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Abstract: Analysis of the surface roughness of native wood species depending on angular parameters of the
cutting tool during milling in different conditions. The presented study concerned the effect of technological
parameters such as feeding speed and sharpness angle on the surface roughness of three native wood species:
beech, pine and black locust. The sharpness angle was investigated in range of 40-55° during milling with
various values of feeding speeds. Milling process was carried out with the use of bottom spindle milling machine
and roughness measurements were completed using stylus profilometer. In order to analyze the results simple
linear regression analysis was done. It has been stated that in milling process linear upward trend of the surface
roughness occurs with an increase in the feeding speed. However, the characteristic of this feature depends on
the sharpness angle and wood species. In case of the sharpness angle, the best results were obtained for an angle
in range of 40-45°. Designated linear regression lines were characterized by high coefficient of determination.
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INTRODUCTION

Milling process is one of the most frequently used operations in manufacturing of
wood products such as furniture, floors, construction elements etc. Its effects often determine
quality of a final products. The quality can be described by various parameters, among others
by surface roughness. Surface roughness of wood depends on numerous factors occurring in
the milling process, such as feeding speed, cutting speed, cutting depth, angular parameters of
tool etc. (Hernandez ef al. 2001; Kilic ef al. 2006; Malkogoglu 2007). These factors play an
important role in machining process also in the aspect of tool wear (Kazlauskas et al. 2017;
Keturakis et al. 2017), power consumption (Barcik et al. 2008), cutting forces (Marchal et al.
2009) and sound emission (Iskra and Tanaka 2005). Machined material and its properties,
such as density and anatomical structure, have also a considerable effect on the surface quality
(Magoss and Sitke1 1999; Thoma et al. 2015).

In case of angular parameters of tool, most of the previous research concerned effects
of rake angle on the surface roughness of different wood species (Hernandez er al. 2001;
Malkogoglu 2007; Azemovic et al. 2014). Authors stated, that in terms of surface quality the
best results were obtained when the rake angle was the lowest. The sharpness angle was the
object of investigations mainly in terms of tool wear during milling of various materials
(Kowaluk et al. 2009; Keturakis and Lisauskas 2010). Authors found, that the higher is
sharpness angle, the lower in tool wear. Pinkowski et al. (2018) investigated the effect of
sharpness angle on the surface roughness during milling of four wood species and found, that
optimal value of the angle in the aspect of surface quality is 40°. Authors noticed that research
on this subject should be narrowed to the range close to this value because of the best
obtained results.

Considering above, the aim of this study was to analyze the effect of feeding speed on
the surface roughness of three native wood species during milling with the use of knives with
different sharpness angle in the range of 40-55°.
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MATERIALS

Three native wood species: beech (Fagus sylvatica L.), pine (Pinus sylvestris L.) and
black locust (Robinia pseudoacacia L.) were machined with the use of Felder F900z bottom-
spindle milling machine and Felder F-38 feeding equipment. Engine power of the machine
was 5,5 kW. Parameters such as rotational speed of spindle, depth of cut (working
engagement) and rake angle were constant and amounted 6000 min”', 1 mm and 25°,
respectively. Three cutting knives were used, with three values of the sharpness angle: 40°,
45° and 55°. Dimensions of the knifes were 50 mm x 30 mm x 3 mm. Knives were fixed in
four-edge cutterhead, and in each operation one properly set knife was used. Four values of
the feeding speed were used: 3.2, 8.3, 12.5, and 16.7 m/min. Mean densities of the samples
were 450 kg/m® for pine, 700 kg/m® for beech and 800 kg/m’ for black locust.

Surface roughness was measured with the use of a stylus profilometer ME10 (Carl
Zeiss, Jena, Germany). A tip radius of the measuring gauge was 10 um and an apex angle was
90°. Length of the measuring section was 50 mm and the cut-off length was 2,5 mm.
Roughness parameters were calculated in accordance with ISO 4287 (1997). To describe the
surface roughness two parameters were used: the arithmetic mean surface roughness (R,) and
the maximum height of the profile (R;). Roughness parameters were calculated using ProGraf
software. For each sample five measurements were completed.

Results analysis was done in Excel software (Microsoft, Redmond, WA, USA).

RESULTS AND DISCUSSION

Figures 1-3 present graphs with the results of R, and R, parameters with a trend
(regression) lines for all tested samples of studied wood species. It can be seen that in all
cases the surface roughness is characterized by linear upward trend during increasing the
feeding speed. This feature has been noted previously (Skaljié¢ et al. 2009; Azemovié et al.
2014; Pinkowski et al. 2018) and it has been caused by larger load of the knife. However,
increase in the results of roughness parameters was different for different sharpness angles. In
case of beech wood (Fig. 1) for R, parameter this trend was similar for all tested knifes, but
for the R, it is visible that obtained dependences are slightly different.
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Figure 1. Surface roughness of beech depending on the sharpness angle and the feeding speed

Pine wood was characterized by high differentiation of the results for different knifes,
especially in case of the R, parameter. As it’s shown in Fig. 2, the lowest increase of R, and
R, parameters was observed for knifes with the sharpness angle of 40°, but in case of the R,
the lowest values of the results was noted for the knife with the sharpness angle of 45°.
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Figure 2. Surface roughness of pine depending on the sharpness angle and the feeding speed

Black locust is the highest dense wood from the analyzed species, but on the other
hand it contains cavities with large dimensions. It has been previously stated that the denser is
wood the lower is surface roughness (Csanady et al. 2015; Pinkowski et al. 2018), but
heterogeneity may cause dispersion of results and thus lower determination of designated
trend lines. The largest increase in values of roughness parameters during increasing the
feeding speed was noted for the knife with the sharpness angle of 40°.
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Figure 3. Surface roughness of black locust depending on the sharpness angle and the feeding speed

Table 1. Simple linear regression equations of Ra parameter depending on the feeding speed and the sharpness
angle

Sharpness angle (°)

Wood species

40 45 55
Beoch Ra =0,0661 * f+2,5066 Ra = 0,0542 * f+2,6377 Ra = 0,0664 * f+2,4017
cec R2=0,7432 R?=0,5248 R?=0,9443
pin Ra=0,1480 * /+ 1,6791  Ra=0445*/-0,3472  Ra = 03566 * /+ 1,3556
© R2=0,9744 R2=0,9749 R2=0,9986
Ra=02145*f+0,5077 Ra=0,063 *f+2,0002 Ra=0,1296 * [+ 1,4974
Black locust R?=0,8648 R?=0,5842 R2=0,7846

Tables 1 and 2 contain simple regression equations and coefficients of determination
R’ of R, and R. parameters of all tested samples. It can be seen, that coefficient of
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determination is very diverse depending on the sample and it is in a range of 0,1-0,99.
However, in most cases the coefficient amount over 0,7.

As shown in the tables, pine wood was characterized by the highest coefficients of
determination R’ , which in most cases amounted over 0,9.

Table 2. Simple linear regression equations of the Rz parameter depending on the feeding speed and the
sharpness angle

] Sharpness angle (°)
Wood species 40 45 55
Beech Rz=0,8703 * f+20,255 Rz=13783*f+7,9739  Rz=1,779 * f+ 20,21
R?=10,4532 R?=10,7198 R?=0,5833
pi Rz=0,9744 * [+ 10,672 Rz = 1,4298 * [+ 2,2839 Rz=1,1478 * f+ 11,693
ne R2=10,9688 R2=0,849 R2=0,9525
Rz=2,7124 * £~ 2,0296 Rz=0,0701 * f+ 17,364 Rz=0819 * [+ 17,145
Black locust R2=0,9536 R2=0,0146 R?=0,6699
CONCLUSION

The study showed that both the sharpness angle and the feeding speed have an effect
on the surface roughness of wood. Moreover, dependences between these parameters and
surface quality were different for different wood species, what was given by different
properties and anatomical structure of species. It has been found, that the surface roughness
increase with an increase in the feeding speed, and it can be described as a linear upward
trend. In most analyzed cases the surface roughness was the highest for the sharpness angle of
55°.

Developed regression equations, which describe dependences between analyzed
factors and surface quality, were characterized by high coefficients of determination, which in
most cases amounted over 0,7. The best fit of the equations was found for pine wood where
the coefficient in most cases amounted over 0,95.
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Streszczenie: Analiza chropowatosci powierzchni rodzimych gatunkow drewna w zaleznosci
parametrow kqtowych narzedzia podczas frezowania w roznych warunkach. Prezentowany
artykut dotyczy wplywu wybranych parametrow technologicznych, takich jak predkos¢
posuwu oraz kat ostrza, na chropowato$¢ powierzchni drewna po frezowaniu. W badaniu
zostaly wykorzystane trzy gatunki drewna: buk, sosna oraz grochodrzew. Kat ostrza
analizowany byt w przedziale 40-55° dla wybranych predkosci posuwu. Do frezowania
wykorzystana zostata frezarka dolnowrzecionowa, natomiast do pomiaréw chropowatosci
powierzchni uzyto profilometru stykowego. W celu analizy wynikéw wykorzystana zostata
metoda regresji prostej. Na podstawie uzyskanych danych stwierdzono, ze wraz ze wzrostem
predkosci posuwu wystepuje wzrost chropowatosci powierzchni drewna. Zalezno$¢ ta ma
charakter liniowy, jednak zalezy od gatunku drewna oraz kata ostrza narzedzia. W przypadku
kata ostrza stwierdzono, ze najnizsze wartoSci parametrow chropowatosci uzyskane
wykorzystujac noze z ka,tem ostrza 40° 1 45°. Wyznaczone proste regresji charakteryzowatly
si¢ relatywnie wysokim wspotczynnikiem determinacii.
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