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Abstract

A method of sensitivity analysis for determining acceptable ranges of uncertainty of tested model’s parameters was
presented in this paper. Our approach is based on Morris method with modified sensitivity indicator. Solver from NuscaS
system, which enables making simulation of casts solidification made from two-component alloys was used as a model.
This model is built on the basis of the finite elements method, which is used to solve thermal conduction problem. En-
thalpy formulation was used by the considered model. Acceptable ranges of parameters' uncertainty are determined in the
way that parameters’ values increases caused previously assumed changes of resulting quantity.
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1. INTRODUCTION

Simulation of solidification, with modern mod-
els, is connected with determination of high number
of physical parameters. This situation appears be-
cause presently created models of physical phenom-
ena proceeding in solidifying casts are more compli-
cated. Nevertheless, it seems that not all used pa-
rameters have equal impact on results. Sensitivity
analysis is use to determine which parameter has the
greatest impact on the model, and which one has the
least impact. This paper shows how to use one of
sensitivity analysis methods. The information con-
cerning with how high uncertainty may experimental
model’s parameters be determined, so that all pa-
rameters caused equal result’s deviation, was taken
into account.
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2. INSPECTED MODEL

Solver of NuscaS system (Sczygiol, 2000),
which enables making simulation of phenomena
occurring in solidifying casts was choosen as a con-
sidered model. This solver is based on the equation
of thermal conduction with heat source. This equa-
tion is solved with the use of enthalpy solidification
formulation (Sczygiol & Szwarc, 2001). It is trans-
formed into system of equations that contains only
time differential. This transformation is realized by
using finite elements method. Time integration goes
on with the use of Dupont II two-steps scheme of
integration (Wood, 1990). Modified Euler’s back-
ward scheme was used for the calculation of the
solution of first time step. NuscaS enables using of
different models of solid phase growth. The user can
choose between equilibrium, non-equilibrium and
indirect model of solid phase growth. All simula-
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tions described in this paper were carried out with
the use of indirect model of solid phase growth.

3. THE DESCRIPTION OF MORRIS
METHOD

Determination of acceptable ranges of parame-
ters uncertainty is based mainly on the Morris
method. Description of this method is briefly pre-
sented in this chapter. Much more comprehensive
description can be found in literature, for example in
Morris article (1991) or Saltelli’s et al. textbook
(2004).

The essence of Morris method is to create matrix
containing adequately prepared sets of model’s pa-
rameters. It is assumed that we are taking into the

model described by equation y = y(x), where X is

a vector of model’s parameters. Creation of this
matrix, marked further as B*, starts from establish-
ing basic parameters, such as the number of in-
spected model’s parameters, marked by k and the
number of sub-ranges, that determines for how many
parts is divided the range of variation for given pa-
rameter. The number of sub-ranges, increased by
one, is marked as parameter p. All sub-domains are
the same length, that is marked by A. B* matrix is
created on a basis of the following formula:

B* = (Jm,lx * +(%j[(23 ~1,, D*4], ]]P £ (1)

The vector x*, that consists of k elements, is cre-
ated as the result of random sampling. Each of its

elements is randomly chosen from
{0, 1, ﬁ, ﬁ, N A} set with the equal prob-
ability of choosing.

J.nr matrix is completely filled with values 1. Its
sizes are: m rows and k columns, where m=k+1.
Analogically, J,,; vector is also completely filled
with elements with the value of 1. It consists of m
elements.

In matrix B, there are ones only below main di-
agonal. Other of elements are equal 0.

Elements of D* matrix lying on principal diago-
nal are sampled from set {— 1, 1}, where both ele-

ments from the set has equal probability of occur-
ring. The rest of elements is equal to 0. Matrix D* is
a square matrix with size m

P* matrix, that is a square matrix with & size, is
defined as the matrix of random permutations. Each
column in this matrix contains accurately one ele-
ment with the value of 1 and none of two columns

have elements equal to 1 in the same place. Ele-
ments of this matrix, which are not equal to 1, have
the value of 0.

B* matrix, created in described way, has follow-
ing properties: each of its rows responds to the set of
model’s parameters, all its elements have values
from the range from 0 to 1, only one element in two
neighboring rows differs in A (both increase and
decrease of this value may occur there). Because all
elements of B* matrix are from the range from 0 to
1, so it is possible to make re-scaling, so that their
values respond to the values of used parameters.
This rule can be also applied to the value of A.

After creation of B* matrix and scaling values of
its particular elements, the quotients can be deter-
mined from the following formula (Sczygiol &
Dyja, 2007):

d,(x)= V(3,5 X000 X, X, iA,xm,...,xk)—y(x) X;
' £A »(x)
@)

The quantity d, is used to determine the indica-

tors, that give information how big is the impact of
given parameters on results of simulation.

Complete sensitivity analysis with Morris’
method (1991) requires more than one creation of
B* matrix. It assures that for each parameter exists »

values of d; (r — the number of generated B* matri-

ces). Absolute value of their mean, marked as y,,

gives information how big is the impact of given
parameter’s. The greater mean value is, the greater is
the impact of given parameter on results of simula-
tion.

Additionally, o value of standard deviation is
also computed, which non-zero value informs about
non-linear impact of given parameter. It is also the
symptom of proceeding the interaction between in-
dividual parameters.

Although there is an improvement of used
method called new Morris method (Campolongo &
Braddock, 1999), we decided to use standard Morris
method. The new one has a few interesting features,
but does not offer great improvement in accuracy of

results of x values. Moreover implementation of
new Morris method is difficult and this method re-

quires more model evaluations than standard
method.
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4. DESCRIPTION OF THE MODIFICATION

Information about the model, obtained in the
process of sensitivity analysis can be used to deter-
mine ranges of uncertainty of model’s parameters so
as the changes of all parameters in these ranges
caused equal changes of results obtained from the
simulation. The following formula can be used for
calculation of new values of parameters’ increases:

Al =LA 3)
Hi

where g value is the mean of indices d] that are

calculated in the following way:

’_
d| —|y(x1,x2,...,xl.71,xi FA X, X, ) -

y(xlaxza--wxi—l’xi’xma---axm)' 4

The parameter a is determined in advance and it
represents given range of the result’s uncertainty, i.e.
how much the maximal resulting value may change.

Minimal and maximal values of parameters have
to be changed in the same manner as the values of
parameters’ increase. One may obtain appropriate
boundaries of the ranges through multiplication ba-

. L a
sic values with—.
H
There should be emphasized, that these calcula-
tions do not require any additional simulations or
modification of the way of samples’ preparing and
that is why they can be made after sensitivity analy-
sis.

5. RESULTS OF EXPERIMENTS

Sensitivity analysis of the solver of NuscaS sys-
tem was made, in order to practical illustration of
considerations presented in previous paragraph. The
impact of the parameters on the time of casting’s
solidification, was tested in the analysis. The pa-
rameters chosen for analysis are collected in table 1.
Time of solidification was counted from the begin-
ning of simulation up to the moment of solidification
of the last part of material. Time of solidification
was counted with accuracy 0.2 s. Values of parame-
ters, which were not subject of sensitivity analysis,
but which were necessary for execution of the simu-
lation, are presented in table 2. Initial temperature of
the casting was set to 1000K, while initial tempera-
ture of the mould was 300K.

Shape of the area, for which the calculations
were performed, is shown in figure 1. The sector of
the casting mould was presented, together with its
dimensions. Domain of the problem was divided
into 2304 finite elements, 616 of them are dedicated
to the casting, while 1668 elements are dedicated to
the mould. Triangular finite elements of first order
were used. The shape of the problem’s domain en-
abled usage of structural mesh of finite elements.

It was assumed, that there exists heat exchange
between mould and environment through the bound-
ary condition of third order (called also Newton’s
boundary condition). The contact between mould
and casting is modeled with usage of the boundary
condition of fourth order (continuity condition) with
the consideration of non-ideal contact, i.e. the con-
tact taking place through the separating layer. The
boundary condition of second order with zero heat
flux models axes of symmetry that occurs in the
problem.

The results of original sensitivity analysis (of £,
column and o; one) are shown in table 3. New

variation ranges of considered parameters were cal-
culated on the basis of analysis. Average time in-
creases of the solidification, caused through the
change of given parameter (column g/ calculated

according to the formula (4)) are also placed in table
3. On the base of results collected in the table, it can
be observed, that the highest sensitivity value is
assumed for these parameters, which average in-
crease of solidification time is the highest.

Fig. 1. The shape of domain, for which the calculations were
carried out.
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Table 1. Basic values of given parameters.

Lp. Name of the parameter Minimal value Central value Maximal value Y| ; Unit
1 Casting material density 2080 2600 3120 346,67 kg/m®
2 Casting material specific heat 800 1000 1200 133,33 Ji(kg'K)
3 The coqfﬁment of thermal conduction of 20 100 120 1333 W/mK)
the casting material
4 Latent heat of solidification 312000 390000 468000 52000 Jkg
5 | Brody’s-Flemmings coefficient 24107 3,01107 3,6:10° 0,40-10” m’
6 Coefficient of heat exchange between the 800 1000 1200 13333 W/m*K)
mould and environment
7 Coefﬁqent of heat exchange of the layer 800 1000 1200 13333 Wim*K)
separating mould and casting
Table 2. Physical parameters, not subjecting to changes, used in the model.
Name of the parameter Value Unit
Solidus temperature 853 K
Liquidus temperature 923 K
Temperature of pure component solidification 933 K
Eutectic temperature 821 K
Coefficient of admixture separation 0,125 K
Ambient temperature 300 K
Mould material density 7200 kg/m’
Mould material specific heat 738 Ji(kg'K)
Thermal conductivity coefficient of mould material 30 W/(mK)
Table 3. The results of sensitivity analysis and average increase of solidification time.
Lp. Name of the parameter H; o; y2i :
1 | Casting material density 1,2300 0,0262 215,06
2 | Casting material specific heat 0,4060 0,0419 73,38
3 | The coefficient of thermal conduction of the casting material -0,4155 0,0521 74,82
4 | Latent heat of solidification 0,8409 0,0451 125,66
5 | Brody’s-Flemmings coefficient 0,0024 0,0008 0,48
6 | Coefficient of heat exchange between the mould and environment -0,0120 0,0045 2,28
7 | Coefficient of heat exchange of the layer separating mould and casting -0,2473 0,0361 43,68

Table 4. Values of parameters in the case of the assumption that time of casting solidification changes at one second on average.

Lp. Name of the parameter Minimal value | Central value | Maximal value Y| i Unit

1 Casting material density 2597,60 2600 2602,40 1,60 kg/m®

2 Casting material specific heat 997,28 1000 1002,72 1,81 J/(kg'K)

3 The.coefﬁmept of thermal conduction of the 99.73 100 10027 0.18 W/(mK)
casting material

4 Latent heat of solidification 389380 390000 390620 413,33 J/kg
Brody’s-Flemmings coefficient 1,75:107 3,0-107 425107 8,33:1071° m?

6 Coefficient of heat exchange between the 912,28 1000 1087.72 58.48 W/(m>K)
mould and environment

7 Coefﬁglent of heat exchaqge of the layer 995.42 1000 1004,58 3.05 W/(m>K)
separating mould and casting
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Table 5. Values of parameters in the case of the assumption that time of casting solidification changes at two seconds on average.

Lp. Name of the parameter Minimal value | Central value | Maximal value Y| i Unit

1 Casting material density 2595,16 2600 2604,84 3,23 kg/m’

2 Casting material specific heat 994,54 1000 1005,46 3,64 J/kgK)

3 T'he.coefﬁ(ner.lt of thermal conduction of the 99,47 100 100,53 035 W/(mK)
casting material

4 Latent heat of solidification 388760 390000 391240 826,67 Jkg

5 | Brody’s-Flemmings coefficient 0,5:10° 3,0-10° 5,5107 1,67:10° m’

6 Coeﬁimgnt of heat exchange between the mould 82448 1000 175,52 117,01 W/(m*K)
and environment

7 Coefﬁment of heat ;xchange of the layer separat- 990,84 1000 1009.16 611 W/m?K)
ing mould and casting

Table 6. Values of parameters in the case of the assumption that time of casting solidification changes at ten seconds on average.

Lp. Name of the parameter Minimal value Central value Maximal value A i Unit

1 Casting material density 2576,00 2600 2624,00 16,00 kg/m®

2 Casting material specific heat 972,80 1000 1027,20 18,13 J/kgK)

3 The coe_fﬁment o_f thermal conduction of 97,30 100 102.70 1.80 W/(mK)
the casting material

4 Latent heat of solidification 383800 390000 396200 4133,33 Jkg

5 | Brody’s-Flemmings coefficient 0,5-10” 3,0-10” 5,5:107 1,67-10° M?

6 Coefficient of heat exchange between the 122.80 1000 187720 584.80 W/m*K)
mould and environment

7 Coefﬁc_lent of heat exchan_ge of the layer 95420 1000 1045.80 30,53 Wi(m*K)
separating mould and casting

Table 7. The results of sensitivity analysis and average increase of solidification time after modification of ranges of parameters’ varia-

tion in the case of assumed increase at:: 1 — one second, 2 — two seconds, 3 — three seconds.

1 2 3
Lp. ' ' '
H; 0, K H; 0; K H; 0; K
1 1,2308 0,1196 0,94 1,2735 0,0527 1,96 1,2458 0,0336 9,52
2 04358 0,0264 0,98 0,4388 0,0138 1,98 0,4447 0,0071 9,88
3 -0,4389 0,0269 0,98 -0,4284 0,0232 1,88 -0,4393 0,0069 9,88
4 0,8059 0,0690 1,06 0,8069 0,0377 2,12 0,7933 0,0128 10,44
5 0,0030 0,0009 1,12 0,0019 0,0008 2,12 0,0023 0,0017 2,20
6 20,0114 00011 0.86 00116 0,0008 1,78 20,0136 0.0049 9,58
7 -0,2321 0,0262 0,88 -0,2412 0,0077 1,82 -0,2376 0,0091 9,00
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Negative values of indicators occurs in the table
for the following parameters: coefficient of thermal
conductivity of the casting material, coefficient of
heat exchange between the mould and environment,
as well as coefficient of heat exchange of the layer
separating mould and the casting. It is due to the
situation where the increase of given parameters
causes decrease of result value. Because in the for-
mula (4) — in contradistinction to the formula (2) —
absolute value is used all values in last column of
table 3 are positive.

Table 4 contains new ranges of parameters varia-
tion, calculated on the basis of the results from table
3 with the use of formula (3). It was assumed, that
time of solidification may increase of one second on
the average. Successive tables contain values of
parameters in the situation, when changes of all pa-
rameters cause average change of two seconds (table
5), or (with neglecting Brody’s-Flemmings coeffi-
cient) of ten seconds (table 6). The variation range
for Brody’s-Flemmings coefficient, calculated in the
last case, assumed negative value as a lower range.
This was contradictory with values of that parameter
that are acceptable by the model. Therefore one de-
cided leave minimal and maximal values the same as
in the case were changes of two seconds were as-
sumed.

Table 7 presents results of sensitivity analysis in
the case of use of modified ranges of parameters
variation. The number of line in the table corre-
sponds to the number of line from table 1. The re-
sults were grouped for three cases: average increase
of solidification time by one, two and ten seconds.
The results of sensitivity analysis, as well as average
increase of solidification time in the case of increase
of given parameter’s value with value are shown for
each case. The following observation can be accom-
plished on the basis of results placed in table 7: av-
erage increase of solidification time after adjustment
of ranges of initial parameters’ ranges, is very simi-
lar for all parameters. This situation takes place in
both cases, where one second changes and two sec-
ond changes were assumed. In the case, where
changes of solidification time were assumed on the
level of ten seconds, the values of changes for
Brody’s-Flemmings coefficient remained on the
level close to changes that occur for two seconds
variant. It is not surprising considering problem
presented above. Due to the fact that range of coeffi-
cient remain unchanged (in relation to two seconds
variant), it can be expected that changes caused by
this coefficient will be equal to two seconds. Table 7

shows also the result of sensitivity analysis with
Morris’ method for such differentiated ranges.

The results of sensitivity analysis has not change
regardless of assumed version. Additionally, varia-
tion ranges are characterized by significant differen-
tiation (from +0,092% for density of casting mate-
rial, up to +42% for Brody’s-Flemmings coefti-
cient). It can be observed on the basis on table 4.
Obviously ranges increased, in the case of assuming
higher increase of solidification time. Proportion
between these ranges has not change both for the
case of increase of solidification time by two sec-
onds (table 5), and by ten seconds (table 6). This
enables formulating of additional conclusion — re-
sults of sensitivity analysis obtained with the use of
Morris method considering modified sensitivity
coefficient, are repeatable for different versions of
determination of ranges of studied parameters’
variation.

SUMMARY

This article presents the way of usage of sensi-
tivity methods for determination such ranges of ac-
ceptable parameters’ changes that will cause as-
sumed changes of result value. There is no necessity
to execute additional simulations with use of the
model in presented way, as well as no necessity for
carrying out additional complicated calculations.
Although proposed formula is very simple, it en-
ables to achieve satisfactory results. Presented solu-
tion It is possible to applicate presented solution just
after suitable sensitivity analysis, basing on the re-
sults necessary to execute analysis. This is because
no additional changes in the method of sensitivity
analysis are required.
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ZASTOSOWANIE METODY MORRISA DO
OKRESLENIA PRZEDZIALOW ZMIENNOSCI
PARAMETROW POWODUJACYCH ZALOZONE
ZMIANY WYNIKOW OBLICZEN

Streszczenie

W pracy przedstawiony jest sposob wykorzystania analizy
wrazliwosci do wyznaczenia dopuszczalnych przedzialow nie-
pewnosci parametrow badanego modelu. Wykorzystywana
metoda jest metoda bazujaca na metodzie Morrisa ze zmodyfi-
kowanym wskaznikiem wrazliwosci. Badanym modelem jest
solwer systemu NuscaS, ktéry pozwala na przeprowadzanie
symulacji krzepnigcia odlewdéw wykonanych ze stopow dwu-
sktadnikowych. Model ten zbudowany jest w oparciu o metode
elementow skonczonych, ktéra wykorzystana jest do rozwiaza-
nia réwnania przewodzenia ciepta. Badany model wykorzystuje
sformutowanie entalpowe do uwzglednienia zjawisk zwiazanych
z krzepnigciem. Dopuszczalne przedziaty niepewno$ci parame-
trow wyznaczane sa w taki sposob, aby przyrosty wartosci
parametréw powodowaly zatozone uprzednio zmiany wielko$ci
wynikowe;j.

Received: September 28, 2008
Received in a revised form: January 27, 2009
Accepted: February, 11, 2009

l
O
Z
=
)
%]
%]
—
<
&2
=
=
Z
%)
(@)
Q
I
&
=
a2
ol
=
2
[
=
Q
o

-202 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


