








0,05 ‘ ‘

e

I
filll n‘ |

‘\“M rm ‘\,‘|‘J‘MHY
‘m‘ Ml

um
um

0,05

| “H AL
™

The border of the most low-lying valleys
/ |y

i W W\ \\‘

i
\”“ \
‘H H! iy

i
i

‘ w /4 M\ q’.\‘“‘\‘}

b T
i “‘w
rw.“‘; T L

i
|

The border of the wear scar bed

um

a) b)

T
0 250 500 750

um um

9]

Fig. 5. Line scans taken on the wear scars after 1800 cycles of sliding at 2 Hz (a), 5 Hz (b) and 8 Hz (c).

after 1800 cycles of sliding at 8 Hz, see Fig. 6(a). In other
words, the parameter R, is an average distance between the
highest peaks and deepest valleys. A level of the border of
the most low-lying valleys is schematically indicated by
the dashed line in Figs. 5(c) and 6. At the beginning of the
sliding, wear takes place on the NCD film surface
corrugations. After 1800 cycles of sliding at 8 Hz, grain
boundaries can clearly be observed in Fig. 4. Therefore, it
can be expected that the level of the border of the wear
scar bed should lie above the level of the border of the
most low-lying valleys of unaffected as-deposited NCD
film surface. However, the level of the border of the wear
scar bed lies well below the level of the border of the most
low-lying valleys of the pristine NCD film surface, see Fig.
5(c). Schematically, these results are represented in Fig.
6(a). The results of profilometric measurements shown in
Fig. 5(c) are more adequately described by the scheme
shown in Fig. 6(a) than in Fig. 6(b) by recognizing that the
grain boundaries can be seen in Fig. 4. Indeed, it is
assumed that the NCD film is not deflected at the scheme
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shown in Fig. 6(b), however the analysis of wear scars
profile suggests that the NCD film can be plastically
deformed during the sliding tests. This vertical
deformation (further called ,deflection®) is about 0.05 pm
after 1800 cycles sliding at 8 Hz, wherein, no visible
cracks were observed on the wear scars surface. Note that
a similar NCD film deflection was observed after 3000 and
6000 cycles of tribotests (not shown) as well.

The contact pressure of the Si (100) clean surface in
contact with a SizNs ball can be estimated based on
Hertzian contact mechanics. It is about 0.8 - 0.9 GPa under
a load of 2 N. Due to the high hardness and fracture
strength of silicon, it is unlikely that under such a contact
pressure Si (100) undergoes a brittle fracture at room
temperature.

In this case of a hard coating on a soft substrate the
coating thickness and hardness and the Young's modulus
of both coating and substrate are the principal parameters
affecting the tribological behavior of the coating/substrate
system [16]. Thin layers subjected to contact with the
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Fig. 6. Schematic representation of the results shown in Fig. 5(c) : wear scar profile according to profilometric measurements after 1800
cycles sliding at 8 Hz (a) and expected wear scar profile in assumption that no NCD film deflection occurs (b).



counterpart only partially carry the stress distribution, the
rest of the stress is carried by the substrate, see Fig. 6 (a).
In the case of the NCD film on top of Si (100) wafer, the
calculation of contact pressure becomes more complicated
due to the roughness of the diamond film (see Fig. 1).

Based on our experimental observations, we believe
that the NCD film deformation can be explained by the
plastic deformation of the Si (100) substrate. Firstly, the
formation of a dislocation network on the Si
(100)/diamond film interface was found after the
deposition of diamond film at 690 °C [17]. Note that the
NCD film deposition temperature was 850 °C in the
present study, i.e. well above the BDT temperature in Si (>
530 °C). Therefore, an induced plastic deformation of the
Si wafer can already be expected after the NCD film
deposition. Secondly, the actual value of the contact
pressure on the Si wafer can be remarkably higher than the
calculated value mentioned above. Indeed, at the beginning
of the test the SizNy ball is placed in contact with the apex
of sharp diamond grains. Therefore, the local contact
pressure between a particular grain and the SizsN4 ball
surface can be greatly underestimated from the
aforementioned calculation for the ball on the plain
surface. This high local contact pressure could induce the
deformation of the Si wafer surface. Thirdly, a high local
temperature at the so-called frictional hot-spots [18, 19],
i.e. at points of contact between surface asperities of the
counterbodies, can account for the Si wafer mechanical
properties variation. In conclusion, the BDT effect in Si at
high NCD film deposition temperature and high local
contact pressure and temperature during sliding can lead to
the plastic deformation of Si surface on the Si(100)/NCD
interface. Thus, the NCD film deformation could occur as
a consequence of the Si substrate plastic deformation.
However, likely due to the high Young's modulus and
fracture strength of the NCD film no cracks on the NCD
film surface were found. It is worth noting that the
aforementioned high local contact pressure and
temperature during sliding are considered in conjunction
with the graphitization of diamond and diamond films
[1,6,18,19 and references therein], without the possible
influence on the global deformation of diamond films.

The high Young's modulus and a relatively small
thickness of the NCD film provide flexibility to the NCD
film [16] and hence the NCD film surface can follow the
surface deformation during sliding without cracks and
surface failure. A bent torus on the NCD film surface is
likely formed in front of the ball as shown in [16] during
sliding. In addition, the torus size can be affected due to
the plastic deformation on the Si(100)/NCD film interface.
Periodic bending of the NCD film during reciprocating
sliding could contribute to the formation of transversal
protrusions on top of NCD film, i.e. surface ripples.

4. CONCLUSIONS

We observed the deformation of NCD films after
sliding tests. The BDT effect in Si, high local contact
pressure and temperature during sliding induce a plastic
deformation on the Si single crystal surface, which leads to
the deflection of the NCD film during reciprocal sliding.

On the other hand the periodic bending of the NCD film
during sliding can be considered as an extra factor
affecting the formation of ripple patterns on the wear scars
surface.
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Abstract

Diamond-like carbon (DLC) films were prepared on top of hard coatings, namely, prior to the DLC
deposition, CrN, TiCN and nanocomposite nACo (nc-AlTiN/(a-Si3N4) layers were deposited on
WC-Co substrates. The R, roughness of WC-Co substrates was 0.05 and 0.2 um. Surface
morphology of DLC coatings was investigated by means of profilometry and geometrical
parameters R, (average roughness), Ry (skewness), Ry, (kurtosis) and R, (mean peak to valley
height) were evaluated. Fretting tests were conducted with 3 mm in diameter alumina balls under 1
and 2 N load, at slip distance of 2 mm and frequency of 2 Hz. Statistical analysis shows significant
correlation between R, and R, parameters corresponding to initial DLC surface and wear scar
surfaces produced by fretting tests after 2400 and 4800 cycles, respectively. This finding indicates a
relationship between friction (wear) and R, and R, parameters. Positive correlation between the
coefficient of friction (COF) and kurtosis Ry, indicates that surface flatness is an important factor
for optimal friction of an alumina ball against DLC coating.

Introduction

There has been an increasing interest in diamond-like carbon (DLC) coatings. Low coefficient of
friction (COF), high hardness, as well as chemical inertness of DLC are an ideal combination of
properties for a variety of tribological applications [1]. High wear resistance and low COF are a
consequence of the solid lubrication effect of DLC, high hardness gives a good resistance to
abrasive wear and, finally, high chemical stability results in a high resistance to solution wear.
Tribological properties of DLC depend on the intrinsic factors (the ratio of sp*/sp hybridization of
carbon bonds, hydrogen and impurities concentration, surface roughness, etc) and extrinsic factors
(test conditions) [1-3]. Finally, it can be stated that the COF and wear correlate positively with the
roughness of a DLC surface [1, 4-6].

It is widely accepted that initial surface morphology plays an important role during the running-in
period of the tribological test [7-13]. In practice, many surfaces possess non-Gaussian height
distribution function (HDF) that was taken into account by C. A. Kotwal and B. Bhushan [9]. The
theory is based on the model that friction is proportional to the real area of contact, and the key
geometrical parameters of the surface are skewness and kurtosis. The theory predicts that the COF
decreases with increasing kurtosis, assuming positive skewness. Good agreement with the mentioned
conclusion was found in previous works [10-12].

Asperities on the coating surface are considered as centers where coating failure or excessive wear can
occur. It is worth noting that different post-treatment techniques are used to reduce the number of
defects on the coating surface. In other words, due to post-treatment a lifetime of the coating can be
significantly extended, i.e. properties at the later stages of coating development can strongly depend on
the properties of a freshly deposited coating.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 84.50.206.245-03/12/12,00:04:40)
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By the qualitative description, coating surface becomes smoother after initial transient and
adhesive/abrasive wear increase during the steady state of the tribological test [2,13]. In addition to
the influence of surface morphology, the investigation of the DLC coating is complicated by the
lubrication effect, which is explained in terms of transfer layer formation between the counterbodies in
the tribological test. The approach based on the correlation analysis of the results was used in the
present study. Focus was on the evaluation of geometrical parameters corresponding to the surface of
tribological contact, which undergoes permanent modification during the test. Subsequently, a
correlation between the COF and geometrical parameters of initial and wear scar surfaces of the DLC
coating were under investigation.

Experimental method

Diamond-like carbon (Me-C:H, metal doped DLC) samples with different surface morphology
were prepared by means of the Plasma Enhance Chemical Vapor Deposition (PECVD) method.
Prior to the deposition of the DLC, hard coatings (nanocomposite nACo (nc-AlTiN/(a-Si3N4)) and
single layers of CrN and TiCN) were deposited on top of WC-Co substrates with different
roughness R,, namely 0.05 and 0.2 pm. In total, six DLC samples were under investigation. The
abbreviation for the DLC coatings investigated is as follows: FiVic’® (nACo+DLC), CROMVic*®
(CrN+DLC) and CVic*® (TiCN+DLC). The thickness of the DLC layer was 1-1.5 pm.

The hard coatings and DLC were deposited in Physical Vapor Deposition- Plasma Enhance
Chemical Vapor Deposition (PVD-PECVD) unit PLATIT® 780. Hard coatings (nACo, CrN, TiCN)
were prepared by the arc ion plating process on AlSi, Cr and Ti cathodes, in nitrogen or nitrogen/
acetylene (for TiCN) atmosphere. The deposition temperature was 450 °C. DLC film were grown
by dissociation of acetylene. Due to plasma etching on cathodes, traces of cathode materials in DLC
are expected.

The flat WC-Co specimens (3.0 x 15.0 x 25.0 mm) were cleaned in an ultrasonic bath with
alcohol. Immediately after the cleaning procedure, samples were placed into the vacuum chamber
and mounted on the sample holder. Finally, samples were sputter-cleaned in argon plasma and a
thin metallic Ti layer was deposited on the substrates prior to the hard coating deposition.

The room temperature Raman spectra were recorded by using a Horiba's LabRam HR 800 high
resolution spectrometer equipped with a multichannel CCD detection system in the backscattering
configuration. The spectral resolution of the spectrometer was 0.5 cm™.

The fretting tests (1 and 2 N, 2 mm, 2 Hz, room humidity, @ 3 mm Al,O3) were conducted by
means of a CETR" tribometer. Alumina balls were used to diminish the tribochemical wear. The
samples were tested for 2400 and 4800 cycles.

Profilometric scans were done with a Mahr Perthometer” (Gottingen, Germany). Scan length was
1.25 mm and sample size was 12, i.e. 12 scans were carried out on each initial DLC sample surface
and along the wear scar surfaces. Height distribution function (HDF) parameters, including average
roughness (R,), kurtosis (Ry,), skewness (Rg) and mean peak to valley height (R;), were computed
automatically.
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Results and discussion

Characteristic Raman spectrum of a DLC coating is shown in Fig. 1. The laser wavelength of
514.5 nm was used. The broad peak is composed of two bands centered at approximately 1550 cm ™'
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Fig. 1. Raman spectrum of the DLC coating.
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Fig. 2. The COF value versus the number of cycle curves recorded on FiVic*®, CROMVic*® and
CVic™ samples after 2400 cycles.
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Table 1. Geometrical parameters R,, R,, Ry and Ry, of clean DLC surface and wear scar
surfaces after 2400 and 4800 cycles, respectively. The roughness of WC-Co substrates
were 0.05 and 0.2 um, and the load during the fretting test was 1 and 2 N.

Ra Rz Rsk Rku Ra Rz Rsk Rku Ra Rz Rsk Rku
[um] | [um] | clean | clean | [pm] [um] 2400 2400 [um] [um] 4800 4800
clean | clean | DLC | DLC | 2400 | 2400 | cycles | cycles | 4800 | 4800 | cycles | cycles
DLC | DLC cycles | cycles cycles | cycles

FiVic™

(0.05 um) 0.13 1.89 | 2.34 | 21.39 | 0.01 0.09 -1.62 6.84 0.01 0.07 -1.08 | 9.28

Load 1 N

FiVic™

(0.05 pm) 0.13 1.89 | 2.34 | 21.39 | 0.01 0.06 -2.03 11.22 | 0.01 0.06 -0.68 | 4.00

Load 2 N

FiVic™®

(0.2 pm) 0.21 2.38 | -0.04 | 10.56 | 0.03 0.25 -2.71 14.57 | 0.01 0.10 -4.67 | 39.64

Load I N

FiVic™

(0.2 um) 0.21 2.38 | -0.04 | 10.56 | 0.03 0.24 -2.98 16.35 | 0.02 0.11 0.49 9.82

Load 2 N

CROMVic™

(0.05 pm) 0.09 1.08 | 24 22.78 | 0.02 0.11 -1.18 5.46 0.02 0.13 -3.05 17.45

Load 1 N

CROMVic™

(0.05 pm) 0.09 1.08 | 2.40 | 22.78 | 0.01 0.10 -1.95 11.12 | 0.02 0.14 -2.44 12.68

Load 2 N

CROMVic™

(0.2um) 0.20 | 2.64 | 0.09 11.61 | 0.08 0.44 -1.37 | 5.37 0.08 0.49 -2.31 12.58

Load 1 N

CROMVic™

(0.2pum) 0.20 | 2.64 | 0.09 11.61 | 0.06 0.39 -2.29 11.62 | 0.07 0.39 -1.68 7.93

Load 2 N

CVic™

(0.05 pm) 0.24 | 278 | 2.45 | 1559 | 0.02 0.14 -3.79 | 29.42 | 0.02 0.18 -3.47 | 29.37

Load I N

CVic™®

(0.05 pm) 0.24 | 2.78 | 2.45 15.59 | 0.01 0.12 -4.64 40.44 | 0.01 0.12 -3.49 | 22.22

Load 2 N

CVic™

(0.2 pm) 0.27 | 2.85 1.09 | 9.1 0.05 0.43 -3.67 | 22.30 | 0.03 0.17 =2.77 15.28

Load 1 N

CVic™

(0.2 pm) 0.27 | 285 | 1.09 | 9.1 0.04 0.31 -2.46 | 12.04 | 0.02 0.19 -4.05 | 29.29

Load 2 N
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Fig. 3. Optical microscopy images of wear scar surfaces after 2400 cycles test under 1 and 2 N load,
respectively. The distance bar is 100 pm.

(G band, corresponding to the well-ordered graphite) and 1360 cm ™' (D band, corresponding to
disordered graphite) [3]. Peaks at about 3000 cm ' are due to the C—H bands [14].

The tgpical COF value versus the number of cycle curves recorded on FiVic*®, CROMVic*® and
CVic®™ samples after 2400 cycles are shown in Fig. 2. The running-in period (400-600 cycles) is
followed by a steady stage. Surface geometrical parameters for an initial (clean) DLC surface and
wear scar surfaces after 2400 and 4800 cycles of the tribological test are shown in Table 1. In
contrast to the initial DLC surface, a decrease in R,, R, and Ry corresponding to the wear scar
surfaces was observed. Fig. 3 shows optical microscopy images of DLC coatings grown on the
WC-Co substrates (R, =0,02 um) after 2400 cycles test under 1 and 2 N load, respectively. DLC
roughness changes and the surface structure within wear tracks looks smoother than for a clean
DLC surface. This observation is in a good agreement with the decrease in R, and R, parameters for
the surface created after 2400 cycles (see Table 1). On the other hand, after testing with a 2 N load,
the wear track looks more worn (smooth) than with 1 N load. The data in Table 1 support this
observation as well, as R, and R, parameters are slightly higher for tests with 1 N than with 2 N,
particularly for CROMVic*® and CVic*® samples. Finally, for the clean DLC surface, skewness is
positive, however, skewness values for both wear scar surfaces are negative. It is well known that
grinding and polishing (abrasion) produce surfaces with negative skewness [15]. Therefore,
abrasive wear occurs during fretting on the DLC against alumina.

The correlation was estimated by means of the Spearman test, see e.g. T. Hill and P. Lewicki [16]
and reference therein. The value of the correlation coefficient ranges between +1. Low, moderate
and high degree of correlation corresponds to the value of the correlation coefficient ranging
between 0- £0.25, +0.25- =075 and +0.75 - £1, respectively. Statistical tests were performed using
Statistica® package. The critical quantity t(N-2) was calculated according to RxV(N-2)/V(1-R?),
which corresponds to the value of quintile ¢, of students’ distribution with the N-2 degrees of
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Table 2. Coefficient of correlation R between R, and R, parameters of the initial DLC surface and
wear scar surfaces observed after 2400 and 4800 cycles. N - sample size. R - Spearman coefficient
of correlation. Critical quantity t(N-2) is explained in the text. The significant correlation is
highlighted in bold.

1. Correlation between geometrical

arameters for particular surface Spearman
I(Jeither cleanf DIf)C, or wear scajl; N ’ R tN-2) BRI
surfaces after 2400 and 4800 cycles)
R, clean DLC & R, clean DLC 6 0,98561 | 11,66190 | 0,000309
R, 2400 & R, 2400 12 0,964918 | 11,6219 0,000009
R, 4800 & R, 4800 12 0,920671 | 7,4587 0,000022
2. Correlation between geometrical
parameters for different surfaces
R, clean DLC & R, 2400 12 0,460539 | 1,6407 0,131894
R, clean DLC & R, 2400 12 0,510651 | 1,8782 0,089795
R, 2400 & R, 4800 12 0,838950 | 4,8750 0,000647
R, 2400 & R, 4800 12 0,814846 | 4,4452 0,001244
R, clean DLC & R, 2400 12 0,678483 | 2,9206 0,015284
R, clean DLC & R, 4800 12 0,522998 | 1,9404 0,081028
R, 2400 & R, 4800 12 0,741259 | 3,4923 0,005801

freedom. Sample size N is the number of observations included in a statistical sample. In practice,
90% is the minimum of confidence level for statistically significant results.

Table 2 shows significant correlation between R, and R, corresponding to the three kinds
investigated surfaces, namely, initial DLC surface and wear scar surfaces created after 2400 and
4800 cycles of the test. Among the geometrical parameters, the most sensitive ones were R, and R,,
i.e. the highest correlation coefficient between these parameters for different surfaces were found.
In the case of particular surface, i.e. either initial DLC or wear scar, there is a strong correlation
between R, and R,. It must be expected, as higher roughness means higher difference between the
highest peak and the lowest valley, therefore the correlation coefficient must be positive. The
correlation between geometrical parameters corresponding to a different kind of a surface was
observed as well. For instance, there is correlation between R, and R, measured on the wear scar
and clean DLC surfaces, which is particularly remarkable between R, parameters corresponding to
the different surfaces. The existence of such correlation can indicate that, probably, wear correlates
with the large asperities distribution and properties. The latter suggestion can be supported by the
following reasons. First, this finding is in a good agreement with the statement in the Introduction
that the roughness of the DLC surface is an important factor in the characterization of wear.
Second, in the case of polytetrafluoroethylene (PTFE) composites, parameter Rs, is well correlated
with the COF and linear wear, as mentioned by Wieleba [17]. Roughness parameter Rj, is similar to
R, except that less extreme peaks and valleys are included into the evaluation of the roughness
parameter Rs,.
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Table 3. Coefficient of correlation R between the COF (within the range of 5-200 cycles) and R,
and Ry, of the initial DLC surface. The significant correlation is highlighted in bold.

Spearman
R

R, clean DLC& COFs 24 | -0,552611 | -3,1100 | 0,005105
R, clean DLC & COFyy | 24 | -0,527803 | -2,9147 | 0,008030
R, clean DLC & COF,y | 24 | -0,534065 | -2,9629 | 0,007185
Raclean DLC & COF;3¢ | 24 | -0,420362 | -2,1730 | 0,040828
R, clean DLC & COFso | 24 | -0,462398 | -2,4460 | 0,022903
R, clean DLC & COFgy | 24 | -0,449975 | -2,3633 | 0,027364
Ra clean DLC & COFgy | 24 | -0,359544 | -1,8073 | 0,084417
Raclean DLC & COFg | 24 | -0,230008 | -1,1086 | 0,279595
R, clean DLC & COF;59 | 24 | -0,018786 | -0,0881 | 0,930570
R, clean DLC & COFy | 24 | 0,044749 | 0,2101 | 0,835523

N t(N-2) p-value

Ryu clean DLC & COFs | 24 | 0,509406 | 2,7766 | 0,011005
Ry, clean DLC & COFy, | 24 | 0,497284 | 2,6885 | 0,013422
Ry clean DLC & COFy | 24 | 0,502574 | 2,7267 | 0,012318
Ry clean DLC & COF3 | 24 | 0,396683 | 2,0269 | 0,054961
Ry clean DLC & COFsy | 24 | 0,437233 | 2,2803 | 0,032636
Riu clean DLC & COF¢ | 24 | 0,430274 | 2,2357 | 0,035840
Ry clean DLC & COFg | 24 | 0,370237 | 1,8694 | 0,074935
Ry clean DLC & COF | 24 | 0,252279 | 1,2228 | 0,234327
Ry clean DLC & COF;s | 24 | 0,037032 | 0,1738 | 0,863601
Ry clean DLC & COFyg | 24 | -0,065275 | -0,3068 | 0,761865

Table 4. Coefficient of correlation R between the COF (within the range of 2000 - 3000 cycles) and
Ry of wear scar surfaces produced after 2400 cycles of the test. The significant correlation is
highlighted in bold.

N | Spearman | t(N-2) p-value
R

Ry 2400 & COFp00 | 24 | 0,234628 | 1,1321 | 0,269780
Ry 2400 & COFpqo | 24 | 0,360306 | 1,8117 | 0,083712
R 2400 & COFa400 | 24 | 0,384650 | 1,9545 | 0,063463
R 2400 & COFae00 | 12 | 0,640861 | 2,6400 | 0,024736
Ry 2400 & COFagq9 | 12 | 0,605955 | 2,4088 | 0,036759
Ry 2400 & COF3900 | 12 0,518182 | 1,8176 | 0,102492

The correlation between the COF corresponding to the running-in period (5- 200 cycles) and
geometrical parameters for the initial DLC surface are shown in Table 3. Total sample size was 24,
i.e. 12 tests with 2400 and 4800 cycles, respectively. The correlation between R, and the COF is
significant for the level of confidence of 90 %. The sign of the correlation coefficient between R,
and the COF is negative, i.e. the COF decreases with an increase in roughness R,. A similar
relationship between the COF and R, was established (not shown). Negative correlation between
the COF and R, (R,) is in contradiction with the statement mentioned in the Introduction for the
steady state period of the test, i.e. higher roughness leads to higher friction. Positive correlation
between the COF and kurtosis contradicts with the theory developed by C. A. Kotwal and B.
Bhushan [9].
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Tribological properties of a material under lubricated conditions differ from those under non-
lubricated ones. It is a well known fact in industry that tools show better performance under
lubricating conditions if an optimal surface finish is used, such an interconnection between the COF
and R, is shown in Fig. 2, see reference [18]. The lubricant film can be effectively confined by
surface asperities. The same conclusion was drawn by B. Bhushan et al. for diamond films [19]. In
the case of carbon nanofibers (CNFs), it was suggested that nanofibers can be interlocked within the
surface asperities [20,21]. On the other hand, surface kurtosis or excess is a measure of
"peakedness" (or "flatness") of the height distribution function, therefore a more flat (i.e. most
peaks of similar height) surface exhibits lower kurtosis. In conclusion, as related to the running-in
period, correlation between the COF and R, and the COF and Ry, indicates that average roughness
and flatness of the clean DLC surface affect friction during an initial transient. By analogy with the
aforementioned instances, surface morphology of the DLC coating influence the formation of a
stable lubricant layer (or a transfer layer).

For the steady state period of the test, the most significant correlation between the COF (within
the range of 2200 - 2800 cycles) and roughness parameters of the wear scar surfaces created after
2400 cycles is shown in Table 4. The correlation between the COF and kurtosis is positive, which
means that optimal surface flatness and the COF value are related, namely the surface with perfect
flatness should exhibit the lowest COF.

In the case of tests with 4800 cycles no significant correlation between the COF and geometrical
parameters measured on the wear scar surfaces was found. However, insignificant correlation does
not mean statistical independence of variables [22]. Regarding to the present study, the main
reasons can be insufficient variation in geometrical parameters of the DLC surfaces, limited
resolution of equipment used in the measurements, etc.

Conclusions

The present study focuses on the influence of geometrical parameters of the DLC surface on the
tribological properties. Geometrical parameters were investigated on three kinds of surfaces,
namely clean DLC and wear scar created after 2400 and 4800 cycles of the fretting test,
respectively. Correlation between R, and R, parameters corresponding to the clean DLC surface
and wear scar surfaces was found, which means that large asperities on the DLC surface affect the
wear. In the course of the steady state period, i.e. 2200-2800 cycles of the test, the COF correlates
positively with kurtosis measured on the wear scar surfaces after 2400 cycles, therefore optimal
surface flatness is an important factor in the friction behavior of the DLC coating.
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