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Abstract: 
This paper presents a study on the accuracy of the width of the groove channel depending on the 

magnitude of the mechanical vibrations. Wood-based parts, used in furniture production like plywood and 
medium-density fiberboard (MDF) were milled. The details are machined on a universal milling machine with 
bottom location of the working shaft model FD-3. The rotation frequency used for the experiments was 
6000min

-1
. During the research, attention is paid to some technological factors such as the feed speed of the 

processed material which is from 2m.min
-1

 to 10m.min
-1

, as well as milling area which ranges is from 48mm
2
 

to 144mm
2
. Measurements of the accuracy of the groove channel are made with an electronic caliper at a 

minimum of three points along its length. The investigation results can be used as a base for making some 
recommendations for the selection of technological factors. 
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INTRODUCTION 

The mechanical processing of wood-based parts leads to certain deviations from their nominal 
dimensions. These deviations are due to a number of factors, some of which are inaccuracies in the cutting 
tools due to their wear, mechanical vibrations during operation, deformation of some of the machine parts, 
the elastic properties of wood and many factors related to the technology of processing details. The quality 
and accuracy of the obtained surfaces are also influenced by the different types of heat treatment of the 
wood as well as the choice of geometric parameters of the cutting tools (Banski and KMINIAK 2018, Gochev 
et al. 2020, Korcok et al. 2018, Kovac et al. 2018, Kminiak et al. 2018, Adamcik et al. 2021). High rotation 
frequency of the milling machines combined with unbalanced or poorly prepared cutting tools are the reason 
for increasing the intensity of vibrations of any mechanical system (Brezin and Antov 2015, Kovatchev et al. 
2022, Vitchev et al. 2019, Vukov et al. 2020). Important attention should be paid to the preparation of the 
cutting tools.The sharper, clearing the wood cutting tool after work and correct installation are factors that 
greatly affect the ability of each cutting tool to process the wood quality. Deviations from the exact 
dimensions of the parts cannot be unlimited, because this leads to inaccuracies in the structural elements in 
a product. How well a particular part is processed can be determined by its deviations from those set in the 
drawing. It is known that the nature of the assembly between two connection sizes is determined by the joint 
between them. The joint is very important because it provides strength, solidity and the degree of mobility 
between the elements in assembly. 

The aim of this work is measuring the accuracy of the groove width depending on the mechanical 
vibrations. The study was performed by milling specimens of Plywood and medium-density fiberboard 
(MDF), changing various technological factors during the experiments.  
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METHODOLOGY 
To conduct the experimental part, a universal wood shaper with bottom location of the working shaft is 

selected Fig.1. The cutting mechanism is driven by an asynchronous electric motor with a power of 3kW and 
rotation frequency of 2880min

-1
. The rotation frequency used for the experiments was 6000min

-1
. This is one 

of the most commonly used frequencies in milling machines. The selected rotational speed is realized by 
pulleys mounted on the electric motor shaft and the machine shaft. 

 

 
Fig. 1. 

Wood shaper general view. 

 
Fig. 2. 

Groovecutter D=140mm. 
 

A cutter with diameter D = 140mm was used Fig 2. The technical data of the cutting tool are shown in 
Table 1. The inscriptions in the table are: D - diameter of the milling cutter, d – diameter of the bore, B – 
milling width, α – back angle of cutting, β – angle of sharpening, γ – front angle of cutting, z – number of 
teeth. 
 

Table 1 
Technical data of the cutting tool 

Type of instrument 
D 

mm 
d 

mm 
B 

mm 

α 

 
 

 

 

 

z 
бр 

Material of the 
teeth   

Groovecutter 140 30 12 16 55 19 6 HM 

 
The cutting speed was calculated by the formula 1 (Vlasev 2007, Obreshkov 1997). At a rotation 

frequency of 6000min
-1

 (100s
-1

) the calculated cutting speed was v = 44m·s1
.   

 
V = π.D.n, m.s

-1
,                                                         (1) 

 
where: 
D – diameter of the cutting tool, m; 
n – rotational frequency of the cutting tool, s

-1
. 

 
Research in this paper was conducted at calculated speed.The experimental part included milling of 

Plywood and medium-density fiberboard (MDF) samples. Some of the test samples can be seen in Fig. 3.  
 

 
Fig. 3. 

Plywood and MDF test samples. 
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Products made from wood-based materials are widespread. Particular attention should be paid to the 
quality of the processing and production of these products. Feed speed and milling area have a direct effect 
on the vibration speed, and hence on the quality of the treated surfaces (Kovatchev and Atanasov 2018). 
Undoubtedly, the vibration speed also affects the accuracy of the products. Fig. 4 presents the milling 
process of plywood and MDF test samples (Atanasov and Kovatchev 2019). The experiments were 
performed at feed speed 2m.min

-1
, 6m.min

-1
 and 10m.min

-1
, the thickness of the removed layer is 4mm, 8mm 

and 12mm, the milling width is B=12mm, the width of the test samples is 20mm. The milling areas, which are 
obtained as a multiplication of the thickness of the removed layer and the milling width, are 48mm

2
, 96mm

2
 

and 144mm
2
. 

 
 

 
Fig. 4. 

Milling process of plywood and MDF test samples. 
 

Table 2 shows the feed speeds and milling areas. 
Table 2 

Survey factors 

Feed speed  U, [m.min
-1

] 2 6 10 

Milling area А, [mm
2
] 48 96 144 

 
The dimensions of the milled channel are measured with a precision electronic caliper, whose 

measurement error is not greater than 0.01mm Fig.5. 
 

 

 
Fig. 5. 

Electronic caliper. 
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The milling width B=12mm is measured in at least three sections along the length of the sample at a 
distance of 20mm from the beginning and the end, as well as in the middle Fig.6 (БДС 3780-84). 
 

  
Fig. 6. 

Groove channels. 
 
RESULTS  

The experimental part included work trials in milling of Plywood and medium-density fiberboard (MDF). 
The measurement of the vibration speed V (r.m.s) mm.s

-1
 was performed according to (BDS ISO 

10816-1: 2002) and its results were presented by the authors in their previous publication (Kovatchev and 
Atanasov 2021). Table 3 shows the values of the vibration speed according to (BDS ISO 10816-1: 2002), at 
milling width B = 12 mm, milling area 48 mm

2
 and feed speed 2m.min

-1
, 6m.min

-1
 and 10m.min

-1
.    

 
Table 3 

Vibration speed 

Milling area А, [mm
2
] 48 

Feed speed  U, [m.min
-1

] 2 6 10 

V (r.m.s), mm.s
-1

 - Plywood 2,25 2,2 2,35 

V (r.m.s), mm.s
-1

 - MDF 2,15 2,23 2,25 

 
 

 
Fig. 7. 

Accuracy of the groove channel with a milling area of 48mm
2
. 

 
Fig. 7 shows that at milling area of 48mm

2
 and material feed speed 2m.min

-1
 and 6m.min

-1
 the change 

from the exact width of the groove channel (B=12mm) when milling plywood specimens is very small 0.2mm. 
When milling MDF test samples, the variation from the exact width of the groove channel was slightly larger 
0.3 - 0.4mm, for feed speed 2m.min

-1
 and 6m.min

-1
. By increasing the feed speed to 10m.min

-1
, with which 

the vibrational speed also increases, the deviation from the exact size is 0.3mm for the plywood test samples 
and up to 0,5mm for the MDF ones. 

Table 4 shows the values of the vibration speed at milling width B = 12mm, milling area 96mm
2
 and 

feed speed 2m.min
-1

, 6m.min
-1

 and 10m.min
-1

.   
 

 



ONLINE ISSN 2069-7430 
ISSN-L 1841-4737 

PRO LIGNO              Vol. 19  N° 3  2023 
             www.proligno.ro                                pp. 3-9 

 

 
  

7 

Table 4 
Vibration speed 

Milling area А, [mm
2
] 96 

Feed speed  U, [m.min
-1

] 2 6 10 

V (r.m.s), mm.s
-1

 - Plywood 2,35 2,35 2,45 

V (r.m.s), mm.s
-1

 - MDF 2,1 2,3 2,35 

 
Fig. 8 shows the variation of the accuracy of the groove channel with a milling area of 96mm

2
. When 

the material feed speed is 2m.min
-1

 and 6m.min
-1

 the maximum deviations reach to 0.4mm for plywood test 
samples and 0.5mm for MDF test samples. When the feed speed increases to 10m.min

-1
 deviation also 

increases to 0.5mm for plywood test samples and 0.6mm for MDF test samples.     
  
 

 
Fig. 8. 

Accuracy of the groove channel with a milling area of 96 mm
2
. 

 
Table 5 shows the values of the vibration speed at milling width B = 12mm, milling area 144mm

2
 and 

feed speed 2m.min
-1

, 6m.min
-1

 and 10m.min
-1

.  
 

Table 5 
Vibration speed 

Milling area А, [mm
2
] 96 

Feed speed  U, [m.min
-1

] 2 6 10 

V (r.m.s), mm.s
-1

 - Plywood 2,45 2,52 2,6 

V (r.m.s), mm.s
-1

 - MDF 2,3 2,4 2,5 

 
 

 
Fig. 9. 

Accuracy of the groove channel with a milling area of 144 mm
2
. 
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From Fig. 9, it can be seen that regardless of the feed speed of the test samples, with a milling area of 
144mm

2
, the deviations vary within greater limits of 0.5 – 0.8mm. The deviations tend to be smaller for the 

plywood test samples. For plywood test samples the maximum deviations reach up to 0.5mm for feed 
speeds of 2m.min

-1
 and 6m.min

-1
, and for 10m.min

-1
 the deviation is 0.6mm. For MDF test samples, as the 

feed rate increases, the deviation from the exact size of the groove channel varies from 0.6mm to 0.8mm. It 
is well known that a number of factors such as cutting speed, feed rate, thickness of the removed layer and 
others directly affect the quality and accuracy of the processed parts. Similar tendencies of the obtained 
results are also observed by some other authors (Demir et al. 2022, Deus et al. 2019, Kminiak et al. 2017, 
Kubs and Kminiak 2017, Sutcu and Karagoz 2012, Vitchev 2019). 
 
CONCLUSION 

As a result of research and analysis of the results, the following conclusions can be made. When the 
test samples are fed slowly the deviations from the exact dimensions during milling are not large. This is 
clearly visible in two milling areas 48mm

2
 and 96mm

2
 where the width of the grooves is in the range from 

12.2mm to a maximum of 12.5mm. This trend was observed for both plywood and MDF test samples. At a 
feed speed of 10m.min

-1
, where the vibrational speed increases, deviations from the exact size also 

increase. It ranges from 12.3mm to 12.6mm. The most inaccurate grooves are made with a milling area of 
144mm

2
. With a milling area of 144mm

2
 feed speed of 2m.min-

1 
the deviations from the machining accuracy 

are the smallest from 12.5mm to 12.6mm. When the feed speed is 6m.min
-1

 and 10m.min
-1

 the deviations 
from the exact dimensions are larger. For MDF test samples, the width of the groove can reach up to 
12.8mm. Despite the close values of the measured vibration speed, it can be seen that as it increases, the 
deviations from the exact size of the groove increase.  
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