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Krzysztof SZWAJKA 1 

SURFACE ROUGHNESS AFTER DRILLING  
OF LAMINATED CHIPBOARD 

In this study the eighteen tests of tool durability for different values of the analyzed 
cutting parameters were carried out. Based on the results of investigations, the in-
fluence of selected cutting parameters on the machined surface quality was deter-
mined. Mathematical models based on analysis of variance (ANOVA), allowing to 
estimate the surface quality in the cutting process were proposed. 
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1. Introduction 

During drilling, there is a delamination of the laminate around the hole. The 
quality of the cut surface is related to the machining conditions, parameters of 
the cutting tool geometry [1]. Many research works related to the effect of cut-
ting parameters (such as cutting speed, feed rate) on the quality of the machined 
surface around the hole were carried out. A speed and feed rate has a significant 
influence on the delamination [2, 6]. It was also found that higher rotational 
speed reduces the tendency of delamination. Gaitonde and Karnik [3] deter-
mined the effect of processing conditions on delamination factor Fd and they 
found that the feed rate and spindle speed were the most important factors in 
minimizing Fd both the entrance and exit of drilling holes in the MDF. Palani-
kumar and Prakash [4] showed that the size delamination during drilling MDF 
board can be reduced by using a low feed rate. Tsao [5] found that the feed rate 
and spindle speed are the dominant cutting parameters which influence the de-
lamination.  

2. Material and methods 

The experiments were performed on pre-laminated particle board (PB) 8% 
moisture containing and density of 670 kg/m3, with the thickness of 12 mm  
using Faba HW drills with diameter of 10 mm on Buselatto JET 130 CNC verti-
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cal machining centre with a maximum spindle speed of 18.000 rpm. The quality 
of the machined surface for the new and the wear tools are shown in fig. 1. The 
properties of tested PB composites are as follow: Rm = 0.43 MPa, E = 2.45 GPa. 
Processing parameters of the tests were: feed rate – 0.2; 0.25 and 0.3 mm/rev; 
cutting speed – 125-377 m/min. Tests were performed until the maximum value 
of indicator of tool wear was found. Durability experiments consist of repetitive 
operations. In each test the 252 holes were drilled. Eighteen tests of the tool life 
investigation were carried out. 
 

         
 

     

Fig. 1. The quality of the machined surface for 
new (top) and the wear (bottom) tools 

3. Measurements of delamination 

In studies as a tool wear indicator VBmax = 0.2 mm was adopted. The meas-
urement of tool wear was performed on the Mitutoyo TM microscope (fig. 2.) 
with dropped digital camera eyepiece with a resolution of 600 dpi, which allows 
for image archiving on a personal computer. 
 

    

Fig. 2. Measurement of tool wear 
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To determine the quality of the surface around the hole in the study it was 
decided to adopt the two most commonly used indicators: the maximum radius 
Rmax of the laminate and torn surface area of the laminate A. The two ratios were 
determined at the entrance of the tool into the material workpiece. In this way 
two indicators: Awej, Rwej were determined. To determine the accepted indicators 
recorded images were processed in the LabView environment. 

4. The test results 

Figure 3. presents the results of the study, in which, with the help of ANOVA 
delamination area of the laminate at the entrance of the drill into the material 
(Awej) and the maximum radius of delamination of laminate at the entrance of the 
drill into the material (Rwej), using three different feed rates (f ), five cutting 
speeds (vc) and four values of tool wear (VBmax) were analyzed. In order to de-
termine the effect of tool wear on the cutting force and torque ranges of cutting 
tool wear was adopted as the independent variable Fi. The ranges of the inde-
pendent variables (Fi) used in the analysis of results are as follow: F1 = 0-0.095; 
F2 = 0.10-0.15 and F3 = 0.155-0.200. For the present experiment, ANOVA 
analysis was conducted in STATISTICA program, which allows to evaluate the 
significance of the impact of three factors on the course of the controlled ex-
periment. In this work the level of significance was p = 0.05. The results of 
analysis (fig. 4.) reject the hypothesis about the lack of impact of factor VBmax on 
the area of delamination of laminate (Awej). So, it can be noted that the value of 
tool wear significantly affects the process of laminate delamination, using as an 
indicator of measurement (to assess the delamination magnitude) – delamination 
area of the laminate (Awej). Similar conclusions can be drawn in relation to the 
effect of cutting speed (vc). At the significance level the effect of cutting speed 
on the torn area of the laminate was also noticed. While the impact of the feed 
rate (f ) is statistically insignificant. Finally, the change of the value of cutting 
speed and wear significantly affects the area of the laminate delamination (Awej), 
while a change in the feed rate has no significant effect. There was also observed 
a statistically  

The results of analysis presented in the fig. 4. reject the hypothesis about the 
lack of influence of VBmax and f on the maximum radius of delamination (Rwej).  
It can be noted that the values of tool wear and feed rate significantly affect the 
process of delamination, using as an indicator of measurement (to assess the 
magnitude of delamination) – maximum radius of delamination (Rwej). There was 
no effect of cutting speed on the maximum radius of delamination. In summary, 
the change of the value wear and feed rate significantly affects the maximum 
radius of delamination (Rwej). There was also observed statistically significant 
interaction between the studied factors.significant interaction between the stud-
ied factors. 
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Fig. 3. The influence of cutting parameters on the value of the 
damage to the laminate surface at the entrance of the drill into 
the material (Awej) 
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Fig. 4. The influence of cutting parameters on the value of 
the maximum radius of damage to the laminate at the en-
trance of the drill into the material (Rwej) 
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Fig. 5. Real and estimated values of the Awej and Rwej 

The study presents an estimate of the maximum radius of delamination 
(Rwej) and the area of the delamination (Awej) using linear regression: 

max
F F Fx y z

wej F cA C VB f v= ⋅ ⋅ ⋅  (1) 

max
M M Mx y z

wej M cR C VB f v= ⋅ ⋅ ⋅  (2) 

where: CF, CM – constants dependent on the processing conditions determined 
experimentally, xF, xM – exponents characterizing influence of tool wear VBmax, 
yF, yM – exponents characterizing influence of feed rate f, zF, zM – exponents 
characterizing influence of cutting speed vc. 
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 This resulted in dependence described by eqs. (3) and (4): 

max80.75 50.27 0.008wej cA VB v= + ⋅ − ⋅  (3) 

max5.22 3.83 0.35wejR VB f= + ⋅ + ⋅         (4) 

 To verify the eqs. (3) and (4) a comparative analysis between the actual 
values, obtained in the study, and the estimated values was carried out, on the 
basis of these relationships. The results of this analysis are shown in fig. 5. 

5. Conclusions 

Based on the results of analysis and eqs. (3) and (4) it can be seen that the 
maximum radius of delamination (Rwej) strongly depends on the tool wear and 
feed rates. The surface area of delamination (Awej) depends on the tools wear and 
cutting speeds. Mathematical models have been proposed, using ANOVA, to 
assess the quality of the machined surface in the test cutting process. 
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CHROPOWATO ŚĆ POWIERZCHNI PO WIERCENIU PŁYTY 
WIÓROW EJ LAMINOWANEJ 

S t r e s z c z e n i e   

 W przeprowadzonych badaniach wykonano osiemnaście prób trwałościowych narzędzia dla 
róŜnych wartości analizowanych parametrów skrawania. Na podstawie wyników uzyskanych  
z przeprowadzonych badań określono wpływ wybranych parametrów skrawania na jakość po- 
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wierzchni obrobionej. Zaproponowano modele matematyczne, wykorzystując analizę wariancji 
ANOVA, pozwalające oszacować jakość powierzchni obrobionej w badanym procesie skrawania. 
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