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Abstract. The paper is devoted to the problem of stress measurements in polymeric films with
Braille and tactile relief elements by using the method of photo-elasticity. A separate Braille and
tactile relief element is analyzed numerically by using an axisymmetric model and the problem of
determination of distribution of equivalent stress is investigated. Nodal stresses are calculated by
using the procedure of conjugate approximation. Equivalent stresses are represented by intensity
of the image. A special experimental setup was developed for the measurement of stresses in
polymeric materials. The obtained results of investigations are used in the process of design of
polymeric films with Braille and tactile relief elements by taking into account the stress
distributions in them.

Keywords: Braille and tactile relief elements, polymeric film, axisymmetric problem,
photo-elasticity.

1. Introduction

An important problem of the integration of disabled people (among them blind and visually
impaired people) into the society exists in aging societies. Thus it becomes desirable to use the
Braille and tactile relief elements on various products or their packages produced from polymeric
and other materials [1-3].

Various stress distributions take place in transparent and usually optically isotropic polymeric
materials. The character of distribution of stresses in these materials enables to measure the
qualitative and quantitative parameters of Braille and tactile relief elements. Special requirements
are to be satisfied in order to ensure sufficient quality of Braille and tactile relief elements during
the process of use of a package or a label [4-6].

The main objective of this paper is to perform experimental stress analysis of the Polyethylene
Terephthalate (PET) and Polypropylene (PP) polymers and their applicability for Braille and
tactile relief elements. Also, this paper extends the investigations to new types of Braille and tactile
relief elements. Braille and tactile relief elements are analyzed numerically by using an
axisymmetric model and the distribution of equivalent stresses is investigated. Nodal stresses are
calculated by using the procedure of conjugate approximation; equivalent stresses are represented
by the grayscale level of the digital image. The numerical procedure is based on finite element
analysis [7-9], the technique of conjugate approximation [7, 8] and representation of equivalent
stresses [10].

A special experimental setup was developed for the measurement of distribution of stresses in
samples of polymeric materials with Braille and tactile relief elements. Physical parameters of
PET and PP samples are presented in Table 1 (these materials are used for packaging of food and
non food type products) [3].

As mentioned previously, the main objective of this paper is to measure and investigate the
character of distribution of stresses in polymeric packages with Braille and tactile relief elements
and also in a special Braille and tactile relief element of axisymmetric type.
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Table 1. Physical parameters of investigated samples [3]

Parameter - Samples -
Plastic PET | Plastic PP
Modulus of elasticity, E (MPa) 1.41x10* | 1032-1720
Poissons ratio, v 0.44 0.45
Strength in tension, (MPa) 172 29.3-38.6
Breaking elongation, (%) 12-55 100-600
Impact strength, (MPa) 13-35 2.8-6.9
Thickness of the material, (mm) 0.25 1.0
Density of the material, (g/cm?) 1.335 0.85-0.854

2. Investigation of stress distributions in axisymmetric Braille elements

2.1. The description of the numerical procedure
Nodal values of the stresses are determined from:
[K[t5:3 {8y} (6.3 {on}]=1F]. Q)

where x stands for the radial coordinate; y denotes the axial coordinate; z denotes the coordinate
in the angular direction;{5,}, {6y}, {6,}, {6xy} are the vectors of nodal values of the stresses g,
Oy, Oz, Ty and:

k] = f (][] 2mxdxdy, @
[ﬁ] = f[ﬁ]T[Ux Oy Oy Txy]ZTl'xdxdy, (3)

where [IV] is the row of the shape functions Ny, N,,..., Ny of the two dimensional Lagrange
quadratic finite element.

Stresses in the expression of [F ] are determined from:
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where {8} is the vector of nodal displacements, [D] is the matrix of elastic constants and:
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2.2. Braille element of type I: the stress field for a quarter of a disk

The structure consists of one row of elements located on one fourth of a disk with radius of
the middle line 0.001 m and semi thickness 0.0001 m. The following parameters are assumed:
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modulus of elasticity E = 10.32x108 Pa, Poisson’s ratio v = 0.45, density of the material
p = 850 kg/m’. The left end of the structure coincides with the axis of symmetry. 64 two
dimensional Lagrange quadratic finite elements are used; the finite element mesh is illustrated in
Fig. 1.
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Fig. 1. Finite element mesh of the structure
2.2.1. The static problem

Displacements in the direction of the x axis of the three nodes on the left end of the structure
and displacements in the direction of the y axis of the three nodes on the right end of the structure
are assumed equal to zero. Non-dimensional displacements in the direction of the x axis of the
three nodes on the right end of the structure are assumed equal to one (the structure has 765 degrees

of freedom after taking the boundary conditions into account). Equivalent stresses are represented

by grayscale levels in Fig. 2 (black color of the images corresponds to highest values of equivalent
stress; white color corresponds to lowest values of equivalent stress); the grayscale bar is presented
in Fig. 3.
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Fig. 2. Equivalent stresses

Fig. 3. The greyscale bar
2.2.2. Visualization of the eigenmodes

Displacements in the direction of the x axis of the three nodes on the left end and all
displacements of the three nodes on the right end of the structure are assumed equal to zero.
Equivalent stresses for the first ten eigenmodes are presented in Fig. 4.

It is clear that the complexity of stress distribution in general increases with the increase of the
number of the eigenmode and that maximum values of equivalent stress are usually located at the
surface of the structure. But experimental investigations of polymeric materials with Braille
elements of this type indicate that polymeric Braille materials of this type experience degradation

of strength at their top parts due to frequent contacts with fingers. Thus Braille elements having a
flat top part are to be preferred what leads to the investigation of Braille elements of the second
type.
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Fig. 4. Equivalent stresses for a) the first, b) the second,.. ., j) the tenth eigenmodes

2.3. Braille element of type II: the stress field for the structure with improved tactile relief
element

The structure consists of one row of elements located on a straight part with the length equal
to the length of the middle line of one fourth of a circle with another part comprising a quarter of
the disk. The radius of the middle line of the part of the circle is 0.001 m and semi thickness of
the structure is 0.0001 m. The following parameters are assumed: modulus of elasticity
E = 10.32x108 Pa, Poisson’s ratio v = 0.45, density of the material p = 850 kg/m3. The left end
of the structure coincides with the axis of symmetry; 64 2D Lagrange quadratic finite elements
are used: 32 for the straight part and 32 for the circular part.

2.3.1. The static problem

Displacements in the direction of the x axis of the three nodes on the left end of the structure
and displacements in the direction of the y axis of the three nodes on the right end of the structure
are assumed equal to zero. Non-displacements in the direction of the x axis of the three nodes on
the right end of the structure are assumed equal to one (after taking the boundary conditions into
account the structure comprisess 765 degrees of freedom) Equivalent stresses are presented in
Fig. 5.
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Fig. 5. Equivalent stresses Fig. 6. Equivalent stresses on the lower and uppér surfaces
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As noted previously, Braille elements with a flat top part have an advantage over the Braille
elements of the first type. Thus they are recommended for practical applications and deserve more
detailed analysis. Maximum equivalent stress usually takes place at the surfaces of the Braille and
tactile relief element. In order to be able to interpret the values of equivalent stress on the lower
and upper surfaces of the Braille element a graphical representation is desirable. Equivalent
stresses on the lower and upper surfaces represented in the normal direction to the surfaces are
presented in Fig. 6.

Displacements in the direction of the x axis of the three nodes on the left end of the structure
and all displacements of the three nodes on the right end of the structure are assumed equal to zero
(after taking the boundary conditions into account the structure has 765 degrees of freedom)
Equivalent stresses for the first ten eigenmodes are presented in Fig. 7. Equivalent stresses on the
lower and upper surfaces represented in the normal direction to the surfaces are presented in Fig. 8.
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Fig. 7. Equivalent stresses for a) the first, b) the second, ..., j) the tenth eigenmodes
3. Experimental measurements of stresses in a sheet of polymeric film with Braille elements
3.1. The experimental setup

A special experimental setup was produced for the investigation of distributions of stresses in
polymeric packages with Braille and tactile relief elements. It comprises General Purpose Strain
Viewer produced by the company Sharpless, digital camera EO-1312¢ and a personal computer
(Fig. 9).

Geometrical parameters of Braille and tactile relief elements are presented in Fig. 10. Two
different samples of transparent polymeric materials were investigated: PET samples with formed
surface elements (sample 1 and sample 2) and PP samples with elements of Braille writings
(sample 3). Measurement of distribution of stresses in the investigated samples are performed in
static conditions.

Transparent optically isotropic polymeric material becomes optically anisotropic during the
process of production due to residual stresses. Thus it divides the propagating light into two
polarized waves which occur due to different velocities of the propagation of waves in the
polymeric material in different directions. This reason causes a time delay when mutually
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perpendicular polarized waves reach the observer. The image produced by the polariscope
represents this time delay — in the regions of polymeric material with stresses result in white areas,
while the unstressed regions result into dark areas.
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Fig. 8. Equivalent stresses on the lower and upper surfaces for
a) the first, b) the second, ..., j) the tenth eigenmodes
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Fig. 9. Layout of the setup for investigation of stresses: a) structural diagram; b) external view of the
designed experimental setup: 1 — stands for the light source, 2 — collimating lens, 3 — polarizer,
4 — quarter wave plate, 5 — background on which a sample is located, 6 — analyzer, 7 — field lens,
8 — digital camera EO-1312c, 9 — personal computer, 10 — investigated sample
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Fig. 10. Representation of geometric parameters of Braille and tactile relief elements: a) top view of the
Braille element: d — diameter of the Braille dot, b — distance between Braille dots; b) side view of Braille
on polymeric material (A-A): h — thickness of polymeric material, h, — height of the Braille dot;

c) the surface of the graphical image; d) profiles of surface elements (B-B): h — thickness of the polymeric
material, h; — height of the graphical element, d — width of the graphical element

3.2. Results of experimental investigations

The images of samples obtained by using the method of photo-elasticity are presented in
Table 2. The resulting interference color (see Table 3) enables optical determination of the time
delay caused by the light wave propagation through the investigated sample.

Note that the color structure in samples 1, 2, 3 is similar; color regions of the fourth order
dominate and the values of stresses are highest there. Stresses in the regions of Braille and tactile
relief elements stresses can be clearly seen.

Table 2. Photo-elastic images for the samples
Sample 1 Sample 2

Sample 3

4. Conclusions

Separate Braille and tactile relief elements are investigated using computational techniques in
an axisymmetric model geometry. Nodal stresses are calculated by using the procedure of
conjugate approximation. Equivalent stresses are represented according to the intensity of the
image. Two types of Braille and tactile relief elements were investigated: a quarter of a disk and
a structure with the special type of tactile relief elements.

Results of experimental investigations indicate that Braille elements of the first type
experience wear and degradation of strength of material at the top due to frequent contacts with
fingers and other sheets of polymeric material. Thus Braille and tactile relief elements with a flat
top could be considered as an alternative. Braille and tactile relief elements of the second type
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have a flat top and thus are advantageous from the point of view of wear and degradation of
strength of the polymeric material.

Table 3. Color index representing the source of white light [11]

Color | Nanometers (10 m) Color | Nanometers (10° m)

First order colors Second order colors

Black 0 Green — yellow 830

Grey 140 Orange 960

White 260 Rose Red 1050

Pale yellow 330 Purple 1150

Orange 460 Green 1350
Dull red 520 Third order colors

Purple 580 Green — yellow 1450

Deep blue 620 Pink 1550

Blue — green 700 Green 1800
Fourth order colors

Pink 2100

Green 2400

The darkest parts of the images correspond to highest values of equivalent stress. At those
places the wear of material is highest. In general, higher eigenmodes correspond to more
complicated distributions of equivalent stress and the highest equivalent stress is located at the
surfaces of the tactile relief elements.

Braille elements of the second type have advantages in practical applications and are
investigated in more details — graphical representations of the equivalent stress on the lower and
upper surfaces are obtained. Such graphical representations help to determine places with the
highest values of the equivalent stress.

An experimental setup based on photo-elastic method for the measurements of stresses in
sheets of polymeric material with Braille and tactile relief elements is developed. The fourth order
color structure is employed for the measurement of stresses in Braille elements. The obtained
results are used for improvement of design of sheets of polymeric material, as well as packages,
labels and pictures with Braille and tactile relief elements.

I. Venyté performed experimental measurements of stresses in a sheet of polymeric film with
Braille elements. She also took part in the development of the numerical model of Braille and also
in the development of the experimental setup. E. Kibirkstis proposed and developed the
experimental setup, performed the interpretation of experimental results and took part in the
development of the numerical model. A. Voloshin enhanced the developed experimental setup
used for investigations, investigated the correspondence between experimental and numerical
results and took part in the interpretation of experimental results. K. Ragulskis proposed the
geometries of Braille and tactile relief elements which were used in numerical calculations and
performed the interpretation of the obtained numerical results. L. Ragulskis was responsible for
the numerical implementation of the model.

Acknowledgements

Authors thank the anonymous reviewers for their valuable comments which did help to
improve the paper substantially.

References
[1] Chen X., Barnes C. J., Childs T. H. C., Henson B., Shao F. Materials’ tactile testing and

characterisation for consumer products’ affective packaging design. Materials and Design, Vol. 30,
Issue 10, 2009, p. 4299-4310.

3496  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2014, VOLUME 16, ISSUE 7. ISSN 1392-8716



2]
13]

[4]
[5]

6]

(7]
8]
19
[10]

[11]

1435. MEASUREMENT OF STRESSES IN POLYMERIC FILMS WITH BRAILLE AND TACTILE ELEMENTS.
1. VENYTE, E. KIBIRKSTIS, A. VOLOSHIN, K. RAGULSKIS, L. RAGULSKIS

Kim M. S., Young Kim I., Kyu Park Y., Ze Lee Y. The friction measurement between finger skin
and material surfaces. Wear, Vol. 301, 2013, p. 338-342.

Beswick R., Dunn D. Plastics in Packaging. Western Europe and North America, Rapra Technology
Limited, 2002, p. 141.

LST EN 15823:2010 Packaging — Braille on Packaging for Medicinal Products.

Seideii P. Axisymmetrical buckling of circular cones under axial compression. Journal of Applied
Mechanics, Vol. 23, Issue 4, 1956, p. 227-232.

Maksymuk O. Calculation of stresses in the half plane of stamps under the action of various forms.
Mathematical Methods and Physical Mechanical Fields, Vol. 43, Issue 2, 2000, p. 155-162, (in
Russian).

Segerlind L. J. Applied Finite Element Analysis. Moscow, Mir, 1979, (in Russian).

Gallagher R. H. Finite Element Analysis Fundamentals. Moscow, Mir, 1984, (in Russian).

Bathe K. J. Finite Element Procedures in Engineering Analysis. Prentice-Hall, New Jersey, 1982.
Samul V. 1. Basis of the Theory of Elasticity and Plasticity. Moscow, Vysshaja Shkola, 1982, (in
Russian).

Sharples Stress Engineers Ltd. Manual for General Purpose Strain Viewer, www.sharplesstress.com.

Ingrida Venyté is a doctoral student of Kaunas University of Technology working under
the supervision of professor Edmundas Kibirkstis. Her research interests are experimental
and numerical analysis of Braille and tactile relief elements.

Edmundas Kibirkstis is a professor of Kaunas University of Technology. His research
interests are theoretical and experimental analysis of vibrating systems. Currently he is
concentrating in the investigations of vibrations of printing devices and printing and
packaging materials.

Arkady Voloshin is a professor of mechanical engineering and mechanics at Lehigh
University, Bethlehem, Pennsylvania, USA. His research interests include application of
the optical methods to problems in optoelectronic packaging and study of the effects of
dynamic loading on human locomotion system.

Kazimieras Ragulskis is a member of Academies of Sciences of Russia and Lithuania.
His research interests include analytical, numerical and experimental investigations of
vibrating systems, especially nonlinear phenomena in them.

Liutauras Ragulskis is a senior research associate at the Vytautas Magnus University. His
research interests are numerical analysis of vibrating systems.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2014, VOLUME 16, IsSUE 7. ISSN 1392-8716 3497




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /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 <>
    /POL <>
    /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.)
  >>
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


