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value ŷ . The constant term b0 (table 3) is 

equal to the predicted value of the output 

quantity in the center of the experimental plan 
(x1 = x2 = 0).  

Table 2: Average value of the roughness parameter ( zR ) in a matrix of the plan of two-factor experiment 

№ n, s-1 x1 U, m.s-1 x2 zR μm uz, mm Dпр., mm Vпр., m.s-1
 

white pine common beech 
1. 133,33 +1 0,1 +1 43 51  0,38 106,5 44,6 
2. 133,33 +1 0,033 –1 23  43  0,13 106,5 44,6 
3. 66,67 –1 0,1 +1 49  52  0,75 106,5 22,3 
4. 66,67 –1 0,033 –1 51  57  0,25 106,5 22,3 
5. 100,0 0 0,067 0 48  56  0,34 106,5 33,4 
6. 100,0 0 0,1 +1 47  51  0,50 106,5 33,4 
7. 133,33 +1 0,067 0 48  44  0,250 106,5 44,6 
8. 100,0 0 0,033 –1 42  47  0,17 106,5 33,4 
9. 66,67 –1 0,067 0 56  63  0,50 106,5 22,3 

Table 3: Regression coefficients and criterion of Student 

Coefficient 
Coded values 

Criterion of Student 
Natural values 

tcal

ttab. white pine common 
beech 

white pine common 
beech 

white pine common 
beech 

b0 0,7 0,12 6,17 5,81 

2,262 

51,11 54,12 
b1 -0,43 -0,57 3,29 3,32 -7,0 -3,0 
b2 0,23 0,12 2,76 2,70 3,83 1,17 
b12 0,33 0,33 2,56 2,57 5,5 3,25 
b11 0,04 0,03 2, 76 3,10 0,67 0,33 
b22 -0,5 -0,42 2,81 2,41 -8,17 -4,17 

Table 4: Statistical analysis of the regression equation for white pine 

Number of 
experiments 

Degrees of 
freedom 

Criterion of Cochrane for 
homogeneity of dispersion 

Criterion of Fisher for the 
adequacy of the model 

Correlation 

N νε νост Gcal Gtab Fcal Ftab R 
9 8 3 0,5676 0,8159 3,72 4,07 0,96 

Table 5:  Statistical analysis of the regression equation for common beech 

Number of 
experiments 

Degrees of 
freedom 

Criterion of Cochrane for 
homogeneity of dispersion 

Criterion of Fisher for the 
adequacy of the model 

Correlation 

N νε νост Gcal Gtab Fcal Ftab R 
9 8 3 0,5676 0,8159 2,46 4,07 0,92 

 

DISCUSSION 
Table 3 shows that the rotational speed 

of the cutterhead (n) will have the greatest 
influence on the surface roughness of white 
pine and beech. The sign of the linear term 
of this factor is negative (b1 = –0,43 and                
b1 = –0,57), and thus it follows that an 
increase in the rotational speed of the 
cutterhead will decrease the roughness of 
the milled surface. 

The rotational speed of the cutterhead 
participates of in the equation of the second 

degree, with a positive coefficient (b11 = 
0,04 and b11 = 0,03). This means, with an 
increase in the rotational speed, the rate, at 
which the roughness of the milled surfaces 
reduces, will increase (fig. 3 and fig. 4). 
This is e since with an increase in the 
rotational speed of the cutter the rate of 
deformation of the timber elements 
increases, i.e. the relaxation of the wood 
reduces around the cutter tooth. Non-elastic 
deformation fails to develop and the 
destruction of the wood occurs mainly due 
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to elastic deformation, i.e. only elastic 
deformation of the workpieces appears at 
high rotational speeds of the cutter. The 
elastic deformation size is smaller than the 
size of the complete deformation (elastic 

plus non-elastic) which occurs at low 
frequencies (cutting speeds). Smaller 
deformation of wood milling is indicative of 
smooth surfaces. 

 

 

Figure 3: Relationship between rotational speed of the cutterhead and roughness of white pine  
at various feed speeds  

 

Figure 4: Relationship between rotational speed of the cutterhead and roughness of common  
beech at different feed speeds  

As a result of increasing the cutting 
speed, the cutting plane of longitudinal 
wood milling does not coincide with the 
plane of the fibers. In this case, the edge 
should quickly catch up with the end of the 
formed outstripping crack. Thereby, the 
length of the chip components will be 
reduced and a surface with smaller 
roughness will be produced. 

The sign of the linear term of the 
coefficient corresponding to the feed rate 
(U) is positive (table 3, b2 = 0,23 and b2 = 
0,12), i.e. the milled surface roughness will 
increase with increasing the feeding speed. 

Figure 3 and figure 4 show that, at high 
speeds of feed (U = 6,0 m.min-1), with 

increasing the frequency of cutterhead 
rotation, the intensity of the reduction of the 
milled surface roughness is significantly less 
than at the feed speed U = 2,0 m.min-1 and 
U = 4,0 m.min-1. This change was 9% at U = 
6,0 m.min-1, and 31% at U = 2,0 m.min-1, 
and 19 % at U = 4,0 m.min-1. 

The indicator of the milled surface 
roughness (Rz) of white pine varied from 
58,81 μm (for n = 4000 min-1, V = 22,31 
m.s-1) to 27,13 μm (for n = 8000 min-1, V = 
44,59 m.s-1) which corresponds to a high 
quality of milling (VIII and IX degree of 
roughness). For common beech Rz varies 
from 61,2 μm (for n = 4000 min-1, V = 
22,31 m.s-1) to Rz = 41,1 μm (for n = 8000 
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min-1, V = 44 59 m.s-1) which corresponds 
to the average (VII degree of roughness) and 
high quality of milling (VIII degree of 
roughness). 

At low frequencies of milling (n = 4000 
min-1, V = 22,31 m.s-1) and high 
performance of the process (U = 6,0 m.min-

1), a high quality of milling is provided: Rz = 
48,91 μm for white pine, and Rz = 54,9 μm 
for common beech. 

The feed rate participates in the 
equation of the second degree (table 3) with 
a negative coefficient (b22 = –0,5 and b22 = –
0,42), i.e. the intensity of increasing the 
roughness will decrease if the feed speed 
increases (fig. 5 and fig. 6). 

Double interactions between factors x1 
(n) and x2 (U) also affect the quality of 

milled surfaces. Their coefficients (table 3) 
for white pine and common beech are 
positive (b12 = 0,33 and b12 = 0,33). 
Roughness change is inversely proportional 
to the main factors. Figure 5 and figure 6 
show that for a given rotational speed of the 
cutter (n), the parameter Rz increases with an 
increase of the feed rate (U). Over n = 4000 
min-1, the intensity of Rz change decreases, 
and at n = 8000 min-1 and U = 6 m.min-1 the 
milled surface roughness decreased by 3,4% 
for white pine and 1,9% for common beech. 
This can be explained by the stronger 
influence on the milled surface roughness 
the high speeds of the cutterhead (n) have 
compared to the higher feed speeds. 

 

 

Figure 5: Relationship between feed rate and roughness of the milled surfaces of white pine  
at different cutter speeds 

 

Figure 6: Relationship between feed rate and roughness of the milled surfaces of common beech  
at different cutter speeds 

The influence of the cutting speed 
(rotational speed), from the viewpoint of 
mechanics of cut, relates to the fact that in 
the workpiece an additional support of the 

sheared chip is created. The cutter tooth 
going into the wood strives to drag the wood 
fibers. However, this is opposed by the 
forces which bind the individual elements of 
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the wood and the forces of inertia which 
occur in sheared chip in an effort to give the 
speed of the cutter to the chip in the 
direction opposite to the direction of cutting. 
These inertial forces cause the appearance of 
that additional inertial support, at high 
cutting speeds, as a result of which the wood 
fibers are cut a little earlier than at low 
cutting speeds. 

Obviously, the creation of “inertial 
support” is necessary only when the natural 
support is insufficient. In the cases where 
the natural support is considerably greater 
than the „inertial support“, and a high 
quality of processing is already provided at 
low cutting speeds, the increase in cutting 
speed in order to improve the quality of 
treatment loses its effect. 

CONCLUSION 
Based on the theoretical and 

experimental studies on the process of 
lengthwise profile wood milling, the 
following important conclusions and 
recommendations can be made: 

1. The biggest impact on the roughness 
of the milled surfaces of white pine and 
common beech is produced by the rotational 
speed of the cutterhead. The sign of the 
linear term of the regression coefficient is 
negative, i.e., with increasing the cutterhead 
speed, the milled surface roughness will 
decrease. The rotational frequency of 
cutterhead participates of in the equation of 
the second degree, with a positive 
coefficient, i.e., increasing the rotational 
frequency will entail increasing the intensity 
of reducing the roughness of the surfaces 
milled. 

2. By increasing the speed of the 
cutterhead, the rate of deformation of the 
wood elements increases, i.e., the relaxation 
of the wood around the tooth cutter reduces. 
Non-elastic deformation fails to develop and 

the destruction of the wood takes place 
mainly due to elastic deformation.  

3. Increasing the feed rate of the 
workpiece leads to deterioration of milled 
surfaces. At higher feed speeds (U =              
6,0 m.min-1), by increasing the speed of the 
cutter, the intensity of reducing the 
roughness of a milled surface becomes 
substantially smaller than at the low speed 
of feed U = 2,0 m.min-1 and U = 4,0 m.min-

1. Feed rate of the material is involved in the 
equation of the second degree with a 
negative coefficient, i.e., the intensity of 
increasing the roughness of the milled 
surfaces will decrease with the increase in 
the feed rate. 

4. The change in the roughness of the 
milled surfaces by increasing the speed of 
cutting is associated with the appearance of 
„inertial support“ of the chip, and the result 
is that the wood fibers are cut a little earlier 
than at low cutting speeds. 

5. The cutting tool diameter, which is 
determined in many cases by the parameters 
of the process and the design of the tool, 
should be chosen to be of the smallest 
possible size. This allows increasing the 
rotational speed of the tool, which in turn 
leads to better treatment of wood on account 
of reducing the feed of the tooth and, 
respectively, the feed speed. 
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