had a slightly better quality of the machined surface
than samples of sessile oak wood. Differences in surface quality could be explained by the
influence of density, texture, and anatomical structure of wood species. The influence of
different wood density and wood structure in analyses of surface roughness parameters
could be eliminated by normalization of analyzed surface parameters (Chuchala et al.
2023).

Table 4. Results of ANOVA Analysis of the Influence of Processing Parameters
on Value R; of Surface Roughness

Univariate Tests of Significance for Ra (um)
Sigma-restricted parameterization
Effective hypothesis decomposition
SS Degr. of MS F o]
Effect (Freedom)
Intercept 2273.067 1 2273.067| 9738.515 0.000000
Wood species 4.125 1 4.125 17.674| 0.000043
vi (m/min) 71.032 2 35.516] 152.162] 0.000000
8e (MmM) 2.899 2 1.450 6.210] 0.002520
Wood species * vi (m/min) 0.473 2 0.236 1.013] 0.365337
Wood species * ae (mm) 0.097 2 0.048 0.207] 0.813033
vi (m/min)* ge (mm) 2.697 4 0.674 2.889 0.024086
\(’r\;‘;g;’ species * vi (m/min)” & 2619 4 0.655|  2.805 0.027553
Error 37.812 162 0.233
vi — feed speed; ae — cutting depth

The pairwise comparisons across all parameter combinations by Tukey HSD post
hoc test did not show statistically significant differences between roughness parameters of
machined surfaces of sessile and pedunculate oak wood samples in almost all cases of

Duki¢ et al. (2026). “Sessile vs. pedunculate oaks,” BioResources 21(3), 7395-7411. 7404



bioresources.cnr.ncsu.edu

PEER-REVIEWED ARTICLE

milling parameters. Significant statistical difference of surface roughness parameters Ra
and R, was noted only when wood samples were machined at feed speed of 16.5 m/min
and cutting depth of 2 mm.

ANOVA showed a statistically significant main effect of wood species on surface
roughness parameters, but the differences between samples of sessile and pedunculate oak
wood when milling was performed with the same feed speed and cutting depth were not
sufficiently pronounced to be detected in Tukey HSD post hoc analyses. The reason for not
observing significant differences could be in small number of measurements and large data
deviation.

Table 5. Results of ANOVA Analysis of the Influence of Processing Parameters
on Value Ry of Surface Roughness

Univariate Tests of Significance for Ry (um)

Sigma-restricted parameterization

Effective hypothesis decomposition

SS Degr. of MS F ¢]

Effect Freedom
Intercept 3909.181 1 3909.181| 7905.437] 0.000000
Wood species 6.205 1 6.205 12.548| 0.000518
vi (m/min) 112.681 2 56.341| 113.936] 0.000000
ae (Mmm) 6.564 2 3.282 6.637] 0.001696
Wood species * vs (m/min) 1.478 2 0.739 1.495 0.227335
Wood species * ae (mm) 0.088 2 0.044 0.089] 0.914776
vi (m/min)* @e (mm) 4.050 4 1.012 2.047) 0.090185
\(’r\m;’ species * vi (m/min)“ae 4.434 4 1108 2242 0.066817
Error 80.108 162 0.494
vi — feed speed; ae — cutting depth

Table 6. Results of ANOVA Analysis of the Influence of Processing Parameters
on Value R; of Surface Roughness

Univariate Tests of Significance for Rz (um)
Sigma-restricted parameterization
Effective hypothesis decomposition
SS Degr. of MS F o]
Effect Freedom
Intercept 137643.9 1| 137643.9| 5233.446 0.000000
Wood species 114.2 1 114.2 4.341 0.038770
vi (m/min) 3499.6 2 1749.8 66.531 0.000000
8e (mm) 153.4 2 76.7 2916 0.057019
Wood species * vs (m/min) 98.2 2 491 1.867 0.157917
Wood species * ae (mm) 18.5 2 9.3 0.352 0.703467
vi (m/min)* ae (mm) 128.6 4 32.1 1.222 0.303493
mg;j species ™ vt (m/min)*ae 166.9 4 417 1587 0.180297
Error 4260.7 162 26.3
vi — feed speed; ae — cutting depth
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Wood species*vr (m/min)*ae (mm); LS Means
Current effect: F(4, 162)=2,8046, p=,02755
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Fig. 4. ANOVA analysis of the effect of feed rate and cutting depth on the value of parameter Ra of
surface roughness

Wood species*vi (m/min)*ae (mm); LS Means
Current effect: F(4, 162)=2,2417, p=,06682
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Fig. 5. ANOVA analysis of the effect of feed rate and cutting depth on the value of parameter Rq of
surface roughness
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Wood species*vi (m/min)*ae (mm); LS Means
Current effect: F(4, 162)=1,5867, p=,18030
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Fig. 6. ANOVA analysis of the effect of feed rate and cutting depth on the value of parameter R; of
surface roughness

According to Jiang et al. (2022), the cutting depth has significant effect on the
surface roughness as well as the rake angle, while the cutting speed influence is
insignificant. Research results obtained by Razaei er al. (2020) have shown that the
increase in cutting speed and rake angle improved the surface quality, while increase in
feed speed caused a deterioration in the surface quality, similarly as it has been shown in
the present research. The same effects were obtained by Ajdinaj et al. (2023) in a study of
the surface quality of silver fir wood planed at different feed rates after thermal
modification. They concluded that the increase of feed rate affected the increase in the
surface roughness of the wood, and the feed rate resulted as a more significant factor on
the surface roughness than temperature of wood modification. Research results obtained
by Thoma et al. (2015) have shown that the change of the planing parameters as rotational
frequency, feed speed, and chip thickness did not significantly influence the surface
roughness parameters. The probable reason for such results was relatively small range of
rotational frequencies and feed speeds in their experiment. Thoma et al. (2015) stated that
the differences between roughness parameters mainly can be explained by the influence of
the wood texture and the texture uniformity. The size and distribution of the pores
(particularly within the early wood), can give a very uneven wood texture. Wood species
with small pores tend to be the most evenly textured compared to the wood species such
as oak, which has very large and open pores.

In order to confirm the results obtained, research should be conducted on samples
of sessile oak and pedunculate oak wood from different locations.
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CONCLUSIONS

1.

Although the average cutting power during milling sessile oak wood was greater than
during milling pedunculate oak wood and three-factorial ANOVA has shown that
global effect of wood species on cutting power is significant, the results of individual
pairwise comparisons of cutting power during milling under the same conditions after
correction by post hoc Tukey HSD did not reach statistical significance.

Similar to results of cutting power, higher values of roughness parameters R., Ry and
R: were measured on the machined surface of samples of sessile oak wood than
pedunculate oak wood and three-factorial ANOVA has shown that wood species has
significant effect on roughness parameters. However, the results of pairwise
comparison by post hoc Tukey HSD test did not show significant differences of surface
roughness parameters of sessile oak and pedunculate oak wood samples machined
under the same milling conditions.

The research results showed that, of the milling parameters studied, the cutting depth
had the most significant influence on the cutting power, and with the increase of cutting
depth the cutting power increased too. On the other hand, the most significant influence
on the surface roughness was the feed speed. Surface roughness parameters increased
with the increase of feed speed.

Although a statistically significant effect of wood species on the machinability
parameters of sessile oak and pedunculate oak wood was demonstrated by ANOVA,
technological parameters were found to have a much greater effect on the machinability
parameters than wood properties, which supports practical experience in considering
them as materials with similar machinability.
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