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TiN and TiAIN coatings were deposited on the surface of AISI 5140 steel and cemented carbide YT15 by magnetron sputtering
technique (MSP). The reciprocating sliding tests of TiN and TiAIN coatings on the surface of AISI 5140 steel were performed to
investigate the friction coefficients of coatings affected by various normal loads with fiiction pair of 304 stainless steel balls. Dry
machining tests on AISI 5140 hardened steel were carried out with the TiN and TiAIN coated tools on a CA61404 lathe. The effects
of cutting speed on cutting forces and surface roughness of TiN and TiAIN coated tools were obtained and analyzed to assess the
cutting performance of coated tools. The microcosmic micrographs of wear areas of coated tools were observed and investigated by
scanning electron microscope and energy dispersive spectrum. The results show that the friction coefficients of TiN coatings are lower
than that of TiAIN coatings. The cutting force of TiAIN coated tool decreases and flank wear resistance enhances in comparison with
TiN coated tool. The wear form and mechanisms of TiN coated tool are mainly crater wear on the rake face and adhesive wear and
abrasive wear on the flank face. The wear form and mechanisms of TiAIN coated tool are mainly adhesive wear, the breakage of

cutting edge and the damage of tip, accompanied with diffusion and oxidation wear.
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1. Introduction

Dry turning technology has been developed rapidly since the 1990s.
Without using cutting fluids, reduced pollution to the environment and
less the machining cost, dry turning is becoming the main processing
method in industry at present.'

The cutting forces, life and wear mechanism of tools must be taken
into account when dry turning steels.>* In dry machining, there will be
more friction and adhesion between the tool and workpiece since they
will be subjected to higher temperature. At the same time, dry turning
will also dissipate more power than wet turning and make the tool wear
aggravated.*> As the result, the conventional cutting tool material and
the design process are no longer suitable for dry turning. So, it is
becoming a research topic to select proper tool material and design tool
surface characteristics. One of the main methods is a layer or multilayer
coatings, such as TiN, TiAIN, TiCN, CrN, are deposited on the surface
of inserts to enhance the stiffness and wear resistance of the tools.
Nowadays, 80% of all machining operations are performed with coated
carbide cutting tools.®

Compared to the uncoated tools, the cutting performances of coated
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tools can be improved significantly. For example, as the earlier coating
material used in cemented carbide surface, TiN coatings are featured by
low friction coefficient, high hardness and excellent wear resistance
against to metals, making them have been widely used in industry such
as machinery and microelectronics, especially cutting tools. But the
oxidation temperature of TiN coatings is low. Under high temperature
(approximately 550°C), the oxygen existed at coating-workpiece
interface could react with the titanium element to generate TiO,, which
easily wear off by rubbing action.”

This situation would aggravate the abrasion wear of the TiN coatings.
In recent years, TiAIN coatings have been gradually developed as an
alternative to TiN coatings, because the presence of Al in TiAIN
coatings can formed a superficial layer of composite ceramic (Al,O3)
at high temperature to improve the oxidation resistance and corrosion
resistance.®'°

Cutting forces, surface roughness and tool wear are three important
quantities in the machining of steels. Knowledge of the thrust force in
cutting is important because the tool holder, the workholding devices,
and the machine tool must be sufficiently stiff to minimize deflection
caused by this force. At the same time, cutting force has an important
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influence on tool wear and cutting temperature. Surface finish influences
not only the dimensional accuracy of machined parts, but also their
properties. Whereas surface finish describes the geometric features of
surfaces and surface integrity pertains to properties, such as fatigue life
and corrosion resistance, which are influence strongly by the type of
surface produced.'’ Tool wear mechanisms in cutting process have an
efficiency on tool life. In order to achieve good machinability, to
improve the product quality and to decrease the costs, it is necessary to
have minimum values of cutting force, surface roughness and tool
wear.'>!?

AISI 5140 have been widely applied to making mechanical parts
because of its excellent mechanical properties. However, the machining
performances of TiN and TiAIN coated tools on the dry turning of AISI
5140 steel are less reported compared to the aluminium alloy and the
stainless steel.'*!> Therefore, in the current study, AISI 5140 steel is
used as the workpiece material for investigating the machining
performances of TiN and TiAIN coated tools.

In this work, TiN and TiAIN coatings were deposited on the surface
of 45 steel and YT15 carbide inserts by MSP. The average friction
coefficient of TiN and TiAIN coatings had been obtained by dry sliding
tests in the air. The dry turning experiments with various cutting speeds
at constant depth of cut and feed rate were carried out on AISI 5140
steel with TiN and TiAIN coated tools. According to the experimental
results, the effects of cutting speed on the cutting force and surface
roughness were investigated. The SEM micrographs of the worn rake
face of the TiN and TiAIN coated tool were observed by scanning
electron microscope and the wear mechanisms were analyzed and
discussed to assess the performance of coatings.

2. Experimental Details

The substrate was made of AISI 5140 steel whose chemical
composition (wt. %) was C 0.39, Si 0.27, Mn 0.65, P 0.035, S 0.035,
Cr 1.1, Ni 0.03 and Fe balance. The test blocks with the dimension of
$30x2 mm were designed for friction tests. The workpiece material
was AISI 5140 steel with a hardness of 40 HRC in the form of a round
bar, and part specimens were bars of 400 mm in length and 56.7 mm
in diameter. The heat processing of the specimen included hardening
and tempering.

Dry turning tests were performed on a CA6140A lathe with TiN and
TiAIN coated cemented carbide YT15, which have the following tool
geometry parameters: rake angle »=15°, relief angle ¢=8°, inclination
angle A=-4° and side cutting-edge angle x=75°.

Fig. 1 shows the diagram of cutting dynamometer experiential
hardware. The arithmetic average surface roughness (Ra) of the
workpiece was measured by surface roughness tester (JB-1C, China).
The maximal flank wear was measured by an inverted metallurgical
microscope (Axiovert200MAT, Zeiss, Germany). The wear graphs were
observed using scanning electron microscope (JSM-6510, Japan).

It is generally agreed that the cutting speed is the most dominant
factor influencing the tool life, followed by the feed rate and depth of
cut. Hence, the cutting force and surface roughness tests were carried
out at various cutting speeds (v) in a wide range, including 48, 61, 77,
98, 122, 137, 175 and 218 m/min.
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Fig. 1 Diagram of cutting dynamometer experiential hardware
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Fig. 2 Friction coefficients of TiN and TiAIN coatings at the load of 3
N and 5 N in air

3. Results and Discussion

3.1 Friction properties of TiN and TiAIN coatings

Sliding experiments were conducted in a ball-on-disk tribometer.
Fig. 2(a) and (b) show the friction coefficients of different sliding
couples of TiN and TiAIN coatings under the load of 3N and 5N at
a dry sliding speed of 0.08 m/s. The sliding time was 1.5 hours. At the
load of 3N (as seen in Fig. 2(a)), the magnitude of friction coefficients
were in the increasing order of TiN and TiAIN. Their average friction
coefficients were 0.22 for TiN and 0.33 for TiAIN. At the load of 5N,
(as shown in Fig. 2(b)), the friction coefficient of TiN was 0.15 and
decreased approximately 0.07. However, the friction coefficient of TIAIN
was decreased to approximately 0.30. The curve of friction coefficient
of TiN was smoother than that of TiAIN. This could be explained as the
follows: because of the higher hardness, TiAIN coatings would lead to
the grinding of the stainless steel ball more serious and the contact size
between the coatings and stainless steel ball became bigger than that of
TiN coatings. As the result, the fluctuation of TiAIN coatings became
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Fig. 3 Evolution of tangential forces at different cutting speeds

more volatile. The friction coefficient at every load was found to be
lower at the beginning than that of at the end of scratch. At the beginning
of scratch, less resistance was encountered to plough the coating because
of some adsorbates such as oil, dirt and other impurities adsorbed on
the coatings surface. Comparatively more resistance would be exhibited
by the abrasive ahead of the indenter.

3.2 Cutting forces

Fig. 3 illustrates the evolution of the tangential force (also named
main cutting force) as a function of cutting speed in dry turning of AISI
5140 steel. It should be noted that the variation tendency of the main
cutting force is different. When cutting speeds are less than 140 m/min
for TiN coated tool and 120 m/min for TiAIN coated tool, the main
cutting force decreases with the increase of cutting speed, but the
decrease range is different. When the cutting speeds are more than 140
m/min for TiN coated tool and 120 m/min for TiAIN coated tool, the
main cutting forces increase again. The variation in the evolution of
cutting forces at different cutting speeds could be attributed to the fact
that the increase of cutting speeds generated more heat and thus raised
temperature in the deformed regions. This behavior would aggravate
the thermal softening of workpiece and decrease the tool-chip interface
friction, leading to the reduction of machining deflection and main
cutting forces. When the cutting speed are more than 140 m/min for
TiN coated tool and 120 m/min for TiAIN coated tool, the high strain
hardening rate of the workpiece plays a determinate role in the
machining. As the result, the main cutting forces have a tendency to
increase. This tendency agrees with the extension of Oxley’s predictive
analytical model for forces, temperatures and stresses exposed by
Lalwani D. 1.'° Regardless of the trend, the main cutting forces of
TiAIN coated tool were decreased by 10-27.2% in comparison with
TiN coated tool.

3.3 Surface roughness

Fig. 4 shows the average surface roughness obtained at different
cutting speed with TiN and TiAIN coated tools. The surface roughness
of TiAIN tool reduces with the increase of cutting speed. However, this
reduction becomes smaller and smaller at higher cutting speed. When
the cutting speed is greater than 175 m/min, the surface roughness
values reach a steady state, about 6.8 gm. As the ductility of AISI 5140
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Fig. 4 Evolution of surface roughness at different cutting speeds
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steel is high, there existed large and unstable built-up edge (BUE) on
the rake face when the cutting speed is low (v=68 m/min). BUE would
substitute the main cutting edge to perform cutting process, which lead
to the high cutting force and poor surface. When the cutting speed is
high (v=175 m/min), the BUE fall off from the tool due to the high
temperature and as a result, the surface finish is improved.

For the TiN coated tool, the surface roughness is more sensitive to
cutting speed than that of TiAIN coated tool. As the cutting speeds
increase, the Ra value for lower speeds quickly decreases to 7.03 um
and then increases to 8.08 um at 175 m/min. When the cutting speed
is greater than 175 m/min, the surface roughness reduces again. It should
be noted that the surface roughness with TiN coated tool is generally
higher than TiAIN coated tool whether at low cutting speed or high
cutting speed.

3.4 Flank wear

Fig. 5 illustrates average flank wear with machining time of the two
inserts. The maximum flank wear and VB of TiN and TiAIN coated
tools were measured after each 5 minutes using the fixed cutting
parameters of v=122 m/min, f=0.2 mm/r and a,=1 mm. It can be seen
in Fig. 5 that the worn stages of TiN coated tool is similar to that of
TiAIN coated tool and includes initial worn stages, normal worn stages,

acutely worn stages. Both the two worn curves rise with the increase
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Fig. 6 SEM micrographs of the rake face of TiN coated inserts

of machining time.

In the initial worn stages, the flank wear values of TiN and TiAIN
coated tool are 0.095 and 0.088 mm, respectively. After machining 5
minutes, both the coated tools turn into normal worn stages. The flank
wear values of TiN coated tools increase at the rate of about 15% each
5 minutes. However, the wear tendency of increase of TiAIN coated
tool is slower, about 4% each 5 minutes. When the machining time is
40 minutes, the VB of TiAIN coated tool is only 0.146 mm, which is
far below the VB (about 0.386 mm) of TiN coated tool. The machining
time of TiN turning into acutely worn stages is 25 minutes, while the
machining time of TiAIN is 40 minutes. The flank wear values are
0.194 and 0.146, respectively. As the dry turning continues, the flank
wear of TiN coated tool increases steeply with increasing machining
time. It should be noted that when the machining time reached 50 min,
the flank wear of TiN coated tool is about 0.512 mm, approaching to
the tool failure criterion. However, it is interesting to found that the
flank wear of TiAIN coated tool is only 0.406 mm when the machining
time is 60 min. It is obvious that the wear resistance of TiAIN coated
tool is better than TiN coated tool in dry turning of AISI 5140 steel,
especially at longer machining time.

3.5 Tool wear

Figs. 6 and 7 show the SEM micrographs of the rake face after 40
minutes’ machining with the TiN and TiAIN coated inserts at the
following parameters: v=122 m/min, f=0.2mm/r, a,=Imm. As seen in
Fig. 6, the wear form of TiN coated tool on the rake face is characterized
as broad and deep crater, which starts at a few distances away from the
cutting edge. There are some visible adhesive materials in the crater.
And most of coatings have broken off from the substrate. After the

20kV WDBmm 5550

SEI WD7mm~ SS50 x450 S0pn ;

(b) TiAIN coated tool

Fig. 8 SEM micrographs of flank wear of coated tools

coating broke off, the instantaneous heat generated can softens the
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Table 1 TiN coated tool

Element Weight percentage (%)
Fe 352
o 34.1
N 28.5
Ti 0.8
Cr 0.7
Si 0.6
w 0.1

Table 2 TiAIN coated tool

Element Weight percentage (%)
Fe 30
0} 223
w 21.2
N 17.2
Al 4.8
Co 24
Ti 2.2

Fig. 9 EDS results of the edge near the rake face wear region of TiN

substrate's bonding phase, which results in intense wear of substrate. As
seen in Fig. 7, the wear form of TiAIN coated tool is mainly the
breakage of cutting edge on the rake face and the damage of tip. Some
coatings near cutting edge are broke off and presented stratified
structure. There are some craters on the rake face of TiAIN coated tool
(as seen in Fig. 7), but they are smaller than that of TiN coated tool.
And therefore, the tool wear performance of TiAIN coated tool is better
than that of TiN coated tool.

Fig. 8(a) shows the SEM micrograph of flank wear of TiN coated
tool. There are a lot of adhesion materials in wear region. And many
scratches like furrow can be seen on the flank face. This indicates the
main wear mechanisms are abrasive wear and adhesive wear. Table 1
and 2 present the EDS analysis results in the worn region A and B
shown in Fig. 8(a) and (b). The worn region A and B exist large
amounts of Fe, which comes from workpiece, indicating there are
many chipping materials and impurities in these areas. As the cutting

continued, shearing tensile stress of the adhesion materials would

Fig. 10 EDS results of the tool nose wear region of TiAIN coated tool

increase. When these adhesion materials are detached from the surface,
the coatings will be also torn away from the tool caused by adhesive
wear.

Fig. 9 shows the EDS results of the edge near the rake face wear
region of TiN coated tool. Fig. 10 indicates the EDS results of the tool
nose wear region of TiAIN coated tool. Apparently, the high temperature
generated in dry turning would lead to two types of diffusion at the tool-
chip interface (diffusion of cutting tool constituents into the workpiece

and diffusion of workpiece material components into the cutting tool).

4. Conclusions

In this research, TiN and TiAIN coatings had been deposited on the
surface of AISI 5140 steel and cemented carbide YT15 by magnetron
sputtering technique. Dry turning experiments at various cutting speeds
at constant depth of cut and feed rate were performed on AISI 5140
steel using TiN and TiAIN coated tools. The cutting force, surface
roughness, tool wear and wear mechanism were particularly investigated.
The following conclusions are drawn from this study:

(1) The friction coefficients of TiN coatings are observed to be
lower than that of TiAIN coatings, especially at the higher normal load.

(2) The main cutting forces of TiAIN coated tool are decreased by
10-27.2% in comparison with TiN coated tool. The surface roughness
obtained with TiN coated tool is more sensitive to cutting speed than
that of TiAIN coated tool, especially at higher cutting speed.

(3) The wear resistance of TiAIN coated tool is better than TiN
coated tool in dry turning of AISI 5140 steel, especially at longer
machining time.

(4) SEM observation and EDS analysis of worn TiN coated insert
indicate that the wear mechanisms for the damage to the TiN coated
tools during dry machining of AISI 5140 steel are mainly abrasive and
adhesive wear. The wear form and mechanisms of TiAIN coated tool
are mainly adhesive wear, the breakage of cutting edge and the damage
of tip, accompanied with diffusion and oxidation wear.

(5) From this study, we find the effect of cutting and tool wear
performance of TiAIN coated tool is better than that of TiN coated tool.
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So, we expect more and more TiAIN coated tools are going to use in

the area of metal processing.

ACKNOWLEDGEMENT

This work was supported by the Fundamental Research Funds for

the Central Universities of Ministry of Education of P. R. China XDJK
2012C002 and XDJK2011C066 and the ATC Program of Ministry of
Commerce and Energy of Korea.

REFERENCES

10.

Song W. L., Deng J. X., Zhang H., and Yan P., “Study on Cutting
Forces and Experiment of MoS2/Zr-Coated Cemented Carbide
Tool,” The International Journal of Advanced Manufacturing
Technology, Vol. 49, No. 9-12, pp. 903-909, 2010.

Huang, S. T, Jia, C. D., Jiang, Z. H., and Yu, J. Y., “Cutting
Performance and Wear Mechanism of Tin Coat Cutter in High
Speed Turn-Milling,” Journal of Harbin Institute of Technology, Vol.
40, No. 9, pp. 1501-1502, 2008.

Raza, S. W., Pervaiz, S., and Deiab, 1., “Tool Wear Patterns When
Turning of Titanium Alloy using Sustainable Lubrication Strategies,”
Int. J. Precis. Eng. Manuf., Vol. 15, No. 9, pp. 1979-1985, 2014.

Sahoo, A. K. and Sahoo, B., “A Comparative Study on Performance
of Multilayer Coated and Uncoated Carbide Inserts when Turning
AISI D2 Steel under Dry Environment,” Measurement, Vol. 46, No.
8, pp. 2695-2704, 2013.

Sahoo, A. K. and Sahoo, B., “Experimental Investigations on
Machinability Aspects in Finish Hard Turning of Aisi 4340 Steel
using Uncoated and Multilayer Coated Carbide
Measurement, Vol. 45, No. 8, pp. 2153-2165, 2012.

Inserts,”

Xu, Y. C., Chen, K. H., Wang, S. Q., Zhu, C. J,, Xie, C. Q., and
Chen, X. M., “Oxidation and Cutting Properties of Tin and Tialn
Coated Cemented Carbide,” Materials Science and Engineering of
Powder Metallurgy, Vol. 16, No. 3, pp. 425-430, 2011.

Azushima, A., Tanno, Y., Iwata, H., and Aoki, K., “Coefficients of
Friction of Tin Coatings with Preferred Grain Orientations under
Dry Condition,” Wear, Vol. 265, No. 7, pp. 1017-1022, 2008.

He, H. B, Han, W. Q., Li, H. Y, Li, D. Y., Yang, J., Gu, T., and
Deng, T., “Effect of Deep Cryogenic Treatment on Machinability
and Wear Mechanism of Tialn Coated Tools during Dry Turning,”
Int. J. Precis. Eng. Manuf., Vol. 15, No. 4, pp. 655-660, 2014.

Barshilia, H. C., Yogesh, K., and Rajam, K., “Deposition of Tialn
Coatings using Reactive Bipolar-Pulsed Direct Current Unbalanced
Magnetron Sputtering,” Vacuum, Vol. 83, No. 2, pp. 427-434, 2008.

Su, G S. and Liu, Z. Q., “Wear Characteristics of Nano Tialn-Coated
Carbide Tools in Ultra-High Speed Machining of Aermet100,” Wear,
Vol. 289, pp. 124-131, 2012.

11.

12.

13.

15.

16.

Fetecau, C. and Stan, F., “Study of Cutting Force and Surface
Roughness in the Turning of Polytetrafluoroethylene Composites
with a Polycrystalline Diamond Tool,” Measurement, Vol. 45, No. 6,
pp- 1367-1379, 2012.

Uysal, A., Altan, M., and Altan, E., “Effects of Cutting Parameters
on Tool Wear in Drilling of Polymer Composite by Taguchi Method,”
The International Journal of Advanced Manufacturing Technology,
Vol. 58, No. 9-12, pp. 915-921, 2012.

Mandal, N., Doloi, B., Mondal, B., and Das, R., “Optimization of
Flank Wear using Zirconia Toughened Alumina (ZTA) Cutting Tool:
Taguchi Method and Regression Analysis,” Measurement, Vol. 44,
No. 10, pp. 2149-2155, 2011.

. Zhong, N., Zhou, Y. X., Zhu, X. F,, Zhang, J. J,, and Li, G,

“Microstructure and Cutting Performance of Carbonitride Coated
Tools in High Speed Machining of 40Cr Steel,” Surface Engineering,
Vol. 27, No. 4, pp. 306-310, 2011.

Zou, B., Chen, M., and Li, S., “Study on Finish-Turning of
NiCr20TiAl Nickel-based Alloy using Al,O3/TiN-Coated Carbide
Tools,” The International Journal of Advanced Manufacturing
Technology, Vol. 53, No. 1-4, pp. 81-92, 2011.

Lalwani, D. 1., Mehta, N. K., and Jain, P. K., “Extension of Oxley's
Predictive Machining Theory for Johnson and Cook Flow Stress
Model,” Journal of Materials Processing Technology, Vol. 209, No.
12, pp. 5305-5312, 2009.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


