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INTRODUCTION

large plastic deformation into bulk materials to give them an ultra-fine grained structure. These processes are

used in the industry as metal forming processes but in this work we are using one of these processes (CGP) on
polymeric matetials to improved mechanical and physical properties which destine them for a wide commercial use such
as biomechanical materials.

D ] any research works have been carried out on Several Super Plastic Deformation (SPD) processes to introduce a
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Nowadays it is evident that the numerical approach completes the experimental one in the research activity. In this
context comes the present study which completes a detailed experimental study of the effect of CGP on polymer (PA60)
was carried out and published by Bennouna et al [1].

Note that the CGP process is performed with two tools, a corrugating one for applying intense plastic deformation to
material and a straightening one to restore the straight shape of the sample.

This study applies the FEM (finite element method) approach which is widely applied by researchers. Among the most
successful applications this method we find the modeling of the deformation of material [2-5].

Noting that deformation, rate of deformation and chemical composition are parameters which have a significant effect on
the mechanical properties of the material [0, 7].

Many phenomenological models have been used to simulate the intense plastic deformation of polymeric materials such
as those used by Bardenhagen et al [8], Frank and Brockman [9], Colak [10] and which has been by several researchers
such as Aour et al. [11-13], Mitsak [14] and Drai and Aour [15] and that used by Estrin et al and improved by Mckenzie et
al [16] and also by Hosseini and Kazminezhad [17].

Simulating intense deformations such as those induced by the CGP process using finite element is a very complex
operation that those of small deformations because introducing simple definitions such as isotropic hardening or perfectly
plastic conditions do not lead to precise results to see acceptable | 18]. To describe the plastic deformation behavior of
polymeric materials many constitutive models have been used by searchers to simulate semi crystalline Polymers with a
finite element tool such as abaqus.

In general these models are based on the additive decomposition of the strain rate tensor d into an elastic part d¢ and a
viscoplastic part dvP:

d=de+dw

Note that a single pressing of CGP process yields a sheat strain of y=h/h =1 (whete h is the groove wide) at deformed
region. This is equivalent to an effective strain

But the present simulation was carried out by injecting into the modeling; the true parameters extracted from the
experimental tests and corrected using the correction factor of the machine which leads to engineering values.
For this reason, experimental tensile tests were performed on PAGG samples to obtain the stress-strain curve shown in

Fig. 1 [1].
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Figure 1: Stress-strain curve obtained from a tensile test on PAG6 polyamide [1].
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Figure 2: Different phases that the sample undergo during the tensile test.
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Fig. 1and Fig.2 show that the deformation of the material passes through three different phases: the first (I) is a phase of
elastic deformation, the second (II) is a phase of plastic deformation with a low strain hardening, and in the third phase
(III), a softening was noted (stress drop) which results of the high ductility of this polymer, which determines a fast
lowering stress, but this is due to the use of engineering strains. Data of this experimental curve are used for the numerical
simulation.

MATERIAL AND METHODS

as those used in the experimental study carried out and published by Bennouna et al (87 X 45 X 3 mm), (2018) [1].

The same boundary conditions were also used with a mesh of 4935 4-node quadrilateral elements of the CPE4R
type (four- node plane strain element) (Fig. 3). Note that true strains values are used for the simulation and not nominal
values.

T he simulations were run using Abaqus, an FE tool. The initial dimensions of the PAG6 sample used are the same

upper CGP die

lower CGP die

Figure 3: Finite element discretization of samples.

As shown in Fig. 4 pure shear occurs in the inclined areas of the sample but some regions remain undeformed, which
means that the microstructure has certain heterogeneity (Fig 5). To overcome this disadvantage and introduce a uniform
deformation in the workpiece, the sample is placed on the right side of tool during one cycle and then pushed to the left
side during the next cycle. The friction metal/polymer was considered in the simulation although the surfaces of the dies
and samples were polished to reduce it.
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Figure 4: Illustration of the plastic deformation zones during the CGP process.

Figure 5: Sample after plastic deformation of the CGP process.

RESULT AND DISCUSSION

Influence of the number of cycles

T o demonstrate how the number of cycles affects the equivalent strain that different surfaces of the samples
undergo (Fig.6) the process was repeated three times (cycles). The results obtained for the different cycles are
illustrated in Figs. 7 to 12.

Fig.7 illustrates the evolution of Voe Mises during three different cycles of CGP.

(a) Upper path

(b) Midle path

(c) Lower path
Figure 6: Different paths selected for study.
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Figure 7: Distribution of Von Mises constraints for different numbers of cycles.
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Figure 8: Influence of the number of cycles on the evolution of the plastic strain at the level of the upper surface.
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Case of a path of the upper face
The equivalent strain on the upper surface increases progressively with the number of cycles, the maximum value goes
from 1.25 in the first cycle to 4.5 in the third cycle (Fig. 8).

Case of a path of the middle face

As for the upper surface, the value of the equivalent plastic strain induced by the median path increases with the number
of cycles applied but with less values than those induced by the upper surface. Indeed, the maximum value of the
equivalent plastic strain does not exceed 0.81 in the third cycle (Fig. 9).
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Figure 9: Influence of the number of cycles on the evolution of the plastic strain at the level of the median surface of the sample.

Case of a path of the lower face
The equivalent plastic strain at the bottom surface of the sample increases gradually with the number of cycles. Indeed,
the maximum value goes from 0.9 for the first cycle to 3.45 for the third cycle (Fig. 10).
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Figure 10: Influence of the number of cycles on the evolution of the plastic strain at the level of the upper surface.

Fig. 11 presents a comparison between the evolutions of the equivalent plastic strain introduced by the number of CGP
cycles at the different paths selected in the sample. It is clear that the equivalent plastic strain increases progressively with
the number of cycles for the three types of selected paths. We can also see that the equivalent plastic strain in the middle
of the sample is very small compared to the other two surfaces for the case of the three cycles and that the lower surface
keep the same value of equivalent plastic strain during the second and the third cycles.
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Figure 11: Evolution of maximal equivalent plastic strain along the selected paths, for different numbers of cycles.

Influence of the groove angle

In this section, we will evaluate the influence of the dimensions of the groove of the tool on the equivalent plastic strain at
the level of the different paths. For this reason, we selected three different values (30 °, 45 © and 60 °) for the angle B as
shown in Fig. 12.

() p=45°

(c) p=60°

Figure 12: Illustration of the different values of the angle § of the tool groove.

The depth of the groove was fixed to 7mm. The results of the third cycle obtained for the three different selected
trajectories (lower, middle and upper) are presented respectively in Figs. 13, 14 and 15.

Case of a path of the upper face
According to Fig. 13, it is the tool of 60 ° which ensures a higher equivalent plastic strain for the upper surface with a
maximum value equal to 2.4, whereas, the weakest values are obtained at an angle of 30°.

Case of a path of the middle face
In this case, we note that the angle of 60 ° is the one which ensures the maximum of equivalent plastic strain with a value
of 2.4 (Fig.14), whereas, the low values are obtained with the angle 30°.
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Figure 13: Evolution of the equivalent plastic strain for a path of the upper surface using different angles of grooves.
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Figure 14: Evolution of the equivalent plastic strain for a trajectory in the median of the sample using different angles of grooves.

Case of a path of the lower face

Fig. 15 illustrates the evolution of the equivalent plastic strain along the lower path for different angles of the groove of
the dies. It may be noted that the angle of 45 ° is the one which ensures the maximum of plastic strain on this surface of
the sample with a maximum value equal to 1.8, while the low values are obtained with the angle of 60 °.

It is visibly clear that the angle of 60 ° ensures higher plastic strain than the ones of 30 © and 45 ° for the upper surface
and the middle surface of the sample. For the lower surface, it is the angle of 45 © which ensures a maximum value of
equivalent plastic strain. It can also be seen from Fig. 16 that the value of the deformation increases progressively with the
value of the angle with the exception of the lower surface.

Influence of the depth of the groove
To evaluate the influence of the groove depth on the process results, the value of the angle § was fixed to 45 ° by varying
the value of the depth of the groove H. Three different values were used (3mm, 5mm and 8mm) as shown in Fig. 17.
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Figure 15: Evolution of the equivalent plastic strain for a path of the lower surface using different groove angles.
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Figure 16: Evolution of maximum equivalent plastic deformations for different angles of the die groove.

Case of a path of the upper face
Fig. 18 shows the evolution of equivalent plastic strain along a path on the upper surface for different values of the depth

of the groove. It can be noted that the highest level of plastic strain is obtained with a depth H = 5 mm, whereas the
lowest level of plastic strain is obtained by the depth of 8 mm.
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Figure 17: Illustration of three configurations of the matrices by varying the depth of the groove: (a) H = 3mm, (b) H = 5mm, (c) H =
8mm.
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Figure 18: Evolution of the equivalent plastic deformation along a path on the upper surface, using different groove depths.

Case of a path of the middle face

The evolution of the equivalent plastic strain along a trajectory in the middle of the sample using different groove depths
is illustrated in Fig. 19. It can be observed that the highest plastic deformations are obtained by a depth of 8 mm, whereas,
the lowest values ate obtained by H = 5 mm.

Case of a path of the lower face

Fig. 20 shows the evolution of equivalent plastic strain along a path on the lower surface for different values of the depth
of the groove. It can be noted that the highest level of plastic strain is obtained with a depth H = 5 mm, whereas the
lowest level of plastic deformation is obtained by the depth of 3 mm.
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Figure 19: Evolution of equivalent plastic deformation along a path on the middle of the sample using different groove depths.
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Figure 20: Evolution of the equivalent plastic deformation along a path on the lower surface, using different groove depths

Fig. 21 summarizes the different results of the maximum values of equivalent plastic strain for different depth values of
the groove. It can be noted that the highest values are obtained at the lower and upper surfaces with a depth H = 5 mm
while the lowest values are obtained in the middle of the sample. For this surface the maximum equivalent strain is
obtained by a groove with depth of 8 mm.
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Figure 21: Evolution of maximum equivalent plastic deformations for different depths of the die groove.

CONCLUSION

polymer which is polyamide (PAGG). The effects of the main parameters, such as, the number of cycles, the angle
of the groove and its depth have been highligchted. From the results obtained, we can draw the following
conclusions:

» In the general case, the equivalent plastic strain induced in the samples increases with the increase in the number
of cycles applied.

» The maximum values of the equivalent plastic strain on the paths of the upper and lower surfaces are much
greater than that of the path taken in the middle of the sample.

» The angle of inclination of the groove of the CGP dies significantly influences the evolution of the equivalent
plastic strain. Indeed, to obtain a relatively high level of plastic strain with a good homogeneity of distribution, it
is recommended to use a 45 © angle.

» The groove depth of the CGP dies has a remarkable influence on the PA 66 equivalent plastic deformation. For a
3 mm thick plate, we found that a depth of 5 mm ensures the highest level of plastic deformation. High on the
upper and lower surfaces. In the middle of the sample, it is the depth of 8 mm that achieves the highest level of
plastic deformation.

T he objective of this work was devoted to the numerical study of the CGP process for a typical semi-crystalline

REFERENCES

[1] Bennouna, M. S., Aour, B., Bouaksa, F., Hamzaoui, S. (2018). Experimental Investigation of Mechanical Behavior of a
Polyamide before and after Constrained Groove Pressing Process, International Journal of Engineering Research in
Aftica, pp. 25-36. DOI: 10.4028/www.scientific.net/JERA.36.25.

[2] Yang, H., Wang, M., Guo, L.G., Sun, Z.C. (2008). 3D coupled thermo-mechanical FE modeling of blank size effects
on the uniformity of strain and temperature distributions during hot rolling of titanium alloy large rings. Comput
Matet Sci, pp. 611-621. DOI: 10.1016/j.commatsci.2008.04.026.

[3] Lee, J.W., Park, J.J. (2002). Numerical and experimental investigations of constrained groove pressing and rolling for
grain refinement, ] Mater Proc Technol, pp. 208-213. DOI: 10.1016/50924-0136(02)00722-7.

265



M. S. Bennouna et alii, Frattura ed Integrita Strutturale, 51 (2020) 254-266,; DOI: 10.3221/IGF-ESIS.51.20 (l

[4] Lee, H.R., Sutcliffe, M.P.F. (2004). Finite element modelling of the evolution of surface pits in metal forming
processes, | Mater Proc Technol, pp. 391-396. DOI: 10.1016/50924-0136(02)00722-7.

[5] Kim, T.S., Kuwamurab, H. (2007). Finite element modeling of bolted connections in thin-walled stainless steel plates
under static sheat. Thin-Walled Struct, pp.407—421. DOI: 10.1016/].tws.2007.03.006

[6] Lopesa, A.B., Barlatb, F., Gracioc, J.J., Duarted, J.F.F., Rauch,e E.F. (2003). Effect of texture and microstructure on
strain hardening anisotropy for aluminum deformed in uniaxial tension and simple shear. Int ] Plast, pp.1-22.

DOI: 10.1016/S0749-6419(01)00016-X.

[7] Prasad G.V., Goerdeler M., Gottstein G. (2005). Work hardening model based on multiple dislocation densities,
Mater Sci Eng, pp. 231-233. DOI: 10.1016/j.msea.2005.03.061.

[8] Bardenhagen, S.G., Stout, M.G., Gray, G.T. (1997). Three-dimensional, finite deformation, viscoplastic constitutive
models for polymeric materials, Mechanics of Materials, pp. 235-253. DOI: 10.1016/S0167-6636(97)00007-0.

[9] Frank, G.J., Brockman, R.A. (2001). A viscoelastic-viscoplastic constitutive model for glassy polymers, International
Journal of Solids and Structures, pp. 5149-5164. DOI: 10.1016/S0020-7683(00)00339-5.

[10] Colak, O.U. (2005). Modelling deformation behaviour of polymers with viscoplasticity theory based on overstress,
International Joutnal of Plasticity, pp. 145-160. DOI: 10.1016/].ijplas.2004.04.004.

[11] Aour, B. (2007). Investigation of ECAE process of semi crystalline polymers by a finite element and a coupled
boundary element-finite element approach, Thesis of doctorat in mechanical engineering, Université des Sciences et
de la Technologie d'Oran, Algérie.

[12] Aour, B., Zairi, F., Nait-Abdelaziz, M., Gloaguen, J.M., Rahmani, O., Lefebvre, ].M. (2008). A computational study of
die geometry and processing conditions effects on equal channel angular extrusion of a polymer, International Journal
of Mechanical Sciences, pp. 589-602. DOI: 10.1016/].ijmecsci.2007.07.012.

[13] Aour, B., Mitsak, A. (2016). .Analysis of plastic deformation of semi-crystalline polymers during ECAE process using
135° die, Journal of Theortitical and Applied Mechanics, 54(1), pp. 263-275. DOI: 10.15632/jtam-pl.54.1.263.

[14] Mitsak, A. (2017). Contribution a la modélisation du comportement des polymeres solides au cours du processus
d’extrusion angulaires a égales sections, Thesis of doctorat in mechanical engineering ENPOran Algeria

[15] Drai, A., Aour, B. (2013). Analysis of plastic deformation behavior of HDPE during high pressure torsion process,
Engineering Structures, pp. 87-93. DOL: 10.1016/j.engstruct.2012.06.033.

[16] Mckenzie, P.W.]., Lapovok, R., Estrin, Y. (2007). The influence of back pressure on ECAP processed AA 6016:
modeling and expetiment, Acta Matet, pp. 2985-2993. DOI: 10.1016/j.actamat.2006.12.038.

[17] Hosseini, E., Kazeminezhad, M. (2008). A hybrid model on severe plastic deformation of Copper, Compute Mater
Sci, pp. 1107-1115. DOI: 10.1016/j.commatsci.2008.07.024.

[18] Aretz, H., Luce, R., Wolske, M., Kopp, R., Goerdeler, M., Marx, V. (2000). Integration of physically based models into
FEM and application in simulation of metal forming processes, Modell Simul Mater Sci Eng, pp.881-891.

DOI: 10.1088/0965-0393/8/6/309.

266




<<
  /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


