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Abstract In this study, the global texture evolution in a 2 mm gauge hot band of continuous 
casting AA5052 aluminum alloy, annealed at 449 °C for 4 hours, was investigated. Samples 
were deformed to three different strain values under a near equi-biaxial stretching condition. 
Their textures were. The major and minor strains of these samples were measured using an 
automatic strain analysis system. The texture evolution in the different layers through thickness 
of these samples was measured using X-ray diffraction. It was found that cube and Goss 
({110} 001 ) components varied markedly during biaxial stretching, while brass, copper and S 
components were changed only slightly. Cube orientation was decreased, whereas Goss 
orientation was increased, which was more profound in the surface region of the hot band during 
stretching. A weak fiber-like component, {110} hkl , was developed during biaxial stretching. In 
addition, a {110} 111  component was also found to exist mainly in the surface. 
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1. Introduction  

Biaxial stretching is the major deformation form in a stamping operation which is a dominant 
forming practice in automotive industry. Experimental studies of the deformation behavior of 
sheet metal during biaxial stretching have been carried out in a wide range of alloys [1-4]. There 
are few reports, however, available in literature on the effect of grain orientations on the biaxial 
stretching behavior of sheet metal. The texture development during biaxial stretching of sheet 
metals was only studied by use of recalculated pole figures with a 110 //ND fiber texture [5].

Crystal orientation is one of the key crystallographic characteristics that determine micro plastic 
deformation in metals. A model of polycrystal plasticity has been formulated, based on the 
crystallographic nature of plastic deformation [6]. The origin of rolling texture in face centered 
cubic metal can be explained using this model [7]. In order to understand orientation change 
during plastic deformation, several theoretical models have been proposed. However, few of 
them deals with the texture evolution during biaxial plastic deformation [8, 9].  
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In the aluminum sheet that is deformed under an approximate plane strain condition (such as 
rolling), a copper-type rolling texture is formed, which is characterized by the development of 
preferred orientations along the so-called -fiber orientation [10]. It has been found that the 
evolution of the through-thickness texture gradient under rolling conditions can be characterized 
by the ratio of contact length between roll and sample to sheet thickness [11-13]. Non-uniform 
deformation mainly due to large friction between rolls and sheet could lead to formation of 
pronounced shear textures in the surface layers of a rolled sheet [14-16]. However, the texture 
evolution in aluminum alloy sheet during biaxial deformation has an important effect on the 
deformation behavior of the sheet, therefore it needs to be investigated.  

In this work, the texture evolution through thickness during near equi-biaxial stretching was 
studied in hot band of the continuous cast AA5052 aluminum alloy annealed at 449°C for 4 
hours. Cube and Goss texture components were found to vary significantly during biaxial 
stretching, unlike in rolling -fiber component is the main texture to vary.

2. Materials and Experiments

2.1 Materials

The materials used in this work was commercial AA5052 Al alloy hot band produced by the 
continuous cast (CC) technology. The chemical composition of the alloy is listed in Table 1. The 
gauge of the hot band was 2.0mm thickness. The hot band was annealed at 449°C for 4hours to 
obtain an O-temper condition.  

Table 1 Composition of experimental materials (wt.%) 
Alloy Si Fe Cu Mn Mg Zn Cr Al 

AA5052 alloy 0.20 0.40 0.05 0.06 2.30 0.06 0.20 Balance 

2.2 Plastic deformation and strain analysis

Surface grids were made using electro-chemical etching in samples before biaxial stretch 
experiments in which a sheet sample was formed into a hemispherical dome by utilizing a Tinius 
Olsen BUP Ductometer. The hemispherical dome cups were made by a steel sphere of 60 mm in 
diameter. The bulging deformation was continued until the onset of necking. In these tests, 
clamping force was about 900kg in order to hold sheet. Finally, the top part of the dome, with 
about 20 mm x 20 mm area, was cut for strain analysis. Two photographs of the area of interest 
were taken from different view angles. Computer software used to calculate the 3D shape of the 
deformed part and the strain distribution across the measured area. After deformation, for each 
sample, the major and minor strains were measured using the Cam Sys Inc software ASAME 
Lite (Automated Strain Analysis & Measurement Environment) version 4.1. The procedure 
followed the ASTM standard E2218-02. Samples were deformed up to three different major 
strains, 7.87%, 16.3% and 23.3%, respectively, in order to study the texture evolution during 
biaxial stretching.  
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2.3 Global texture measurement 

A Rigaku D/Max Diffractometer with a multi function stage was used to conduct the pole figure 
measurement and analysis. Four {111}, {200}, {220} and {311} poles figures for each sample 
were measured. The alpha rotation angle was from 15° to 90°, and the alpha step was 5°. The 
four pole figures of {111}, {200}, {220} and {311} were used to conduct Orientation 
Distribution Functions (ODF) calculation and the volume fractions of texture components, Cube-
{001} 100 ; Goss-{011} 100 ; Brass-{011} 211 ; S-{123} 634  and Copper-{112} 111 , were 
quantified using the Tex Tools software developed by ResMat Corporation. The calculation was 
based on the series expansion method. The tolerance angle used in the calculation was 15° which 
is widely used in texture quantification. For the samples deformed at different strain levels and 
before deformation, the texture evolution was evaluated through thickness, as S = h/h0, where h
was the location of the measurement, h0 the half thickness. If S = 0, it was the center of the hot 
band, and S = 1, the surface of the hot band. 

2. Results

Microstructure of the O-temper AA5052 hot band appeared to be non-uniform through thickness. 
As shown in Fig. 1, the grain structure in the surface region was finer than that in the middle 
where grains were coarse and elongated in the rolling direction. Particles were often observed 
along grain boundaries, as well as inside grains. 

The result of strain analysis is shown in Fig. 2. With increasing in deformation, the size of grids 
was increased on the surface of the samples. Samples were deformed at major strains of 7.87%, 
16.3% and 23.3% respectively. Their Orientation Distribution Functions ( 2 =0°, 45°), together 
with that of the O-temper hot band, were calculated from pole figure measurement, and are 
shown in Fig. 3. In Fig. 3, S is a ratio of location/thickness. S =1.00 means the surface layer and 
S = 0.50 means center layer of the hot band. The positions of six ideal orientations in Euler space 
are illustrated in Fig. 4.  

The texture profiles through thickness of all the measured samples are shown in Fig. 5. In 
addition to the difference in grain structure between the surface and center, the textures in the 
surface were also different from those in the center in these samples, as shown in Fig. 5. 
Immediately inside the samples, texture became relatively uniform. Generally, more Goss and 
{011} 111  components and less cube appeared in the surface than in inside the sheet. The rest 
of the texture components did not show significant variation through thickness before and after 
biaxial stretching. Before the bulging deformation, cube component was the dominant texture in 
the O-temper hot band (Fig.5). It was found that the maximum value of the cube component was 
at S = 0.7 location/thickness. The {011} 111  orientation was only formed in the surface layer 
after hot rolling and annealing. The intensity of this orientation on the surface was 3.40 and 
dropped quickly bellow S = 0.99 in the O-temper hot band, but got intensified after stretching. 

With increase in major strain during equi-biaxial stretching, several texture components in the 
surface layer varied. First, cube component was quickly decreased, with increase in strain. The 
cube component might have been rotated to the Goss orientation, as the Goss component was 
increased in the surface in this process. From the result of texture measurement (see Figs. 5-8), it 
can be seen that Goss component was increased slowly in volume fraction inside the sheet, after 
initial quick increase with strain during biaxial stretching. It might be also possible that part of 
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Goss component was changed to the Brass orientation, since brass component was increased 
slightly during the stretching. The {011} 111  component was also increased slightly with strain 
(its intensity increased from 3.4 in the surface at 0% strain to 4.89 at the major strain of 23.3%, 
which might be due to part of Brass component being rotated to this orientation during the 
stretching.

It might also be possible that part of r-Goss-{110} 110  component was rotated to {110} 111
during the biaxial stretching (Fig. 2). This contributed partially to the increase in {110} 111
component during equi-biaxial stretching.  

4. Discussion 

4.1 Rotation of cube 

The lattice rotation of polycrystals in rolling and channel die compression has been investigated 
experimentally and theoretically. Cube component is one of the important recrystallization 
textures. This orientation is often found to change into two possible orientations during large 
deformation [17,18]. During hot and cold rolling deformation, one possible path is to r-cube-
{100} 011  orientation, in which the 100  orientation of cube grains is rotated to 110
orientation as the rolling direction. Another possible path is to Goss-{110} 001  orientation, in 
which {001} plane of the cube grains is rotated to {011} plane as the rolling plane. In addition, 
the cube orientation sometimes can also be rotated directly to copper orientation. The first 
possible path usually occurs, when the strain rate and strain are small. The second takes place 
often in cold rolling with large reduction and high strain rate for each pass. The last possible 
rotation path is found to occur in cold rolling where roll reduction is larger than 70% in AA5052 
alloys [19]. The grains with cube orientation often have large angle grain boundaries with their 
neighboring grains in continuous cast Al alloys. In the present work, it was found that the cube 
component was mainly transformed to Goss orientation during equi-biaxial stretching. The cube 
grains were easily deformed because of their higher values of Schmid factors, and, therefore, 
they are rotated quickly during the equi-biaxial stretching.  

4.2 Rotation of Goss and R-Goss {110} 110

After large reduction in rolling, it has been found that Goss orientation can be completely rotated 
into brass orientation [20]. With increasing in major strain in biaxial stretching, Goss component 
can also be rotated to brass orientation. This was the sole path for Goss orientation during 
deformation. It is the nature of Goss grains that some of them are stable and the others moves to 
brass orientation in CC aluminum alloys. It was not clear, however, about which grains were 
stable and which were rotated to Brass orientation during the equi-biaxial stretching. This is in 
sharp contrast to that strong  fiber texture appears and Goss orientation disappears in heavy 
rolling deformation.  

r-Goss component often caused by shear deformation. It was found that the character of R-Goss 
component is from R-Goss orientation to {110} 111  in copper single crystals in channel die [21]. 
In this work, on the surface, the rotation can be seen in Fig. 3 (S=1.0 and 0.99). In the center 
layer, the R-Goss component does not almost develop to {110} 111  orientation.
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4.3 Rotation of Brass-{101} 121

Brass-{101} 121  component is one of the important deformation texture components. It is a 
relatively stable orientation during rolling and in channel die deformation. It forms the important 
part of -fiber texture which is developed in cold rolling. The -fiber texture runs from brass 
orientation through S-{123} 642  to copper orientation. There are two active slip systems in a 
brass grain in an aluminum alloy in channel die deformation [22]. The present work indicated 
that brass orientation remained almost a constant volume fraction and also might have partially 
been changed to {101} 111  orientation during equi-biaxial stretching deformation, especially in 
the surface. The reason might be that the difference between the major and minor stresses in the 
near equi-biaxial stretching could result in rotation of brass grains to 111  orientation as the 
rolling direction. This may indicate that brass orientation can become unstable in a complex 
stress state.

4.4 Lattice rotation from cube or R-Goss-{101} 101  to {101} 111  orientation 

The development of crystallographic orientations during large cold rolling reduction normally 
leads to formation of a strong -fiber texture. In a hydraulic bulging test, a 111 // ND fiber 
deformation texture appears in an aluminum alloy which has a crystallization texture before 
deformation [5]. In the present study, it was found that Goss and {101} 111  orientations were 
stable in the surface during biaxial stretching. Bellow the surface, brass component was 
increased only slightly, while cube and Goss components became the main textures that varied 
with the major strain of biaxial stretching in Al alloy sheet, unlike in rolling and channel die 
deformation where friction between sample and rollers/die influences the development of texture 
component. The other factor, a large angle or small angle boundary, also could have a different 
effect on texture development. This needs further studies by electron back scatter diffraction. In 
this work, cube component was first changed to Goss orientation, then some of the Goss grains 
were rotated to brass orientation, and finally to {101} 111  position in the surface. Inside the 
sheet, Goss and brass orientations were saturated and became stable quickly, while the sheet was 
being stretched continuously.  

5. Conclusions 

The deformation behavior during the equi-biaxial stretching was studied. Based on the results 
obtained, the following conclusions can be drawn: 

1) The equi-biaxial stretching decreased cube texture quickly; 
2) In the surface, the {101} 111  texture was formed in the hot band after annealing at 

449°C for 4 hours and after stretching respectively; 
3) In the surface, one possible rotation path for cube component was through Goss and 

Brass to {101} 111  orientation. Another possible path was through r-Goss to {101} 111 .
4) Copper-{112} 111  and S-{123} 634  orientations did not vary during equi-biaxial 

stretching.
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(a)                                                                         (b) 
Fig. 1 Microstructures of AA5052 hot band at O-temper, (a) surface layer; (b) Center layer, 200x 

Fig. 2 Result from strain analysis of the four samples after and before biaxial deformation  

Before deformation

7.87% major strain

16.3% major strain 23.3% major strain 
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Fig. 3 Orientation distribution functions ( 2 =0°, 45°) at different deformation degrees 
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Fig. 4 Positions of six ideal orientations in Euler space 

0.5 0.6 0.7 0.8 0.9 1.0
0

4

8

12
Before deformation

S
ur

fa
ce

C
en

te
r

 Cube     (100)<001>
 Goss     (110)<001>
 Brass    (101)<121>
 S           (123)<634>
 Copper  (112)<111>
               (110)<111>

V
ol

um
e 

fra
ct

io
n,

 %

location/thickness
0.5 0.6 0.7 0.8 0.9 1.0

0

4

8

12

C
en

te
r

Su
rfa

ce

Equi-biaxial Streching (8%)
 Cube    (100)<001>
 Goss    (110)<001>
 Brass   (101)<121>
 S          (123)<634>
 Copper   (112)<111>
              (110)<111>

V
ol

um
e 

fra
ct

io
n,

 %

Location/Thickness

Fig. 5 Volume fraction before deformation  Fig. 6 Volume fraction at 7.87%major strain  

0.5 0.6 0.7 0.8 0.9 1.0
0

4

8

12

C
en

te
r

S
ur

fa
ce

EQui-biaxial stretching (16.3%)

 Cube   (100)<001>
 Goss   (110)<001>
 Brass  (101)<121>
 S         (123)<634>
 Copper (112)<111>
        (110)<111>

V
ol

um
e 

Fr
ac

tio
n,

 %

Location/thickness
0.5 0.6 0.7 0.8 0.9 1.0

0

4

8

12

Equi-biaxial Stretching (23.3%)

C
en

te
r

S
ur

fa
ce Cube     (100)<001>

 Goss     (110)<001>
 Brass    (101)<121>
 S           (123)<634>
 Copper  (112)<111>
               (110)<111>

V
ol

um
e 

fra
ct

io
n,

 %

Location/Thickness

Fig. 7 Volume fraction at 16.3% major strain Fig. 8 Volume fraction at 23.3%major strain 

PHI1 

PHI 

107


	Main Menu
	TMS Essentials
	1/2 Title page
	Full Title page
	ISBN/Copyright Information
	Table of Contents
	Fundamental Studies
	"Anisotropy of Aluminum and Aluminum Alloys" by W.F. Hosford
	"Rolling History Microstructure-Property Relations of 6022 Aluminum Sheet" by C.L. Burton, M.F. Horstemeyer, and P.T. Wang
	"Microstructure, Texture and Mechanical Properties of a Continuous Cast AA5083 Aluminum Alloy" by J. Li, Q. Zeng, X.Y. Wen, and T. Zhai
	"Anisotropic Ultrasonic Attenuation in an AA 5754 Aluminum Hot Band" by C.-S. Man, Z. Cai, K.D. Donohue, and P. Fei

	Automotive Alloys
	"Implementation of Continuous Cast (CC) AA5754 Aluminum Alloy in Automotive Stampings and Hydroforms" by S. Kim, A.K. Sachdev, A.A. Luo, and R.K. Mishra
	"Study of Microstructure and Aging Behavior of Continuous Cast Al-Mg-Si Alloy" by Z. Li, S. Kirkland, S. Ding, D. Thompson, and P. Platek
	"AA6082 Feedstock Production for Thixoforgin" by Y. Birol, U. Bozkurt, and M. Onsel
	"A Microstructural Examination of Aluminum Alloys Subjected to Incremental Forming" by A. Krause, W.T. Donlon, A.J. Gillard, and S. Golovashchenko
	"Overview of 5000-Series Aluminum Materials for Hot Forming in the Automotive Industry" by E.M. Taleff

	Continuous Casting and Related Technologies
	"Texture Evolution in Continuous Casting AA5052 Aluminum Alloy Hot Band During Equi-Biaxial Stretching" by X.Y. Wen, Z.D. Long, W.M. Yin, T. Zhai, Z. Li, and S.K. Das
	"Quantitative Analysis of Texture Evolution of Aluminum Alloys During Cold Rolling: A Review" by W.C. Liu, Z. Li, C.-S. Man, and J.G. Morris
	"Heating Rate Effect on Microstructure Evolution During Annealing of Twin Roll Cast AA3105" by N. Sun, B. Patterson, J. Suni, E. Simielli, H. Weiland, P. Kadolkar, C. Blue, and G. Thompson
	"Application of Rapid Infrared Heating for Processing of Aluminum Forgings" by G. Vamadevan, F. Kraft, P. Kadolkar, and H. Mayer

	Processing Related Studies
	"Aging Aluminum Alloy 7085 Mold Blocks Part 1: Two-Step Aging" by J.T. Staley, Sr., H. Conrad, W. Crill, J. Grossmann, and F. Skaria
	"Aging Aluminum Alloy 7085 Mold Blocks Part II: Continuous Non-Isothermal Aging" by J.T. Staley, Sr., E. Austin, D.B. Glanton, B. Godin, and G. Wheeler
	"Microstructure and Texture Evolution During Drawing and Ironing Rigid Container Sheet" by G. Jha, W. Yin, and R. Bowers

	Author Index
	Subject Index



<<
  /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 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

  /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 <>
    /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




