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Abstract Two different foils out of the alloy aluminium-
scandium with a thickness of about 15 um were produced
by the d.c. magnetron-sputtering process applying different
substrate temperatures, i.e. S37 at the substrate temperature
of 37°C and S160 at the substrate temperature of 160°C.
They show different forming properties, e.g. flow stress. In
this work these two different foils were used as blank
material in micro deep drawing with a punch diameter of
0.75 mm to investigate the formability of these foils.
A limit drawing ratio of 1.6 was achieved for both foils.
Using the strip drawing test the friction coefficients
between the foils and the tools were acquired experimen-
tally, i.e. u¢ = 0.12 on the smooth side and u = 0.16 on the
rough side for the foil of S37 and = 0.15 on the smooth
side and ¢ = 0.17 on the rough side for the foil of S160.

Keywords Friction - Micro deep drawing -
Magnetron sputtering

1 Introduction

Micro formed parts are often components of micro system
technologies (MST) or micro electro-mechanical systems
(MEMS). They contain leverages, connector pins, resistor
caps, contact springs and chip lead frames [1]. The esti-
mated rise in turnover from 10 to 19 billion US $ from
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2004 until 2009 [2] shows a growing demand on micro
formed parts, which is mainly driven by a rising trend of
miniaturization. Due to size effects [3] new challenges are
involved in micro forming process compared to macro
forming. Thus, investigation and improvement of micro
forming processes are needed [4]. Micro deep drawing
provides a great application potential for the manufacturing
of micro parts with complex shapes, in particular for mass
production, as they are required in many industrial products
in the field of microtechnology [5]. In case of downscaling
the size of the workpiece to the dimensions of micro
forming, the thickness of blank materials must be scaled
according to the rule of similarity too [6, 7]. This means,
that blank materials of small thicknesses in the micro range
with enough formability and strength are required for
micro forming applications.

Among high strength aluminium alloys aluminium—
scandium is of special interest. Added to aluminium,
scandium acts as a grain refiner and recrystallisation
inhibitor. The high hardness and high strength are caused
by the formation of the AlSc; phase, which is coherent with
the aluminium matrix. The maximum strength can be
achieved by an artificial ageing at about 300°C [8]. Usually
rolling is the common technique to produce thin sheets. But
as the desired thickness in micro forming processes often
does not exceed 30 pm this process is not applicable to
high-strength alloys. Physical vapour deposition appeared
to be an alternative method to manufacture such thin
sheets. The deposition of freestanding aluminium—magne-
sium alloys by magnetron sputtering is already described
by Brooker et al. [9] and will be implemented for the
production of Al-Sc foils. As far as we know, the manu-
facturing of Al-Sc foils in this way is not yet described.
The manufactured foils are used in micro deep drawing
processes to determine the limit drawing ratio LDR.

@ Springer



452

Prod. Eng. Res. Devel. (2010) 4:451-456

The limit drawing ratio (LDR) is a characterising indi-
cator for the used workpiece material in deep drawing
process. It describes how much the workpiece material can
be deformed in this process. The bigger the LDR is the
more the material can be deformed, and thus the more
widely this process can be applied in industry. Experiments
show, that the LDR is affected by size effects [10], among
them the size effects on tribology [11] and flow stress [12]
are the most important ones. Thus investigations in this
work focus on the LDR of these aluminium—scandium foils
in micro deep drawing with a punch diameter of 0.75 mm
as well as the friction coefficient between the aluminium-
scandium foils and forming tool.

2 Experiment
2.1 Fabrication of aluminium—scandium foils

The deposition experiments took place in a magnetron
sputtering unit with d.c. power supply. As targets for the
PVD processes, sheets of an aluminum—scandium pre-alloy
with a scandium content of 2.0% mass (size 88 mm X
500 mm x 8 mm) were used. The substrates to be coated
with the required alloy consisted of 100 um steel sheets.
After deposition process is complete, the steel substrate
was dissolved in an oxidizing medium. In this way, thin
free-standing sheets of the aluminium-scandium alloy
were achieved. The circuit power was kept constant at
1 kW during the 4 h deposition time. The substrate tem-
perature could be varied by a cooling unit mounted on the
back of the steel substrate. Two different foils deposited at
different substrate temperatures were produced, one at
37°C (further referred as S37) and the other at 160°C
(referred as S160).

The chemical composition of the alloy was determined
by glow discharge optical spectroscopy (GDOS). The
morphology of the remaining coatings was examined by
scanning electron microscopy. The mechanical properties
were assessed by universal hardness measurements and by
applying the tension test.

2.2 Micro deep drawing

The aluminium-scandium foils produced above were used
in the micro deep drawing with a punch diameter of
0.75 mm. Constant blank holder force was applied in this
investigation. As lubricant the mineral oil HBO with a
viscosity of 400 mm?/s (at 40°C) was used. The geomet-
rical parameters as well as the process conditions are listed
in Table 1. In order to determine the limit drawing ratio
(LDR) the experiments were performed with different
drawing ratios, in which the initial blank holder pressures
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Table 1 Geometrical parameters and the forming conditions for
micro deep drawing

Punch diameter [mm] 0.75

Punch radius [mm] 0.075

Drawing radius [mm] 0.09

Drawing clearance [mm] 0.021

Blank thickness [mm] 0.015

Forming tool material Tool steel 1.2379 (German standard)
Punch velocity [mm/s] 1

Lubricant HBO 947/11

were varied. The used blanks were cut by a Nd:YAG laser
with a wave length of 1064 nm. As an example, the surface
of the cut edge obtained in case of S37 blanks with
diameter of 1.125 mm is shown in Fig. 1. The cutting edge
is very smooth and thus should not affect the friction
between the blank and forming tool in micro deep drawing.

Experiments were carried out on a double-axis high
dynamic micro forming press, which was developed in
BIAS [13]. The press is driven by electrical linear motors
with a maximum acceleration of 17 g and a maximum
velocity of 3.2 m/s. The positioning inaccuracy of this
press is below 3 pm at maximum acceleration. The repeat
positioning inaccuracy of this press is below 1 pm up to a
stroke of 8 mm. The two movable slides of this machine
can move independently from each other. The experi-
mental setups were installed on the micro forming press
including a force measurement system with an accuracy of
0.01 N and a position measurement system with an accu-
racy of 0.003 mm. In the set up the punch is driven by the
upper slide and the blank holder is driven by the lower
slide. This makes it possible to control the blank holder
force precisely, while the punch moves into the die.

2.3 Strip drawing

Friction is a main influencing factor for deep drawing.
Friction coefficient is affected by many factors, e.g. surface
roughness. Concerning the difference in surface roughness
between the two sides of Al-Sc-foils (see Figs. 3, 4),
friction coefficient between these surfaces and the tool
material surface was determined using strip drawing test.
The principle of this test is shown in Fig. 2. Two strips are
drawn together through tools with a normal force Fsy. The
drawing force Fg is measured experimentally. Then the
friction coefficient is determined by the following

equation:
Fr
= . 1
H = F (1)

The strips are set with either both smooth sides (bottom
side of Al-Sc-foil shown in Fig. 3) or both rough sides (top
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Blank material: Al-Sc-foil S37
Blank thickness: 0.015 mm
Blank diameter:  1.125 mm

Fig. 1 Details of blank edge cut from Al-Sc foil

Strips

Fig. 2 Strip drawing test with details of contact zone geometry

— 6pm —

— 6um —

Fig. 3 Surfaces of the bottom side of the Al-Sc-foils: S37 (left) and
S160 (right)

side of Al-Sc-foil shown in Fig. 4) facing the tools, so that
the friction coefficients between the tools and the two sides
of Al-Sc-foils can be acquired individually. Taking into
account the tribological size effect [14], the lubrication
condition in micro deep drawing was physically simulated
in this strip drawing test. This means, the contact area
between the tools and the strips is minimized. It has a width
of 1 mm and a radius of 0.2 mm on both edges. Thus the
contact width between the strips and the tools in the
drawing direction is only 0.6 mm, which is comparable
with that in micro deep drawing. The tools are made of tool
steel 1.2379. As in the deep drawing tests a constant nor-
mal force corresponding to a pressure of 2 N/mm? was
applied. The lubricant used in micro deep drawing is also
used in this test.

Fig. 4 Surfaces of the top side of the Al-Sc-foils: S37 (left) and S160
(right)

AlSc foil reinforcement
<— 30mm 7" 10 mm

Fig. 5 Scheme of the tensile test specimen

3 Results and discussions
3.1 Properties of aluminium—scandium foils

The steel substrates of the two samples (S37 and S160)
were separated from the aluminium foil by diluting the
steel in a mixture of sulphuric acid and hydrogen peroxide.
The chemical composition of the foil was determined by
GDOS and provided a scandium content of 1.95 £ 0.04
mass% (S37) and 1.81 & 0.04 (S160). The hardness of
both samples were measured on the surface of the foils and
resulted in 187 & 5 HV. Both surfaces of the foil were
examined by scanning electron microscopy. The bottom
side, which was in direct contact with the steel substrate
prior to the separating process, is shown in Fig. 3. The top
sides of both samples are shown in Fig. 4. There is a sig-
nificant difference between both sides. The bottom side is
very smooth and obviously is a mirror image of the steel
surface, which meanwhile is separated. At the top sides
distinct crystals with typical diameters of more than 4 pm
can be seen.

From both foils tensile test specimen were manufactured
with a size of 10 x 30 mm? and reinforcements on both
sides, as schematically shown in Fig. 5. During testing,
load and strain were measured by a 1000 N load cell and a
video extensometer, respectively. With this method it was
possible to get the elastic modulus, the yield strength, the
ultimate tensile strength and the elongation at fracture from
the specimens. The exemplary result of the tensile tests of
both foils is given in Fig. 6, where the nominal stress is
recorded versus the strain. The tensile strength of the foils
S37 and S160 are 292 &+ 7 MPa and 332 + 8 MPa,
respectively.
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Fig. 6 Exemplary result of the tensile tests performed on Al-Sc-foils
produced by magnetron sputtering at 37°C and 160°C

The structure of vapour deposited metallic films pri-
marily depends on substrate temperature during deposition.
So, different properties of the foil deposited at 37°C,
compared to the one deposited at 160°C, were anticipated.
The description of the mechanisms by which grain struc-
ture is developed during deposition is known as structure
zone model. The first model was proposed by Movchan and
Demchishin and later extended by Thornton [16]. He
suggested four different zones—zones I, II and III and a
transition zone—zone T. These zones depend on the term
T/T,,, where T is the substrate temperature and T, is the
melting point of the coating material, both in Kelvin. As a
first approximation, a melting point of the Al-Sc mixture
of 655°C (938 K) is assumed. This is the same as for pure
aluminium but as described by Cacciamani et al. the pure
liquid of this composition (2 mass% Sc) is only available
above about 840°C and between 655 and 840°C the two
phases Al (1) and Al;Sc (s) exist [17]. With that assumption
the foil S37 was deposited at 7/T,, = 0.33 and S160 at
T/T,, = 0.46. According to Thornton at 7/T,, ~ 0.3 self
diffusion is appreciable and the coatings consist of a dense
array of fibrous grains. At higher temperatures, around
T/T,, ~ 0.5 surface mobility of the arriving atoms is even
greater and grain boundary migration and recrystallisation
is possible. The latter case will cause a better bonding
between the grains and thus can explain the improved
tensile strength. But even the foil S37 has a relatively high
tensile strength, compared to conventional aluminium
alloys or pure aluminium like A199.5.

3.2 Determination of LDR

A LDR of 1.6 was determined based on experiments car-
ried out on both aluminium—scandium foils within micro
deep drawing with the punch diameter of 0.75 mm in this
investigation. Different drawing ratios were applied in
experiments. Up drawing ratio of 1.7, no sound parts could
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Fig. 7 Fracture of cup drawn from S37 foils at § = 1.7

be obtained by micro deep drawing using both types of
foils, although the blank holder force was varied. The
process ended always with fractures of the drawn cups. As
an example the drawn cup out of blank material S37 with a
drawing ratio of 1.7 is shown in Fig. 7. Sound parts could
be drawn from both foil types at drawing ratio of 1.5 and
1.6 as shown in Fig. 8. A constant blank holder force with
an initial blank holder pressure of 1 N/mm? was applied.
Drawing ratios smaller than 1.5 were not applied in the
micro deep drawing in this work.

3.3 Acquirement of punch force versus stroke curves

For each case, the experiments were repeated at least six
times. The correspondingly measured punch force versus
stroke curves vary within a certain range. For example, the
maximum punch force for micro deep drawing with the
blank material of S37 using drawing ratio of 1.5 ranges
from 5.77 to 6.17 N, which corresponds to a deviation of
6.9%, see Fig. 9. Under the same condition, the maximum
punch force for the material of S160 ranges from 9.18 to
9.98 N, which corresponds to a deviation of 8.7%, see
Fig. 10. Considering the effect of process dimension on the
deviation of punch force described in [15], the deviations
of punch forces for both aluminium—scandium foils are in
the common range for micro deep drawing, though they are
relatively large compared to that in macro deep drawing.
For further analysis the average values from the repeated
experiments have been taken.

In Fig. 11 the average punch force versus stroke curves
for both aluminium-scandium foils with two different
drawing ratios are shown together. The required punch
force in deep drawing is proportional to the yield strength
of blank material. Since the yield strength of S160 is higher
than that of S37 (see Fig. 6), the punch forces in case of
S160 are larger than that of S37 applying both drawing
ratios. However, the difference of punch forces does not
correlate with the difference of yield strengths. Using the
drawing ratio of 1.5 the maximum punch force in case of
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Punch diameter:  0.75mm  Blank thickness: 0.015 mm

Drawing radius:  0.09 mm  Blank material: Al-Sc-foils
Drawn clearance: 0.025 mm  Lubricant: HBO 947/11
Punch velocity: 1mm/s  Amount of lubricant: 8 g/m’
Tool material: 1.2379 Initial blank holder pressure:

B drawing ratio 1 N/mm?

Fig. 8 Sound parts produced by micro deep drawing of Al-Sc foil
blanks

Punch force —
N

2
4
0 = T T
0 0.1 mm 0.3
Punch stroke ———

Punch diameter:  0.75 mm  Blank thickness: 0.015 mm
Drawing radius:  0.09 mm  Blank material: S37
Drawn clearance: 0.025 mm  Lubricant: HBO
Punch velocity: 1mm/s  Amount of lubricant: 8 g/m*

Tool material: 1.2379
Drawing ratio: 1.5

Initial blank holder pressure:
1 N/mm?

Fig. 9 Punch force from 7 repeated experiments using the blank
material of S37

S160 is about 60% larger than those required in case of
S37. Using the drawing ratio of 1.6, the difference is about
30%. Both are larger than the difference of yield strength
of these two aluminium—scandium foils (about 20%). This
means, besides the flow curve another decisive factor for
the punch force in deep drawing, the friction coefficient, is
not the same for these two different aluminium—scandium
foils.

3.4 Determination of friction coefficients from strip
drawing

The punch force in deep drawing is affected not only by the
flow stress of blank material but also the friction coefficient
between tools and blank. Thus the friction coefficient

-
N

=z

Punch force ——
[}

w

0 0.1 mm 0.3
Punch stroke ——

Punch diameter:  0.75 mm  Blank thickness: 0.015 mm
Drawing radius:  0.09 mm  Blank material: S160
Drawn clearance: 0.025 mm  Lubricant: HBO
Punch velocity: 1mm/s  Amount of lubricant: 8 g/m?
Tool material: 1.2379 Initial blank holder pressure:

Drawing ratio: 15 1 N/mm?

Fig. 10 Punch force from 7 repeated experiments using the blank
material of S160

12
S160, p=1.6
I S160, p=1.5 : -
N - —=
@ ¢ —
2 / B ~ :
L 6 LA T—
5 7 ——__S37, p=1.6
c g
2 . P §37,p=1.5
0 &= : .
0 0.1 mm 0.3
Punch stroke ——
Punch diameter: 0.75mm  Blank thickness: 0.015 mm
Drawing radius:  0.09 mm  Blank material: Al-Sc-foils

Drawn clearance: 0.025 mm  Lubricant: HBO

Punch velocity: 1mmfs  Amount of lubricant: 8 g/im’
Tool material: 1.2379  Initial blank holder pressure:
B: drawing ratio 1 N/mm’

Fig. 11 Punch force versus stroke curves of micro deep drawing with
aluminium-scandium foils

between tools and blank material was investigated in this
work. Using the method described in Sect. 2.3 the friction
coefficients were acquired experimentally for both Al-Sc-
foils on both surfaces, see Fig. 12. Generally the smooth
side shows lower friction coefficient again the tool steel
1.2379 than the rough side. For the material of S37 the
friction coefficient is about yu = 0.12 on the smooth side,
0.04 lower than that on the rough side. For the material of
S160 the friction coefficient is larger: u = 0.15 on the
smooth side and u = 0.17 on the rough side. The differ-
ence of the friction coefficients for both Al-Sc-foils might
be the reason, why the difference of punch forces does not
correlate with the difference of yield strengths (see
Fig. 11).

Considering the different friction coefficients between
the tool steel and the blank material on different sides (see
Fig. 12), it must be decided which side of the blank
material should be put to the die. Compared to the blank
holder the die has one more contact zone with the blank in

@ Springer



456

Prod. Eng. Res. Devel. (2010) 4:451-456

o
(&

H smooth
Crough

—=—

0.15 1

Friction coefficient y —
(=]

0.05
0 ;
S37 S160
Strip material: Al-Sc-foils Lubricant: HBO
Tool material:  1.2379 Amount of lubricant: 8 g/m*
Drawn velocity: 1 mm/s Contact area: 10 mm?

Normal pressure: 2 N/mm®

Fig. 12 Influence of surface roughness on the friction coefficients
acquired from strip drawing test

deep drawing, i.e. the drawn radius, where the friction
between tools and blank shows also a large effect on the
punch force. A lower friction coefficient on drawn radius
contributes to reduce the punch force. Therefore, the blanks
were positioned with the smooth side to the die in all
experiments.

4 Conclusions

e Magnetron sputtering can be applied to deposit free-
standing foils of an aluminium-scandium alloy at
substrate temperatures of 37 and 160°C. The foils had a
thickness of 15 pum, a hardness of 187 HV and show
tensile strength of 290 and 330 MPa, respectively.

e The bottom side of Al-Sc-foils, in contact with the steel
substrate, is smoother than the top side.

e The friction coefficient between the workpiece and the
tools out of 1.2379 was acquired experimentally from
the strip drawing test, i.e. 4 = 0.12 on the smooth side
and u = 0.16 on the rough side for the foil of S37 and
1 = 0.15 on the smooth side and i = 0.17 on the rough
side for the foil of S160.

e These aluminium-scandium foils were successfully
applied in micro deep drawing with a punch diameter
of 0.75 mm.

e A limit drawing ratio of 1.6 was acquired experimen-
tally for both aluminium-scandium foils.

Acknowledgments The authors thank the Deutsche Forschungs-
gemeinschaft (DFG) for their beneficial support within the Collabo-
rative Research Centre 747 “Micro Cold Forming” (subprojects Al,
B3 and B4).

@ Springer

References

10.

11.

12.

13.

14.

15.

16.

17.

. Geiger M, Kleiner M, Eckstein R, Tiesler N, Engel U (2001)

Microforming. CIRP Ann 50(2):445-462

. Wicht H, Bouchaud J (2005) Panorama—NEXUS market anal-

ysis for MEMS and Microsystems III 2005-2009, MST news—
international newsletter on micro-nano integration 5/05: 33-34

. Vollertsen F, Biermann D, Hansen HN, Jawahir IS, Kuzman K

(2009) Size effects in manufacturing of metallic components.
Ann CIRP 58(2):556-587

. Tiesler N, Engel U (2000) Microforming—effects of miniaturi-

sation. In: Pietrzyk M, Kusiak J et al (eds) Proceedings of 8th
international conference on metal forming, Krakéw, pp 355-360

. Vollertsen F, Hu Z, Schulze Niehoff H, Theiler C (2004) State of

the art in micro forming and investigations into micro deep
drawing. J Mater Process Technol 151:70-79

. Hirt G, Bambach M, Justinger H, Zhao K (2009) Bedeutung von

Groesseneffekten fiir die Mikro-Blechumformung, Abschluss-
kolloquium Prozessskalierung, 11./12.Feb.2009 Bonn, Ed. F.
Vollertsen, ISBN 978-3-933762-29-0, pp 117-134

. Pawelski O (1992) Ways and limits of the theory of similarity in

application to problems of physics and metal forming. J Mater
Process Technol 34:19-30

. Royset J, Ryum N (2005) Scandium in aluminium alloys. Intern

Mat Rev 50:19-44

. Brookes MG, Kelly PJ, Arnell RD (2004) Mechanical property

measurement of titanium/titanium nitride and aluminium-mag-
nesium/magnesium freestanding multilayer foils. Surf Coat
Technol 177-178:518-524

Hu Z, Walther R, Vollertsen F (2009) Influence of size effects on
the process window for deep drawing, IDDRG 2009. In: Levy BS,
Matlock DK, Van Tyne CJ (eds) International conference, June 1-3
2009, Golden/USA. ISBN 978-0-615-29641-8, pp 785-796
Engel U (2006) Tribology in microforming. Wear 260(3):
265-273

Hoffmann H, Hong S (2006) Tensile test of very thin sheet metal
and determination of flow stress considering the scaling effect.
Ann CIRP 55(1):263-266

Schulze Niehoff H (2009) Entwicklung einer hochdynamischen,
zweifachwirkenden Mikroumformpresse, Dissertation, Strahl-
technik Band 33, BIAS Verlag, Bremen. ISBN 978-3-933762-25-
2, 2008

Hu Z (2009) Analyse des tribologischen Groesseneffekts beim
Blechumformen, Dissertation, Strahltechnik Band 37, BIAS-
Verlag, 2009. ISBN 978-3-933762-30-6

Hu Z, Vollertsen F (2007) Tribological size effects in sheet metal
forming. In: Azushima A (ed) International conference on tri-
bology in manufacturing processes, ICTMP2007, Sep. 24-26,
2007, Yokohama, Japan. ISBN 978-4-9903785-0-9, Print
SUBARU planning, pp 163-168

Thornton JA (1974) Influence of apparatus geometry and depo-
sition conditions on the structure and topography of thick sput-
tered coatings. J Vac Sci Technol 11:666-670

Cacciamani G, Riani P, Borzone G, Parodi N, Saccone A, Ferro R,
Pisch A, Schmid-Fetzer R (1999) Thermodynamic measurements
and assessment of the Al-Sc system. Intermetallics 7:101-108



	On the limit drawing ratio of magnetron sputtered aluminium--scandium foils within micro deep drawing
	Abstract
	Introduction
	Experiment
	Fabrication of aluminium--scandium foils
	Micro deep drawing
	Strip drawing

	Results and discussions
	Properties of aluminium--scandium foils
	Determination of LDR
	Acquirement of punch force versus stroke curves
	Determination of friction coefficients from strip drawing

	Conclusions
	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


