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ANALYSIS OF RELATIVE MACHINABILITY INDEXES
OF WOOD PARTICLE BOARDS BONDED WITH WASTE
THERMOPLASTICS

The paper presents original data concerning one aspect of the machinability of
special, wood particle boards bonded with waste thermoplastics. The study fo-
cused on the measurement of drilling torque and thrust force. The classic idea
of machinability indexes was used. The experimental plastic particle boards (with
a nominal density of 650 kg/m?) were made of industrial grade core-layer pine
wood particles and three different waste thermoplastics: polyethylene, polypropy-
lene and polystyrene. Three different proportions of plastic contents were used: 30,
50 and 70%. The machinability of the boards was tested in relation to commercially-
-produced materials: standard medium-density fibreboard (MDF) and standard
particle board (with nominal densities: 750 and 650 kg/m?, respectively). Data
presented in the paper suggest that the machinability of wood particle boards bon-
ded with waste thermoplastics, especially waste polyethylene, is particularly good,
not only in relation to standard particle boards, but even in relation to standard
MDEF.
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Introduction

Nowadays, wood-plastic composites (WPC) are mass produced materials made
of wood (fibres, flour, chips etc.) and, most popularly, of thermoplastics. It is
generally known that the workability of WPC is reasonably good but there
is a lack of quantitative data concerning their machinability indexes. Previous
studies of WPC machinability [Buehlmann et al. 2001; Somsakova et al. 2012] are
inadequate from this point of view.

The paper presents original data concerning one aspect of the machinability
of special, wood particle boards bonded with waste thermoplastics. The study fo-
cused on the measurement of drilling torque and thrust force. The classic idea of
machinability indexes [Globocki et al. 2009] was used.

The basic aim of the study was to analyze the machinability of wood particle
boards bonded with waste thermoplastics in relation to commercially-produced
materials: standard medium-density fibreboard (MDF) and standard particle
board.

Materials and methods

The experimental plastic particle boards (with a nominal density of 650 kg/m?)
were made of industrial grade core-layer pine wood particles and three different
waste thermoplastics: polyethylene (PE), polypropylene (PP) and polystyrene
(PS). The boards were made following the procedure developed by Borysiuk et
al. [2008], and hence 16-mm thick boards were prepared. The pressing parameters
were as follows: maximum unit pressure 2.5 MPa, temperature 200°C, pressing
time 10 min. The boards were cooled under pressure for 15 min. Three different
proportions of plastic contents were used: 30, 50 and 70%. Consequently, the ma-
chinability of nine variants of plastic particle boards was tested.

The machinability of the boards was tested in relation to commercially-pro-
duced materials which were the objects of an earlier study [Podziewski, Gorski
2011], standard medium-density fibreboard (MDF) and standard particle board
(with nominal densities of 750 and 650 kg/m? respectively).

In all the cases, the drilling process was carried out by means of a standard
CNC machine tool (Busellato JET 130) and a standard PCD drill (10mm, Leitz
91193). Three spindle speeds (3000, 6000 and 9000 rpm) and five values of feed
per revolution (0.1; 0.15; 0.20; 0.25; 0.3 mm) were used. Consequently, fifteen
variants of cutting parameters were taken into account.

The basis of the machinability assessment was the monitoring of the drill-
ing torque (M) and of the thrust force (F), therefore an adequate measuring sys-
tem (Kistler 9345A, Kistler 5073A) and data acquisition system (NI PCI 6034E,
NI LabVIEW) were used.



Analysis of relative machinability indexes of wood particle boards bonded with waste thermoplastics 141

Adopting commercial MDF as the universal, reference wood-based material,
two relative machinability indexes (MI, and MI) were defined:

MI,, = (M,,,./M,) (D
ML, = (F,,./F) 2)
where: M, ., F, . — mean values of drilling torque and thrust force observed

when drilling in MDF (all of the fifteen variants of cutting
parameters were taken into account);

M, F, — analogue values observed when drilling in the i-th material
(i.e. the particular material tested for its machinability,
which was then compared with the machinability of MDF).

The experimental data related to the machinability indexes were analyzed by
means of a special software package — STATISTICA 10 (StatSoft Inc.). The analy-
sis was carried out using the standard method of variance analysis (multi-factor
ANOVA).

The general characteristics of MDF, as the reference material, were determi-
ned in experimental way according to the adequate standards. The basic properties
of MDF were as follows: tensile strength [EN 319] — 0.57 MPa, bending strength
[EN 310] — 40 MPa, modulus of elasticity [EN 310] — 4020 MPa, swelling in
thickness after immersion in water [EN 317] — 8%.

Results and discussion

The values of the relative machinability indexes, based on the measurement
of drilling torque and thrust force , are illustrated in fig. 1 and fig. 2, respectively.
It should be noted that the values of both indexes proved to be relatively high for
all the special plastic particle boards, especially in relation to the standard wood
particle board. This is a very important fact since the lower the drilling torque, the
lower the cutting power (i.e. lower energy costs). Moreover, the lower the thrust
force, the lower the risk of drill buckling or breakage, which are common problems
observed for small hole drilling, especially for high feed rates. From this point of
view, the best of the tested materials were the wood particle boards bonded with
polyethylene waste (PE). At any rate, the more polyethylene, the better the machi-
nability (at least in the tested range of percentage content). The statistical signi-
ficance (p-value below 0.01) of this conclusion was based on thestandard method
of variance analysis (multi-factor ANOVA). The use of polypropylene (PP) or pol-
ystyrene (PS) as bonding components of the boards also had a positive, but much
less spectacular effect. In this case, the increase in the plastic content from 30 to
70%, had no statistically significant effect on the machinability indexes.
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Fig. 1. Values of relative machinability index based on measurement of drilling
torque (MI, — machinability index defined in the text by means of formula 1,
PE - polyethylene, PP — polypropylene, PS — polystyrene)

Rys. 1. Wartosci wzglednego wskainika skrawalnosci zwiqzanego z momentem obroto-
wym skrawania (M1, — wskazZnik skrawalnosci zdefiniowany w tekscie za pomocq wzoru 1,
PE — polietylen, PP — polipropylen, PS — polistyren)
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Fig. 2. Values of relative machinability index based on measurement of thrust
force (MI_ — machinability index defined in the text by means of Formula 2, PE -
polyethylene, PP — polypropylene, PS — polystyrene)

Rys. 2. Wartosci wzglednego wskaznika skrawalnosci zwigzanego z sitq osiowg (MI — wskaz-
nik skrawalnosci zdefiniowany w tekscie za pomocq wzoru 2, PE — polietylen, PP — polipro-
pylen, PS — polistyren)
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Conclusions

The data presented above suggest that the machinability of wood particle boards
bonded with waste thermoplastics, especially waste polyethylene, is particularly
good not only in relation to standard particle boards, but even in relation to stan-
dard MDF.
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ANALIZA WZGLEDNYCH WSKAZNIKOW SKRAWALNOSCI
PLYT WIOROWYCH SPAJANYCH TERMOPLASTAMI
POUZYTKOWYMI

Streszczenie

Kompozyty drewnopochodne okreslane jako WPC (wood-plastic composites) zawieraja
zwykle czastki drewna (w formie widrow, widkien, maczki) spojone za pomoca najpopu-
larniejszych termoplastow. Ogolnie wiadomo, ze obrabialnos$¢ takich kompozytéw jest
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catkiem dobra, ale problemem jest brak jakichkolwiek danych ilosciowych dotyczacych
ich wskaznikow skrawalnosci. Wczesniejsze badania skrawalnosci WPC sa calkowicie
niewystarczajace z tego punktu widzenia. Niniejszy artykul prezentuje oryginalne dane na
temat jednego z aspektow skrawalnosci specjalnych ptyt widrowych spajanych za pomoca
termoplastow odpadowych. Badania koncentrowaty si¢ na pomiarze momentu obroto-
wego wiercenia i sity osiowej. Podczas interpretacji wynikow wykorzystano klasyczna
koncepcje wskaznikow skrawalnosci wzglednej. Plyty eksperymentalne (o nominalnej
gestosci 650 kg/m?) byly wykonywane z przemystowych, przeznaczanych na warstwe
wewnetrzng, wiorow sosnowych oraz z trzech réznych termoplastow pouzytkowych.
Wykorzystywano przy tym trzy réozne udzialy procentowe tworzyw sztucznych: 30, 50
1 70%. W konsekwencji testowano skrawalnos¢ dziewigciu roznych wariantow ptyt. Ba-
dano skrawalno$¢ tych plyt w odniesieniu do materiatow komercyjnych — standardowe;j
ptyty MDF oraz standardowej ptyty wiérowej (o nominalnych gestosciach wynoszacych
odpowiednio: 750 i 650 kg/m?). Uzyskane dane eksperymentalne sugeruja, ze skrawal-
nos¢ plyt widrowych spajanych termoplastami pouzytkowymi (zwtaszcza polietylenem)
jest naprawdg dobra nie tylko w odniesieniu do standardowych ptyt wiérowych, ale nawet
w odniesieniu do standardowej plyty MDF.

Stowa kluczowe: kompozyty drewno-tworzywo sztuczne, termoplasty odpadowe, skrawalnosé¢
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