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Abstract: Comparative wear analysis of modified cutters dyrprocessing of milling of selected wood-based
materials. This study presents comparative investigationdusfbility of cutters covered with different varian
of antiwear coatings. The impact of hard coatingead on faces of cutters on the wear of cuttirgesdluring
the process of milling of chipboards and MDFs wasstigated. Every time, the wear of the cuttingeedaused
by milling chipboards and MDFs was determined ia #inea of the same cutter utilising the entire tlerad the
main milling edge which guaranteed the same cheniatits of the applied coating. The edge wearaserfarea
was measured using, for this purpose, a surfadgsamna It was established that milling chip baaashd MDFs
of similar mean density using cutters made fromhfsgeed steel covered with antiwear coatings démint
characteristics caused, for each of the examindtinguedges, at least over 50 times greater weainglu
chipboard milling. The character of the obtainedma&irves makes it possible to assume that theéeapmiilling
method will allow initial assessment of edge duighiespecially in the case of MDF and will makeossible,
on this basis, to plan the timetable of investmai

Keywords:antiwear coatings, milling, cutting edge wear, toiard, MDF

INTRODUCTION

At the present time, in the case of furniture indysmainly such furniture board
materials as chipboards and MDFs are used to metouéaconstructions of furniture bodies.
Elements exerting a decisive impact on both efficie and quality of furniture body
production include all factors from the so calledWRO/T (woodworking machine —
processed object - tool) system. The choice of dbestituent elements of this system is
a resultant of the production technology advanceéniére factor that exerts a decisive impact
on processing results is the condition and dutgbdf the cutting edge. Many processing
operations are carried out employing heads of @iffemounting systems of milling cutters.
Cutters are most frequently manufactured from suelterials of high-speed steel (HSS) and
cemented carbide (HM). These materials are verylaomnd are characterised by defined
possibilities regarding exploitation durability. @wing cutters with various antiwear coatings
aims at increasing durability of cutter edges ad aglimprovement of the functional values
regarding better milling results. Investigations this field have been carried out by
researchers for many years [3-5, 7].

Klimczyk et al. [2] reported that among possibleysv@f modification of composite
coatings are multilayers composed of two or moyers manufactured from various materials
and added that, in recent years, the interest adymtion of multilayers based on chromium
nitride increased markedly. In their publication)e@iicz et al. [1] concluded that tools with
CrCN/CrN multilayer coatings improved the quality tie processed wood surface in
comparison with cutters without coatings, while Sziiska et al. [6], in their article, maintain
that covering tools with hard antiwear multilayer GWCrN-type coatings improves cutting
edge durability during pinewood milling.

An important problem associated with investigationsdurability of cutting edges in
laboratory conditions is their time- and materiahsumption. Within the framework of the
presented experiments, an attempt was made to eateetbe cycle of the cutting edge wear
using HSS cutters covered with selected variantoofposite coatings to mill chipboards and
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MDFs and to obtain data regarding possibilitiesitiifsation of this kind of cutters for milling
selected wood-based materials.

The objective of investigations was to compare lilitp of cutting edges of cutters
for milling heads used for milling chipboards and®s. The experimental cutters were made
from high-speed steel (HSS) with edges modified wabrfkinds of antiwear coatings of
varying architecture.

RESEARCH METHODOLOGY

Investigations were performed on a bottom-spindl@dwworking machine (Felder).
Prior to the initiation of investigations, geomet&nd static accuracy of the woodworking
machine was checked. During milling, the local deVarechip removal was applied.

Investigations were conducted using 40x30x3 mmecsitFABA), of 45 tool angle,
manufactured from high-speed steel SW 18 onto wisigbcial antiwear coatings were
applied. Cutters were mounted in a three-edge, @gtimill head by means of clips.

A 16 mm thick MDF and a three-layer 12 mm thickptiuard were used in the
performed experiments. Milling was carried out oeaally prepared board panels 250 mm
wide and 2 m long. Mean densities of experimentart® were as follows: MDF - ~740
kg/m® and chipboard - ~785 kgfm

The designations of the experimental cutters witlr f@riants of antiwear coatings
were as follows: C1 cutter — af8ir+ CrN monolayer, C2 cutter — a CrN/CrN + TiAIN/TIAIN
multilayer, DLC cutter — amorphous carbon and W-D&i@ter — a nanocomposite coating.
The antiwear coatings were developed and spreadt®rsat the Centre of Vacuous-Plasma
Technology of the Institute of Mechatronics, Nanbtedlogy & Vacuum Technique of
Koszalin University of Technology.

Narrow planes of both medium densuty and chip boamete milled with milling
heights of H = 16 mm in the case of MDF and H = 12 oihthipboard. The remaining
parameters were as follow: thickness of the millg@rddn = 1 mm, spindle rotational speed -
n = 6000 mift, feed speed -;\= 6.3m - min* (three-rolled Felder feed device was applied),
milling speed - y= 35.8 m - $and feed per cutting edge 51.05 mm.

Milling investigations on both the MDF and chip bds were conducted using the
same cutters utilising optimally the entire lengththe upper milling edge. This research
approach allowed unequivocal comparative referemdtke characteristics and architecture of
the applied antiwear coatings.

Cutting edge wear measurements were carried outrondarnised surface analyser
MEZ10 (Carl Zeiss Jena) workstation. Utilisation détprofilograph made it possible to obtain
high measurement density on the entire area ofuttng edge. A special measuring stylus of
25 pm rounding radius and 3 mm length of the méaguedge as well as a uDAQ-Lite
measuring module were employed which were coupled witARC and special software.
Cutters were mounted in a repeatable manner in@adlyedesigned grip. The registered wear
profiles were recorded as ASCIl files. The employediveare allowed comparison of
diagrams from different stages of investigations ealculation of areas of the cutting edges.

RESULTS AND DISCUSSION

Table 1 presents types and characteristics ofingsmapplied onto cutting edges of
cutters used in the described investigations.
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Table 1. Types and characteristics of antiwearigatused in experiments

Cutter C1 Cc2 DLC W-DLC

Type of coating monolayer multilayer amorphous TMopOosite
Nanocrystalline separations of

. " . . amorphous wolfram carbides (WC)

Coating composition GN+CrN CrN/CrN+TiAIN/TIAIN carbon in amorphous matrix of
hydrogenated carbon (a - C : H)

Coating thickness [um] 2.38 3.43 1.8 2.9

Coating hardness[GPa] 24 18 41 19.3

Surface roughness Ra [um] 0.1 0.33 0.2 0.06

Figure 1 shows calotest friction track of the seddaC1 and C2 coatings of applied
onto cutters used in experiments.
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Fig. 1. Calotest friction track of the C1 and Catings

The diagram (Fig. 2) presents research resulsutiers cutting edge wear covered
with different combinations of antiwear coatings &bl in the discussed experiments
depending on the milling distance in the coursemitiing of MDF and chip boards.
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Fig. 2. Dependence of the cutting edge area imilieng distance function for cutters with differiearchitecture
of antiwear coatings during milling of MDF and chagard

The presented diagram (Fig. 2) shows a distinathatgr wear of all the examined
cutting edges from high-speed steel covered witferdift antiwear coatings in the course of
milling of the experimental chipboard than of thédM Both the chipboard as well as the
MDF were milled using the same cutting edge utitisine entire length of the main milling
edge (Fig. 3). The observed wear areas of thenguttdges show that, in the case of
chipboard processing, the wear of each of the en@ncutting edges was distinctly greater
(at least by more than 50 times) in comparison with milling of the MDF. The performed
analysis of edge durability (Fig. 2) makes it pbksito conclude that the best results were
obtained for the cutting edge of the W-DLC cuttethwhe nanocomposite coating and for the
cutting edge of the DLC cutter with the amorphouaticwy, both in the course of MDF and
chipboard milling.
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Fig. 3. Wear images of cutting edges of the DLGeruteft side — chipboard (5 m); right side — M[@® m); a —
wear profilogram, b — cutting edge of a cutter,general view of the cutter

CONCLUSIONS

The milling of chipboards and MDF of similar medensities with cutting edges of
high-speed steel covered with antiwear coatings fiéréint characteristics and architecture
caused, in the case of each of the examined edges50 times greater wear in the course of
chipboard milling.

The comparison of cutting edges of the experimenttiers made of high-speed steel
and modified using four different variants of antawecoatings used in this investigation
revealed that the W-DLC cutter with a nanocompositating was characterised by the best
durability during machining of the chipboard and MWD

The character of the obtained individual wear cumesle it possible to conclude that
the applied method of milling of wood-based matsriading cutting edges of high speed steel
covered with antiwear coatings of different structwi#t accelerate, especially in the case of
MDF, the initial assessment of durability of cuttiedges and facilitate planning of research
timetable on this basis.
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Streszczenie: Analiza por6éwnawcza zycia ostrzy modyfikowanych podczas obrobki
wybranych tworzyw drzewnychV pracy przedstawiono badania poréwnawcdzesatosci
ostrzy pokrytych rénymi wariantami powtok przeciwzyciowych. Badano wpltyw twardych
powtok naktadanych na powierzchnie natarciaynma zuycie ostrzy, w czasie frezowania
piyty wiorowej i ptyty MDF. Zwzycie ostrza, wynikaice z frezowania ptyty wiérowej i ptyty
MDF, okreslano kadorazowo w obszarze tego samegaajonvykorzystuic cah diugase
gtéwnej kravedzi skrawajcej, co gwarantowalo taksamy charakterystyi& natazonej
powtoki. Mierzono pole powierzchni zycia ostrza z zastosowaniem profilografometru.
Ustalono, ze frezowanie piyty widrowej i ptyty MDF, o przyhbinej sredniej gstaici,
nozami ze stali szybkotitej, z naniesionymi powlokami przeciwgciowymi, o r&nej
charakterystyce, powoduje, dlazk@go badanego ostrza, co najmniej ponad 50 krotnie
wigksze zuycie podczas skrawania ptyty wiérowej. Charakter atragych krzywych
zwzycia, pozwala sdzi¢, ze zastosowana metoda frezowania @ing, w przyspieszony
spos6b, szczegoblnie z zastosowaniem ptyty MDF, dcesicpna trwatos¢ ostrzy i na tej
podstawie planowsharmonogram bada
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