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Positive Effect of Laser Structured Surfaces
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In recent years laser surface structuring has emerged as a viable tool to enhance surface function-
ality. In this study, an ultrashort pulsed laser is used to create advanced surface structures in order to
improve the tribological properties of steels. The objective is to decrease friction and wear especially
for the mixed lubrication regime in which body and counterbody are in contact. We state the hypoth-
esis that the high flow resistance in small channels helps to hold the lubricant in the tribocontact and
therefore separates contacting asperities. Direct Laser Writing and Direct Laser Interference Pattern-
ing methods are used to create cross-like structures of different channel sizes. Tribological properties
of these structures are evaluated by means of a ball-on-disc tribometer. The surface structures and the
wear behavior are analyzed with confocal microscopy. The results show a decrease of the coefficient
of friction depending on the size of the channels. This behavior is discussed and compared to the

hypothesis stated above.
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1. Introduction

Tribology is a wide-spread field with various applica-
tions. One of the most important application is in the auto-
mobile industry. In passenger cars friction occurs in the en-
gine, transmission, tires and brakes. According to Holmberg
et al. [1], the direct frictional losses, with braking friction
excluded, are 28% of the fuel energy. In total, 21.5% of the
fuel energy is used to move the car. Therefore, there is an
enormous potential to reduce the global energy consumption
by enhancing the tribological performance. There are also
other fields of application, e.g. bionic engineering where for
example the sandfish’s skin which is structured in a way that
friction is reduced serves as a model [2].

In a tribological system, friction and wear phenomena
occur. In general, the main objective is to increase the wear
resistance of the parts in contact as well as to reduce the fric-
tion coefficient. These properties depend, besides others,
mainly on the topology of the surfaces which are in contact
and the operating conditions, including lubrication, temper-
ature, load and relative sliding velocity of the two bodies [3].
Many efforts have been made to enhance the tribological
performance by influencing these operating conditions. The
easiest way to decrease friction is to introduce a lubricating
medium (oil or grease) with an adequate viscosity-tempera-
ture dependence. The properties of these lubricants are also
affected by additives [4]. However, the friction and wear be-
havior can be also controlled by structuring the surface of
one of the contacting bodies with a laser [5]. For laser sur-
face structuring, two different methods were applied in this
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Fig. 1 Comparison of intensity distribution at working plane
for DLW and DLIP.

study, namely Direct Laser Writing (DLW) and Direct Laser
Interference Patterning (DLIP). The main difference of the
two methods is the intensity profile at the working plane as
can be seen in Figure 1.

For DLW, one single laser beam with a Gaussian-shaped
intensity profile is focused. For DLIP, a single laser beam is
divided into two or more coherent beams that interfere with
each other. Therefore, due to constructive and destructive in-
terference, a specific intensity pattern is obtained [6]. The
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field of applications for DLIP is broad. It ranges from fric-
tion reduction on metals, improved cell adhesion for dental
implants to wettability control on metals and polymers be-
tween others [7-9]. DLIP is also a suitable method to create
small surface structures in the sub-micrometer range [10].
The reason why small channel-like structures are preferred
is based on a hypothesis which will be introduced in the next
section.

In this study, the interference of two laser beams was
used which leads to a line-like pattern. By rotating the sam-
ple by 90° cross-like patterns can be produced. Aguilar et al.
[11] describe the fabrication of the periodic structures on
stainless steel. The structures created with DLIP have a pe-
riodicity of 4 pm and 8 pm and a depth of around 1 pm.

1.1 Theoretical considerations

The objective of the laser structure in the tribocontact is
to increase the amount of oil by building reservoirs. How-
ever, if the channels are too large, the oil drains through the
channels, as water is displaced for instance in a rain tire (to
provide contact between the tire and the street) [12]. As a
consequence, there is not enough oil to separate the contact-
ing asperities. The idea behind the small channels is to in-
crease the flow resistance and thereby to avoid the displace-
ment of the oil. This hypothesis is based on a fluid dynamical
approach. Generally, the flow resistance is defined as [13]:

(1)

where Ap is the pressure difference between two channel
ends and Q is the flow rate.

The cross-section of the laser-structured channels is a ra-
ther u-shaped one. However, for the reason of simplicity, we
assume a rectangular shape where the width w is larger than
the height h obtaining a Poiseuille flow problem case. Since
no analytical solution is known for this problem, a solution
for an adequate Fourier sum with the corresponding bound-
ary conditions can be found. The specific steps are outlined
in [13]. From this solution, the velocity field can be deter-
mined. As a next step, the velocity field can be integrated to
obtain the flow rate Q:

h3wAp
121L

h

0~ [1-0.6302] forh <w )
where 1 is the dynamic viscosity and L the length of the
channel. By setting equation (2) into equation (1) and
rearranging for Ry, it is possible to see that the flow re-
sistance increases if h and w are small. This means that nar-
row and shallow channels have a higher resistance for the
fluid as wide and deep channels.

In this study, experiments were designed to validate this
hypothesis.

1.2 Laser surface texturing and tribology

A significant amount of research in the field of laser sur-
face texturing and tribology has been conducted with closed
structures, which are mainly micro-dimples. For instance,
Etsion reviewed different concepts that have been utilized
[14]. Many research articles state the reduction of the coef-
ficient of friction (COF) depending on the depth, diameter
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or arrangement of the dimples. One positive effect of dim-
ples is described by cavitation in the diverging gap. The con-
sequence is a positive net pressure build-up which is illus-
trated by Braun [15]. However, the necessary conditions for
cavitation are high relative sliding velocities and simultane-
ously low pressure. Wahl [16] not only investigated dimples
but also open or “inter-communicating” structures. It is im-
portant to note that the contacting geometries were built as a
conformal contact. Furthermore, the width of the channels
lies between 60 um and 300 pm. The results for dimples
show no significant effects for sliding velocities below
0.5 m/s and a reduction of COF for sliding velocities greater
than 0.5 m/s. For the open structures, a small increase of
COF was shown for the first case whereas a significant in-
crease of COF was shown for the latter case.

A slightly different approach to reduce COF by means of
laser surface texturing was reported by the Bonse et al. [17].
They coated different substrate materials with titanium ni-
tride (TiN) and applied a femtosecond laser to create laser-
induced periodic surface structures (LIPSS) with sub-wave-
length periods ranging between 470 nm and 600 nm. In
tribological tests, the COF was determined under reciprocat-
ing sliding conditions. However, the reported results showed
that friction and wear could not be significantly reduced in
comparison to unstructured TiN surfaces.

1.3 Stribeck curve

The Stribeck curve illustrates the different lubrication
regimes dependent on the relative sliding velocity between
body and counterbody [18]. Figure 2 shows a typical
Stribeck curve for a non-conformal contact which occurs for
a ball on a disc because the contact is a point contact. For a
point contact, the pressure build-up is much lower than for a
flat contact since for a point contact the lubricant is displaced
in all directions.

As can be seen in Figure 2, there are three
lubrication regimes, namely boundary lubrication, mixed
lubrication and elasto-hydrodynamic lubrication. The objec-
tive of this study is to decrease the COF for the mixed
lubrication regime, where both contacting asperities and a
separating fluid film occur. Therefore, this regime is prone
to have high friction and wear due to the contacting asperi-

ties.
= N

Coeflicient of friction p

Mixed
lubrication

Boundary
lubrication
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Fig. 2 Stribeck curve for non-conformal contact. Adapted
from Gachot et al. [19].
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Fig. 3 Channel-like structures created with DLW. a) and d) have a period A = 100 pum, for b) and e) A = 70 um, for c) and
f) A =40 pm and for g) A =30 um. a)-c) have a width of 30 um and d)-g) have a width of 12 pm. The scale bar in each picture

marks 100 um.

2. Materials and methods
2.1 Materials

For the structuring and the tribological experiments,
martensitic stainless steel X90CrMoV 18 (1.4112) was used.
The sheets were cut in rectangular shaped parts of 16 mm x
6 mm in order to fit as samples for the tribometer. The sam-
ples were polished by lapping in order to obtain a roughness
of R;=0.20 um. Before the tribological characterization, the
polished samples were treated with the laser except for the
reference sample.

All samples were cleaned using isopropanol in an ultra-
sonic bath for 10 minutes. Afterwards, the samples were
dried and then rinsed with petrolether (boiling temperature
40-60 °C). This procedure was repeated before the laser pro-
cess and the tribological evaluation.

2.2 Laser surface texturing

For the DLW process, an ultrashort pulsed laser (Trumpf
Trumicro 5070 Femto Edition) was used, combined with a
scanner installed in a machine (GLcompact from GFH). The
laser wavelength is 1030 nm, the pulse length is 900 fs and
the repetition rate is 400 kHz. The used laser fluence for the
DLW structures was 1.54 J/cm? for the wide structures and
0.44 J/cm? for the narrow structures.

For the DLIP process, also an ultrashort pulsed laser
(Trumpf Trumicro 5x50) was used, with a wavelength of
1030 nm and a pulse length of 6 ps. The repetition rate was
in this case 400 kHz. A DLIP optical head (Fraunhofer IWS,
Dresden, Germany) is installed to automatically create the
interference pattern. The setup of the optical head has been
already published elsewhere [20]. The laser fluence for the
DLIP structures is 0.55 J/cm? for the period of 8 pm and
0.41 J/cm? for the period of 4 um.
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2.3 Characterization of tribological properties

For the evaluation of the surface structures, an Anton
Paar Tribometer (MCR301) was used. As oil, a Polyalpha-
olefin (PAO) with a viscosity of 39.5 mm?/s at 25 °C (oper-
ating condition) was used. It is the base oil of the commonly
used grease Isoflex Topas L32. This oil has no additives in
order to avoid side effects which are not induced by the sur-
face structures. As a tribological counterbody, a 100Cr6 ball
with a diameter of 12.7 mm was used.

As a first step, three samples were fixed in the sample
holder with an angle of 45° regarding the horizontal plane.
Secondly, 1 pl of the PAO was put on each sample with a pl-
pipette. Then, the sample holder was fixed on the device and
the ball in the ball-holder was placed above the sample. The
ballholder was approached to the sample which makes the
oil ousted around the tribocontact. Finally, a normal force of
20 N was applied, which corresponds to 4.71 N per sample.
When this force is reached, the ball started to rotate and the
measurement cycle began. The measurement cycle consisted
of 9 Stribeck curves, which were grouped in 3 packages, and
three endurance parts at the beginning of the cycle and in
between the Stribeck packages. Their purpose is to avoid
run-in behavior.

The total normal force always was 20 N and the rotation
speed during the endurance parts was 20 rpm which corre-
sponds to a sliding velocity of 0.009 m/s. The Stribeck
curves were recorded using a logarithmic ramp up to 1.4 m/s.

2.4 Surface characterization

A Laser Confocal ~ Microscope (Olympus
LEXT OLS4000) was used to characterize the surface mor-
phology of the laser treated samples.
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3. Results and discussion
3.1 Laser surface texturing

Firstly, DLW was used to fabricate different channel-like
structures varying the distance between the channels
(period A) between 100 pm and 30 um. Later, channels with
two different widths (12 pm and 30 pm) were produced. The
narrow channels were processed installing an optical atten-
uator into the beam path and thus reducing the range of the
Gaussian beam profile which lies above the ablation thresh-
old. To control the channel depth, the number of overscans
was systematically changed. Using these variables, seven
different structures with three different depths each were
fabricated as indicated in Table 1. Figure 3 shows an over-
view of these structures. The shape of the produced struc-
tures is a u-shaped one. The width given in Table 1 corre-
sponds to the top width. A typical radius at the bottom of the
channel is between 3-5 um.

Since the structure size which can be obtained by DLW
is limited by the spot size at the focal position, DLIP method
was used to create cross-like structures, but with signifi-
cantly smaller spatial periods A (smaller than 10 pm). Pre-
cisely, cross-like structures with A = 8 um and A =4 um
were fabricated. Figure 4 illustrates examples of these pat-
terns. The structure depth for these patterns was 0.96 um and
0.79 pm, respectively.

Table 1 Overview of the structures created with DLW
Period A Channel depths Channel width
(pm) (pm) (pm)
100 4,12, 24 30
70 4,12, 24 30
40 4,12, 24 30
100 3,6,9 12
70 3,6,9 12
40 3,6,9 12
30 3,6,9 12

Fig. 4 Cross-like structures fabricated using DLIP with spa-
tial periods of a) A =8 um and b) A =4 um.
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3.2 Evaluation of tribological performance

From the measurement cycle described in section 2, the
Stribeck curves for all treated samples were extracted and its
mean value and standard deviation of the COF were
determined. Figure 5 shows these values against the sliding
velocity vs, yielding in a typical Stribeck curve. The different
curves in Figure 5a represent three different depths (4 pum,
12 pm and 24 pm) for the case of wide (30 um width) and a
spatial period A of 100 um, compared to a polished refer-
ence sample. In figure 5b, three different depths (3 pm, 6 pm
and 9 um) were evaluated, for the case of a spatial period A
of 30 um and narrow channels (12 um width), which were
also compared to the same polished reference sample. The
grey areas in Figure 5a and 5b between the lowest and the
highest Stribeck curve for low sliding velocities vs mark the
range of COF for the mixed lubrication regime for the struc-
tured samples in both cases (narrow and wide structures).
Both the extension of the range and its absolute level are sig-
nificantly (~20%) lower for the case of many narrow chan-
nels. As it can be observed, for all displayed images, it was
possible to reduce the COF, especially for sliding speeds be-
low 102 m/s. In particular, for the narrow channels
(A =30 pum), the reduction of the COF was better than for
the samples with large distances between the channels
(A =100 pm).

Another important observation is related to the structure
depth. While for the large patterns (Figure 5a) the depth
strongly influenced the COF (for sliding speeds below 10~
m/s), this was not the case for the textures with 30 pm period
(Figure 5b). In addition, the best performance for the large
structures was observed for the sample showing a depth of
4 pm.

* polished
depth 4 ym
depth 12 pm||
depth 24 pm

polished

depth 3 um.
depth 6 um|
© depth 9 ym|

102 107

v (m/s)

Fig. 5 Tribological results illustrated as Stribeck curves for:
a) wide (30 pum) and b) narrow (12 um width) channels for
different depths. The marked areas show the range of COF

for small sliding velocities (< 10~ m/s).
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Fig. 6 Tribological evaluation of DLIP structures compared to the best DLW structure (A =30 um, width of 12 um and

depth of 3 um).

After that, the tribological performance of the samples
with the cross-like DLIP structures was also evaluated. The
COF as function of the sliding speed is shown in Figure 6,
for the cross-like DLIP patterned samples with A =4 um
and A = 8 pm. The performance of these samples was com-
pared with the best DLW-structured sample (A = 30 pm,
width of 12 pm and depth of 3 um).

The overall decrease of the COF for these three struc-
tures compared to the polished reference is from 0.32 to 0.21
(~33 %). As it can be seen, also for the samples treated with
the DLIP method, it was possible to reduce the COF, espe-
cially for sliding speeds below 10 m/s. In addition, the ob-
tained results for the DLIP samples are comparable to the
performance of the best DLW treated sample.

However, small difference in the tribological behavior
can be observed. For high sliding speeds (1 m/s), the DLIP
structure with a spatial period of 8§ pm showed a COF of only
0.095. This is about 15 % lower than the best DLW sample.
On the contrary, the best DLW textured samples shows a
COF 3 % lower for a sliding speed of 10~ m/s, compared to
the DLIP structures.

Taking into consideration the long processing times re-
quired for DLW, especially when producing textures with
small feature sizes (and thus requiring significant efforts to
focus the laser light to small spots), DLIP could offer im-
portant advantages. For instance, throughputs over
10,000 mm?/min are today possible (and for some materials
even up to 1,000,000 mm?*min) [21]. In consequence, future
studies will focus on the treatment of 3D parts at high-
throughput for determining the limitations of this technology.
In this study, only cross-like patterned structures with rec-
tangular arrays were investigated. The advantage of a rec-
tangular patterned shape is an isotropic distribution of the oil.
The opposite is true for line-like patterned structures where
the spreading velocity of the oil parallel to the surface pat-
tern is higher than perpendicular to them which leads to an
anisotropic spreading [22].
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4. Conclusions

In this study, the tribological performance of open cross-
like structures was evaluated. Two different technologies
were utilized for fabricating geometries with very different
geometrical characteristics, which are DLW and DLIP.

It the case of the DLW method, the depth of the channels
was adapted by controlling the number of overscans (from
3 um to 24 pm) and the width by using an optical attenuator
(from 12 pm to 30 um). The distance between the channels
was also varied between 30 um and 100 pm.

The smaller patterns were produced using the DLIP method,
producing cross-like structures with A =8 um and A =4 pm
spatial periods.

It was found, that all fabricated patterns showed a better
tribological performance compared to the polished reference.
In particular, the best improvements were observed for slid-
ing speeds below 102 m/s. Furthermore, samples with
smaller geometries showed the best performances (e.g. DLW
textures with A =30 um, width of 12 pm and depth of 3 pm
and DLIP treated surface with A = 8.0 pm).

The overall reduction compared to the polished refer-
ence sample was about 33% for small sliding velocities. This
result emphasizes the positive effect of cross-like patterned
textures with small feature sizes, especially for the reduction
of the COF for low sliding velocities and high pressures.

Since for both, the reference sample and the structured
sample, the same martensitic base material is used, this re-
sult emphasizes the effect of the laser surface textures and
its fluid dynamical properties. Therefore, it is supposed that
similar effects of friction reduction can be seen for the same
structures on austenitic or ferritic stainless steel. However, if
wear is considered, the base material may play an important
role.



JLMN-Journal of Laser Micro/Nanoengineering Vol. 14, No. 1, 2019

Acknowledgments

The authors of this work gratefully acknowledge the Euro-
pean Commission for supporting the research activity within
the framework of the LASER4FUN project, which has re-
ceived funding from the European Union’s Horizon 2020
research and innovation programme under the Marie
Sktodowska-Curie grant agreement No. 675063. The work
of A.F.L. is also supported by the German Research Foun-
dation (DFG) under Excellence Initiative program by the
German federal and state governments to promote top-level
research at German universities. The authors also thank Mr.
Gerd Dornhéfer, Mr. Joachim Klima and Mrs. Sarona Frank
from the Robert Bosch GmbH for the fruitful discussions.

References

[1] K. Holmberg, P. Andersson and A. Erdemir:
Tribol. Int., 47, (2012) 221.

[2] W. Baumgartner, F. Saxe, A. Weth, D. Hajas, D. Sig-

umonrong, J. Emmerlich, M. Singheiser, W. Bchme

and J.M. Schneider: J. of Bionic Eng., 4, (2007) 1.

H. Czichos and K. H. Habig: “Tribologie-Hand-

buch: Tribometrie, Tribomaterialien, Tribotechnik™.

(Springer-Verlag), (2010). (in German)

R. S. Cowan and W. O. Winer: “Machinery

Diagnostics”. In Tribologie-Handbuch, (2015) 697.

1. Etsion: Tribol. Lett., 17, (2004) 733.

A. F. Lasagni, D. F. Acevedo, C. A. Barbero and F.

Miicklich: Adv. Eng. Mater., 9, (2007) 99.

A. Rosenkranz, T. Heib, C. Gachot and F.

Miicklich: Wear, 334, (2015) 1.

C. Zwabhr, D. Giinther, T. Brinkmann, N. Gulow, S.

Oswald, M. Grosse Holthaus and A. F. Lasagni:

Adv. Healthcare Mater., 6, (2017) 1600858.

(3]

18

[9]
[10]
[11]
[12]
[13]

[14]
[15]

[16]

S. Alamri, A. I. Aguilar-Morales and A.F. Lasagni:
Europ. Pol. J., 99, (2018) 27.

A. Lasagni, T. Roch, M Bieda, D. Benke and E.
Beyer: Proc. SPIE, Vol. 8968, (2014) 89680A.

A. 1. Aguilar-Morales, S. Alamri and A. F. Lasagni:
J. of Mat. Proc. Techn., 252, (2018) 313.

J.R.Cho, H. W. Lee, J. S. Sohn, G. J. Kim and J. S.
Woo: Europ. J. of Mech.-A/Solids, 25, (2006) 914.
H. Bruus: “Theoretical microfluidics”, (2008) 346.
Oxford university press.

I. Etsion: J. of Tribol., 127, (2005) 248.

D. Braun: “GroeBeneffekte bei strukturierten
tribologischen Wirkflaechen”, (2015). (in German)
R. Wahl: “Untersuchung des Einflusses von
Mikrotexturierungen  auf den  einsinnigen,
oelgeschmierten Gleitkontakt von Stahl-Saphir-
Paarungen”, (2011), KIT Scient. Publ.. (in German)
J. Bonse, S. V. Kirner, R. Koter, S. Pentzien, D.
Spaltmann and J. Krueger: Appl. Surf. Sci., 418,
(2017) 572.

R. Stribeck: Zeitschrift des Ver. Deutscher Ing., 46,
(1902) 1341. (in German)

C. Gachot, A. Rosenkranz, S. M. Hsu and H. L.
Costa: Wear, 372, (2017) 21.

A. F. Lasagni, T. Roch, J. Berger, T. Kunze, V.
Lang and E. Beyer: Proc. SPIE, Vol. 9351, (2015)
935115.

A. F. Lasagni: Adv. Opt. Techn., 6, (2017) 265.

P. G. Gruetzmacher, A. Rosenkranz and C. Gachot:
Appl. Surf. Sci., 370, (2016) 59.

(Received: July 24, 2018, Accepted: January 5, 2019)




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



