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a b s t r a c t

The aim of this study is first to define the effect of a surface finishing such as sand-blasting on the geometry
of a wood cutting tool and its wear resistance. In addition, the effectiveness of surface coatings like CrAlN
deposited by physical vapor deposition (PVD) technique on conventional and sand-blasted cutting edges
was studied. A reference tool and different sand-blasted ones were tested by micro-peeling of beech in
eywords:
and-blasting
rAlN
ood machining
ear resistance

a laboratory. Microscopic observations, cutting forces measurement and cutting wear tests were carried
out to quantify the behaviour of these tools. The results obtained showed that the artificial wear by sand-
blasting leads to an increase in the wear resistance and coating effectiveness, and completely changes
the type of damage done to the tools. The sand-blasting application combined or not with CrAlN coating
showed an improvement in the wear resistance of the tools and a modification of the forces during the
peeling process. The effectiveness of the CrAlN layers was improved thanks to the sand-blasting treatment

perf
and then the duplex ones

. Introduction

One of the major problems concerning wood industry tools is the
ccurrence of nicks on the cutting edge mainly due to the impact of
nots, or foreign bodies that green wood frequently contains. This
henomenon is accentuated by the small tool angle of the wood
achining tools. In the peeling process, two situations may occur:

rst, when the dimensions of the nicks are no more than 200 �m in
epth, the operator must intervene with pumice in order to sharpen
he damaged area. In this case, production is not affected. Second,
f the edge is totally broken (size of nicks exceeds 1 mm of depth), a
hange of tools is necessary. These repeated stops induce economic
osses and harder working conditions for the operators. Previous
tudies showed the effectiveness of surface coatings such as hard
ayers obtained by PVD methods (TiN, CrN, etc.) or surface treat-

ents such as nitriding and duplex treatments against wear in
ood machining and especially in peeling [1–4].

The low cutting angle (19–22◦) is the main problem and is
esponsible for significant abrasive wear of the tool during its run-

ing time. Nevertheless, the limitation to commercialization of
odified tools in the wood industry is the low effectiveness of

he protective coatings on the cutting edge. In previous studies,
heikh-Ahmad et al. [5] showed that the modification of the cut-
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ting angle of carbide tools with a stone increased the adhesion of
diamond-like-carbon (DLC) layers and then decreased tool wear.
Morita et al. [6] wanted to observe the influence of surface treat-
ments such as chemical (Murakami/H2O2–H2SO4) and mechanical
(sand-blasting/HCl–HNO3) solutions on DLC (5–20 �m thick) layer
behaviour during routing of Medium Density Fibreboard (MDF) and
bulk wood. The Murakami-based treatment was not effective but
the sand-blasted one led to an improvement in the wear resistance
of the tool whatever the type of wood machined. This was explained
by the high surface roughness and edge radius obtained after this
treatment which allowed better adhesion of the DLC layers. Based
on these earlier works, we combined the preparation of the cutting
edge by sand-blasting and a surface treatment such as a PVD CrAlN
hard coating and compared their wear resistance with unmodified
tools.

2. Materials and methods

2.1. Cutting tools

The cutting tools were made of 90CrMoV8 (“La Forézienne-
MFLS”, France trademark) steel (Table 1) currently used in the
peeling process. The geometry of the tools is represented in Fig. 1.

The cutting edge was polished to obtain a Ra = 0.2–0.5 �m and a
Rt = 1 �m with SiC disks (no. 180).

Before deposition, the cutting tools were ultrasonically cleaned
with alcohol and in situ etching under an argon ion bombardment
for 5 min.

http://www.sciencedirect.com/science/journal/00431648
http://www.elsevier.com/locate/wear
mailto:nouveau@cluny.ensam.fr
dx.doi.org/10.1016/j.wear.2009.01.045
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Table 1
Composition, thermal treatment and hardness of 90CrMoV8 steel tools.

90 CrMoV8

Composition (%)
Fe 88
C 0.5
Si 1
Mn 0.5
P –
S –
Cr 8
Mo 1.5
W –
V 0.5

Thermal treatment Hardening 1020–1050 ◦C—1 h
◦
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Quenching 520–580 C

Hardness (HRC) 54–56

.2. Sand-blasting process

Wet sand-blasting is employed in operations such as aspect
mprovement, cleaning, etching, substrates preparation before
eposition, removal of wire edge, stress preview or decontam-

nation [7,8]. The treated surfaces present an almost perfect
hysico-chemical property state. This process is especially adapted
o brittle mechanical parts as our micro-peeling knives. It presents

any advantages such as no dust, the possibility to employ fine and
ery fine abrasives such as quartz or silica which are not employed
n dried sand-blasting and finally, it reduced fragmentation thanks
o the water film; the inclusion risks are limited because water plays
he role of a shock absorber.

The sand-blasting operations were conducted on a commercial
and-blasting machine VAPOR BLAST-ELVE HEC 221 from IonBond
Fig. 2A). We sand-blasted the tools automatically according to the

ethod represented in Fig. 2B. The tool is in rotation and simul-
aneously sputtered with a mixture composed of sand grains and
ater under high pressure thanks to a gun called ‘dard’. The mixture

mployed was composed of corundum grains (15 �m of diameter)
nd water under 4.5 bar. In our case, the gun was placed perpen-
icularly (parallel to the rake face: see Fig. 4) and at a distance of
00 mm from the cutting edge. The process was composed of cycles

hich consist in going from point A to point B and coming back to
oint A (=1 cycle, 20 s) (Fig. 2B).

For this study, two micro-peeling knives were sand-blasted for 1
ycle (20 s of treatment) and two others were treated the same way
ut for two cycles (40 s of treatment) to check the influence of the

Fig. 2. (A) Sand-blasting machine VAPOR BLAST-ELVE HEC 22
Fig. 1. Geometry of a micro-peeling tool (in mm) and 1 sand-blasting cycle
(A → B → A).

sand-blasting duration on the cutting performance of the treated
cutting tools.

2.3. CrAlN coatings

The CrAlN coatings were synthesized by a dual RF magnetron
sputtering with a pure CrAl target (75 at.% of Cr and 25 at.% of Al)
at a working pressure of 4 �bar, a target bias voltage of −900 V, a
Ar + N2 gas mixture (75%/25%) for 90 min (∼2 �m thick). The layers

were deposited on both faces of the tools. Thus, one of the tools
sand-blasted during 20 s (1 cycle) and one during 40 s (2 cycles)
were CrAlN coated. Table 2 summarizes the tested knives in micro-
peeling.

1 from IonBond; (B) automatic sand-blasting method.



1064 C. Nouveau et al. / Wear 267 (2009) 1062–1067

Fig. 3. Micro-peeling system (A) and peeling process with the forces applied during the tests (B).

Table 2
Micro-knives tested in micro-peeling.

Knives Number of cycle/sand-blasting duration CrAlN film

Untreated 0 No
Sand-blasted-1 1/20 s No
S
D
D

2

T
i
o
F

m
b
b
i

2

m
m
t
i
s
t
w
a
t
s
r
n
m

and-blasted-2 2/40 s No
uplex-1 1/20 s Yes
uplex-2 2/40 s Yes

.4. Micro-peeling process

The micro-peeling was conducted on an instrumented machine.
he tests were made with bulk beech wood cut into disks as shown
n Fig. 3A. The micro-peeling process and the applied forces that
ccur during the machining are represented in Fig. 3B (especially
Xc and FYc forces).

The disks were kept in water at an ambient temperature until the
achining tests. Beech was chosen because it is the most employed

ulk wood specie in industrial peeling. It is worthy to note that
eech wood pieces were cut to simulate shocks during the machin-

ng process. The cutting conditions are summarized in Table 3.

.5. Characterization and wear measurement

An optical microscope (OM-Olympus Vanox-T AH-2) was used to
easure the reduction of the cutting edge and a scanning electron
icroscope (SEM-JEOL JSM-5900LV) to observe the morphology of

he cutting edge after sand-blasting, after deposition, after machin-
ng, and also the retreat of the layer due to wear. Energy dispersive
pectroscopy (EDS) microanalyses were also performed to check
he composition of the CrAlN coatings. The forces (FXc and FYc)
ere determined during the micro-peeling process with a multi-

nalyser system (PULSE of Bruël & Kjaer). It allows registering the
emporal signals and numerical processing at the same time. The

ampling frequency was set up to 65,536 Hz which allows saving
eliable signals at frequencies up to 25.6 kHz, considering the Shan-
on criteria and the real filter capabilities. The scatter of the forces
easurement was ±5 N.

Table 3
Cutting conditions.

Veneer thickness (mm) 1
Linear speed (m/s) 1
Cutting path (m) 3000
Clearance angle (◦) 1
Fig. 4. Measurement of the reduction of the micro-peeling knives cutting edge.

In peeling, the reduction of the cutting edge is representative
of the tool wear. This method of wear quantification is commonly
employed in wood machining [9–11]. The optical method that we
used is represented in Fig. 4. An average value is calculated from
50 measurement points taken each 350 �m, the baseline is the part
of the knife which is never in contact with the wood piece during
the peeling process. The optical observation of the cutting edge was
done and a numerical sensor allows the observation of the cutting
edge on a computer. The measurement of the wear is made thanks
to the “ANALYSIS” software (±0.5 mm for a magnification of 590
which equals to an error of 1 �m).

3. Results and discussion

3.1. SEM and EDS

The SEM images from sand-blasted and duplex-treated cutting
edges are presented in Fig. 5. It is obvious that the CrAlN coating
protects the cutting edge well according to these SEM observations
(Fig. 5A and D). It presents an inhomogeneous surface state with
a certain roughness. Concerning the radius of the cutting edge, we
can check in Fig. 5B (around 5 �m) and E that it is bigger in the case
of two cycles (40 s) of sand-blasting which is logical. Finally, some
imperfections on the cutting edge before machining (Fig. 5C) can
be seen which is probably caused by the grinding during the knife
preparation. Nevertheless, in Fig. 5F a perfect cutting edge radius
state is observed.

The composition of the CrAlN coatings was verified by EDS

(Table 4). They present the same content of Al and Cr and a maxi-
mum of nitrogen. Nevertheless, they also contain 6 at.% of oxygen
but we can consider that it is negligible and will not interfere in the
mechanical properties of the coatings.
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Fig. 5. SEM observations of the cutting edge after sand-blast

Table 4
EDS quantification results of a CrAlN
coating.

Element At.%

O 6
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N 35
Al 30
Cr 29

.2. Micro-peeling of beech

The wear of the cutting edges versus the cutting path is repre-
ented in Fig. 6. After 2000 m of cutting, the sand-blasted knives
re more wear resistant than the unmodified ones but at the end
f the test (3000 m) they behave in the same way. Besides, the
uplex-treated ones (1 or 2 cycles) are effective until 3000 m. The
uplex-treated knife with two cycles is the most wear resistant.

ndeed, it permits to machine almost four times more than an
nmodified tool while the duplex-treated knife with 1 cycle permits
o machine only two times more but this result is more promising
han the sand-blasting only treatment.

The worst cutting knives presented a wear of 100 �m which is
igh and probably caused the beginning of scratches on the veneer
roduced and, as said in Section 1, the objective of the lathe indus-
ries is to decrease the loss of productivity caused by the machine

topping. So, if we consider that a wear of 100 �m requires the
achine being stopped to sharpen the knife, for a wear of only

0 �m, we first machined more (better wear resistance, see Fig. 6)
nd second one can suppose that we are far from this limit that

Fig. 6. Wear of the edges versus the cutting path in micro-peeling of beech.
ing for 1 (A–C) or 2 cycles (D–F) and CrAlN deposition.

imposes to stop the machine to sharpen the knife. To summarize, a
wear of 50 �m instead of 100 �m, or worse 200 �m as mentioned
in Section 1, permits us to conclude that the knife is more wear
resistant and probably does not present nicks yet but there is still a
good quality of the produced veneer.

3.3. Surface state of the cutting edges

The surface state of the cutting edges was observed by OM dur-
ing the micro-peeling process (Fig. 7). The unmodified knife shows
a brittle damage only after 80 m of cutting, which could explain
its bad wear resistance. This result confirms the above-mentioned
ones because a brittle damage obtained only after 80 m of cutting
will be responsible for a bad veneer quality (scratches) after 3000 m
of cutting. On the contrary, both of the sand-blasted knives present
a ductile damage after 1500 m of cutting. As a matter of fact, one
can suppose that: the sand-blasting treatment modified the cutting
edge radius and consequently its geometry. Besides, this process
which consists in a bombardment of the cutting edge under high
pressure could be responsible for a stress release of the steel and
finally for the change of damage type from brittle to ductile. That is
the reason why they performed better than the unmodified knife. At
the end of the test (3000 m) they still have the same ductile dam-
age but with a significant cutting edge radius which means that
above 2000 m of cutting, the steel material cannot cut any longer
and that the forces during the cutting process should be responsi-
ble for the increase of its abrasive wear (especially in the case of
the rake face which is the most stressed because it is in direct con-
tact with the veneer). To conclude, even if the sand-blasted knives
have a ductile damage which allows no veneer quality change, they
are not wear resistant enough above 2000 m of cutting. It is not the
case of both duplex-treated knives which showed the best perfor-
mance. Indeed, after 3000 m of cutting, the duplex-1 treated knife
presented a ductile damage and a small retreat of the coating while
the duplex-2 treated one, which performed the best, still has a cut-
ting edge with a very good surface aspect and is still protected by
the coating. The difference in behaviour between these two knives
could be explained by the duration of the sand-blasting treatment:
only 1 cycle does not seem to be enough with or without coat-
ing: to summarize, the sand-blasted-2 and the duplex-2 treated
knives performed better than the others. With only 1 cycle of sand-

blasting, one can suppose that the radius of the cutting edge is still
too small and similar to the unmodified one. A combination of sand-
blasting with a CrAlN coating protects the edge radius and leads to
better performance. In order to understand the behaviour of the
coated tools, we used SEM observations. On the clearance face of
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Fig. 7. Surface state of the cutting edge
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ter than the untreated one as seen in Fig. 6. From 250 to 500 m of
Fig. 8. Cutting edge of the duplex-2 cutting tool after 3000 m of peeling.

he tool, CrAlN coating showed a little retreat from the edge (15 �m,
ot visible in OM see Fig. 7) and this along its total length (Fig. 8).
his same small coating retreat was also noted on the rake face.

It is known that in the case of peeling tools, the low cutting
dge angle of 20◦ is responsible for its high wear during the run-
ing in time of the tool (i.e. during the first meters of cutting).
ut a surface finishing such as sand-blasting changed the geom-
try of the cutting edge and increased its radius before machining
esulting in lower damage during the first meters of cutting because
ear has already occurred. As a consequence, the wear resistance is

mproved because of the decrease of the cutting forces (see Section
.4). The adhesion of the coating is better on a sand-blasted tool for
cycles because the duration of the treatment is probably enough
o create numerous nucleation sites for the following layer near
he cutting edge. However, in peeling, the face in contact with the
eneer produced during the process should be protected enough.
s the CrAlN coatings tested only retreated by a few microns on

Fig. 9. (A) Average forces FXc and (B) FYc durin
s during micro-peeling of beech.

this face, they protect it enough against the veneer friction and
improve the tool wear resistance. In conclusion, the combination
of sand-blasting with a CrAlN hard layer probably permits to keep
the veneer quality unchanged and to protect the steel cutting tool
from wear until the end of the test (the good adhesion of the layer
due to the creation of nucleation sites during sand-blasting resulted
in lower friction of the veneer against the two faces of the tool, thus
leading to a better wear resistance).

3.4. Forces measurement

In order to understand the wear behaviour of the cutting tools
in micro-peeling, the average forces FXc and FYc (Fig. 3B) were
measured (Fig. 9). The FXc force represents the effort of the wood
piece applied on the cutting tool, therefore the energy consump-
tion during the micro-peeling process. It is noteworthy that at
2000–2500 m of cutting all the knives present the same FXc value
(except the sand-blasted-1 knife at 2500 m); consequently we must
comment the different knives’ behaviour before and after these
2000–2500 m of cutting. But it also seems that the relation between
the energy consumption (i.e. the FXc values) and the tool behaviour
as shown in Fig. 6 is not significant for all knives. First, it is obvious
that the unmodified tool shows the highest FXc values, as expected,
from the beginning to 1500 m of cutting, which is probably respon-
sible for its bad wear resistance as shown in Fig. 6. Besides, the
sand-blasted-1 tool also has high FXc values from 250 to 500 m of
cutting which is confirmed by a similar behaviour to the unmodi-
fied tool in Fig. 6. Nevertheless, from 1000 to 2000 m of cutting, this
tool presents lower FXc values and as a consequence performed bet-
cutting, the sand-blasted-2 knife shows low FXc values (as a conse-
quence a good wear resistance, see Fig. 6) but these values increase
with the cutting path until 1500 m where it performed as the sand-
blasted-1 tool. As mentioned before, no relation between the energy

g micro-peeling of beech for each knife.
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onsumption and the wear behaviour was obvious in the case of the
uplex-1 tool. As a matter of fact, this tool has a good wear resis-
ance from 250 to 1000 m of cutting while its FXc values are very
igh. Moreover, as expected, the duplex-2 knife behaved the best
Fig. 9A) with the FXc lowest values during the entire cutting test.
hat could explain its improved performance in comparison to the
ther knives (Fig. 6). If we consider what happened at the end of
he cutting process (at 3000 m), the sand-blasted-1 and unmodified
ools present similar FXc values but higher than the ones observed
or the three other knives (which also have similar FXc values). To
onclude, it seems that the energy consumption can be a significant
arameter but not sufficient to determine the wear behaviour of a
utting tool. Nevertheless, the influence of the number of cycles of
and-blasting and the CrAlN layers presence were obvious; the knife
and-blasted with 2 cycles (significant change of the cutting edge
eometry) and the coated ones (decrease of the friction between
he wood piece and the steel tool) showed the lowest energy con-
umption at the end of the test. To try to better understand how the
nives behaved we also studied the FYc values as shown in Fig. 9B.

The FYc force represents the step when the knife refuses to cut
the force becomes negative). It is obvious in Fig. 9B that the unmod-
fied and sand-blasted-1 knives present the worst behaviour at the
nd of the cutting test because their FYc values are close to zero
at 2500 and 3000 m for the sand-blasted-1 and the unmodified
nife, respectively) so most likely negative had we continued the
est (rejection of cutting). This result confirms the ones obtained in
ig. 6 where these two knives showed the worst wear behaviour at
he end of the cutting test. The three other knives never refuse to cut
ven after 3000 m but it is worthy to note that from 0 to 1000 m,
he sand-blasted treated knives have a higher FYc value than the
uplex-treated ones and above, it is the contrary.

Concerning the sand-blasted-2 treated knife, it presents lower
alues than the duplex-treated ones from 1500 m of cutting which
an explain its lower wear resistance (Fig. 6) in comparison to the
uplex-treated knives even if its FXc force, so its energy consump-
ion, is almost the same. In conclusion, it seems that the FYc force
s a better criterion compared with FXc one to get an idea about the

ear behaviour of a cutting tool.

. Conclusions

The influence of sand-blasting and duplex treatments (sand-
lasting + CrAlN deposition) on the wear resistance of micro-
eeling tools was studied. The knives which were only sand-blasted

erformed better than the unmodified one and that sand-blasted
or 2 cycles is better than only for 1 cycle. The duplex-treated
nives performed better than the sand-blasted only ones. The
est performances were shown by the duplex-2 (sand-blasting for
cycles + CrAlN deposition) knife which allows four times more
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machining than the unmodified knife. Furthermore, the coating
made on the sand-blasted knife for 1 cycle (with the smallest edge
radius) leads to poor adhesion on the cutting edge. However, the
adhesion was improved when sand-blasted for 2 cycles (retreat of a
few microns). It was also obvious that the FXc force was not the main
criterion in comparison to the FYc force which gave more informa-
tion about the behaviour of the tool during the machining process.
The influence of the sand-blasting number of cycles and the CrAlN
layers presence were effective to obtain tools which present a good
wear resistance, low energy consumption and no rejection to cut
after 3000 m of peeling process. Finally, according to this study we
would advise tool suppliers to treat their knives to modify the cut-
ting edge geometry (by sand-blasting or another treatment) and to
the end users, it is obvious that a tool treated before its first use
would be more effective than one in the market today.
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