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The subject of the examination were tribological behaviour and wear of steel knives during peeling of
beech wood and the effect of the tools surfaces modification with Cr,N thin layer onto these properties.
Cr,N layers were deposited with the use of triode reactive cathode sputtering method. Chemical content of
the deposit was estimated using EDS method and its phase content was determined using XRD method.
The experiment was conducted on home-made peeling laboratory Micro-lathe apparatus. The friction
coefficient was measured in situ,

The reduction of the cutting edge was measured with an optical microscope perpendicularly to the
clearance face along cutting edge from a base line.
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INTRODUCTION

Modification of metal-cutting tools surfaces based on covering them with CrN
coating improves their life (Navinsek, Panjan and Milosev 1997). All attempts to em-
ploy antiabrasive materials, which are applied with the very good results in metal cut-
ting, for wood cutting are facing unexpected difficulties caused by wood tribological
properties. Wood shows a high friction coefficient value with tools’ materials and anti-
abrasive coatings, which amounts to about 0.75 for dry wood and 0.31 for wet wood
(normal force = 39N, sliding speed = 1 m/s) (Beer, Miklaszewski and Sokolowska
1996, Beer et al. 1997).

For the experiment we have chosen the peeling process during which the tool works
under respectively mild conditions from the mechanical point of view (heat-treated
wet wood, cutting in tangential direction) but in difficult conditions from the corrosive
environment point of view. Nevertheless, some of the hard coatings, verified in the
peeling process, have not raised the tools lifetime (Beer et al. 1997).
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The aim of the study was to examine how a modification of the Cr,N coating affects
knives edge wearing phenomena in wood peeling process.

EXPERIMENTAL

The low alloy steel is commonly used for producing the cutting tools for peeling
lathes. The tempering temperature of this steel is as low as 200-300°C and raises severe
problems when subjecting its surface to modifying treatments, which usually require a
temperature >500°C. That is why the presented study has been conducted with the
deposition method that enable a comparison examination of low alloy steel, high speed
steel (tempering temperature 500-600°C) and those steels modified with CryN coating.

The cutting tools used in the experiments were made of:

« 60SMDS low alloy steel (57-59HRc) commonly used for producing the cutting
tools for peeling lathes, which is composed of: C-0.6, Si-1.8, Mn-0.7, Cr-0.3,
Mo-0.5, V-0.2.

« Z90WDCYV high speed steel (64-66HRc), which is composed of: C-0.9, Si<0.4,
Mn<0.4, P<0.03, §<0.03, Cr-4.1, Mo-5.0, W-6.4, V-1.9.

Each of the knives had an edge angle of 20°.

The Cr,N, coating has been deposited with triode reactive sputtering method (Fig.1)
under optimised conditions (Beer et al. 1997, Beer et al. 1999): pressure= 0.5Pa, U target=
1500V, I target= 30mA, U anode=180V, I filament= 25A, temperature= <200°C. The gas
composition has been changed: argon from 0 to 80% and nitrogen from 100 to 20%.

a)

Fig.1. Experimental set-up for triode reactive sputtering method - ENSAM Cluny:
a- equipment and its schematic connections, b- photography in the laboratory
1- coils power supply, 2- target HT power supply, 3- anode power supply,
4- filament power supply, 5- impedance mismatch, 6- RF generator
Fig.1. Uklad stanowiska doswiadczalnego procesu reaktywnego rozpylania triodowego - ENSAM Cluny:
a- schemat, b- fotografia
1- zasilacz cewki, 2- zasilacz grzania podloza, 3- zasilacz anody,
4- zasilacz wiokna zarzonego, 5- sprzgzenie, 6- generator w.cz.
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The material subjected to the cutting experiments was beech wood (Fagus syl-
vatica L.) without defects, since, among various kinds of wood, it is relatively hard and
homogeneous and thus permits comparative examinations.

The experiment was conducted on home-made peeling laboratory Micro-lathe ap-
paratus (Butaud, Decés-Petit and Marchal 1995).

The cutting parameters for peeling beech wood were maintained constant in all the
peeling operations: the linear cutting speed: 1m/s, the clearance angle: 1°, and the peel-
ing thickness: 0.3mm.

The friction coefficient was measured on the base of “in situ” method with labora-
tory Micro-lathe apparatus (Butaud, Decés-Petit and Marchal 1995).

The reduction of the cutting edge is representative to the tool wear and it was meas-
ured with an optical microscope perpendicularly to the clearance face along cutting
edge from a base line. The base line was led through the part of the edge which did not
take part in the cutting process. The mean value of the reduction for each sector of the
cutting path was calculated from 50 measurements taken 350um apart each from other.
This way of measurement of the cutting edge reduction is commonly used in cutting
wood analysis (there is no ISO standard).

Chemical content and phase composition of the deposited layers was estimated us-
ing EDS and XRD measurements.

RESULTS

In the beginning of this study we have deposited Cr,N films by using 100% nitro-
gen plasma discharge, the deposition rate was relatively low 0.2-0.3 um/h. In order to
increase this deposition rate a mixture of argon and nitrogen was used. It can be seen in
Fig 2-a. The deposition rate increases slightly with argon concentration in the dis-
charge but after a threshold value of 60% this increase became very high and at 75% of
argon concentration the deposited rate is multiplied by a factor of 4. Therefore we have
applied the mixture of 75% Ar and 25% N, for the deposition of layer. Figure 2-b pres-
ents the thickness of CryN layer versus the deposition time under mentioned above
conditions and at 75% of argon in the discharge. The thickness of the coating is propor-
tional to deposition time, which enables to control coatings thickness and the deposi-
tion rate is in the order of 1 pm/h which is more compatible with industrial applications
The layers’ thickness was 0.6 um on 60SMDS steel and 1.6 pm on Z9O0WDCYV steel.

The composition of the films done by EDS shows (Fig.3) that we have twice
amount of chromium than nitrogen (probably due to the effect of argon sputtering) and
the deposited films are a mixture of Cr and Cr,N rather than CrN (Fig.4). This was con-
firmed by the XRay diffraction investigations.
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a)

b)

Rys.2. Zalezno$é grubosci warstwy CroN od zawartosci Ar% i czasu nanoszenia: a- warunki nanoszenia:
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Fig.2. Thickness of Cr;N films versus Ar% and deposition time: a- deposition conditions: target
voltage 1500V, target current 40mA at constant time 45min, b- deposition conditions: target
voltage 1500V, target current 40mA, at 75%Ar and 25 %N,

potencjat podtoza 1500V, prad podioza 40mA, staly czas 45min, b- warunki nanoszenia:
potencjat podioza 1500V, prad podioza 40mA, 75%Ar i 25%N,
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Fig.3. EDS spectra of Cr,N(5kV) film: N=33.9%, 0=6.4%, Cr=59.7%
Rys.3. Widmo EDS warstwy CroN(5kV): N=33,9%, 0=6,4%, Cr=59,7%
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Fig.4. XRD spectra of Cr;N film
Rys.4. Widmo XRD warstwy Cr;N
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Fig.5. Values of the friction coefficient for steels and CrN with wet beech wood
(each value is a mean of 12 groups of more than 1000 measurements)
Rys.5. Wspélczynniki tarcia stykow stali i CryN z wilgotnym drewnem bukowym
(kazda warto$¢ jest $rednig 12 grup zawierajacych wigcej niz 1000 pomiaréw)
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Fig.6. Photographs of the rake faces of the Cr.N coated knives after 4000m of the cutting path:
a- Cr;N on the 60SMDS steel, b- Cr,N on the ZOOWDCYV steel
Rys.6. Fotografie powierzchni natarcia nozy pokrytych Cr,N po 4000m drogi skrawania:
a- Cr;N na stali 60SMDB8, b- Cr.N na stali Z9OWDCV

Friction coefficient of Cr,N coating with wet beech wood was lower than the fric-
tion coefficient with 60SMD8 and Z9OWDCYV steels (Fig.5). It was also lower than
friction coefficient of wood with other well known antiabrasive coatings, i.e. TiN,
(Ti,Zr)N, W-C:H(DLC) and nitrided steel (Beer, Miklaszewski and Sokotowska 1996,
Beer et al. 1997).
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Fig.7. The reduction of the knife edge versus the cutting path
(each of the point represents mean value of 50 measurements)
Rys.7. Zalezno$¢ ubytku ostrza noza od drogi skrawania
(kazdy punkt odpowiada $redniej wartosci 50 pomiaréw)

The Cr«N coating remained on the knife edge surface even up to 4000 m of cutting
path, which is shown on the photographs on the Fig.6.

Figure 7 shows the results of investigations of wear resistance of 60SMDS,
Z90WDCV steel and both steels covered with Cr,N layer. The Cr,N coating lengthens
the time of reduction of the knifes’ edges. In the region of the experiment conditions, the
tools” life has been raised 3 times. The difference between Z9OWDCV and 60SMDS8
steels is obvious for the steels differ in their structure. The improvement of the 60SMDS
due to covering is higher than in the case of ZQOWDCV approximately twice.

The differences of blunting process between low alloy steel and Z9OWDCV (about
75% lower edge reduction of Z9OWDCYV knife) permits some examinations provided
to this direction of research in spite of some technological problems with its heat treat-
ment, when the long knives for wood peelers are taken into the consideration.

RECAPITULATION

Layers of CryN deposited with the use of reactive triode sputtering revealed excep-
tional adhesion to the steel and wear resistance during wood peeling in comparison
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with other obviously known antiwear coatings like TiN, ZrN deposited with the use of
vacuum arc method.

It seems that good mechanical properties of CroN (especially hardness) as well as
method of its deposition both are responsible for the good results. The good adhesion
of the layers obtained during deposition on a surface at a respectively low temperature
(<300°C) is very remarkable.

Improving tool life obtained as a result of CryN coating is worth of technical appli-
cation and the knowledge and experiences gained will serve in application of hard
coatings in another wood processing like routing, planning, shaping.

Received in March 1999
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BADANIA PROCESU SKRAWANIA OBWODOWEGO NOZAMI
STALOWYMI MODYFIKOWANYMI WARSTWAMI Cr,N

Streszczenie

Jako cel badan przyjeto okreslenie wptywu powierzchniowej modyfikacji narzedzi na ich tepienie sie
W procesie skrawania drewna na laboratoryjnej skrawarce obwodowe;j.

Nozom wykonanym z francuskiej stali niskostopowej 60SMO0S i szybkotnacej Z9OWDCYV nadano kat
ostrza réwny 20°, a na ich roboczych powierzchniach osadzono trudnoscierne warstwy z CriN,

Warstwy CrN wykazaly dobrg adhezje do podloza oraz odporno$¢ na $cieranie podczas obrébki
drewna. Modyfikowane noze po wykonaniu drogi skrawania 4000 m wykazaly mniejszy o 52% ubytek
0Ostrza w poréwnaniu z nozami niemodyfikowanymi.
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