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ANALYSIS OF THE DELAMINATION
IN DRILLING OF PARTICLEBOARD

Particleboard is a wood based composite extensiwady in wood working. Drill-
ing is the most commonly used machining procedarimture industries. The sur-
face characteristics and the damage free drillnregsagnificantly influenced by the
machining parameters. The thrust force developethgldrilling plays a major
role in gaining the surface quality and minimizitigg delamination tendency. In
this study eighteen durability tests of tools fidfedent values of the analyzed cut-
ting parameters were carried out. Based on thdragtaesults, the effect of cut-
ting parameters of selected signals of axial fand cutting torque was found.
Mathematical models using ANOVA, allowing to estimahe value of cutting
forces was proposed.
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1. Introduction

Particleboard is mainly used for furniture, in flooring, angpasels. Parti-
cleboard is a result of the need to utilize large quastitfesawdust at sawmills.
Particleboard is usually produced from softwoods and used in manel\Vood
particles are bonded using synthetic adhesives and pressetigats. STypical-
ly, particleboard consists of a lower density core of coardicleas and outer,
higher density layers of finer particles. The board perform@ngeeatly influ-
enced by the distribution of density and particle size [1]. Mapplications in-
volve bending loads, where a high-density skin and a low-densigyaserad-
vantageous. The particleboard panel functions as a sandwichuistracd the
ratio of bending stiffness to weight becomes high. Machining @ddabased
materials causes cutting tools to wear out much faster rtieechining of solid
woods. The use of tungsten carbide tool is also limited becaube refatively
high rate of wear [2]. The tungsten carbides were liable tring during cut-
ting particleboard and fibreboard due to high temperature oxidatidrabrasion
[3, 4]. The machining of particle boards is known to be verycditf because of

1 Autor do korespondencji/corresponding author: Ketgf Szwajka, Rzeszow University of
Technology, Faculty of Mechanical Engineering aretohautics, 4 Kwiatkowskiego St., 37-450
Stalowa Wola, Poland, tel. (15) 8448912, e-maitwkaka@prz.edu.pl



622 K. Szwajka

extremely short tool life [5-8]. The influence of content of matheontamina-
tion has been discussed as the major factor involved in thenggaocess of
cutting edges during the machining of particle boards [5, 6, 9] agld hi
temperature corrosion (HTC) was pointed out as a second imiptataor im-
pacting tool wear during cutting of particle boards [10]. The denfggta most
of the physical and mechanical properties of wood composite pdriels3].
Panel density has been shown to have a considerable impact oalffmoyer-
ties of wood-based composites [14].

2. Material and methods

The experiments were performed on pre-laminated particleboand3@B
moisture containing and density of 670 ki/mith the thickness of 12 mm us-
ing Faba HW drills with diameter of 10 mm on Buselatto 180 CNC vertical
machining centre with a maximum spindle speed of 18 000 rpm. Expeaime
set up and drills used for the experiments are shown in fig. 1pfDperties of
tested PB composites are as folld®; = 0.43 MPaE = 2.45 GPa. Processing
parameters of the tests were: feed — 0.2; 0.25 and 0.3 mm/raap cspieed
— 125-377 m/min and speed — 4000-12 000 ifests were performed until the
maximum value of indicator of tool wear was found. Durabilitpeximents are
consisted of repetitive operations, in which each performed 252 hidbgedn
tests of the tool life were carried out.
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Fig. 1. Experimental setup (a) and drill bits (8gd in the experiments

3. Measurements

The main element of the measurement channel was 9345B2-typelp®z
tric sensor with preamplifier charge 5073A211 company KISTLER. tRer
analysis of test results own computer program (LabView proging lan-
guage) allows to determine the values of recorded signabgiireneasurements.
The program was based on the automatic determination of regasnrof rec-
orded signals at specific periods of time signal. As soon as the signall€xcee
axial forceF,, 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 ahwhe signal value
of the axial force decreased below 150 mV. A simplified diagod the deter-
mination of measurement of signals is shown in fig. 2.

Determination of measurment
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Fig. 2. Method of determining a signal strength sseament,

In these studies as a tool wear indicatBy,.x = 0.2 mm was adopted. The
measurement of tool wear was made on the Mitutoyo TM micresedfh
dropped digital camera eyepiece with a resolution of 600 dpi, whictvsafior
image archiving on a personal computer. Tests were carriedlldbetmaxi-
mum value of blade wear is accepted. Durability experimentsarsisted of
repetitive operations, in which each performed 252 holes. Aftér eauopleted
operation, a measurement of tool wear and registration of sigrediaifforce
F,, as well as cutting torqud, was carried out.

4. The test results

Figure 3. presents examples of obtained waveforms of fax@zd and cut-
ting torque for new tools (fig. 3a) and wearing tools (fig. 3lhe Tesults of the
study, which analysed the axial for€g and cutting momen#, using three
different feed rate§ five speeds, and three values of tool we¥B;,, are pre-
sented below. In the analysis, the effect of feed rate, toal arad cutting speed
on the values of the axial force and cutting torque was stultieorder to de-
termine the effect of tool wear on the cutting force and torgoges of cutting
tool wear was adopted as the independent vari&bleThe range of the
independent variableF( used in the analysis of results are as follow:
F; = 0-0.095;F, = 0.100-0.150 ané; = 0.155-0.200. For the present experi-
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ment, ANOVA analysis was performed in STATISTICA program,chirallows
to evaluate the significance of the impact of three factarshe course of the
controlled experiment.
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Fig. 3. Exemplary signal waveforms of axial fofegand cutting mo-
mentM, for new tools (a) and wearing tools (b)

In this work the level of significance was= 0.05. The results of analysis
(fig. 4.) rejected hypothesis about the lack of impact of factorthedactor
VBax ON the value of the axial force sigrigl So it can be noted that the value
of tool wear and feed significantly affects the value of glgmal strength in
drilling. At the significance levgb = 0.029 the effect of cutting speedon the
value of the axial force sign&l, was also noticed. An interaction (statistically
significant) between the studied factors was found. The sesiltanalysis
(fig. 5.) rejected hypothesis about the lack of impact of fadfBrgx andv, (at
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significance levep = 0.020) on the value of the cutting mombht So it can be
noted that the value of tool wear and feed, as well as cupigggssignificantly
affect the cutting torque during drilling. Furthermore, itighly significant to
consider the interaction of the fact®B,,.x andv..
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Fig. 4. The influence of cutting parameters onuhlele of the axial force signgl,

Design of cutting tools, especially with complex shapes, suchilis cut-
ters should be preceded by the optimization process. This neguites often
due to optimization of the fact that the two conflicting criterisstbe taken into
account at the design stage. This is best illustrated loydanary drill, where on
one side of the flute cross-section should be as large ablpdssis facilitates
the discharge of a large quantity of chips) on the other handrdbke section of
the core should be large to increase mechanical strength dfithend thus
allow the use of higher cutting. Both criteria are mutually ra@httory, because
of the increase in the diameter of the drill bit flute sresctional area helps to
reduce the cross-sectional area of the core drill, and \@cgav So finding
a compromise solution requires optimization action. The optimizatiarepuoe
IS subject to the earlier diagnosis of the state of chafgeich a tool. Distribu-
tion of both forces and moments values resulting from the gsoskthe chip
affects the wear of cutting edges of the tool. Axial fdtcand cutting torqué,
are defined as:
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Fz :CF lN/BmaxXF Df ¥ chF (l)
M, =Cy VB, [F Y ¥ )

where:Cg, Cy — constants dependent on the processing conditions determined
experimentally xg, Xy — exponent characterizing influence of tool w8,y

Ve, Ym — €xponent characterizing influence of féed:, z, — exponent characte-
rizing influence of cutting speed.
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Fig. 5. The influence of cutting parameters onvlele of the cutting moment signallg)

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

I:z =1518/Bmax0-37 f 0-33@(: 0.02 (3)
M, :1400/Bma)(0.47 F 0.85|]/C 1.1¢ @
To verify the derived egs. (3) and (4) a comparative anafbediseen the

actual values, obtained in the study, and the estimated valuesavdaesl out,
on the basis of these relationships (fig. 6.).
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6. Actual and estimated values of the axietd®, and the cutting momeM,

5. Conclusions

signal of the axial forc€, strongly depends on both the tool wear and feed rate.

Based on the results of analysis and egs. (3) and (4) it ceeebethat the

The influence of the cutting speed can be omitted here dtie tfact that the
value of exponent of; (eq. (3)) is close to zero. A significant effect of alletiar
independent variables (eq. (4)) on the value of the cutting taiganal M, can
be observed.
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ANALIZA ROZWARSTWIANIA PLYTY WIOROWEJ
PODCZAS WIERCENIA

Streszczenie

Piyta widrowa jest kompozytem, ktérego podstawovsktadnikiem jest drewno. Ma szero-
kie zastosowanie w przeglg. Proces wiercenia to najpopularniejszy proce®hib stosowany
w przemyle meblarskim. Sita osiowa i moment skrawania wysjce podczas procesu wierce-
nia odgrywag wazna role w uzyskaniu odpowiedniej jakoi powierzchni. W przeprowadzonych
badaniach wykonano osiense& prob trwatéciowych narzdzia dla rénych wartdci analizo-
wanych parametrow skrawania. Na podstawie wynikayskanych z przeprowadzonych bada
okreslono wpltyw wybranych parametréw skrawania orazyeia narzdzia na wartéc sity osio-
wej i momentu skrawania. Zaproponowano modele maitygrmnne, wykorzystar analiz warian-
cji ANOVA, pozwalajce oszacowaopory skrawania.

Stowa kluczowe:wiercenie, zaycie narzdzia, jakéé powierzchni, ptyta wiérowa laminowana
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