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Abstract

The main objective of the DMR system presented in the work is to create the digital microstructure with its features
(grains, sub grains, grain boundaries) represented explicitly. Particular attention in the paper is put on designing three di-
mensional DMR. These digital structures are used to generate finite element meshes that exactly replicate geometry of
grains. Finally obtained meshes are used during simulation of the deformation process to analyze stress concentration
along grain boundaries. Details of implemented algorithms are presented in the paper. The advantages and disadvantages

of this approach are discussed, as well.
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1. INTRODUCTION

The FE method is the main tool used in industry
to simulate large scale forming processes and it
gives good results. This method describes material
behavior as a continuum and it is based on a general
stress-strain relationship. Since large scale problems
containing bilions of grains are usually considered,
the major assumtion of this approach is that behavior
and interaction of particular grains is homogenized
in the form of a single flow stress model. This pro-
cedure is well established and widely used to solve
problems occurring during metal forming, as well as
to develop the technologies for processes of rolling,
forging, stamping, etc. However, the fast develop-
ment of modern steel grades (TRIP, TWIP, DP,
Bainitic, etc.) is one of the main challenges impos-
ing significant changes to this commonly used ap-
proach. These materials are characterized by ele-
vated material properties, which are the results of
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sophisticated microstructures with combination of
e.g. large and small grains, inclusions, precipitates,
nano-particles, different phases, etc. Interaction be-
tween features at the micro scale and the surround-
ing material under loading conditions results in spe-
cific properties at the macro scale.

New numerical methodologies are needed to
meet this challenge. Digital Material Representation
(DMR), which is the subject of the present work, is
one of the possible solutions.

2. DIGITAL MATERIAL REPRESENTATION

The concept of Digital Material Representation
was recently proposed and is dynamically evolving
(Bernacki et al., 2007; Cornwell et al., 2006; Loge et
al., 2008; Madej, 2010). The main objective of the
DMR s creation of the digital representation of mi-
crostructure with its features (i.e. grains, grain orien-
tations, inclusions, cracks, different phases etc.)
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represented explicitly. Generation of material micro-
structure with specific geometrical features and
properties is one of the most important algorithmic
parts of systems based on the DMR. Such DMR is
further used in numerical simulations of processing
or simulation of behaviour under exploitation condi-
tions and the more accurate, in the case of geometry
and properties, the digital representation is the more
accurate results can be obtained. That is why a lot of
research is put on development of methods responsi-
ble for creation of the 2D and 3D representations of
analysed microstructures.

To obtain an accurate description of the 2D mi-
crostructure an Image Processing methods are usu-
ally applied. As an input data for this analysis a
SEM/EBSD results can be used. That way not only
information regarding microstructure geometry is
obtained but also information about initial crystallo-
graphic orientation is provided. This approach was
successfully used in (Raabe & Becker, 2000; Loge et
al., 2010). Unfortunately the approach is time con-
suming and expensive, because each numerical
simulation based on DMR require a SEM/EBSD
analysis. That is why image processing is also ap-
plied to the optical microscopy images, that are
much more affordable. However, in this case, only
information regarding grain morphology is obtained
see e.g. (Milenin & Kustra, 2008; Rauch & Made;j,
2010). Presented approaches are even more demand-
ing when 3D digital representations are required. In
3D cases the DMR is usually created based on the
reconstructed 2D slices obtained using a destructive
method. Again an optical or scanning electron mi-
croscopy can be used during the serial sectioning
procedure to provide input data for image processing
and reconstruction algorithms. The conventional
approach to serial sectioning based on manual labour
is extremely time consuming and requires a series of
subsequent polishing and optical or scanning elec-
tron microscopy operations (Sidhu & Chawla,
2004). The solution may by application of specially
designed equipment e.g. Robo-Met.3D™ (Spowart,
2006; Spowart et al., 20010) that automatically pro-
vide a series of 2D images that are subjected to 3D
reconstruction algorithms. The procedure consists of
three major steps. The first involves a very precise
polishing, where the sample is polished for a re-
quired time. Then, the robot arm moves the sample
through rinsing and etching stages to finally position
prepared surface above a metallographic micro-
scope, where one or a series of 2D images are
automatically obtained. This procedure is repeated

desired number of times. As mentioned, after images
are acquired, additional image processing and recon-
struction procedures are applied to obtained 3D mi-
crostructure representation. At this stage of devel-
opment the procedure is limited only to obtaining
optical microscopy images, but they can be obtained
from a large area of the sample. To obtain a series of
2D images from the scanning microscopy in an
automated manner a SEM/FIB/EBSD technique can
be used. The FIB — focused ion beam plays a crucial
role in this procedure. The collision of the ion beam
with the sample surface is confined to a small area
removal of the material. This is followed by a 2D
EBSD map acquisition. This procedure is performed
in a subsequent manner and results in milling of the
parallel serial sections of the material. Finally a re-
construction algorithms are applied to obtained a 3D
representation. The major advantage of this method
is possibility to obtained not only 3D morphology of
particular grains but also information about their
crystallographic orientation (Xu et al., 2007). Unfor-
tunately, relatively small areas of material can be
reconstructed by this approach. Presented methods
are already in quite common use and despite their
advantages they have one major disadvantage. All
these techniques are classified as destructive meth-
ods. The solution to this problem may be application
of high energy synchrotron radiation to provide a 3D
visualization of polycrystalline materials (Poulsen,
2004). But this method is still highly expensive.

Methods presented in the literature review pro-
vide an exact 2D or 3D digital representation of
analysed microstructures, however they require a
series of costly and time consuming experimental
research and metallographic analysis. That is why
they are not appropriate for large number of numeri-
cal simulations. Due to that constrained, Authors
decided to use artificial methods for fast creation of
statistically equivalent digital microstructures.

When statistically representative digital micro-
structures are considered the most commonly used
method is the Voronoi tessellation (Cao et al., 2010,
Loge et al., 2008; Madej, 2010). But this method
provides an artificial grain geometry as seen in fig-
ure 1. To obtain more reliable microstructures the
Cellular Automata (CA) method can be used. Au-
thors previously performed a lot of research on 2D
creation and application of digital material represen-
tation idea (Madej, 2010; Madej, 2010b; Rauch et
al., 2010). The present work is mainly focused on
extending the capabilities of developed DMR model
into the 3D space.
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Fig. 1. The digital microstructure containing 100 grains ob-
tained from the Delaunay triangulation.

Fig. 2. The digital microstructure containing 170 grains ob-
tained from the CA base algorithm with hexagonal random
neighbourhood in 3D space.

The first step in the CA method is to establish
the discrete space composed of cellular automata.
With reference to 2D space, it will be a grid consist-
ing of squares, whereas in 3D space it will be com-
posed of cubes. In the next step of the CA grain
growth algorithm, a set of CA cells is selected ran-
domly, and then an internal variable describing cell
state is set to “already grown.” These cells represent
grain nuclei. The second step of the algorithm is
focused on grain growth. The transition rule for this
stage is defined as follows: when a neighbour of
a particular cell in the previous time step is in the
state “already grown,” then this particular cell can
also change its state. Particular grains grow with no
restrictions until impingement with other grains.
After that they grow only in the area where no grains
are observed. This process is performed until the
entire space is fulfilled with grains. In the cellular
automata method, several neighbourhoods can be
selected. A detailed study on this subject can be
found in (Madej, 2010b). From that study it was
concluded that due to the stochastic character of the
hexagonal random neighbourhood it provides an
accurate representation of a real microstructure after
annealing or static/metadynamic recrystallization.

This neighbourhood was used in this work in the
case of 3D microstructures as seen in figure 2.

3. FINITE ELEMENT MESH GENERATION

An approach to incorporate obtained 3D digital
microstructures into commercial FE software
through user defined subroutines has been developed
by the Authors (Madej at al., 2009; Madej, 2010b).
Based on the input data from the DMR regarding
topology and properties, the generation of the uni-
form triangular mesh is performed in the commercial
FE software. Each finite element within this mesh
verifies with the underlying DMR to which grain it
belongs. When particular groups of mesh nodes are
located inside separated grains, this means that dif-
ferent grains are distinguished. These groups of ele-
ments take on properties (e.g., flow stress models)
from the underlying digital microstructure. Addi-
tional user defined variables are introduced into the
FE code to transfer and store information from the
DMR into the FE solution. Example of generated
mesh and obtained results after simple channel die
test are presented in figure 3. Details of this ap-
proach can be found in another Authors work
(Madej, 2010b).

c)

Fig. 3. lllustration of the a) initial 3D DMR with uniform mesh,
b) deformed mesh, c) equivalent strain distribution after defor-
mation.

Due to e.g. various crystallographic orientations
of analysed grains a strain and stress gradients are
expected to occur along grain boundaries as well as
close to triple point junctions. To properly capture
this behaviour a very fine finite element meshes
have to be used, what in 3D case leads to excessive
computational time. To reduce computational time
and maintain high accuracy of the solution along
mentioned grain boundaries a specific nouniform FE
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meshes that are refined along the grain boundaries
have to be used. Since the functionality of refine-
ment of the FE elements along grain boundaries is
not available in the commercial FE codes, Authors
decided to develop an in-house code for finite ele-
ment nonuniform mesh generation called DMRmesh.
The 2D approach to solve this problem is described
in (Madej at al., 2009; Madej, 2010b). To create
similar mesh in 3D case more advanced algorithms
have to be used. Developed solution is briefly de-
scribed below.

Information provided from the digital micro-
structure regarding position of the grain boundary,
as well as grain nuclei, is used to create required
refined meshes (figure 4). The digital microstruc-
tures with non periodical and periodical boundary
conditions are inputs for the mesh generation stage.
To control finite element refinement along the grain
boundaries, a simple function is introduced that
specifies number of new nodes located in the areas
of interest. If too many elements are in a particular
location, no new nodes are allowed.

Fig. 4. Initial position of the grain boundary points in 3D space.

Finally based on the available nodal points the
Voronoi tessellation algorithm is applied to create
the nonuniform meshes. The common algorithm for
triangulation starts by forming the super triangle
enclosing all the points from set V' that has to be
triangulated. Then, incrementally, a process of in-
serting the points p into the set V' is performed. After
every insertion step a search is made to find the tri-
angles whose circumcircles enclose p. Identified
triangles are then deleted from the set. As a result,
an insertion polygon containing p is created. Edges
between the vertices of the insertion polygon and p
are inserted and form the new triangulation. After all
the points are inserted, the Delaunay triangulation is
created (figure 5a). Additionally, in order to obtain
finite elements with regular shapes, the modified

weighted Laplace smoothing algorithm is imple-
mented (figure 5b) in the present work.

b)
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Fig. 5. a) illustration of the Delaunay triangulation, b) modified
weighted Laplace smoothing algorithm, where: {S,,...,S,},
n — set and number of neighbours of the point P, respectively,
w; — weight assigned to point S;, v,, v; — coefficient, N — number
of points.

Each point S; in the neighbourhood of the ana-
lysed P; point has a specific weight w; what can be
seen in figure 5b. Additionally two coefficients v,
and v, are introduced in order to strengthen influence
of particular node on the final P; position after
Laplace smoothing. Finally, an optimisation proce-
dure is applied, if after smoothing algorithm a mesh
still contains low quality elements e.g. elongated in
one direction. In this case a series of additional
nodal points are added to the 3D space and mesh
generation algorithm is performed again. Several
iterations usually have to be applied to obtain satis-
factory quality of the mesh. Eventually, a regular
shapes of finite elements are obtained in the entire
3D space in the centre of the grains as well as close
to the grain boundaries in the refined region. The
last stage of the procedure is assigning the finite
elements to particular grains. An iterative grain as-
signment algorithm is implemented into the
DMRmesh code. A two dimensional representation
of subsequent steps of this algorithm is presented in
figure 6.

The algorithm is performed in an iterative man-
ner as seen in figure 6a-d. Subsequent elements are
assigned to particular grain until the grain boundary
edges represented by circular nodes are not met as
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seen in figure 6d. As a results a final three dimen-
sional mesh that exactly replicates grain geometry is
created (figure 7).

Fig. 6. Illustration of the grain assignemtn algorithm, solid
black arrows representes possible growth direction, dotted gray
arrows represent restricted growth diretions.

Fig. 7. lllustration of the finite element mesh generated on the
basis of the digital material representation.

Presented meshes are then used as input for the
finite element modelling of material behaviour sub-
jected to simple compression.

4. THREE DIMENTIONAL DMR
COMPRESSION

The CPFEM model described in (Madej, 2010b)
is incorporated into the commercial finite element
Abaqus software via user defined subroutines and is
combined with the refined meshes described in the
previous chapter. In the refined meshes, each finite
element has a unique label that determines to which
grain it belongs. Using these labels it is possible to
cluster all the finite elements into separate groups.
That way a specific crystallographic orientation is
assigned to the subsequent grains, and then the mesh
is used during finite element calculations. All other

material properties are the same for the grains. Ex-
amples of results obtained for the deformation of the
aluminium polycrystalline sample containing 10
grains in three crystallographic orientations: cube,
shear and hard are shown in figure 8.

shear cube

Fig. 8. a) initial digital material representation with refined FE
mesh, b-d) equivalent stress evolution during loading.

Results presented in figure 8b-d clearly show
advantages provided by the developed refined mesh
generator. The stress concentration develops along
grain boundaries and is accurately predicted by the
refined meshes. The centre of the grain where mate-
rial flow is more homogenous is described by coarse
mesh what lead to reduction of computational time.

5. CONCLUSION

As presented, the developed digital material rep-
resentation, in the sense of geometry and properties,
was incorporated into the commercial finite element
software. Examples of numerical simulations ob-
tained using uniform meshes were presented. Uni-
form FE mesh provided very interesting results of
inhomogeneous deformation at the micro scale level.
However, the uniform FE approach has some disad-
vantages, that is why a nonuniform FE mesh genera-
tor was developed within this work. An increase in
the accuracy of numerical simulations by application
of the implemented refined finite elements was pre-
sented as well. Obtained meshes exactly replicate
the shape of the grain boundaries.

At this stage of the research the 3D digital mate-
rial representation can be applied to simulate local
material behaviour at the micro scale level. The next
part of the research will be focused on extending
capabilities of the model to perform multi scale
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simulations both at micro and macro scale level.
Results obtained in 2D space are very encouraging
see e.g. (Madej, 2010b).
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ANALIZA NIEJEDNORODNOS'CI ODKSZTALCENIA
Z WYKORZYSTANIEM TROJWYMIAROWEJ
CYFROWEJ REPREZENTACJI MATERIALU

Streszczenie

Podstawowym celem pracy jest stworzenie modelu wyko-
rzystujacego cyfrowa reprezentacje materialu do analizy wpty-
wu elementéw mikrostruktury na zachowanie si¢ materiatu
w trakcie odksztalcenia. Cyfrowa reprezentacja materialu za-
pewnia mozliwos¢ uwzglednienia elementéw mikrostruktury np.
ziarna, granice ziaren, roézne fazy itp. w sposob jawny w trakcie
symulacji. W ramach pracy stworzone zostaly algorytmy two-
rzenia trojwymiarowe]j cyfrowej reprezentacji wraz z dedyko-
wanga siatka elementoéw skonczonych, ktéra wiernie odzwiercie-
dla geometrig ziaren. Opracowana cyfrowa reprezentacja mate-
rialu polikrystalicznego jest nastgpnie wykorzystana w trakcie
analizy koncentracji naprezen wzdluz granic ziaren w trakcie
testu speczania probki szesciennej. Wady i zalety opracowanego
podejscia zostaty rowniez przedstawione w niniejszej pracy.

Received: October 8, 2010
Received in a revised form: November 4, 2010
Accepted: November 4, 2010

- 380 -




<<
  /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
  /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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 <>
    /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.)
    /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


