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Abstract

To describe the load three independent data are necessary: the magnitude, the line of
action and the point of application. If any part among these data contains uncertain
information the more precise design requires a probabilistic method to elaborate the
design procedure. Here a new type of probabilistic optimal topology design method
is elaborated where the points of application of the loads are given randomly. In the
proposed probabilistic topology optimization method the minimum penalized weight
design of the structure is subjected to a compliance constraint and side constraints.
The compliance expression is a probabilistic one. By the use of an appropriate
approximation, the original stochastic mathematical programming problem is
substituted by a deterministic one. The numerical procedure is based on an iterative
formula which is formed by the use of the first order optimality condition of the
Lagrangian function. The application is illustrated using numerical examples.

Keywords: topology optimization, probability, stochastic loading, optimality
criteria method, optimal design, robust design.

1 Introduction

The topology optimization has more than 100 years of history and still it is an
expanding field in structural optimization. The numerical procedure for FE (finite
element) based topology optimization was elaborated first by Rossow and Taylor
[18] in 1973, but the real expansion started at the end of 80-s [3, 19]. The majority
of the papers still deals with deterministic problems. During these years several
optimal topologies were numerically calculated but the analytical confirmations —
which have come recently (Sokoét et. al [20]) — are mostly missing. Until the end of
the last century almost one could not find any publication on topology optimization
considering uncertainties. Exceptions to this most often use multiple load or
reliability constraints. Uncertainty is typically limited to the loading, although recent
works have considered extensions to support conditions and material properties.



During the last years before the millennium almost there were no publications in
the topic of probability based topology optimization. The stochastic optimization
works of Marti and Stockl [15, 16] provide early information about this topic. The
paper of Duan et al. [4] is among the very first publications in the field of
uncertainty based topology optimization. This work presents an entropy-based
topological optimization method for truss structures by the use of iteration
technique. Dunning et al. [5, 6] introduce an efficient and accurate approach to
robust structural topology optimization. The objective is to minimize expected
compliance with uncertainty in loading magnitude and applied direction, where
uncertainties are assumed normally distributed and statistically independent. This
approach is analogous to a multiple load case problem where load cases and weights
are derived analytically to accurately and efficiently compute expected compliance
and sensitivities. Illustrative examples using a level-set-based topology optimization
method are then used to demonstrate the proposed approach.

Topology optimization with uncertainty in the magnitude and locations of the
applied loads and with small uncertainty in the locations of the structural nodes is
the object of the paper of Guest and Igusa [7]. Their method is based on the
assumption that the loading uncertainties are taken into consideration as “safety
factors” of the deterministic load cases in the load combination. The effects of
geometric uncertainty were estimated using second order stochastic perturbation and
uncertainties in the stiffness of the structure were transformed into a mathematically
equivalent system of auxiliary loads. This technique is extended for nonlinear effects
of global instability [8] and material property uncertainties [1], to put more control
on the variability of the final design via including variance of the compliance [2].
Asadpoure et al. [2] present a computational strategy that combines deterministic
topology optimization techniques with a perturbation method for the quantification
of uncertainties associated with structural stiffness, such as uncertain material
properties and/or structure geometry. The applied technique leads to significant
computational savings when compared with Monte Carlo-based optimization
algorithms. Jalalpour et al. [8] extend the perturbation based topology optimization
procedure [7] to approximate the effect of random geometric imperfections on the
second order response of trusses. Monte Carlo simulation together with second-
order elastic analysis is used to verify that solutions offer improved performance in
the presence of geometric uncertainties.

Log6 [12] and Logo et al. [11, 13] elaborated a rather powerful method for the
stochastic topology optimization where the magnitude of the loads or the
compliance bounds are given by their mean values, covariances and distribution
functions. By the use of direct integration technique for the calculation of the
uncertain bounds or applying an appropriate approximation for the loading
uncertainties the stochastic expressions are substituted by an equivalent
deterministic ones to make the optimization problem robust. The loading positions
as uncertain data in the topology optimization problem is considered in [14]. Here
two computational models and the corresponding algorithms are elaborated. Both
models use simple transformations to substitute the original load position problem



with uncertain loading magnitude ones. This work is a continuation of the above
cited papers.

In this paper the uncertainties of the load positions are considered. By the use of a
simple simulation technique and the stochastic upperbound theorem of Kataoka [9] a
generalized compliance design problem is elaborated. The uncertain quantities are
substituted by their statistical measures. To solve this constrained mathematical
programming problem an iterative solution technique is derived by the use of the
optimality criteria method. Several numerical examples are presented and compared.

2 Mathematical and mechanical background

2.1 Approximation of a Probabilistic Expression

According to the approximation theory of Kataoka [9] a stochastic expression can be
upperbounded by a convex deterministic one. From the literature the generalization
of this theory is known by Prekopa [17]. The outline of this method can be explained

as follow: if ¢&,&,,...,&, have a joint normal distribution, then the set of xe®R”

vectors satisfying
P(x& +x,6,+...+x, <0 )=¢q (1)

is the same as those satisfying

in,uﬂrcl)'l (¢)yx'K, x<0 (2)
=1
where y =FE (é), (i=12,...,n) is the mean value of the randomly given element
&, K, is the covariance matrix of the random vector &' =(&.¢,,...¢,), g is a
fixed probability and 0(g(l, ®"(q) is the inverse cumulative distribution function

(so called probit function) of the normal distribution. Expression (2) is convex, the
proof can be found in Prekopa [17]. According the original approximation theory of
Kataoka the probit function is substituted by an appropriate constant and the
Gaussian distribution is not a requirement.

In the following the above theory of Prekopa is applied.

2.2 Probabilistic Compliance Design

The deterministic compliance design procedure of a linearly elastic 2D structure
(disk) in plane stress is known from literature (e.g. (Rozvany[19,] Logo [10]). This
topology optimization problem is given as follows:



G 1

W:z;/gAgtg’” =min! (3.2)
g=1

subject to

u'F-C<0;
~t, 1, <0; (forg=1,.,G), (3.b-d)
o —loa <0; (forg =1,...,G).

Here the ground element thicknesses 7, are the design variables with lower

bound ¢,

discretization, each ground element (g= /,..., G) contains several sub-elements
(e=1,..., E,), whose stiffness coefficients are linear homogeneous functions of the

and upper bound ¢___, respectively. By the use of the FE (finite elements)

n max 2

ground element thickness ¢, . Furthermore y, is the specific weight and 4, the area

of the ground element g. u" is the nodal displacement vector associated with the
loading F. The displacements u can be calculated from Ku=F, where K is the
system stiffness matrix. p is the penalty parameter ( p >1) and the given compliance

value is denoted by C. The above constrained mathematical programming problem
can be solved by the use of an appropriate SIMP algorithm (L6g6[10]).

Let us suppose that the structure (the design domain) and the boundary conditions
(supports and loadings) are given (Figure 1.). The material is linearly elastic. The
loading is given by deterministic (magnitude and direction) and probabilistic (point
of application) data. The different uncertain locations are given by x,, (i=I,..,n)

where the external loads F' =[f,,f,,...,f,,...,f, ] act. The distance of the load vector
f. indicated by x, as point of application (Figure 1) follows a given distribution —
for sake of simplicity Gaussian one. Because the precise value of x; is not known,

x, 1s given by its mean value X, and standard deviation o,. Due to the stochastic

nature of the point of application of the loads the compliance calculation is difficult
and the topology optimization can not be elaborated easily. The displacements are
probabilistic.

As it is known, the compliance value can be calculated as:
wWF=uf +uf,+.+uf, 4)

where the displacements (u,, i =1,...,n) are obtained from Ku=F linear system
and denote the displacement under the force f, (i = 1,...,n) in the direction of this
load. f; = |f,.| (i=1,...,n) is a deterministic value and due to the stochastic nature of
the point of applications x, (i=/,..n) the displacements u, (i=1,...,n) are
probabilistic.



By the use of a generalized compliance design concept (L6g6 [12]) a new
constraint

P(u'F-C<0)>gq (5)
can be introduced instead of eq.(3.b). Here 0(g(l is the given probability value.
Following the upperbound theorem of Kataoka [9] and the generalization theorem of

Prekopa [17] introduced above eq.(5) can be substituted by the following
deterministic expression which is convex:

z fir, —C+o )JbTKOVb <0. (6)

Figure 1. The design domain with the boundary conditions

Here u; = E(u ), i=1,...,n is the expected value of the displacement under the force
f (i=1,..,n) in the direction of this load, b" =[f, fs..... f1,-n f,], K, is the

ov

covariance matrix of these displacements. The expected displacement value
i, = E(u) (i=1,...,n) and the corresponding elements «; ; (i=1,..,n; j=1,...n) of

the covariance matrix K_ can be computed as the result of a certain type of
simulation.

Then the penalized minimum weight problem subjected to probabilistic
compliance constraint has the form:

sz;/gA t” =min! (7.a)



Zn: fiit; —C+®™"' (q)4/b"K b <0;

i=1

subject to —t, +1, <0; (forg = 1,...,G), (7.b)
=l <0; (forg =1,...,G).

3 Probabilistic Compliance Design in the Case of
Uncertain Loading Positions: Simplified Simulation

Let us consider the design problem given in Figure 1. Since the loading positions are
not known precisely an equivalent loading system should be also created around the
expected location X, of each force f, to perform the simulation. According to the
original distribution assumption — here it is Gaussian —, the mean value and the
standard deviation of the point application are determined by the force system
Ji G =1,...,k) with the original magnitude f; - for sake of simplicity here seven
points — as “based” points are used with symmetrical adjustment (f,, f.,, fi5, fi,) -
Each load is independent and a well-defined probability value p; (j=1,...,k=7) is
assigned to them. The determination of this probability value p, (j =1,..,k) is based

on the original distribution and it can be calculated with a simple computation. The
modified topology design problem is given in Figure 2.
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Figure 2. The design domain with the modified loadings

1

Applying these forces at “base” points as loads the stochastic design problem
becomes a deterministic one after this transformation. By the use of the element
Jy G=L.,k) of these force system one by one the displacement vectors

u; (j=1..,k) can be calculated from the Ku, =f  linear equations. Since the

material is linearly elastic the additive properties of the displacements and the
reciprocity theorem can be applied. Using these vectors and the assigned probability



values p; (j=1,..,k) the expected displacement %, and its variation D? (171) can be

calculated in the following form:
k
=D u,p; (8.2)
2(— % 2 —2
D (ul) = Z(uu) p;—u; . (8.b)

These computed values are used to compose the element of the mathematical
programming problem eq.(7). Due to the nature of this type of loading the
covariance matrix is diagonal.

K, =(D} (7). 0} (@,).... D3 (&) ©

Interchanging the expected compliance calculation by the generalized expected
strain energy formulation the penalized minimum weight problem subjected to
probabilistic compliance constraint has the form:

W= 27gA t” = min! (10.a)
Zn:ﬁ,.TKu,. —C+®" (¢)4/b"K b <0;
i=1
subject to —t, +1,, <0; (forg = 1,...,G), (10.b-d)

o —lo <0; (forg =1,...,G).

The above constrained mathematical programming problem can be solved by the
use of a modified SIMP algorithm (L6go[12]).

Since the mathematical nature of the problem (10) is similar to a classical
topology optimization problem (Lo6go6[10]) all the mathematical statements
concerning convexity and differentiability are valid too (Rozvany [19], Logo [10,
12]). The penalization of the ground element thicknesses 7, results in a more distinct

material distribution indicating material or no material. Due to this penalization the
optimization problem is non-unique in some sense, but the method is widely applied
in engineering optimization.

4 Numerical examples

4.1 Deterministic Design

In this problem a dimensionless 40x40 units square type ground structure is the
object of the design (Fig.3.a.-c.).
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Fig.3.a.-c. Square domain with different support conditions

80x80 ground elements with 2x2 sub-elements are used. (Total number of elements
is 25600.) The Poisson’s ratio is 0. The load is (100 units) acting in the middle of the
top edge. The penalty parameter p was run from p=1/ to p=I1.5 with smooth
increasing (increment is 0.1) and later to p=2.5 with increment=0.25. The applied
compliance limit is C=220000.

a; b; c;

Fig.4.a.-c. Possible exact analytical solutions

The possible exact solution can be seen in Fig. 4.a.-c. (L6g6 [10]). The numerical
optimal topologies can be seen in Figs.5.a-c., respectively. They are in good
agreement with the analytical solutions.

Due to the difference of the displacement boundary conditions the optimal
topologies are fundamentally different.



a; Roller and hinge b; Hinge and roller c; Hinge and hinge
Fig.5.a.-c. Numerical solutions for square domain

4.2 Probabilistic Design

As it was indicated earlier in the case of stochastic topology optimization the point
of applications of the loads are random variables. They follow a normal distribution.
The simplified simulation is based on seven base points of the loads.

The assumed probability is given by ¢ =0.75. The same compliance limit is

applied (C=220000). The modifications and the termination criteria of the penalty
parameter are the same as they are in the deterministic examples.

a; Roller and hinge b; Hinge and roller c; Hinge and hinge
Fig.6.a.-c. Numerical solutions for square domain

5 Conclusion

A numerical procedure was elaborated for topology optimization in the case of
uncertain load positions. The parametric studies confirm that the method is suitable
for numerical calculation. The computational times are not significant. The
uncertainties can modify the deterministically obtained optimal topologies. The
optimal structure is thinner than the deterministic one.



Acknowledgements

The present study was supported by the Hungarian National Scientific and Research
Foundation (OTKA) (grant K 81185). This work is connected to the scientific
program of the “Development of quality-oriented and harmonized R+D+I strategy
and functional model at BME” project. This project is supported by the New
Hungary Development Plan (Project ID: TAMOP-4.2.1/B-09/1/KMR-2010-0002).

References

[1]

2]

[3]
[4]

[5]

[6]

[7]
[8]

[9]

[10]

[11]

[12]

[13]

A. Asadpoure, J.K. Guest, T. Igusa, “Structural topology optimization
considering correlated uncertainties in elastic modulus”, in Proceedings of the
51st AIAA/ ASME/ASCE/AHS/ASC Structures, Structural Dynamics and
Materials Conference, 2010-2943, 2010.

A. Asadpoure, M. Tootkaboni, J.K. Guest, “Robust topology optimization of
structures with uncertainties in stiffness - Application to truss structures”,
Computers and Structures, 89(11-12), 1131-1141, 2011.

M.P. Bendsoe and O. Sigmund, “Topology Optimization: Theory, Methods
and Applications”, Springer-Verlag, Berlin, 2003.

B.Y. Duan, A.B. Templeman, J.J. Chen, “Entropy-based method for
topological optimization of truss structures”, Computers and Structures, 75(5),
539-550, 2000.

P.D. Dunning, H.A. Kim, G. Mullineux, “Introducing uncertainty in direction
of loading for topology optimization”, 51st AIAA/ASME/ASCE/AHS/ASC
Structures, Structural Dynamics and Materials Conference, Orlando, USA,
2010.

P.D. Dunning, H.A. Kim, G. Mullineux, “Introducing Loading Uncertainty in
Topology Optimization”, AIAA Journal, 49(4), 760-768, 2011.

J.K. Guest, T. Igusa, “Structural optimization under uncertain loads and nodal
locations”, Comp. Meth. Appl. Mech. Eng., 198, 116-124, 2008.

M. Jalalpour, T. Igusa, J.K. Guest, “Optimal design of trusses with geometric
imperfections: Accounting for global instability”, International Journal of
Solids and Structures, 48(21), 3011-3019, 2011.

S. Kataoka, “A Stochastic Programming Model”, Econometria, 31, (1-2), 181-
196, 1963.

J. Logo, “New Type of Optimal Topologies by Iterative Method”, Mechanics
Based Design of Structures and Machines, 33, 2, 149-172, 2005.

J. Logo6, M. Ghaemi and A. Vasarhelyi, “Stochastic compliance constrained
topology optimization based on optimality criteria method”, Periodica
Polytechnica-Civil Engineering, 51, 2, 5-10, 2007.

J. Légd “New Type of Optimality Criteria Method in Case of Probabilistic
Loading Conditions”, Mechanics Based Design of Structures and Machines,
35, 2, 147-162, 2007.

J. Log6, M. Ghaemi and M. Movahedi Rad “Optimal topologies in case of
probabilistic loading: The influence of load correlation”, Mechanics Based
Design of Structures and Machines, 37, 3, 327-348, 2009.

10



[14]

[15]

[16]

[17]
[18]
[19]

[20]

J. L6g6, D.B. Merczel, L. Nagy, “On Optimal Topologies in Case of Uncertain
Load Positions”, B.H.V. Topping, Y. Tsompanakis (eds), Proceedings of the
Thirteenth International Conference on Civil, Structural and Environmental
Engineering Computing, Chania, Greece, Edinburgh: Civil-Comp Press, 92, 1-
12,2011.

K. Marti, G. Stockl, “Optimal (Topology) Design Under Stochastic
Uncertainty”, in Safety and Reliability, 2, G.I. Schiiller, P. Kafka (eds),
Rotterdam-Brookfield, Balkema, 1597-1602, 1999.

K. Marti, G. Stockl, “Topology and Geometry Optimization under Stochastic
Uncertainty”, in Numerical Methods of Uncertainties, Proceedings
EUROMECH 405 Colloquium, P. Level et al. (eds), Presses Universitaires
Valenciennes, Valenciennes, 55-63, 2000.

A. Prékopa, “Stochastic Programming”, Akadémia Kiadé and Kluwer,
Budapest, Dordrecht. 1995.

M.P. Rossow, J.E. Taylor, “A Finite Element Method for the Optimal Design
of Variable Thickness Sheets™, J. AIAA, 11, 1566-1569, 1973.

G.LN. Rozvany, “Optimization in Structural Mechanics”, CISM Courses and
Lectures Notes 374, Springer-Verlag, Wien, New York, 1997.

T. Sokot and T. Lewinski, “On the solution of the three forces problem and its
application in optimal designing of a class of symmetric plane frameworks of
least weight”, Structural and Multidisciplinary Optimization, 42, 835-853,
2010.

11




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




