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ABSTRACT. Research on determining the lifetime of an expansion bellows
designed to compensate the difference in expansion between the shell and the
tubes in a fixed tube sheet heat exchanger has never ceased because of its
Importance in a heat exchanger. The main function of the expansion bellows
is to absorb the difference in expansion between the shell and the tube bundle
while resisting the axial thermal deflection and the equivalent internal pressure
on the shell side. TEMA-9 [1] edition attaches great importance to the finite
element method in the case of an expansion bellows because of the
disadvantages of the old desigh methods, which lead to overestimation and
stress overload in the bellows. The objective of this work is to study the
damage in the most stressed zone of the expansion bellows in order to
construct a numerical simulation tool of the rupture to determine the lifetime
that an expansion bellows can support during the operating conditions of a
fixed tube heat exchanger. In a first step, the ANSYS FEM calculation code
will allow the determination of the critical zone where the Von Mises is
maximum and where potential cracks can develop. In a second step, a post-
processor based on the concept of Continuum Damage Mechanics and using
Newton's iterative method will be applied to this critical area for the
determination of the bellows critical lifetime. The maximum lifetime will be
the value of the number of cycles that corresponds to the critical value of the
DC damage (crack initiation).
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INTRODUCTION

he expansion bellows, which permit to compensate the difference in expansion between the tubular bundle and

the shell in a fixed tube sheet heat exchanger, is a structural component formed by one or more convolutions. The

expansion joint is an integral part of a heat exchanger.
It must simultaneously ensure the flexibility due to thermal expansion and withstand the internal pressure in the heat
exchanger. In addition, it must be sufficiently flexible longitudinally to accommodate the deviations for which it is
designed and must absorb the regular or irregular extension generated by the gradients temperature and pressure.
In the literature, we find a wide variety of references related to the calculation of expansion bellows cyclic life. We can cite
as an example: Lee [2] has used a finite element analysis technique applied to the parameters of the bending and folding
process of the metal bellows. Becht IV [3] has shown that the fatigue behavior of the bellows can be well predicted by
dividing the bellows fatigue data on the basis of geometry parameters. Zupei [3] has used approximate calculation
methods, which he compared to the results obtained by the finite element method for the U-shaped bellows. Broman et
al. [5] determined the dynamic characteristics by manipulating the finite element parameters of the bellows beam. Kang et
al. [0] have studied the process of forming different types of tubular bellows using a single stage hydroforming process.
Faraji [7, 8] has experimentally and numerically analyzed the optimal parameters for the manufacture of metal expansion
bellows. Bo-wun Huang et al 9], in their work, the dynamic properties of coupled tube-array structures with the axial
loads are investigated in heat exchanger. Tingxin et al. [10] have experimentally studied the behavior of toroidal bellows
compared to U-shaped bellows, they showed that toroidal bellows have a lower stress induced by internal pressure, longer
fatigue life, greater ability to resist to instability of internal pressure and are more suited to situations of higher internal
pressure. The Code ASME VIII div 1 [11] is widely the most comprehensive code that deal with the design of expansion
bellows, their calculations as well as their standards.
In this work, we develop a method based on the concept of continuum damage mechanics (CDM), which reaches a
stage of maturity allowing modeling any type of degradation. The life of the expansion bellows is obtained by using a
post processor based on the of continuum damage mechanics using Newton's iterative method which is unconditionally
stable and ensures good convergence.
In general, the damage is much localized and occupies a small volume, ic a representative volume element RVE
compared to macroscopic scale of the structure. This is due to the high sensitivity to microscopic damage
concentrations. Benzerga [12] noted that the damage effect on stress conditions occurs only in a very small area of the
material. In other hand, the coupling damage behavior can occur only in RVE. It is the principle of the analysis of the
local coupling damage-deformation presented by Lemaitre and Doghri [13]. Our approach can be divided into two
stages: In a first step, the finite element calculation code (ANSYS) will allow in elasticity or elasto-plasticity to obtain the
critical region of the structure (M*) where the Von Mises stress is maximal. In a second step, a post processor based on
the Continuum Damage Mechanics concept using the Newton iterative method was applied at this critical point (M*)
for the determination of the critical lifetime of the expansion bellows under service conditions of pressure and thermal
expansion.
This lifetime is the value corresponding to the critical damage value Dc (crack initiation). This method was validated by
comparing our numerical results with those of ASME code [11].
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Figure 1: Locally coupled analysis of crack initiation.
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MODELING

two-dimensional axisymmetric half U-shape.

The dimensions of the structure are the inner radius and the thickness. For meshing the structure, we used 8
nodes quadrilateral axisymmetric elements. These elements have compatible displacement shape, and are well suited for
modeling curved boundaties. The meshing in finite element models is the very important step in dutring analysis because it
affects the accuracy and the economy of the solid model. The mesh used in 2D has 10802 elements and 22607 nodes (Fig.
2). For the boundary conditions, we respected the symmetry conditions and those of the experiment. Consequently, the
following boundary conditions are used (Fig. 3): (i) the smaller diameter end (right side) is unrestrained axially and
restrained in the radial direction, (ii) the large diameter end (left side) is restrained in the axial direction and unrestrained in
the radial direction, (iii) the body is subjected to uniform pressure in shell side and displacement in axial direction.

T o model the bellows, we used the finite element ANSYS code. Due to symmetry, the design of the joint includes a

Figure 2: Meshing of the expansion bellows.

CENTERLINE OF HEAT EXCHANGER

AXTS OF SYWMETRY
Figure 3: Boundary and loading conditions.

Using ANSYS finite element software, a subroutine has been developed and implemented in the main code for the
determination of the most stressed area (M *) at the curved boundaries (see Fig. 2) in which cracks can be developed.

The behavior of the critical point (M *) where the equivalent stress o* is maximal is obtained with the code ANSYS® and
implanted in the post-processor using (Lemaitre and Doghri, [13]) damage model based on Newton iterative method.

In continuum damage mechanics, a surface density of microcracks Lemaitre and Chaboche [14] defines the damage
variable:

55,

P=5s M
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Figure 4: Macroscopic-Microscopic scale.

If the damage is isotropic, D is a scalar allowing the introduction of the effective stress notion:
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Rv is the triaxiality function which depends on the triaxiality coefficient on /oeq, in most cases this ctiterion is satisfied in

high stress concentration zones with high triaxiality coefficient value on /0eq.
The third step consists in determining the damage evolution by solving the constitutive laws below which will be written

in incremental form and will have to be solved by Newton's numerical method Benallal et al. [14]:
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NUMERICAL PROCEDURE

he method used for solving the above constitutive equations is integration schemes such as the radial return
method M. Ortiz and E. P. Popov [16]. The method used is a strain driven algorithm: It is assumed in a first step
that the stress values and the other variables of the model are known at the initial time (t,) and that the behavior is
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purely elastic.
Major headings should be typeset in boldface with the first letter of important words capitalized.

& =gl +2u(e—e) ©)

where A and p are the Lamé coefficients and 1 is the identity tensor of order 2.

All other "plastic" variables are equal to their values at time (tn). If this "elastic predictor” satisfies the condition of the
load function f< 0 (see Fig. 4), the assumption is then valid, and the calculation procedure for this time increment is
completed. In the contrary case £> 0, this elastic state is "corrected" according to the method below to determine the
plastic solution:
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Figure 5: Plastic flow surface.

The constitutive laws (4) are discretized in an incremental form corresponding to the iterative method of Newton that has
the advantage of being unconditionally stable (Lemaitre and Doghri, [13]). Consequently, the solutions to time (ta+1) must
satisfy the following relations:

f=6-gq_o-5:0
G =tr E1+2u(E - E} - AE") ©)
AE” = NAP

AD:%AP

where:

A =(3),,~(%),  and N=5[5 /- ] 0

3\ /o,

Substituting AEP by its expression in the second equation, the problem is then reduced to two equations where the
unknowns are ¢ and p and must satisfy the system:
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This nonlinear system is iteratively solved according to the Newton method (Benallal et al, [15]) for each iteration (s), we
have:

f+%:€520 ; b-i—ﬁ o
G

tpat—r =0

(10)

Where f and h is their partial derivatives taken at time (ta+1) at each iteration (s). The "corrections" /. and Cp are defined

(1)

The iteration (s = 0) corresponds to the elastic predictor.

When P and & are determined, EP and D are calculated from their discretized forms and the stresses are determined by:

o, :(l—D)—&Z./. (12)

The method developed above has been implemented in the ANSYS commercial code and the post-processor. It will use
as data, the parameters of the material and the components of the total deformations. As result, it will give, a function of
the internal pressure in the fixed tube-plate heat exchanger and the difference of expansion exerted on the bellows, the
damage value, the cumulative plastic deformation and the stress components oy at each step, until initiation of
macroscopic cracks at the critical zone (Von Mises maximal stress value). This will permit to determine the number of
maximum service cycles that the expansion bellows can withstand as a function of the variations in internal pressure and
thermal expansion.

VALIDATION OF THE METHODOLOGY

critical cycle life of expansion bellows for fixed tube sheet heat exchanger. As an example of application, we
consider an expansion which material and geometrical properties has been taken from ASME Sec II Part D [17]
(see Tab. 1 and Fig. 6).

ﬁ s mentioned earlier in this paper, the objective of the present work is to develop a model that can predict the

NTERLINE OF HEAT EXCHANGER

AXT5 OF §YMMETRY

Figure 6: Two-dimensional model of wall expansion bellow.
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Mechanical & thermal properties of matetial

Material - SA 516 GR. 70
Allowable stress - 38000 psi
Mean metal temperature for the shell - 1290 F
Mean metal temperature for tube- 1870 F
Elasticity Modulus E - 27400000 psi

Shell stress for case-2 = 1129.5 psi
Poisson ratio v - 0.3

Dimensions of material

O.D of outer cylinder=19.6875 inch,

LD of outer cylinder= 19.3125 inch,
G=32.125 inch,

Length of outer cylinder, lo=2 inch,
Length of inner cylinder, 1i=13.4962 inch,
Thickness of bellows, t = 0.375 inch,
Thickness of shell, ts = 0.4375 inch
Radius of inner and outer knuckle
ra=rb=1.125 inch.

Table 1: Mechanical, thermal properties and Dimensions of material.

OPERATING CONDITIONS

axial direction and restrained in radial direction and the large diameter end are restrained in the axial direction and

unrestrained in radial direction (see Fig. 3 above). The loading in the axial direction is entered as displacement
which is calculated as 8 = (Ss x As) / KFES where Ss= shell stress, As=shell cross-sectional area and KFSE=spring rate
of main shell. In general, applied = 8 (1/2NFSE) where §=amount of applied displacement and NFSE is total number
of bellow.

The calculated applied displacement from shell stress is given in Tab. 2.

T he internal pressure of thick wall bellows is acting on shell side shell. The smaller diameter end is unrestrained in

. .. Shell side pressute Shell stress Applied displacement
Operating condition (s ®s) (6) inch
Shell side pr + Differential
expansion 250 1129.58 0.02043

Table 2: Operating conditions.

The result of life cycles to failure plots obtained from our proposed method and ASME VIII Div 1 are as shown in Fig. 7.

ANALYSIS AND INTERPRETATION OF RESULTS

approach. . We can still optimize our results by decreasing the mesh so that we can get a fine mesh and results

much more accurate. We calculated the results for a service condition, considering only the differential expansion
and the internal pressure on the shell side, neglecting the tube-side pressure. Taking into account the tube-side pressure,
our results will be even closer to reality. The results obtained using our model are lower than those of the ASME code,
which will allow a safer and more secure design, hence the design is safe.

I ! rom the results obtained, we can conclude that our results are quite close to the results obtained by ASME
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Figure 7: Cycle life of expansion bellow.

CONCLUSIONS AND PERSPECTIVES

1

performance in predicting the bellow cycle life to failure. We believe that this work opens widely, the way to research and
that its logical continuity should be based on the following points:

n this paper, we presented a new method based upon damage mechanics, which is now in its stage of maturity. Our
main motivation in this work was to show that this method is a contribution to calculation of expansion bellow
failure. In spite of some differences between proposed method results and the ASME results, our method has a good

v From a theoretical point of view:
e Use of a surface of charge taking into account material strain hardeing;
e Using a damage anisotropic theory.

v From the numerical point of view:
e Use of finite elements more robust.

REFERENCES

[1] TEMAYth. (2007). Standard of tubular exchanger manufacturers association. New York .Inc.

[2] Lee, S. (2002). Study on the forming parameters of the metal bellows. Journal of Materials Processing Technology, pp.
47-53.

[3] Becht, C. B. (2000). Fatigue of bellows, a new design approach. International Journal of Pressure Vessels and Piping,
pp. 843-850.

[4] Zupei, S. (1996). Approximate calculation of U-shaped bellows. Tsinghua Science and Technology, pp. 305 - 309.

[5] Broman, G., Jénsson, A and Hermann., M. (2000). Determining dynamic characteristics of bellows by manipulated
beam finite elements of commercial software. International Journal of Pressure Vessels and Piping 77, pp. 445—453.

[6] Kang, H. W., Lee, I. H and Cho, D.-W. (2006). Development of a micro-bellows actuator using micro-
stereolithography technology. Microelectronic Engineering, pp. 1201-1204.

[7] Faraji, G., Besharati, M. K., Mosavi, M and Kashanizadeh, H. (2008). Experimental and finite element analysis of
parameters in manufacturing of metal bellows. The International Journal of Advanced Manufacturing Technology,
pp. 641-648.

[8] Faraji, G., Mashhadi, M. M and Norouzifard, V. (2009). Evaluation of effective parameters in metal bellows forming

process. Journal of Materials Processing Technology, pp. 3431-3437.

37



y
oy

(
A. Choniter et alii, Frattura ed Integrita Struttnrale, 47 (2019) 30-38; DOI: 10.3221/IGF-ESIS.47.03 (,

[9] Bo-wun, H., Pu-ping, Y. and Jung-ge, T. (2016). Dynamic properties of coupled tube-array structures with the axial
loads. Latine American Journal of Solids and Structures.

[10] Tingxin, L., Xiaoping, L., Tianxiang, L., Xigang, H and Xinfeng, L.(1995). Experimental research of toroid-shaped
bellows behavior. International Journal of Pressure Vessels and Piping, pp. 141-146.

[11] CODE, A. B. (2010). ASME Rules for Construction of Pressure Vessels VIII Division 1. New York: the American
society of mechanical engineers.

[12] Benzerga, D. (2015). Burst Pressure Estimation of Corroded Pipeline Using Damage Mechanics. Multiphysics
Modelling and Simulation, Systems Design and Monitoring 2, pp. 481-488

[13] Lemaitre, J., Doghri, I. (1994). Damage 90: a post processor for crack initiation. Computer Methods in Applied
Mechanics and Engineering, pp. 197-232.

[14] Lemaitre, J,.Chaboche, J.L. (1988). Mechanics of solids material, Cambridge university press.

[15] Benallal, A., Billardon R. and Doghri, I. (1988). An integration algorithm and the corresponding consistent tangent
operator for fully coupled elastoplastic and damage equations. International Journal for Numerical Methods in
Biomedical Engineering (E4), pp. 731-740.

[16] Ortiz, M., Popov, E. P.(1985).Accuracy and stability of integration algorithms for elastoplastic constitutive relations.
International Journal for Numerical Methods in Engineering, pp. 1561-1576.

[17] CODE, A. B. (2004). ASME boiler and pressure vessel II part D. New York: the American society of mechanical
engineers.

38




<<
  /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 <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


