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INFLUENCE OF DIFFERENT PRODUCTION PROCESSES ON THE 
SURFACE ROUGHNESS OF OAK WOOD SAMPLES  

1 2 

Abstract: The paper presents research on differences in roughness and the impact of 
parameters during different kind of processing surface of oak samples. Oak wood 
samples were planed in the radial direction. Planing machine was Weinig Powermat 600, 
and tool had four blades. It was planed at feed speed of 10, 15, 20, 25 and 30 m / min. 
Depth the planing grip was 1.00 mm, the chest angle of the tool blade was 
at 8   Another machining 
process was performed on a Viet Opera contact sanding machine in combination heads 
with pre-planing knives and roller with sanding belt. Roughness surface area was 
measured by the length of processing using electro mechanical profile meter Mitutoyo 
SJ-500. Oak samples had lowest roughness planed at the lowest feed speed of 10 m / 
min, the largest, samples that are planed at a feed speed of 30 m / min. Comparing 
roughness obtained during sanding and planing, it was determined that the surface 
roughness obtained on a sanding machine approximately corresponds to the roughness 
obtained by planing at a feed speed of 25m / min. 

Keywords: surface roughness, feed rate, sanding, peripherial milling. 

1 INTRODUCTION 

In all technological processes huge and important role is reserved for surface 
quality. Surface quality directly affects on further production processes, like is quality 
and strength of boned elements. Deviations are geometric irregularities from ideal overall 
geometric shape and surface roughness [1]. Surface geometry is always defined on the 
basis of irregularities resulting from macroscopic, microscopic, and submicroscopic 
characteristics [2]. Technological process of wood machining and wood species are 
factors that significantly affect surface roughness [3]. Surface roughness is considered 
as the main parameter for assessing surface quality after planing or sanding [4]. In one 
research [5] it was shown that the grain size during sanding affects surface roughness. 
Milling is one of the most common methods of wood processing [6]. We have measured 
the surface roughness of the oak wood samples and the influence of different machining 
parameters.   
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2 MATERIAL AND METHODS 

Measurements were based on samples of oak wood. Basic dimensions of oak 
(Quercus robur L.) samples before peripheral milling were: 600 mm. Average 
moisture content of 7,8%. Figure 1 shows the samples prepared for testing. Samples 

humidity 60  

  

Figure 1. Samples for experimental research 

The measurements were made on samples machined with two different methods 
of wood processing.  

First samples were processed by peripheral milling in radial direction. Quality of 
the machined surface was measured on a group of samples that were machined by 
planning on Weinig Powermat 600 machine (Figure 2), and dimmensioned surface for 
machining on same machine (Figure 3).  

 

Figure 2. Four side planer machine 
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Figure 3. Determined dimmensions for planing on Four-side planer machine 

Planning tool had four -1            
(Figure 4). 

8000 min-1.   

                        

Figure 4. Milling head with 4 blades 

Another group of samples was machined on a combined machine with aggregators for 
planing and sanding Viet Opera V (Figure 5).  
 

 
 

Figure 5. Machine for sanding and milling Opera Viet V 
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The diameter of the milling unit was 250 mm, with four spirally twisted rows of 
 

-1. Grain size takes 
an important role in the sanding process and directly affects surface roughness [7].  

The depth of milling and sanding was 1.0 mm. After milling unit, in the same 
pass, samples were sanded with P80 granulation, at a pressure of 6 kg/cm2. The 
thickness of the planing and sanding was 1.0 mm.   

After machining the samples, surface roughness was measured using an 
electro-mechanical profilometer Mitutoyo SJ-500 (Figure 6).  

 

Figure 6. Control unit Mitutoyo SJ-500 

The device consists of a central measuring console with a vertically placed test 
0,8 mm/s, 

converting a vertical displacement of 40 mm into an electrical signal. The measuring 
standard were ISO 4287:1997 with total 5 sampling lengths. Cut-off value was set up for 
8 mm.  Every wood species has specific anatomical properties, at oak we have ring 
pores. We needed to exclude anatomical structure in measuring roughness parameters. 
Samples were measured in the radial section, pith area, and we measured only late area 
of annual growth.  

Table 1 shows the setup of the surface quality measuring device Mitutoyo SJ-
500. 

Table 1. Setup of measuring device for roughness testing (Mitutoyo SJ-500) 

Cut-off value 8 mm 
Number of sampling lenghts 5  
Traverse speed 0,8 mm/s 
Stylus tip radius  
Stylus tip angle  
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After measurement, the surface roughness results are presented graphically. 
The measurement was performed with a total of five measurements of the measuring 
stylus on one sample, for each feed rate. The parameters Ra, Rz, and Rq were 
measured, according to the ISO 4287:1997 standard.  

3 RESULT AND DISCUSSION 

Table 2 shows the values of the measured surface roughness on samples of oak 
wood. Samples were planed on Weinig Powermat 600, and also machined on an 
automatic machine with aggregates for milling and sanding. The values of standard 
deviation and standard error are also given in the same table. 

Table 2. Measured values of surface roughness (Ra, Rq, Rz), standard deviation and 
error of oak samples  

Descriptive Statistics of surface roughness, Ra, Rq, Rz and standard deviation of oak samples 

Species 
Feed 
speed 

[m/min] 

N 
Ra 

Mean  

Ra 

Std. 
Dev.  

Ra 

Std. 
Err. 

Rq 

Mean  

Rq 

Std. 
Dev.  

Rq 

Std. 
Err. 

Rz 

Mean  

Rz 

Std. 
Dev.  

Rz 

Std. 
Err. 

Total 
Oak 

  180 6.38 2.28 0.17 7.97 2.79 0.21 41.63 13.87 1.03 

Oak 

10 30 3.19 0.62 0.11 4.17 0.84 0.15 23.15 4.60 0.84 

15 30 4.54 0.70 0.13 5.82 1.07 0.20 34.65 8.85 1.61 

20 30 6.71 1.09 0.20 8.40 1.43 0.26 44.89 8.86 1.62 

25 30 7.51 1.09 0.20 9.25 1.44 0.26 46.81 8.98 1.64 

30 30 8.85 1.29 0.23 10.84 1.61 0.29 53.98 9.51 1.74 

Sanded 30 7.49 2.02 0.37 9.33 2.76 0.50 46.31 14.69 2.68 

The Analysis of Variance for tested samples is presented in table 3. 

Table 3. Analysis of Variance of oak surface roughness measured values Ra, Rq, Rz 

Figure 7 show diagrams with summary results of measured roughness 
parameters Ra, Rq, and Rz of oak samples processed at different feed speeds, and 
machined on an automatic machine with aggregate for planing and sanding (Viet opera). 
 
 

Analysis of Variance, Marked effects are significant at p <0,05000 

Variabl
e 

Multipl
e R1 

Multipl
e R2 

Adjuste
d R2 

SS 
Effect 

dS 
Effec

t 

MS 
Effect 

SS 
Error 

dF 
Er
ror 

MS 
Error 

F P 

Ra 
 

0,86706 0,75180 0,743959 1523,11 11 138,46 502,83 348 1,4449 95,8280 0,00 

Rq 
 

0,85534 0,73168 0,723201 2317,04 11 210,64 849,69 348 2,4416 86,2687 0,00 

Rz 
 

0,83529 0,69774 0,688169 61103,2 11 5554,9 2642,1 348 76,069 73,024 0,00 
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Figure 7. Statistical values of surface roughness parameter Ra, Rz, Rq of  oak 

samples 

4 CONCLUSIONS  

The finest surface finish had oak wood in all processing conditions. It can be 
seen that all observed parameters of surface roughness increase with increasing feed 
speed. The lowest value of surface roughness was at oak samples planned at feed 

-1, and the highest roughness had samples of oak wood planed at 
-1. This can be considered as an expected research result.  

On automatic milling and sanding machine (which was the second processing 
method), the measured overall roughness through parameters Ra, Rq, Rz was quite 
higher than of oak samples which was planed, which can be seen from diagrams shown 
earlier.  

Study results showed different average values of surface roughness parameters 
for different machining methods.  

From the standing of productivity we could achieve higher production rate with 
peripheral milling than with sanding of wood elements with the same surface quality or 
better.  

We can also see that there is a significant difference between the roughness of 
measured samples. Also, there can be seen significant differences between individual 
groups.  

Considered on presented results, research will be continued in the future, with 
involving new wood species, new parameters of machine processing control, and with 
increasing a number of samples. Also for further research, we have plan to determine 
and investigate strength of boned samples which were machined on different ways and 
compare results. 
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