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Abstract In this paper the results of an experimental

investigation to analyze the machinability of a hardened,

carbide-rich cold-work tool steel 1.2379 (approx. 62 HRC)

with coated micro end-milling cutters are discussed. Fun-

damental experiments were performed to determine a

cutting-parameter set, which enables an economic manu-

facturing of dies by 3-axis micromilling with commercially

available cemented-carbide tools. The evaluation of the

applicability of different tool types is conducted by ana-

lyzing the process forces, the tool wear, the surface quality,

the material removal rate, and the entire chip volume.

Design of experiments was used to significantly reduce the

number of experiments and to model the active and passive

forces. Concerning the design of tools for the micromilling

of such difficult-to-machine materials, it is shown that

cemented-carbide tools with robust cutting edges are

applicable for this kind of machining. Furthermore, test

microstructures were manufactured with the intention of

validating the determined cutting-parameter set in combi-

nation with the selected tool types. In addition, the

dimension and shape accuracy of the microstructures are

analyzed.
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1 Introduction

Micromilling is a suitable technique for the manufacturing

of forming dies from hardened tool steels with a high

quality with respect to the shape accuracy, the surface

quality, and the wear resistence. The trend to form mate-

rials with increasing tensile strength and toughness, as well

as sheet-bulk metals or microparts, results in the applica-

tion of dies with a hardness above 50 HRC [1–6]. In macro

dimensions, machining of hardened steels is a challenge for

the application of cemented-carbide tools. Therefore, the

utilization of super hard cutting materials, such as cBN, for

machining hardened steels is state of the art [7–9]. In the

range of micromilling, the manufacturing of cBN micro

end-milling cutters by grinding allows the application of

such tools for the micromilling of hardened steels [1, 10,

11]. However, the significantly higher price of cBN micro

end-milling cutters compared to the ones consisting of

submicron or fine-grain cemented carbide (sgcc or fgcc) is

an argument against the application of these tools. As a

result of this, the further development of geometries and

coatings of sgcc and fgcc micro end-milling cutters led to

promising results concerning the micromachinability of

hardened tool steels. Li et al. developed micro end-milling

cutters with two and four teeth for the micromilling of

hardened tool steels (50–56 HRC). For the optimization of

the design of the cutting edge corners and of the core shape

of conventional tools, mechanical tool loads were analyzed

with a FEM system [12]. The application of the new tool

types in experiments led to lower tool wear and burr for-

mation compared to the conventional tool type. The results

of the experimental investigations, performed by Aram-

charoen et al. showed that coated micro end-milling cutters

with chamfered and rounded cutting edges lead to high

surface quality and low burr formation when microma-

chining hardened tool steels with a hardness of 45 HRC [4,

5]. Furthermore, many experimental investigations deal

with the machining of hardened (tool) steels by micro-

milling [13–15].
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The goal of this experimental investigation is to show

the applicability of commercially available sgcc micro end-

milling cutters, which were designed for hard-milling

operations, for the manufacturing of dies from a hardened

cold-work tool steel with a hardness above 60 HRC and a

high fraction of carbides. For the design of the micromil-

ling process, it should be considered that a high material

removal rate has to be achieved for an economic manu-

facturing of a die. Furthermore, it is very important to

determine cutting parameters, which enable the roughing or

finishing of a die with only one tool. This is a considerable

criterion to achieve a high surface quality and shape

accuracy. Previous investigations showed that micromil-

ling of a high-speed steel (1.3343/HS6-5-2C, 63 HRC) with

sgcc micro end-milling cutters leads to promising results

concerning the material removal rate and the tool wear

[16].

2 Experiments

2.1 Experimental setup

The experiments were carried out on a micromachining

center, KERN HSPC 2522. The spindle used, Precise VSC

4084, has an operating range from 500 to 50,000 min-1

and a tool holder, HSK-E25, with a precision collet.

The investigations were performed by down milling with

different types of micro end-milling cutters with a diameter

of d ¼ 1 mm. As a cooling and lubrication concept, mini-

mum quantity lubrication (MQL) was chosen. The speci-

fications of the tools are listed and the cutting edges are

illustrated in Fig. 1. The experimental setup is depicted in

Fig. 2. The forces were measured with a 3-component

dynamometer, Kistler MiniDyn 9256C1, and were recor-

ded with a sampling rate of fs ¼ 50 kHz. The workpiece

material was a cold-work tool steel, 1.2379

(X153CrMoV12), with a hardness of approx. 62 HRC. The

workpiece dimension was 30� 40� 10 mm. A tool life

travel path of Lt ¼ 1:5 m for each cutting-parameter set

was aimed for. Figure 3 shows pictures of the material

structure, which exhibits a high fraction of

Fig. 1 SEM micrographs of the

cutting edges and specifications

of the fgcc tools

Dynamometer

Workpiece

Spindle

Tool
MQL nozzle

Tool holder HSK-E25

Fx

Fy

Fz

Fig. 2 Experimental setup
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inhomogenously distributed carbides. The generated sur-

faces, microstructures and cutting edges of the tools were

analyzed with the aid of a confocal white-light microscope,

Nanofocus lsurf, and a scanning electron microscope

(SEM), Philips XL40 ESEM. Furthermore, the maximum

width of flank wear land VBmax was measured by light

microscopy using a Mitutoyo MF-B 1720 H microscope.

After the fundamental investigations with tool type A for

the determination of a suitable cutting-parameter set, a

comparative investigation with tool types A, B, and C was

performed. Finally, for the validation of the cutting-

parameter set, microstructures were manufactured from the

hardened cold-work tool steel.

2.2 Design of experiments

The previous experiments, which dealt with the microma-

chining of a hardened high-speed steel (1.3343/HS6-5-2C,

63 HRC), established a cutting-parameter set and a tool

type, which enable the machining of microstructures with

an acceptable material removal rate, low tool wear, mod-

erate process forces, and a good surface quality. Within

these investigations, design of experiments was used to

optimize this cutting-parameter set for tool type A for the

manufacturing of microstructures from the hardened cold-

work tool steel with a high fraction of inhomogeneously

distributed carbides. Thus, this cutting-parameter set was

selected as the center point of a central composite design

and was repeated four times. Preliminary experiments for

the determination of a suitable cutting speed were per-

formed, and the obtained value of vc ¼ 130 m/min was

kept constant during the following experiments. The cut-

ting-parameter values were varied in the following ranges:

depth of cut ap ¼ 0:01; . . .; 0:04 mm, width of cut

ae ¼ 0:2; . . .; 0:6 mm, and feed per tooth fz ¼ 0:01;

. . .; 0:04 mm. The sequence of the experiments was ran-

domized with the intention of avoiding disturbances and

trends due to the experimental procedure. The randomized

design of experiments is listed in Table 1.

3 Fundamental investigations

In this section the results of the fundamental investigations

are presented. First, the models of the active and passive

forces are described, and the significance of the factors

depth of cut, width of cut, and feed per tooth is analyzed.

After this, a suitable cutting-parameter set is determinated

by analyzing the tool wear, the surface quality of the

generated microstructures, the achievable entire chip vol-

ume, and the material removal rate.

3.1 Analysis of active and passive forces

Concerning the avoidance of tool or cutting edge breakage,

the consideration and analysis of the forces is indispens-

able. Figure 4 shows the models of the averaged active

forces for the analysis of the interactions between depth of

cut and feed per tooth as well as between width of cut and

depth of cut (coefficient of determination R2
adj ¼ 0:972). As

expected, the models suggest a significant influence of the

depth of cut on the active forces due to the correlation

between the depth of cut and the width of undeformed

chip. The width of cut and the feed per tooth have a low

influence on the active forces in the range of low and

middle-sized values of the depth of cut. Figure 5 shows the

models of the averaged passive forces for the analysis of

the interactions between depth of cut and feed per tooth as

5 µm

Longitudial section Cross section

5 µm

Fig. 3 Microstructure and nominal composition (wt%) of the hard-

ened cold-work tool steel

Table 1 Randomized experiments

No. vc (m/min) fz (mm) ap (mm) ae (mm)

1 130 0.025 0.025 0.400

2 130 0.016 0.016 0.519

3 130 0.025 0.025 0.200

4 130 0.016 0.016 0.281

5 130 0.025 0.040 0.400

6 130 0.034 0.016 0.519

7 130 0.010 0.025 0.400

8 130 0.025 0.025 0.600

9 130 0.025 0.025 0.400

10 130 0.016 0.034 0.519

11 130 0.025 0.025 0.400

12 130 0.025 0.025 0.400

13 130 0.034 0.034 0.281

14 130 0.034 0.034 0.519

15 130 0.040 0.025 0.400

16 130 0.025 0.010 0.400

17 130 0.034 0.016 0.281

18 130 0.025 0.025 0.400

19 130 0.016 0.034 0.281

The center point experiments of the central composite design are

shown in bold
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well as between width of cut and depth of cut. The pro-

gression of the passive force models clarifies that a

reduction of the cross-section of undeformed chip leads to

an increase of the passive forces due to ploughing effects.

In this case, by means of the coefficient of determination

of R2
adj ¼ 0:436, it is clear that the modeling of passive

forces for micromilling is very difficult because there are

many disturbances, which influence the micromilling

process. On the one hand, the determination of the zero

position in height by scratching the workpiece with the

rotating tool can lead to uneven wear of the minor cutting

edges of the tool and, on the other hand, the condition of

the cutting edges of each tool differs due to the manu-

facturing and the coating of the tools. Therefore, there is a

strong mean variation of the passive forces. In contrast to

the passive forces, the modeling of the active forces leads

to good results.

For the determination of a suitable cutting-parameter

set, an analysis of the interactions between the factors by

considering the coefficients of the regression equations is

essential (Table 2). Due to the high weighting of the depth

of cut in combination with the other factors in the regres-

sion equations, an increase of the depth of cut leads to a

significant increase of the forces. The increase of the width

of cut in the range of small and middle-sized depths of cut

leads to a moderate increase of the active force. In this

case, the adjustment of large widths of cut in the micro-

milling process is reasonable.

3.2 Tool wear, material removal rate, entire chip

volume, and surface quality

Due to the different cutting-parameter sets in addition to

the defined tool life travel path of Lt ¼ 1:5 m (50 paths) in

this investigation, the analysis of the maximum width of

flank wear land VBmax is difficult because each experiment

leads to different material removal rates Qw and entire chip
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speed vc depending on the depth of cut ap, width of cut ae, and feed
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Table 2 Comparison of the regression coefficients of the active and

passive force models

Factors and interactions Fa Fp

fz 0.18999 –

ap 1.11 -0.65162

ae 0.72 1.7703

fz * ap 0.35796 1.785

ap * ae 0.45331 –

ap * ap -0.17869 1.6187
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volumes Q. The aim of this investigation was to determine

a cutting-parameter set which enables the roughing of a die

or microstructures with one tool in an adequate time. This

means that tool wear has to be evaluated concerning the

main criterion Q and the additional criterion Qw. In this

case, the experiments are classified (best-in-class principle)

with respect to Q (Table 3). The listed results of the

maximum width of flank wear land VBmax are averaged

values of the two teeth of each tool.

The experiments number 1, 3, 5, 6, 8, 14, 16, 17, and 19

offer the best cutting-parameter sets in their classes. For the

determination of a suitable cutting-parameter set, a

graphical comparison of the criteria simplifies the com-

parison of the achieved results (Fig. 6). Due to the goal of

this investigation, favorable cutting-parameter sets lead to

low tool wear and high entire chip volumes. A criterion for

the evaluation of the results is the average value VBmax;a ¼
41:4 lm for all experiments. As a result of this, experiment

number 19 with VBmax;a ¼ 42:45 lm is dropped from the

favorable group of cutting-parameter sets. The experiments

number 1 and 6 led to similar values with regard to Qw and

Q, but experiment number 6 is preferred due to the lower

tool wear. Furthermore, this reason is also the basis for the

preference of experiment number 3 compared to number 16

and 17. Due to the high values for Qw; Q, and

VBmax\VBmax;a, the experiments number 5, 8, and 14 will

be considered in addition to the experiments number 1 and

3 for further analyses.

The surface quality is characterized by the arithmetical

mean deviation of the roughness profile Sa and the average

surface roughness Rz of the last milling path. The burr

height, measured at the flank of the last milling path, is a

further criterion for the evaluation of the microstructure

quality. The consideration of Table 4 demonstrates that

cutting-parameter sets from the experiments number 1 and

8 lead to the highest surface quality and the lowest burr

formation.

3.3 Short summary

Taking all criteria into account, this investigation leads to

the result that the cutting-parameter set of experiment

number 8 (vc ¼ 130 m/min; fz ¼ 0:025 mm; ap ¼ 0:025

mm, and ae ¼ 0:6 mm) is suitable for an economic manu-

facturing of dies. The determined cutting-parameter set

differs from the center point of the design of experiments

concerning the width of cut. An increase of the width of cut

from ae ¼ 0:4 mm to ae ¼ 0:6 mm leads to an excellent

surface quality and a significantly shorter processing time.

Furthermore, it is evident that the modeling of passive

forces for micromilling processes is very difficult due to

Table 3 Experiments classified with regard to the entire chip volume

Q and the maximum width of flank wear land VBmax (best-in-class

principle)

No. VBmax (lm) Qw mm3=minð Þ Q mm3ð Þ Group no.

16 39.50 8.200 6.000 1

17 41.10 12.572 6.780 2

4 43.45 5.960 6.780 2

3 36.55 10.250 7.500 3

6 36.90 23.210 12.517 4

2 45.55 11.004 12.517 4

19 42.45 12.572 14.301 5

13 56.60 26.517 14.301 5

1 35.40 20.500 15.000 6

7 45.90 8.200 15.000 6

9 35.70 20.500 15.000 6

11 38.60 20.500 15.000 6

12 46.30 20.500 15.000 6

15 36.90 32.800 15.000 6

18 45.40 20.500 15.000 6

8 38.45 30.750 22.500 7

5 40.55 32.800 24.000 8

10 42.35 23.210 26.402 9

14 39.75 48.955 26.402 9
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Fig. 6 Comparison of the maximum width of flank wear land VBmax,

the material removal rate Qw, and the entire chip volume Q for eight

selected experiments

Table 4 Comparison of the arithmetical mean deviation of the

roughness profile Sa, the average surface roughness Rz, and the burr

height for five selected experiments

No. Sa (lm) Rz (lm) Burr height (lm)

1 0.318 1.990 5.11

3 0.536 1.886 –

5 0.422 2.453 23.29

8 0.298 1.945 4.85

14 0.358 2.190 5.87
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the high mean variations of the measured forces in the

experiments.

4 Applicability of different tool types

Within this investigation, experiments with the tool types

A, B, and C were performed with the intention to analyze

the optimization potential of the determined cutting-

parameter set. Therefore, three attempts with three tools of

each type were carried out in order to identify the mean

variations of the results. Figure 7 shows the active and

passive forces depending on the tool life travel path as well

as micrographs of the surface topographies and of the tools.

The figure shows that the application of tool type B with a

positive rake angle of c = 10� leads to the lowest active

and passive forces. For tool type A with a neutral rake

angle, the trend of the forces is similar whereas the level of

the passive force is higher. The application of tool type C

leads to high forces in addition to an irregular progression

depending on the tool life travel path. The SEM micro-

graphs of the rake and the flank face of tool type C illus-

trate that the tool wear is significantly higher in comparison

to the tool types A and B. Due to the large helix angle of

� ¼ 30� and the unprepared corner, the stability of the

cutting edge is reduced and tool wear is accelerated. Fur-

thermore, the neutral rake angle and the nonhelical cutting

edges of tool type A compared to the positive rake angle

and the helical cutting edges of tool type B result in neg-

ligibly higher forces, but lower tool wear. At first glance,

micromilling with tool type C leads to an acceptable sur-

face quality concerning the arithmetical mean deviation of

the roughness profile Sa and the average surface roughness

Rz. However, the quality of the generated surfaces is poor

because the worn cutting edges of the tool smear the

removed material. The best surface quality follows from

the application of tool type A. Unexpectedly, the charac-

teristic values of the surface generated by tool type B

suggest a bad surface quality due to the distinct charac-

teristic structure of the milling process in the areas where

the teeth engage into the workpiece. Due to the length of

this tool type and the low stiffness, this fact is a hint for a

strong tool deflection in the process, which affects the

surface quality. Based on these results, microstructures

were manufactured with tool type A and B.

5 Manufacturing of microstructures

Micromilling with the suitable cutting-parameter set in

addition to the tool life travel path of Lt ¼ 1:5 m led to a

material removal of an entire chip volume of Q ¼
22:5 mm3 and low tool wear. As a result of this, the tar-

geted entire chip volume for the manufacturing of test

microstructures was increased to Q ¼ 40:53 mm3 and the

depth of cut was reduced by 0.005 mm. The two test

microstructures are an area with four webs and a pyramid

consisting of three stacked blocks, pictured in Fig. 8. The

3-axis tool paths were generated by the CAM-software

Cimatron E8.5. The strategy was spiral machining, and the

machining type was roughing.

The evaluation of the surface quality of the web area is

conducted by means of the characteristic values arithmet-

ical mean deviation of the roughness profile Sa and average

surface roughness Rz. Figure 9 shows that the arithmetical

mean deviation of the roughness profile is very low for

both tool types, where the values for tool type A are

insignificant lower. For the average surface roughness,

which clearly indicates grooves and scratches on the sur-

face, there is a significant difference between the value

levels of tool type A and B. The analysis of the dimen-

sional and shape accuracy of the generated test
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microstructures reveals more discrepancies concerning the

suitability of tool type B in addition with this cutting-

parameter set. Figures 10 and 11 illustrate SEM micro-

graphs of the web area and the pyramid. In the area of the

webs, where the tool leaves the workpiece (Fig. 10a),

surface location errors occur due to the dynamic behavior

of the tool. Particularly, in the corners of the web area

(Fig. 10c). Here, the immersion angle increases and chatter

occurs, which results in chatter marks on the flank. At the

pyramid, surface location errors occur at the flanks of the

blocks due to tool deflections (Fig. 11a, b). As in the pre-

vious experiments, it is evident that the application of tool

type B leads to a distinct surface structure due to the

stronger tool deflection compared to tool type A (Fig. 11c).

Furthermore, the chamfer at the cutting edge corner of tool

type B generates landings at the structures, e.g. Fig. 11c, in

contrast to tool type A, which has a small corner radius of

r� ¼ 0:05 mm. Smeared workpiece material, illustrated on

the micrographs in Fig. 11c, clarifies a general problem of

the micromilling process with small undeformed chip

thicknesses. At the outer edges of the webs and blocks, the

feed velocity is reduced and the material is smeared on the

surface of the workpiece due to ploughing effects, which

lead to a poor surface quality and an accelerated tool wear.

With respect to the tool wear, both tool types exhibit an

acceptable maximum width of flank wear land VBmax of

approximately 65 lm. However, the increasing tool wear

in the process leads to an undesirable burr formation at the

microstructures, although the burr formation in the
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fundamental experiments was negligible. The reasons for

this result are the changing tooth engagement conditions

and the variable undeformed chip thicknesses in the NC

micromilling process, which lead to stronger wear at the

minor and the major cutting edges. The results of this

investigation show that a simple transfer from the knowl-

edge of the fundamental investigation to the NC micro-

milling processes is not possible.

6 Conclusions and outlook

The results of the experimental investigations presented in

this paper show that an economic manufacturing of dies

from a hardened cold-work tool steel with cemented-car-

bide micro end-milling cutters is possible. In this case, with

regard to the criteria tool life travel path, material removal

rate, entire chip volume, surface quality, and shape accu-

racy, the application of tool type A leads to promising

results so that the application of expensive micro end-

milling cutters consisting of cBN is not necessary. Fur-

thermore, the results show that the design of the tool is

essential in the range of micromilling of steels with a

hardness above 60 HRC. The best results were achieved

with tool type A, which has nonhelical cutting edges, a

small corner radius, and a neutral rake angle. Due to the

high stiffness, the low tool length and aspect ratio, the

applied forces lead to negligible tool deflections and

vibrations. In contrast to this fact, the application of tool

type B, which is 10 mm longer than tool type A, results in

undesirable surface location error and a poor surface

quality due to tool deflections and vibrations.

The goal of future investigations is the adaptation of the

cutting parameters for the manufacturing of more delicate

structures from hardened tool steels with smaller micro

end-milling cutters (e.g. d ¼ 0:4 mm) and the analysis of

the finishing of microstructures. Furthermore, experiments

with ball end-milling cutters and different tool inclinations

in feed and cross-feed direction will be performed with the

intention of realizing the transfer from 3-axis to 5-axis

micromilling of hardened tool steels.
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in der Mikrotechnik. Oberflächenqualität und Miniaturiser-

ungspotenzial von Mikroformeinsätzen. Wt Werkstattstechnik

97(11/12):847-851 (online)

4. Aramcharoen A, Mativenga PT (2009) Size effect and tool

geometry in micromilling of tool steel. Precis Eng 33(4):402–407

5. Aramcharoen A, Mativenga PT, Yang S, Cooke kE, Teer DG

(2008) Evaluation and selection of hard coatings for micro

milling of hardened tool steel. Int J Mach Tools Manuf 48(11/

12):1578–1584

6. Eichenhüller B, Engel U, Geiger M (2010) Microforming and

investigation of parameter interactions. Prod Eng Res Dev 4(2/

3):135–140

7. Sieben B, Wagner T, Biermann D (2010) Empirical modeling of

hard turning of AISI 6150 steel using design and analysis of

computer experiments. Prod Eng Res Dev 4(2/3):115–125

8. Denkena B, Boehnke D, Meyer R (2008) Reduction of wear

induced surface zone effects during hard turning by means of new

tool geometries. Prod Eng Res Dev 2(2):123–132

500 µm500 µm

200 µm200 µm

100 µm100 µm

Tool type BTool type A
A

B
C

Material: 1.2379 (62 HRC) Tool: = 1 mm, type A and B
Cutting speed: = 130 m/min         Depth of cut: = 0.020 mm
Feed per tooth: = 0.025 mm Width of cut: = 0.600 mm

Machining strategy: Down milling, spiraling
Machining type:       Roughing
Entire chip volume: = 10.24 mm³

d

Q

av
af

pc

ez

A

B

C

Fig. 11 SEM micrographs of the pyramid manufactured with tool

type A and B

216 Prod. Eng. Res. Devel. (2011) 5:209–217

123



9. Klocke F, Brinksmeier E, Weinert K (2005) Capability profile of

hard cutting and grinding processes. CIRP Ann Manuf Technol

54(2):22–45

10. Suzuki H, Kimura T, Yamamoto Y, Moriwaki T, Okino T, Hi-

jikata Y, Goto I, Goto T, Ono T, Goto Y, Isono H, Takahashi N

(2005) Micro milling of hard material with micro milling tool. In:

Proceedings of the 5th international conference of the EUSPEN,

8–11 May 2005, Montpellier, France, pp 577–580

11. Arntz K, Quito EF (2007) Hartfräsen von Mikrostrukturen—zu-
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in Formeinsätzen. MM Maschinenmarkt (5):36–40

Prod. Eng. Res. Devel. (2011) 5:209–217 217

123


	Manufacturing of dies from hardened tool steels by 3-axis micromilling
	Abstract
	Introduction
	Experiments
	Experimental setup
	Design of experiments

	Fundamental investigations
	Analysis of active and passive forces
	Tool wear, material removal rate, entire chip volume, and surface quality
	Short summary

	Applicability of different tool types
	Manufacturing of microstructures
	Conclusions and outlook
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


