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Abstract 
 

In the presented paper magnesium alloys wire drawing process for medicine application is investigated. The magne-
sium alloys has a low plasticity at room temperature and cold drawing process is difficult. That way, predicting of wire 
fracture is very important from theoretical and technological point of view. Analyzing of tensile test of magnesium alloys 
in micro and macro scale using results from 10000N Tensile/Compression Stage for the SEM, allow understanding a nu-
merical model of fracture phenomena.  

The purpose of paper is to develop a mathematical models of flow stress and damage phenomena for magnesium al-
loys and implementation those models to FEM code. 
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1. INTRODUCTION 

The magnesium alloys are often use in medicine 
because of high compatibility with human organism 
[1-2]. Corrosion research in environment for those 
types of specific magnesium alloys shows that there 
is possibility to use it for solubility implants. This 
kind of application calls for fine wires with diameter 
from 0,1 mm to 2 mm. The drawing process of mag-
nesium alloys is difficult because of low formability 
and limited ductility of magnesium alloys at room 
temperature [3-5] ascribed to their hexagonal close-
packet (HCP) crystal structure with limited number 
of sleep system. On the other hand, the experimental 
optimization of wire drawing process allowed to 
make opportunity of increase the technological plas-
ticity of those alloys [6,7] during drawing on 20-
30%. One of the most problems at development of 

cold deformation technology of magnesium alloy is 
a theoretical prognosis of fracture.  

Prediction wire of fracture phenomena during 
drawing process allows to obtain at means of FEM 
simulation a draft plan to get required wire diameter 
and to optimize of drawing parameters. 

Magnesium alloys for biomedical applications 
have different mechanism of fracture. That why, 
before development of fracture model, the fracture 
mechanism analysis is necessary. The investigation 
and modeling of mechanisms of fracture (by the 
grounds boundary or by grains) need to calculate 
a fracture model parameters in micro and macro 
scales. In this work the experimental investigation in 
10000N Tensile/Compression Stage by “Kammrath 
& Weiss GmbH” for the SEM of AZ80 and CaMg08 
magnesium alloys unixaxial deformation was done. 
The aims of this test are:  
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1. Experimental analysis of fracture mechanism for 
specific magnesium alloys (AZ80 and CaMg08) 
for biomedical application. 

2. Determinate of mechanical properties and pa-
rameters of fracture model in macro - scale by 
inverse analysis of tensile tests.  

3. Numerical modeling of fracture phenomena 
during tests in macro and micro scale. 

4. Implementation of macro models of flow stress 
and fracture phenomena into FEM code for 
drawing process simulation. 

2. EXPERIMENTS 

The objective of the experiment was supplying 
the data for inverse analysis of flow stress model in 
macro scale and fracture models in micro and macro 
scales. This experiment was made for two kind of 
specific magnesium alloys: AZ80 and CaMg08. The 
shape of sample is shown on figure 1a.  

The analysis of fracture phenomena during cold 
tensile test was done in micro and macro scale using 
testing machine 10000N Tensile/Compression Stage 
for the SEM (show in figure 1a). Experiment in 
chamber of SEM allows to understand the fracture 
mechanism in special magnesium alloys and to de-
termine the empiric coefficients of yield stress and 
fracture models.  

In the chamber of SEM the material was stretch 
with 100 μm tool displacement and then tool were 
stopped. Scaning electron microscope was used to 
made photo in macro scale (as in figure.1b, c) and in 
micro scale with zoom 500x and 1000x (as in figure 
2 and figure 3). This process was repeat until the 
moment when fracture was appeared. Results of 
tensile test for both magnesium alloys in macro scale 
are shown in figure 1b and figure 1c. During tensile 
test the stretching force and displacement of tools 
were measured. Those data allow constructing dia-
gram force dependence on tool displacement. This 
diagram is shown in figure 1d. Both materials 
cracked by different tool displacement – AZ80 after 
1.423 mm and CaMg08 after 1.490 mm. 

Fracture mechanism in micro scale is shown in 
figure 2 for CaMg08 and in figure 3 for AZ80. For 
the magnesium alloy CaMg08 the centers of fracture 
are localized on the grain boundaries, figure 2b. In 
case of AZ80 magnesium alloy, the fracture mecha-
nism has a mixed type - the fracture accured in grains 
and, partially, in boundaries. Probably, at AZ80 there 
are two mechanism of fracture phenomena, – inter-
crystal fracture and transcrystal fracture, figure 3b. 

a)  

 

b) 

 

c) 

 

d) 

 
Fig. 1. Experimental research: a) testing machine – ten-
sile/compression stage and sample; b) example of fracture in 
macro scale for AZ80 alloy, x20; c) example of fracture in 
macro scale for CaMg08 alloy, x20; d) diagram force - dis-
placement for CaMg08 and AZ80.  
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a) 

 

b) 

 
Fig. 2. Fracture mechanism in micro scale for CaMg08; 
a) before tensile test, b) during tensile test (tool displacement is 
1.2 mm), the rectangles are selected area of RVE.  

3.  FRACTURE MODEL  

Modeling of fracture phenomena in macro scale 
was done witch following equation [8]: 

 ( ) 1<=
kp

i

ε
εψ  (1) 

where ψ  − the resource of plasticity; iε  − the inten-

sity of deformation in metal working processes; pε  

− the critical deformation before fracture of metal as 

function of triaxity factor 
s

k
σ
σ

= ; σ  − mean 

stress.  
If the resource of plasticity ψ  is equal 1.0, the 

material will experience fracture. The function 
( )kpε  is obtained through experiments. In this work 

the following form for this function is used:  

 ( ) )]exp([ 1 kdkp −=ε , (2) 

where: d1 is a empirical parameter.  
 

a) 

 
b) 

 
Fig. 3. Fracture mechanism in micro scale for AZ80; a) before 
tensile test, b) before breakage (tool displacement is 1.423 mm).  

If the deformation process is multi – step, then 
equation (1) is describe by the integral: 

 ( ) 1
)(0

<= ∫ τ
τε

ξψ
τ

d
kp

i , (3) 

where iξ  − the strain rate; τ  − the time of deforma-
tion.  

The FEM code Drawing2d [9] and ABAQUS 
[10] program uses integration procedure to evaluate 
the above integral. This results in:  

 ( )∑
=

=

Δ=
τ

τ
τε

ξψ
mm

m

m

p

m
i

k1

)(
)(

)(
,  (4) 

where: )(mτΔ  − the current time increment, )(m
iξ  − 

the values of the strain rate in the current time, m – 
is a index number of time step during numerical 
integration. 
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4. NUMERICAL MODEL OF TENSILE TEST 
AND FRACTURE PHENOMENA IN 
MACRO SCALE  

The numerical model of tensile test was design 
in ABAQUS software, on figure 4,a the mesh of 
FEM model of sample is present. The follow equa-
tion was use for flow stress approximation: 

 n
p aεσ = ,  (5) 

where: pσ  − yield stress, a – equation parameter, 

ε - strain, n – hardening coefficient.  
According method of inverse analyze [11] for 

determination of reological parameters the cost func-
tion is use in the follow form:  

 ∑
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=

sN

i im

icim

s F
FF

N 1

1φ , (6) 

where Fim and Fic is measured and calculated load, 
respectively.  

 
Fig. 4. Mesh of numerical FEM model of tensile test in macro 
scale.  

The results of inverse analysis are shown in fig-
ure 5. The follow equations for reologycal properties 
was obtained by inverse analyses:  

 12.0440εσ =p  (7) 

for AZ80 and 

 08.0230εσ =p  (8) 

for CaMg08 magnesium alloy.  
Coefficient in the damage model was determined 

next. The example of calculated stress-strain pa-
rameters evolution during the test in center point of 
sample is shown on figure. 6 for AZ80 alloy. In 
moment of crack the follow parameters in this point 

of sample are obtain: 35713.0==
q
pk , 

2347.0=pε . The empirical coefficient d1 of equa-

tion (2) were determined by processing of pε  and k 

in moment of crack for AZ80 and CaMg08 alloys. 
The follow functions ( )kpε  is obtained:  

 ( )kp −= exp334.0ε  (9) 

for AZ80 and 

 ( )kp −= exp306.0ε  (10) 

for CaMg08. 
 

a) 

 
b) 

  
Fig. 5. Results of inverse analysis, force dependence on tool 
displacement; a) for CaMg08 alloy, b) for AZ80 alloy.  

 
The reological properties and functions ( )kpε  

are shown in figure. 7. Distribution of stress-strain 
parameters and recourse of plasticity in longitudinal 
dimension of sample are shown in figure. 8.  
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a) 

 
b) 

  
Fig. 7. Flow stress curve (a) and ductility strain dependence on 
coefficient k (b) for CaMg08 and AZ80 alloys. 

5.  NUMERICAL SIMULATION OF 
FRACTURE IN MICRO SCALE  

In experimental investigation of damage in mi-
cro scale the different mechanism of damage for 
AZ80 and CaMg08 was shown. For AZ80 damage 
process to fulfill in grains and application of macro 
scale damage model (1)-(4) is well-heeled. For 

CaMg08 damage process to fulfill only in boundary 
of grains and for verification of macro model of 
damage in this case the micro model of damage is 
needed. Using ABAQUS system the numerical 
model of tensile test in micro chamber was obtain. 
The RVE (representative volume element) for 
CaMg08 is shown on figure.2,a (before test) and on 
figure.2,b (before damage). The geometrical model 
of RVE is shown on figure.9,a and the FEM mesh 
for RVE is shown on figure. 9,b. The boundary con-
dition of RVE model (deformation in longitudinal 
direction) was transfer from macro model of test. 
The yield stress model (8) was used for grain. The 
model of fraction in micro scale was used only for 
inter grain material (boundary). The follow model 
for CaMg08 was proposed: 

 ( )kK gradp −= exp306.0ε , (11) 

where gradK  is empirical coefficient for take into 

account the gradient of deformation in RVE. For 
CaMg08 value of gradK  was  

 144.1
max

max ==
macro

micro
gradK

ε
ε

. (12) 

Results of numerical analysis is shown in figure 
9,b,c,d.  

The moment of damage in RVE is corresponded 
with moment of damage in experiment. The agree-
ment between prognosis by macro scale damage 
model and micro scale fracture model is reasonably 
good.  
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Fig. 6. Results of numerical analysis of tensile test. Value of pressure, strain and stress in center of sample neck during tensile process 
of AZ80 magnesium alloy.  
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1.8 mm. Process was done in room temperature with 
friction coefficient 0.03. Two drawing angle were 
used – 6° and 7°. Calculated distributions of re-
course of plasticity for AZ80 alloy are shown in 
figure 10. It is seen in this figure that, value of 
maximum of recourse of plasticity for drawing angle 
7° is more than for drawing angle 6°. The maximum 
of recourse of plasticity is localized in surface on 
wire. After implementation development models to 
Drawing2d software the optimization procedures for 
magnesium drawing processes is possible.  

 
a) 

  
 

b) 

 
Fig. 10. Distribution of resource of plasticity after drawing 
process: a) drawing angle 6°, b) drawing angle 7°.  

7. CONCLUSIONS  

1.  In experimental investigation of fracture in micro 
scale the different fracture mechanisms for AZ80 
and CaMg08 alloys was shown. For AZ80 dam-
age process accured in grains. For CaMg08 frac-
ture accured only at boundary of grains and for 

verification of macro model of damage in this 
case the micro model of damage is need. 

2.  The flow stress and fracture models in macro 
scale were obtain by inverse method.  

3.  The micro scale model of fracture process was 
suggested for CaMg08 alloy. The accordance be-
tween prognosis by macro scale fracture model 
and micro scale fracture model is reasonably 
good. 

4.  The elaborated models in macro scale were im-
plemented to Drawing2d software and examples 
of simulations are shown.  

ACKNOWLEDGMENT 

Calculations were made in ACK CYFRONET 
AGH. Calculation grant number MNiSW/ 
IBM_BC_HS21/AGH/020/2008. 

REFERENCES 

1. Huang, J., Ren, Y., Jiang, Y., Zhang, B., Yang, K., In vivo 
study of degradable magnesium and magnesium alloy as 
bone implant, Frontiers of Materials  Science in China, 
China 2007, 1/4, 405-409. 

2. Haferkamp, H., Kaese, V., Niemeyer, M., Phillip, K., Phan-
Tan, T., Heublein, B., Rohde, R., Exploration of Magne-
sium Alloys as New Material for Implantation, Mat.-wiss. 
u. Werkstofftech, 32, Wiley-VCH Verlag GmbH, Wein-
heim, 2001, 116-120. 

3. Bach, F.-W., Hassel, T., Golovko, A.N., The Influence of  
the Chemical Composition and Extrution Parameters on the 
Mechanical Properties of Thin-Walled Tubes Made of 
Magnesium-Calcium Alloys, Сучасні проблеми 
металургії. Наукові вісті. Том 8. Пластична деформація 
металів. Дніпропетровськ: "Системні технології", 2005, 
379-384. 

4. Bach, F.-W., Kucharski, R., Bormann, D., Magnesium 
compound structures for the treatment of bone defects,  
Engineering  of Biomaterials, 56-57, 2006, 9, 58-61. 

5. Eickemeyer, J., Guth, A., Falter, M., Opitz, R., Drawing of 
magnesium wires at Ambient temperature, Proc. of 6th Int, 
Magnesium alloys and their Applications, ed., Keiner, 
K.U., WILEY-VCH Verlsg GmbH & Co. 2004, Wolfsburg, 
318-323. 

6. Yoshida, K., Cold drawing of magnesium alloy wire and 
fabrication of microscrews, Steel Grips, 2, 1, 2004, 199-
202. 

7. Yoshida, K., Fueki, T., Cold drawing of magnesium alloy 
wires and tubes, Magnesium Technology in Global Age, 
MetSoc, 45th Annual Conference of Metallurgists of CIM, 
Montreal, Quebec, Canada, 2006, 587-593. 

8. Milenin, A., Muskalski, Z., Kustra, P., The multi-scale 
FEM simulation of wire fracture during drawing of perlitic 
steel, Materials Science Forum, 575-578, 2008, 1433-1438  

9. Milenin, A., Program komputerowy Drawing2d – narzędzie 
do analizy procesów technologicznych ciągnienia wielo-
stopniowego, Hutnik-Wiadomości Hutnicze, 2, 2005, 100-
104. 



C
O

M
PU

TE
R 

M
ET

H
O

D
S 

IN
 M

A
TE

RI
A

LS
 S

C
IE

N
C

E 
INFORMATYKA W TECHNOLOGII MATERIAŁÓW 

 – 214 – 

10. ABAQUS version 6.7 documentation – Analysis User’s 
Manual. 

11. Szeliga, D., Gawad, J., Pietrzyk, M., Inverse analysis for 
identification of rheological and friction models in metal 
forming, Computer Methods in Applied Mechanics and 
Engineering, 195, 2006, 6778–6798.  

 
 

WIELOSKALOWE MODELOWANIE ORAZ 
INTERPRETACJA PRÓBY ROZCIĄGANIA 

W MIKROKOMORZE DLA SEM STOPÓW MAGNEZU 

Streszczenie 
 
W niniejszym artykule rozpatrzono proces ciągnienia sto-

pów magnezu dla zastosowań w chirurgii. Stopy magnezu mają 
niską plastyczność w temperaturze pokojowej dlatego proces 
ciągnienia na zimno jest trudny, a nawet praktycznie niemożli-
wy. Dlatego przewidywanie procesu pękania jest istotne z tech-
nologicznego i praktycznego punktu widzenia. Analiza próby 
rozciągania w mikrokomorze "10000N Tensile/Compression 
Stage for the SEM" w skali makro oraz skali mikro, pozwoliła 
na zrozumienie procesu pękania tych stopów. Celem niniejszej 
pracy jest opracowanie krzywych płynięcia oraz modelu mate-
matycznego procesu pękania rozpatrywanych stopów magnezu 
oraz implementacja tych modeli do kodu metody elementów 
skończonych. 
 
 

Submitted: October 25, 2008 
Submitted in a revised form: November 16, 2008 

Accepted: November 16, 2008 
 



<<
  /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


