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1. Introductions

Abstract

The effect of processing parameters on the surface roughness parameter Rz (mean peak-to-valley height) in CNC
machining of Anatolian chestnut (Castenia sativa Mill.) wood species used in the woodworking and furniture indus-
try was investigated. The machining conditions were determined to obtain the lowest Rz value. The experiments were
carried out at the speeds of 8000, 12000, and 16000 rpm and the feed rates of 1000, 1500, and 2000 mm/min with 3
and 4 machining layers by using two different cutters with a diameter of 8 mm. Rz measurements were made on the
obtained surfaces using the needle scanning method according to TS EN ISO 21920-2 (2021). In the measurements
perpendicular to the fibers, the lowest Rz values were obtained with cutter type 2 (the cutter of the three cutting edge
straight end mill), at 16000 rpm speed, 1000/2000 mm/min feed rate, and four machining layers. In the measurements
made parallel to the fibers, the lowest Rz values were obtained at the cutter type 2 (the cutter of the three cutting edge
straight end mill), at the speed of 16000 rpm and the feed rate of 1000/2000 mm/min and 4th step-down. A smooth
surface (lower Rz value) was obtained with fourth cuts (step down, cut layer) instead of third cuts.

Keywords: Anatolian chestnut CNC, machining, surface roughness, Rz.

Ozet

Mobilya ve agag isleme sanayiisinde kullanilan yerli agag tiirlerinden Anadolu kestanesi (Castenia sativa Mill.) nin
CNC ile islenmesinde isleme parametrelerinin Rz yiizey piiriizliilik parametresi iizerine etkisi incelenmistir. En diisiik
Rz degerinin elde edilebilmesi i¢in isleme kosullari belirlenmistir. Denemeler iki farkli kesici kullanilarak (¢ap=8
mm) 8000, 12000 ve 16000 devir/dakika devir sayilarinda ve 1000, 1500 ve 2000 mm/dak ilerleme hizlarinda 3 ve 4
olmak iizere farkli iki isleme katman sayisinda yapilmistir. [sleme sonucu meydana gelen yiizeylerin zeminlerinde
dokunmali igne taramali yontem kullanilarak TS 6956 EN ISO 4287’ e gore Rz (ortalama tepe-vadi yiiksekligi) tespiti
yapilmistir. Liflere dik yapilan 6l¢timlerde en diisiik Rz degerleri 2 no’lu (3 kesici kenarli diiz parmak freze) kesici
tipinde, 16000 dev/dak devir sayisinda, 1000/2000 mm/dak ilerleme hizinda ve 4 isleme katman sayisinda elde
edilmistir. Liflere paralel yapilan 6lgiimlerde en diisiik Rz degerleri 2 no’lu kesici (3 kesici kenarli diiz parmak freze)
tipinde, 16000 dev/dak devir sayisinda, 1000/2000 mm/dak ilerleme hizinda ve 4 isleme katman sayisinda elde
edilmistir. 3 kesis ile alan bosaltma yerine 4 kesis ile yapilan alan bosaltma da diizgiin yiizey (daha diisiik Rz degeri)
elde edilmistir.

Anahtar kelimeler: Anadolu kestanesi, CNC, isleme, yiizey purizliligi, Rz.

products increase competitiveness (Karagoz, 2010). The ma-
chining strategy and parameters, and cutting tool must be cor-
rectly selected (Karagdz, 2011). Settings such as the number

In products with wood and wood-based materials, high sur-
face quality is a desired feature during and after production.
Surface quality is one of the most critical factors determining
the quality in the furniture and woodworking sector. The ma-
chining technique is a critical factor that forms the surface
quality of wood material. The use of CNC machines in the
Turkish furniture industry started in the 1990s (Kog and Kog,
2005). Nowadays, CNC machines in the furniture industry
fulfill customer demands and enable the application of vari-
ous designs. Low labor costs and the ability to produce quality

of revolutions used in machining, feed speed, depth of cut,
machining strategy, depth of cut, etc., are determined with the
CNC programs (Bal and Akcakaya, 2018). These factors
change the surface roughness of the processed surface. With
the decrease in forest assets worldwide, both producers and
users should process the wood material more efficiently, eval-
uate it, and use it for a more extended period. Non-smooth
surfaces in one of the processing stages of wood material
causes additional processes, such as sanding in the next pro-
duction stage (Aykag, 2018). Wood materials generally give
higher roughness values than similar materials where surface
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smoothness is essential. Wood materials should be processed
with appropriate tools, cutters, and machines. Otherwise, un-
desirable defective surfaces may occur. Surface quality can
be related to surface roughness in the joints of wood materi-
als, adhesion strength at joints and surfaces, and the success
of finishes (Jakub and Martino, 2005). It is significant to
know and apply the machining properties of the wood species
and the machining properties appropriate for them (Sofuoglu,
2008). As a rule, the feed rate, number of cutter marks per
unit distance, and depth of cut must be kept small when the
density of the workpiece being processed increases (iron,
steel, etc.). Low-density and easy-to-process materials such
as wood are kept large, and these settings vary according to
the material density (Bal, 2018). There are studies on the de-
termination of surface quality in CNC machining of wood and
wood-based materials by changing various machining param-
eters (Kilic et al., 2006; Karagdz, 2010; Siitcii and Karagdz,
2012; Kacal and Sofuoglu, 2013; Sofuoglu and Kagal, 2013;
Sofuoglu, 2015a; Sofuoglu, 2015b; Sofuoglu, 2016; Kog et
al., 2017; Bal, 2018; Isleyen and Karamanoglu, 2019, Kaba
and Bal, 2024). Heat-treated (Ergin and Sofuoglu, 2023), sur-
face densified (Tosun and Sofuoglu, 2023a, Tosun and
Sofuoglu, 2023a, Sofuoglu et al., 2023) studies were also car-
ried out to determine the optimum parameters in CNC hole
drilling process. Machining time (Dumanoglu and Bal, 2022)
and energy consumption (Bal et al., 2022) are also invasti-
gated. There are also review articles on the subject (Khorasani
et al., 2012; Gurau and Irle, 2017). Different results may oc-
cur in each wood species due to its heterogeneous structure.
This study aimed to investigate the relationship between ma-
chining parameters and Rz surface roughness in CNC machin-
ing of Anatolian chestnut wood species and determine the op-
timum conditions for obtaining the lowest Rz value.

2. Material and Method

2.2. Material

The study used an Anatolian chestnut (Castenia sativa Mill.)
wood sample as the experiment material. The wood was ran-
domly selected from the sawmill in Simav, Kutahya. The air
dry density was determined as 0.56 g/cm?.

The specimens were machined using the SKILLED 2040
three-axis CNC vertical machining machine located in

Kutahya Dumlupinar University Simav Technology Faculty
Woodworking Industrial Engineering Departmen.

As the cutter type, straight-end mills with 8 mm diameter and
a different number of cutting edges (2 and 3) made of high-
speed steel (HSS) supplied by Netmak company were used
(Figure 1). The roughness was measured using a Time TR-
200 needle-scanning surface roughness measuring instru-
ment.

2.2. Method

The timbers determined for the test specimen were left to nat-
ural drying for six months under room conditions. Then, they
were cut to dimensions of approximately 55x6x2 cm. The
specimens prepared for the experiments were kept in an air
conditioning cabinet at a temperature of 20 + 2°C and a rela-
tive humidity of 65 + 5% until they reached a stable weight
and the relative humidity reached 12 + 2%. Using the soft-
ware, L-shaped zigzag machining was carried out with long
sides of 5 cm and short sides of 2 cm, with a machining depth
of 10 mm. The machining parameters and levels determined
in the creation of the experimental design are given in Table
1. A schematic representation of the experimental design is
given in Figure 1.

The parameter Rz (arithmetic mean of the highest and lowest
five points, a total of ten points) was used to obtain roughness
data. The Rz parameter is a valuable complement to the Ra
parameter as it defines the height of individual irregularities.
Rz defines the gradual removal of protruding fibers from the
surface andthe reduction of deep grooves created on the sur-
face simultaneously. In the direction perpendicular to the fi-
bers, the parameter is also an indicator of the decrease in the
differences between earlywood and latewood (Adamcik et al.,
2024). The test was conducted according to ISO 21920-2
(2021) standard. The wood surface roughness parameter Rz
was evaluated in two directions: parallel and perpendicular to
fibers. The measurement step (cut-off) was taken at 0.8 mm.
The device was used to determine the surface roughness val-
ues of the specimens, which were placed parallel to the
ground with five repetitions. During the measurement pro-
cess, the calibration of the device was checked at specific in-
tervals.

Table 1. Parameters used in the face milling of Anatolian chestnut (Aras, 2019).

Machining parameters

Number of stepdown 3
Spindle speed (rpm) 8000
Feed (mm/min) 1000

Cutter type

1 (The cutter with the two cut-
ting-edge straight end mills)

Coded levels
4
12000 16000
1500 2000

2 (with the three cutting
edge straight end mills)
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Conditioned cabinet for 12% humidity

Surface roughness (Rz) and analysis

Figure 1. Schematic representation of the experimental design.

2.3. Statistical analysis

Using Minitab software, a normality test was performed on
the obtained data at a 95% confidence level. Analysis of var-
iance (ANOVA) was applied to the data, and evaluations were
made with main effect and interaction graphs between factors.
The results are given in tables and graphs.

3. Results and Discussion

Roughness measurements perpendicular and parallel to the fi-
bers on the machined ground surfaces were carried out and
evaluated using statistical methods to determine the effect of
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cutter type, speed, feed rate, and number of cut layers on Rz
on the machined ground surfaces. Rz values obtained are
given in Table 2.

In Figure 2, the normality test was performed on the Rz values
obtained from the measurements perpendicular to the fibers.
The p-value is more significant than 0.05 (P=0.753), so the Rz
values are normally distributed at a 95% confidence level.

The results of the analysis of variance for Rz in measurements
perpendicular to the fibers are given in Table 3.

Mean 30.91
StDev 4.920
N 36

AD 0.242
P-Value 0.753

35 40 45

Figure 2. Normality plot for Rz for measurements perpendicular to the fibers.
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Table 2. Rz values obtained from measurements perpendicular and parallel to the fibers on the ground surfaces (Aras, 2019).

Cutter  Spindle speed Feed Number of Rz (um)
type (rpm) (mm/min) stepdown Perpendicular to the fibers  Parallel to the fibers
1 8000 1000 3 32.167 23.048
1 8000 1000 4 29.367 12.387
1 8000 1500 3 35.918 13.950
1 8000 1500 4 34.090 24.187
1 8000 2000 3 21.150 19.130
1 8000 2000 4 30.200 15.690
1 12000 1000 3 28.610 13.873
1 12000 1000 4 36.167 19.750
1 12000 1500 3 36.247 14.457
1 12000 1500 4 37.014 11.990
1 12000 2000 3 41.680 26.017
1 12000 2000 4 29.028 14.473
1 16000 1000 3 29.763 13.043
1 16000 1000 4 28.920 29.223
1 16000 1500 3 34.220 24.013
1 16000 1500 4 29.417 21.260
1 16000 2000 3 29.640 20.033
1 16000 2000 4 37.313 19.200
2 8000 1000 3 30.388 20.830
2 8000 1000 4 26.950 22.110
2 8000 1500 3 34.268 19.350
2 8000 1500 4 29.983 19.727
2 8000 2000 3 33.780 16.583
2 8000 2000 4 20.823 14.030
2 12000 1000 3 32.896 19.357
2 12000 1000 4 27.628 13.330
2 12000 1500 3 31.073 20.573
2 12000 1500 4 27.593 23.970
2 12000 2000 3 24.900 14.840
2 12000 2000 4 31.536 17.807
2 16000 1000 3 25.347 20.167
2 16000 1000 4 25.297 14.043
2 16000 1500 3 40.347 22.717
2 16000 1500 4 23.564 12.640
2 16000 2000 3 23.287 26.723
2 16000 2000 4 30.070 10.855

Table 3. Analysis of variance results for Rz in measurements perpendicular to the fibers.

Degree of Rz
Source freedom Sum of Mean squares F P

squares
Cutter type 1 183.06 183.06 452 0.042
Spindle speed (rpm) 2 92.94 46.47 115 0.331
Feed (mm/min) 2 22.85 11.43 0.28 0.756
Number of stepdown 1 71.46 71.46 1.77 0.194
Error 29 1173.69 40.47
Total 35 1544.00

According to the results of the analysis of variance at 95% According to the main effect plot in Figure 4, lower Rz values
confidence level, there is a statistically significant difference were obtained on the surfaces machined with the cutter of the
for Rz since P=0.042<0.05 for cutter type. There is no signif- three cutting-edge straight-end mills. The roughness value in-
icant difference for all other factors due to p-value>0.05. Fig- creased when the number of revolutions increased from 8000
ure 3 shows the main effect plot for Rz for measurements per- rpm to 12000 rpm. In the case of increasing to 16000 rpm, the
pendicular to the fibers on the surface.
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Rz value decreased, and the lowest roughness value was ob-
tained at this speed. The lowest roughness value was obtained
at 1000 mm/min feed, while the roughness value increased
when the feed increased to 1500. The highest roughness value
occurred at 1500 mm/min. The values were nearly identical

Cutter type

314

30

Rz (um)

1 2 8000

Spindle speed (rpm) I

at 1000 and 2000 mm/min feed rates. The lowest Rz values
were obtained with the three cutting-edge straight-end mills,
16000 rpm, 1000/2000 mm/min feed, and the fourth cut lay-
ers.

Feed (mm/min)

AR

Number of stepdown

12000 16000 1000 1500 2000 3 4

Figure 3. Effect of cutter type, speed, feed rate, and number of cut layers on Rz in measurements perpendicular to the fibers.

8000 12000 16000 1000 1500

Cutter type

Feed (mm/min)

2000 3 -+
- ! - 36
Cutter type
32 L
s s 2
t-28
36
Spindle speed (rpm)
32
—eo— 8000
- —m—- 12000
' - @~ 16000
36
Feed (mm/min)
k32
—eo— 1000
- = 28 —o—- 1500
[ -4~ 2000

Number of stepdown

Figure 4. Interactions of processing factors in terms of Rz in measurements perpendicular to the fibers.

As can be seen in the interaction plot, the cutter of the two
cutting-edge straight-end mills gives Rz values close to each
other at both machining layer numbers. In comparison, the
cutter of the three cutting edge straight end mills gives a lower
Rz value at the fourth step-downs. At 8000 and 12000 rpm,
the lowest Rz value was obtained at the fourth machining lay-
ers, while at 16000 rpm, the lowest Rz value was obtained at
the third step-downs. At 1000 and 2000 mm/min feed rates,
close Rz values were obtained between the number of machin-
ing layers, while a lower Rz value was obtained at 1500

mm/min feed rate with the fourth step-downs. The highest Rz
values were obtained at 1500 mm/min feed rate in both cutters
and each speed. The highest Rz value was obtained at 1500
mm/min feed rate at all three speeds. The cutter with the three
cutting-edge straight-end mills gave lower Rz values at both
machining layer numbers, all feeds, and all speeds.

The normality plot of Rz values obtained in surface roughness
measurements parallel to the fibers is given in Figure 5.
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Since p-value=0.119>0.05 was obtained according to the nor-
mality plot, it is obvious that the average Rz values obtained
in the average roughness measurement are normally distrib-

Table 4 gives the results of the variance analysis for the sur-
face roughness parameters in the measurements made parallel
to the fibers on the surface.

uted at a 95% confidence level.

99

957
90 -

[ee}
(=]

Percent

[FS I SR, e T |
2225333

Rz

Mean 18.48
StDev 4.721
N 36
AD 0.587
P-Value 0.119

35

Figure 5. Normality plot for Rz for measurements parallel to the fibers.

Table 4. Analysis of variance results for Rz in measurements parallel to the fibers.

Degree of Rz

Source freedom Sum of Mean F p

sqguares squares
Cutter type 1 1.024 1.024 0.04 0.840
Spindle speed (rpm) 2 23.047 11.524 0.46 0.633
Feed (mm/min) 2 7.590 3.795 0.15 0.859
Number of stepdown 1 28.501 28.501 1.15 0.293
Error 29 719.973 24.827
Total 35 780.135

According to the variance analysis results for Rz at a 95%
confidence level, there is no significant difference in all fac-
tors since P>0.05. Figure 9 shows the main effect plot for Rz
in the measurements made parallel to the fibers on the surface.

As can be seen in the main effect plot for Rz in the measure-
mentsparallel to the fibers (Figure 6), smoother surfaces were
obtained on the surfaces machined with the cutter of the three
cutting-edge straight-end mills- However, closer values were
obtained compared to the measurement perpendicular to these
fibers. When the spindle speed was increased from 8000 rpm
to 12000 rpm, a decrease occurred in the roughness value.
When increased to 16000 rpm, the Rz value increased again,
and the lowest Rz value was obtained at 12000 rpm. While the
highest Rz value occurred at 12000 rpm in the measurement
perpendicular to the fibers, the lowest Rz value was obtained
in the measurement parallel to the fibers. When the feed was
increased from 1000 mm/min to 1500, an increase in the
roughness value occurred, and when the feed was increased

to 2000 mm/min, the Rz value close to the Rz value obtained
at 1000 mm/min was obtained again. The lowest Rz values
were obtained with the cutter of the three cutting-edge
straight-end mills, 16000 rpm, 1000 or 2000 mm/min feed,
and the fourth step-down.

According to Figure 7, when the interaction graph of the
measurements made parallel to the fibers is evaluated in gen-
eral, it can be said that lower roughness values are obtained
with cutter type 2 (the cutter of the three cutting-edge straight-
end mill). Similar to the measurements perpendicular to the
fibers, in the measurements parallel to the fibers, at a feed of
1000 mm/min, cutter types 1 and 2 gave similar Rz values.

With the increase in the number of revolutions in rotary cut-
ters, roughness values decrease, and smoother surfaces can be
obtained (Karagoz, 2010; Sutcu and Karagoz, 2012;
Sofuoglu, 2015a; Sofuoglu, 2015b; Kog, et al., 2017; Hazir,
et al., 2018; Aykac and Sofuoglu, 2021; Tosun, 2021). When
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evaluated in general, it is seen that the values obtained in the
study show similar trends to those in the literature. It can be
considered that the differences that occur in some cases may
be due to the increase in vibration at some speeds in CNC and
the anatomical structure of the wood material due to its heter-
ogeneous structure. As aresult, a linear graph may not appear.
Smoother surfaces can be achieved by increasing the number
of cutting marks per unit distance on the material surface of
the cutters. (Malkocoglu and Ozdemir, 2006; Usta et al.,

Cutter type
19.5

19.0

Rz (um)
/.
/
s J

18.0 /

173
1 2 8000

Spindle speed (rpm)

2007; Sofuoglu, 2008; Sofuoglu and Kurtoglu, 2014; Tiryaki,
2014). In this case, the fact that cutter No. 2 has three blades
and its side surfaces have helical, beveled cutting edges pro-
vided smoother surfaces in the machining of the surfaces and
similar results to the literature were obtained. It is also known
that softwood is resinous. The surface roughness parameter
Rz is slightly influenced by the presence of resin canals in
wood macrostructure (Vitosyté, et al., 2015).

Feed (mm/min)  Number of stepdown

°

\
\

12000 16000 1000 1500 2000 2 3

Figure 6. Effect of cutter type, spindle speed, feed, and number of stepdown on Rz in measurements parallel to the fibers.
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Figure 7. Interactions of processing factors in terms of Rz in measurements parallel to the fibers.

4. Conclusions

In this study, machining was carried out on a CNC machine
by changing various parameters to determine the optimum
machining conditions by obtaining the lowest Rz roughness
value of the samples prepared from Anatolian chestnut (Cas-
tenia sativa Mill.) wood species. When the roughness values
obtained are analyzed,

- Increasing the feed rate had different, independent effects
on the roughness parallel and perpendicular to the fibers.

The lowest value occurred in Rz perpendicular to the fi-
bers, and the highest value occurred in Rz parallel to the
fibers at the highest spindle speed (16000 rpm). It is obvi-
ous that the effect of measurement direction on Rz was
different.

- Feed rate variations, the number of machining layers, and
the cutter type had similar effect on Rz in both measure-
ment directions. The lowest Rz values were obtained with
cutter type 2 (with the three cutting-edge straight-end
mills), 16000 rpm, 1000/2000 mm/min feed rate, and four
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machining layers in the measurements perpendicular to
the fibers.

- The lowest Rz values were obtained at the cutter type 2
(the cutter of the three cutting edge straight end mill), at a
speed of 16000 rpm, at a feed rate of 1000/2000 mm/min
and the fourth machining layers in the measurements par-
allel to the fibers.

- A smoother surface (lower Rz value) was obtained with
four cuts (step-down) compare to those of three cuts.

- The data should be evaluated, and machining should be
performed using the optimum parameters to obtain mini-
mum roughness values.

- Since CNC machining characteristics will differ for each
wood type, optimum points can be determined by chang-
ing the parameters such as cutter type, wood type, mois-
ture content, etc.

Acknowledgment

This article is based on Oru¢ ARAS's master thesis entitled
"Investigation of the relationship between machining param-
eters in different massive wood sections at CNC milling op-
erations .

Author contributions

Concept: O.A., S.D.S.; Design: O.A., S.D.S.; Supervision:
S.D.S.; Data Collection: O.A.; Analysis: O.A., S.D.S.; Liter-
ature Search: O.A., S.D.S.; Writing Manuscript: O.A.; Criti-
cal Review: S.D.S

References

Aras, O., 2019. Investigation of the Relationship Between Machin-
ing Parameters in Different Massive Wood Sections at CNC Milling
Operations, Kutahya Dumlupinar University, Graduate School of
Sciences, Master Thesis, Kutahya, Turkiye.

Aykag, E., 2018. Investigation of the effect of machining parameters
on surface quality in Bamboo, Kutahya Dumlupinar University,
Graduate School of Sciences, Master thesis, Kutahya, Turkiye.

Aykac, E., Sofuoglu, S.D., 2021. Investigation of the effect of ma-
chining parameters on surface quality in bamboo. Tehnicki Vjesnik-
Technical Gazette, 28(2): 684-689. https://doi.org/10.17559/TV-
20200102202928

Bal, B.C., 2018. The effects of some tool paths adjustments of CNC
machines on surface roughness and processing time of fiberboards,
Furniture and Wooden Material Research Journal, 1(1): 21-30.
https://doi.org/10.33725/mamad.427588

Bal, B.C., Akgakaya, E., 2018. The effects of step over, feed rate and
finish depth on the surface roughness of fiberboard processed with
CNC machine, Furniture and Wooden Material Research Journal,
1(2): 86-93. https://doi.org/10.33725/mamad.481278

Bal, B. C., Mengeloglu, F., Akcakaya, E., Giindes, Z., 2022. Effects
of cutter parameters on surface roughness of fiberboard and energy
consumption of CNC machine. Kastamonu University Journal of
Forestry Faculty, 22(3): 264-272. https://doi.org/10.17475/kastor-
man.1215347

Dumanoglu, F., Bal, B.C., 2022. Effects of machining parameters on
the processing time and surface roughness of fiberboards formed by
CNC machine. Kahramanmaras Sutcu Imam University Journal of
Engineering Sciences, 25(4) 615-621.
https://doi.org/10.17780/ksujes.1144224

Ergin, U., Sofuoglu, S. D., 2023. Determination of machining char-
acteristics of heat-treated Siberian pine (Pinus sibirica). Drvna In-
dustrija, 74(2): 139-152. https://doi.org/10.5552/drvind.2023.0003

Gurau, L., Irle, M., 2017, Surface roughness evaluation methods for
wood products: A review, Current Forestry Reports, 3: 119-131.
https://doi.org/0.1007/s40725-017-0053-4

Hazir, E., Erdinler, E.S., Koc, K.H., 2018. Optimization of CNC cut-
ting parameters using design of experiment (DOE) and desirability
function. Journal of Forestry Research, 29(5): 1423-1434.
https://doi.org/10.1007/s11676-017-0555-8

Isleyen, U.K., Karamanoglu, M., 2019. The influence of machining
parameters on surface roughness of MDF in milling operation. Bio-
Resources, 14(2): 3266-3277. https://doi.org/10.15376/bio-
res.14.2.3266-3277

Jakub, S., Martino, N., 2005. Wood surface roughness-What is it,
Rosenheim Workshop, 29-30 September 2005, Boku University of
Natural Resources and Applied Life Sciences, Vienna, Austria.

Kaba, O., Bal, B.C., 2024. Investigation of the effect of CNC ma-
chine cutting parameters on the surface roughness of walnut wood.
Kahramanmaras Sutcu Imam University Journal of Engineering
Sciences, 27(1): 69-77. https://doi.org/10.17780/ksujes.1352802

Kagal, A., Sofuoglu, S.D., 2013. Experimentally and Statistically
Evaluating of Drilling of Massive Wooden Table which is Made of
Scotch Pine (Pinus sylvestris L.), 21% International Wood Machin-
ing Seminar, Tsukuba International Congress Center, Tsukuba, Ja-
pan. August 4-7, 2013, 421-428.

Karagéz, U., 2010. Investigation of Machining Parameters on the
Surface Quality in CNC Routing Wood And Wood-Based Materials,
Siileyman Demirel University, Graduate School of Sciences, Master
thesis, Isparta.

Karagdz, U., 2011. The effecting factors on surface quality of wood
and wood-based materials machined by CNC. Kastamonu Univer-
sity Journal of Forestry Faculty, 11(1): 18-26.

Kilic, M., Hiziroglu, S., Burdurlu, E., 2006, Effect of machining on
surface roughness of wood, Building and Environment, 41(8): 1074-
1078. https://doi.org/10.1016/j.buildenv.2005.05.008.

Khorasani, A.M., Yazdi, M.R.S., Safizadeh, M.S., 2012, Analysis of
machining parameters effects on surface roughness: a review, Int. J.
Computational Materials Science and Surface Engineering, 5(1):
68-84

Koc, K.H., Erdinler, E.S., Hazir, E., Oztiirk, E., 2017. Effect of CNC
application parameters on wooden surface quality, Measurement,
107: 12-18. https://doi.org/10.1016/j.measurement.2017.05.001

Kog, K.H, Kog, R., 2005. Bilgisayar destekli iiretim ve Tiirkiye mo-
bilya endiistrisinin gelecegi, Mobilya Dekorasyon, 67: 22-38.
http://nek.istanbul.edu.tr:4444/ekos/MAKALE/M4628.pdf

Malkogoglu, A., Ozdemir, T., 2006. The machining properties of
some hardwoods and softwoods naturally grown in Eastern Black
Sea Region of Turkey. Journal of Materials Processing Technology,
173(3): 315-320. https://doi.org/10.1016/j.jmatprotec.2005.09.031

Sofuoglu, S.D., 2008. Effect of Wood Machining Properties of Some
Native Wood Species on Surface Quality, Istanbul University, Insti-
tute of Sciences, PhD thesis, Istanbul.

49


https://obs.dpu.edu.tr/oibs/bologna/unitSelection.aspx?type=yls&lang=en#x80
https://obs.dpu.edu.tr/oibs/bologna/unitSelection.aspx?type=yls&lang=en#x80
https://obs.dpu.edu.tr/oibs/bologna/unitSelection.aspx?type=yls&lang=en#x80
https://doi.org/10.17559/TV-20200102202928
https://doi.org/10.17559/TV-20200102202928
file:///J:/2024%20YAYINLAR/8%20ORUÇ%20ARAS%20İLE/AĞAÇ%20VE%20ORMAN%20DERGİ/Furniture%20and%20Wooden%20Material%20Research%20Journal,
https://doi.org/10.33725/mamad.427588
https://doi.org/10.33725/mamad.481278
https://doi.org/10.17475/kastorman.1215347
https://doi.org/10.17475/kastorman.1215347
https://doi.org/10.17780/ksujes.1144224
https://doi.org/10.5552/drvind.2023.0003
https://doi.org/10.1007/s11676-017-0555-8
https://doi.org/10.1007/s11676-017-0555-8
https://doi.org/10.17780/ksujes.1352802
https://obs.dpu.edu.tr/oibs/bologna/unitSelection.aspx?type=yls&lang=en#x80
https://dergipark.org.tr/en/pub/kastorman
https://dergipark.org.tr/en/pub/kastorman
https://doi.org/10.1016/j.buildenv.2005.05.008
https://doi.org/10.1016/j.measurement.2017.05.001
http://nek.istanbul.edu.tr:4444/ekos/MAKALE/M4628.pdf
https://doi.org/10.1016/j.jmatprotec.2005.09.031

ARAS, SOFUOGLU / Agag ve Orman, 5(1): 38-46.

Sofuoglu, S.D., 2015a. Determination of optimal machining param-
eters of massive wooden edge-glued panels made of European larch
(Larix decidua Mill.) using Taguchi design method. BioResources,
10(4): 6797-6808. https://doi.org/10.15376/biores.10.4.7772-7781

Sofuoglu, S.D., 2015b. Using artificial neural networks to model the
surface roughness of massive wooden edge-glued panels made of
scotch pine (Pinus sylvestris L.) in a machining process with com-
puter numerical control. BioResources, 10(4): 6797-6808.
https://doi.org/10.15376/biores.10.4.6797-6808

Sofuoglu, S.D., 2016. Determination of Optimal Machining Param-
eters of Massive Wooden Edge- Glued Panels Which is Made of
Scots Pine (Pinus sylvestris L.), Using Taguchi Design Methods.
European Journal of Wood and Wood Products, 75(1):33-42.
https://doi.org/10.1007/s00107-016-1028-z

Sofuoglu, S.D., Kagal, A., 2013. Investigating of machining perfor-
mance in terms of tool wear and hole accuracy in drilling of parti-
cleboard surfaced with synthetic resin sheet, 21st International
Wood Machining Seminar, Tsukuba International Congress Center,
Tsukuba, Japan, August 4-7, 2013, s. 233-240.

Sofuoglu, S.D., Kurtoglu, A., 2014. Some machining properties of 4
wood species grown in Turkey. Turkish Journal of Agriculture and
Forestry, 38(3): 420-427. https://doi.org/10.3906/tar-1304-124

Sofuoglu, S. D., Tosun, M., Atilgan, A., 2023. Determination of the
machining characteristics of Uludag fir (Abies nordmanniana
Mattf.) densified by compressing. Wood Material Science & Engi-
neering, 18(3): 841-851.
https://doi.org/10.1080/17480272.2022.2080586

Sutcu, A., Karagoz, U., 2012. Effect of machining parameters on
surface quality after face milling of MDF, Wood Research, 57(2):
231-240.

Tiryaki, S., 2014. Effecting factors on surface roughness in wood
machining. 15(2): 176-182. https://doi.org/10.18182/tjf.93755

Tosun, M., 2021. The Effect of Thermo-Mechanical Densification
on Machining Properties of Massive Wooden Material, Kutahya
Dumlupinar University, Institute of Graduate Education, Master
thesis, Kutahya, Turkiye.

Tosun, M., Sofuoglu, S. D., 2023. The use of an artificial neural net-
work for predicting the machining characterising of wood materials
densified by compressing. Bilge International Journal of Science
and Technology Research, 7(1): 55-62.

Tosun, M., Sofuoglu, S. D. (2023). Determination of processing
characteristics of wood materials densified by compress-
ing. Maderas. Ciencia tecnologia, 25:1-16.
http://dx.doi.org/10.4067/s0718-221x2023000100427

I1SO 21920-2, 2021. Geometrical product specifications (GPS) - Sur-
face texture: Profile - Part 2: Terms, definitions and surface texture
parameters

Usta, 1., Demirci, S., Kilig, Y., 2007. Comparison of surface rough-
ness of Locust Acacia (Robinia pseudoacacia L.) and European Oak
(Quercus petraea (Mattu.) Lieble.) in terms of the preparative pro-
cess by planning. Building and Environment, 42: 2988-2992.

Vitosyté, J., Ukvalbergiené, K., and Keturakis G., 2015. Roughness
of sanded wood surface: an impact of wood species, grain direction
and grit size of abrasive material. Materials Science (Medziagotyra),
21(2): 255-259 (5), https://doi.org/10.5755/j01.mm.21.2.5882

50


https://doi.org/10.15376/biores.10.4.6797-6808
https://doi.org/10.15376/biores.10.4.6797-6808
https://doi.org/10.3906/tar-1304-124
https://doi.org/10.18182/tjf.93755
http://lee.dpu.edu.tr/
http://dx.doi.org/10.5755/j01.mm.21.2.5882

