
ZESZYTY NAUKOWE POLITECHNIKI RZESZOWSKIEJ 290, Mech anika 86 
RUTMech, t. XXXI, z. 86 (4/14), październik-grudzień 2014, s. 621-628 

Krzysztof SZWAJKA 1 

ANALYSIS OF THE DELAMINATION  
IN DRILLING OF PARTICLEBOARD 

Particleboard is a wood based composite extensively used in wood working. Drill-
ing is the most commonly used machining process in furniture industries. The sur-
face characteristics and the damage free drilling are significantly influenced by the 
machining parameters. The thrust force developed during drilling plays a major 
role in gaining the surface quality and minimizing the delamination tendency. In 
this study eighteen durability tests of tools for different values of the analyzed cut-
ting parameters were carried out. Based on the obtained results, the effect of cut-
ting parameters of selected signals of axial force and cutting torque was found. 
Mathematical models using ANOVA, allowing to estimate the value of cutting 
forces was proposed. 
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1. Introduction 

Particleboard is mainly used for furniture, in flooring, and as panels. Parti-
cleboard is a result of the need to utilize large quantities of sawdust at sawmills. 
Particleboard is usually produced from softwoods and used in panel form. Wood 
particles are bonded using synthetic adhesives and pressed into sheets. Typical-
ly, particleboard consists of a lower density core of coarse particles and outer, 
higher density layers of finer particles. The board performance is greatly influ-
enced by the distribution of density and particle size [1]. Many applications in-
volve bending loads, where a high-density skin and a low-density core are ad-
vantageous. The particleboard panel functions as a sandwich structure and the 
ratio of bending stiffness to weight becomes high. Machining of wood-based 
materials causes cutting tools to wear out much faster than machining of solid 
woods. The use of tungsten carbide tool is also limited because of the relatively 
high rate of wear [2]. The tungsten carbides were liable to wearing during cut-
ting particleboard and fibreboard due to high temperature oxidation and abrasion 
[3, 4]. The machining of particle boards is known to be very difficult because of 
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extremely short tool life [5-8]. The influence of content of mineral contamina-
tion has been discussed as the major factor involved in the wearing process of 
cutting edges during the machining of particle boards [5, 6, 9] and high-
temperature corrosion (HTC) was pointed out as a second important factor im-
pacting tool wear during cutting of particle boards [10]. The density affects most 
of the physical and mechanical properties of wood composite panels [11-13]. 
Panel density has been shown to have a considerable impact on flexural proper-
ties of wood-based composites [14].  

2. Material and methods 

The experiments were performed on pre-laminated particleboard (PB) 8% 
moisture containing and density of 670 kg/m3, with the thickness of 12 mm us-
ing Faba HW drills with diameter of 10 mm on Buselatto JET 130 CNC vertical 
machining centre with a maximum spindle speed of 18 000 rpm. Experimental 
set up and drills used for the experiments 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 – 0.2; 0.25 and 0.3 mm/rev; cutting speed  
– 125-377 m/min and speed – 4000-12 000 min–1. Tests were performed until the 
maximum value of indicator of tool wear was found. Durability experiments are 
consisted of repetitive operations, in which each performed 252 holes. Eighteen 
tests of the tool life were carried out.  

 
a) b) 

       
Fig. 1. Experimental setup (a) and drill bits (b) used in the experiments 

3. Measurements 

The main element of the measurement channel was 9345B2-type piezoelec-
tric sensor with preamplifier charge 5073A211 company KISTLER. For the 
analysis of test results own computer program (LabView programming lan-
guage) allows to determine the values of recorded signal strength measurements. 
The program was based on the automatic determination of measurement of rec-
orded signals at specific periods of time signal. As soon as the signal exceeds the 
axial force Fz, the threshold is adopted at the level of 150 mV for both signals. 
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Determination of these measures lasted until the point at which the signal value 
of the axial force decreased below 150 mV. A simplified diagram of the deter-
mination of measurement of signals is shown in fig. 2. 

 

 
Fig. 2. Method of determining a signal strength measurement Fz  

In these studies as a tool wear indicator VBmax = 0.2 mm was adopted. The 
measurement of tool wear was made on the Mitutoyo TM microscope with 
dropped digital camera eyepiece with a resolution of 600 dpi, which allows for 
image archiving on a personal computer. Tests were carried out till the maxi-
mum value of blade wear is accepted. Durability experiments are consisted of 
repetitive operations, in which each performed 252 holes. After each completed 
operation, a measurement of tool wear and registration of signal of axial force 
Fz, as well as cutting torque Mz was carried out. 

4. The test results 

Figure 3. presents examples of obtained waveforms of axial force and cut-
ting torque for new tools (fig. 3a) and wearing tools (fig. 3b). The results of the 
study, which analysed the axial force Fz, and cutting moment Mz using three 
different feed rates f, five speeds vc and three values of tool wear VBmax are pre-
sented below. In the analysis, the effect of feed rate, tool wear and cutting speed 
on the values of the axial force and cutting torque was studied. 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 range of the  
independent variable (Fi) used in the analysis of results are as follow:  
F1 = 0-0.095; F2 = 0.100-0.150 and F3 = 0.155-0.200. For the present experi-
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ment, ANOVA analysis was performed in STATISTICA program, which allows 
to evaluate the significance of the impact of three factors on the course of the 
controlled experiment.  

 
a) 

 
b) 

 
Fig. 3. Exemplary signal waveforms of axial force Fz and cutting mo-
ment Mz for new tools (a) and wearing tools (b) 

In this work the level of significance was p = 0.05. The results of analysis 
(fig. 4.) rejected hypothesis about the lack of impact of factor and the factor 
VBmax on the value of the axial force signal Fz. So it can be noted that the value 
of tool wear and feed significantly affects the value of the signal strength in 
drilling. At the significance level p = 0.029 the effect of cutting speed vc on the 
value of the axial force signal Fz was also noticed. An interaction (statistically 
significant) between the studied factors was found. The results of analysis  
(fig. 5.) rejected hypothesis about the lack of impact of factors VBmax and vc (at 
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significance level p = 0.020) on the value of the cutting moment Mz. So it can be 
noted that the value of tool wear and feed, as well as cutting speed significantly 
affect the cutting torque during drilling. Furthermore, it is highly significant to 
consider the interaction of the factors VBmax and vc.  

 

 
Fig. 4. The influence of cutting parameters on the value of the axial force signal Fz 

Design of cutting tools, especially with complex shapes, such as drills, cut-
ters should be preceded by the optimization process. This requirement is often 
due to optimization of the fact that the two conflicting criteria must be taken into 
account at the design stage. This is best illustrated by an ordinary drill, where on 
one side of the flute cross-section should be as large as possible (this facilitates 
the discharge of a large quantity of chips) on the other hand, the cross section of 
the core should be large to increase mechanical strength of the drill, and thus 
allow the use of higher cutting. Both criteria are mutually contradictory, because 
of the increase in the diameter of the drill bit flute cross-sectional area helps to 
reduce the cross-sectional area of the core drill, and vice versa. So finding  
a compromise solution requires optimization action. The optimization procedure 
is subject to the earlier diagnosis of the state of charge of such a tool. Distribu-
tion of both forces and moments values resulting from the process of the chip 
affects the wear of cutting edges of the tool. Axial force Fz and cutting torque Mz 
are defined as:  
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max
F F Fx y z

z F cF C VB f v= ⋅ ⋅ ⋅

 

 (1) 

max
M M Mx y z

z M cM C VB f v= ⋅ ⋅ ⋅  (2) 

where: CF, CM – constants dependent on the processing conditions determined 
experimentally, xF, xM – exponent characterizing influence of tool wear VBmax, 
yF, yM – exponent characterizing influence of feed f, zF, zM – exponent characte- 
rizing influence of cutting speed vc. 

 

 
Fig. 5. The influence of cutting parameters on the value of the cutting moment signal (Mz) 

Below shows the estimate of the signal value of axial force and torque. This 
resulted in dependence described by eq. (3) and (4): 

0.37 0.33 0.02
max1518z cF VB f v= ⋅ ⋅

  

 (3) 

0.47 0.85 1.19
max1400z cM VB f v= ⋅ ⋅  (4) 

To verify the derived eqs. (3) and (4) a comparative analysis between the 
actual values, obtained in the study, and the estimated values were carried out, 
on the basis of these relationships (fig. 6.).  
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Fig. 6. Actual and estimated values of the axial force Fz and the cutting moment Mz 

5. Conclusions 

Based on the results of analysis and eqs. (3) and (4) it can be seen that the 
signal of the axial force Fz strongly depends on both the tool wear and feed rate. 
The influence of the cutting speed can be omitted here due to the fact that the 
value of exponent of vc (eq. (3)) is close to zero. A significant effect of all three 
independent variables (eq. (4)) on the value of the cutting torque signal Mz can 
be observed. 
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ANALIZA ROZWARSTWIANIA PŁYTY WIÓROWEJ  
PODCZAS WIERCENIA 

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

Płyta wiórowa jest kompozytem, którego podstawowym składnikiem jest drewno. Ma szero-
kie zastosowanie w przemyśle. Proces wiercenia to najpopularniejszy proces obróbki stosowany 
w przemyśle meblarskim. Siła osiowa i moment skrawania występujące podczas procesu wierce-
nia odgrywają waŜną rolę w uzyskaniu odpowiedniej jakości powierzchni. W przeprowadzonych 
badaniach wykonano osiemnaście prób trwałościowych narzędzia dla róŜnych wartości analizo-
wanych parametrów skrawania. Na podstawie wyników uzyskanych z przeprowadzonych badań 
określono wpływ wybranych parametrów skrawania oraz zuŜycia narzędzia na wartość siły osio-
wej i momentu skrawania. Zaproponowano modele matematyczne, wykorzystując analizę warian-
cji ANOVA, pozwalające oszacować opory skrawania. 

Słowa kluczowe: wiercenie, zuŜycie narzędzia, jakość powierzchni, płyta wiórowa laminowana 
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