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Abstract: This article shows comparison of theoretical and finite element method numerical solutions to 6061 aluminium
cylinders upsetting. In the simple DOE, different heights of cylinders are specified to which aluminium cylinders are
compressed. For the compressed state, the equivalent strain and equivalent stress were calculated and compared.

1 INTRODUCTION

The upsetting process is widely used in the bulk metal forming industry [1]. Furthermore, the upsetting process is
vastly used in forging processes as the first stage where material is well deformed. Forging upsetting is performed in the
hot material state [1-3].

Cold upsetting process is typically related to the material testing (determination of stress-strain relations). Cold
upsetting is different by the physics of body contacts between tool and workpiece, by the means of high surface quality,
good lubrication and low friction factor [4,5,6]. Barreling of the specimen (product) occurs due to the friction at the
contact surfaces, which prevents particle movement and material flow at those surfaces (Figure 1).

Figure 2 shows material flow lines after cylinder upsetting. The higher is ratio A/h1, the better is material flow. This
leads to better mechanical properties by the means of better product ductility/toughness. For the first forging operation,
upsetting ratio is defined as [3]:
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Figure 2. Material flow lines in the deformed cylinder

During forming the material is under compression stresses (triaxial, after barreling), and true strain can be calculated
[1-3] as:
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For the case of uniaxial loading (without barreling effect) the true stress can be calculated as [3]:
F
k, =—, MPa 3
r =7 A3)

where F - loading force / N; A - current (true) surface of specimen/ mm?
For the axisymmetric stress state consideration and slab theory, calculation of upsetting force is made by following
expression [1]:

d
FKON:AI'IC_/[I_'_%'ZIJﬂN (4)

where A, - current specimen surface / mm?, ks - true stress in material / MPa, u - coefficient of friction (for cold upsetting
and lubricated conditions ¢ = 0,05 + 0,15), d, - diameter of specimen at the end of upsetting / mm, 4, - height of specimen
at the end of upsetting / mm.

2 MATERIAL

For the material, an aluminium alloy EN AW-6060 was used. This material is also found as AIMgSi, BS EN 573-
3:2009. Table 1 gives chemical composition of this alloy according to EN573-3 (EN AW-6060) [7-10]. Table 2 gives
typical mechanical properties for the alloy [7-10].

Table 1. Chemical composition of EN AW-6060/ %

. . Others
Si Fe Cu Mn Mg Cr Zn Ti cach ol
0,3+0,6 0,1+0,3 max. 0,1 max. 0,1 0,35+0,6 max. 0,05 max. 0,15 max. 0,1 max. 0,05 max. 0,15
Table 2. Mechanical properties of EN AW-6060 alloy
Temper state Thickness e / mm Yield stress Ry, / MPa Tensile strength R,, /MPa Elongation 4/ % Hardness / HB
T4 <25 60 120 16 45
T5 5<e <25 100 140 8 50
T6 5<e <25 140 170 8 60
T66 5<e <25 150 195 8 65

Where: T4-Naturally aged to a stable condition, T5-cooled from an elevated temperature forming operation and
artificially aged, T6-Solution heat treated, quenched and artificially aged, T66-cooled from an elevated temperature
forming operation and artificially aged to a condition with higher mechanical properties through special control of
manufacturing processes [8].

For the finite element method (FEM), the mathematical model of true stress/true strain is needed. This was obtained
from the material data book [10]:

ky=M-e" g™ "7 g" MPa (5)

where:

m; - coefficient of temperature; m; =—-0,00128
my - coefficient of strain; m,=0,10762

my - coefficient of strain; ms=-0,01430

m3 - coefficient of strain rate; m3;=—0,00766
M - coefficient; M = 242,066

For the Msc.Marc finite element method software, the material data input needs to be in the form of a true stress as
the function of equivalent plastic strain, so this was calculated as follows:

k

_ S/
Ou=0-— (6)
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3 FINITE ELEMENT METHOD

For the finite element method (FEM) two programs were used, Ansys (static, nonlinear analysis) and Msc.Marc. For
the Ansys software, a 3D model was created in Autodesk Inventor and it was imported into Ansys, meshed with 8 node
brick elements which have multilinear hardening model (piecewise linear) according to equation (5). Contact plates were
modeled as cylinders with low alloy steel material properties (normalized AISI 4140 steel material model). Friction and
contacts were managed automatically with defined friction coefficient of 4=0,1 (lubricated conditions) [1, 11].

Other material parameters were defined as:

-modulus of elasticity £ = 69900 MPa
-density p = 2698,8 kg/m?

-ambient temperature v = 22 °C

- average strain rate ¢ =0,055s"

Lower tool was modeled as fixed, and upper tool as movable with variable upsetting heights. Variable upsetting
heights with calculated analytical values are shown in table 3. Basic cylinder dimensions at the beginning of upsetting
were defined as ¢18 x 27 mm.

Table 3. Calculated analytical values from experiment upsetting heights

No: Height 4, / mm 0 k;/ MPa Pl A4,/ mm’ di / mm F/N
1 25 0,077 151,63 0,075 274,83 18,71 43232,25
2. 23 0,16 180,75 0,158 298,72 19,50 56282,32
3. 21 0,251 195,93 0,249 327,17 20,41 67217,12
4 19 0,351 206,44 0,348 361,61 21,46 78867,72
5 17 0,462 214,73 0,460 404,16 22,68 92576,38

Figure 3 shows results for upsetting height of #; =25 mm (Ansys).

ANSYS ANSYS

2020 R2 2020 R2
ACADEMIC ACADEMIC

0000 15,000 30,000 (mem) i 1% 0000 15,000 30,000 (mrm) x v
I . I .

7,500 22,500 7,500 22,500

Figure 3. Von Mises stress and equivalent total strain for height of 25 mm

Figure 4 shows equivalent Von Mises stress and equivalent total strain for upsetting height of #; =25 mm (Msc.Marc).
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Figure 4. Von Mises stress and equivalent total strain for height of 25 mm

In Msc.Marc the cylinder was modeled as axisymmetric body, where main (symmetry) axis needs to be positioned
in x-axis of the coordinate system [12]. For the analysis, a 4 node isoparametric axisymmetric element 10 was used. It
has 4 integration points (full integration, updated Lagrange method and additive decomposition, large strain in the first
case); and full integration with multiplicative decomposition in the second case.

Lower tool was modeled as fully constrained rigid body, upper as movable rigid body with displacements as per table
3. Contacts were defined through CTABLE option, with displacement related solving method and friction coefficient of
£=0,1[1, 11].

Figure 5 shows results for upsetting height of #; =23 mm (Ansys).

ANSYS ANSYS

2020 R2 2020 R2

ACADEMIC ACADEMIC

[ [
0000 15,00 30,000 (mm) X ;v 0000 15,000 30,000 (mm) x v
I .

N .

7,500 22,500 7,500 22,500

Figure 5. Von Mises stress and equivalent total strain for height of 25 mm

Figure 6 shows equivalent Von Mises stress and equivalent total strain for upsetting height of #; =23 mm (Msc.Marc).
Figure 7 shows results for upsetting height of #; =21 mm (Ansys).
Figure 8 shows equivalent Von Mises stress and equivalent total strain for upsetting height of #; =21 mm (Msc.Marc).
Figure 9 shows results for upsetting height of #; = 19 mm (Ansys).

Figure 10 shows equivalent Von Mises stress and equivalent total strain for upsetting height of #; = 19 mm
(Msc.Marc).

Figure 11 shows results for upsetting height of #; = 17 mm (Ansys).

Figure 12 shows equivalent Von Mises stress and equivalent total strain for upsetting height of 4, = 17 mm

(Msc.Marc).

64



Inc
Tine

1

.

s

-

L

-

-

o

s

s

-

Inc

Time:

~

e

~

-

-

-

-

i

s

e

-

50
5.000=+000

9dBe+002
889+002
830e+002
771e+002
712e+002
653e+002
S94e+002
£3Ce+002
476e+002
417e+002

358e+002

50
5.000e+000

161e+002
098e+002
030e+002
964e+002
899+002
833e+002
7EBe+002
702e+002
6372+002
571e+002

S06e+002

»ENGINEERING TECHNOLOGIES IN MANUFACTURING OF
WELDED CONSTRUCTIONS AND PRODUCTS, SBW 2021«

Inc 50
Time: 5.000e+000

2.210e-001

2.037e-001

1. 863e-001

1.690e-001

1.516e-001

1.343e-001

1.170e-001

9.962e-002

8. 229e-002

6.4962-002

X 4 762e-002

L

leasel loas=l

b4

ol

Equivalent Von Mises Stress Total Equivalent Plastic Strain

Figure 6. Von Mises stress and equivalent total strain for height of 23 mm
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Figure 7. Von Mises stress and equivalent total strain for height of 21 mm
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Figure 8. Von Mises stress and equivalent total strain for height of 21 mm
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Figure 9. Von Mises stress and equivalent total strain for height of 19 mm
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Figure 10. Von Mises stress and equivalent total strain for height of 19 mm
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Figure 11. Von Mises stress and equivalent total strain for height of 17 mm
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For the Msc.Marc different element sizes were tested (1 mm; 0,75 mm; 0,5 mm; 0,25 mm ) and all had same
convergence in the resulting upper tool force amount. Although it is recommended to use larger number of these elements
in contact analysis [12], it has been observed that with the usage of alternative integration procedure (constant dilatation
option) on mentioned element sizes — there was no adverse effect on the results. Despite there was no big difference in
results, for the subsequent numerical simulations smaller element size 0,5-0,5 mm was used as per recommendation [12].
Data in table 4 shows results obtained using additive decomposition calculating procedure, data in table 5 shows results
obtained using multiplicative decomposition calculating procedure.

Table 4. Results for upsetting height of 25 mm and additive decomposition calculating procedure with ,,assumed

strain*’ function enabled

No: Element size / mm True stress / MPa True strain Wall time
1. 1 157,8 0,09155 12,8
2. 0,75 157,8 0,09142 15,48
3. 0,5 157,7 0,09131 21,97
4. 0,25 157,7 0,09125 61,94
Table 5. Results for upsetting height of 25 mm and multiplicative decomposition calculating procedure
No: Element size / mm True stress / MPa True strain Wall time
1. 1 156,9 0,08926 46,86
2. 0,75 156,9 0,08907 28,62
3. 0,5 156,8 0,08898 22,5
4. 0,25 157 0,08936 162,86
Table 6. Ansys and Marc obtained dana from upsetting numerical simulations
No: True stress / MPa Eq. plastic strain Force /N True stress / MPa Eq. plastic strain Force /N
25 157,8 0,09131 42350 139,29 0,10016 42066
23 189,3 0,1943 55490 170,9 0,2063 55105
21 208,6 0,3242 66850 202,63 0,3125 66084
19 223,7 0,4776 79320 243,02 0,449 77663
17 2375 0,642 94870 287,96 0,599 90163

Table 6 shows data from Ansys and Marc for conducted numerical simulations. Table 7 shows comparison of the

upsetting pressure force for both numerical methods and for analytical solution.

Table 7. Comparison of calculated upsetting force

No: Force F; / N (Marc) Force F, / N (Ansys) | Force F3 /N (Analytical) AF, /% AF, , /%
25 42350 42066 43232,25 2,04 2,7

23 55490 55105 56282,32 1,41 2,1

21 66850 66084 67217,12 0,55 1,69
19 79320 77663 78867,72 0,57 1,53

17 94870 90163 92576,38 2,48 2,61

4 CONLUSION

Upsetting is metal forming operation where initial cylinder gets pressed in, its diameter increases and height reduces.
For the ideal forming conditions this volumetric change obeys the low of incompresibillity, thus resulting area 4; and
diameter d; of a cylinder at the end of upsetting can be calculated. In the non-ideal conditions, friction of contact surfaces

T —
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causes friction forces, which in turn disrupt uniaxial upsetting process. After this, mathematical calculation of stress,
strain and upsetting force becomes more cumbersome. For this reason the numerical methods are used to approximate
those beforementioned parameters. Today there is a plethora of finite element software. Each software is based on the
same theory, but they have some small differences in the element library, pre-processors, post-processors, mathematics
of matrix solving etc.

In this work, finite element upsetting was numericaly modeled in Ansys and Msc.Marc. Numerical simulations were
set on aluminium alloy EN AW-6060, for the cylinder of ¢18 x 27 mm. Resulting true stresses, true strains and upsetting
forces are shown, as well as the comparison between them. Overall, a good approximation of the results was obtained for
both variants. Therefore, finite element method has proven as useful engineering tool where good approximation of results
can be obtained very fast, opposed to cumbersome analytical (mathematical) models which are hard to apply on
specialized metalforming operations.

5 REFERENCES

[1] Lange, K et. Al. Handbook of metal forming. Society of Manufacturing Engineers; 1st edition, January, 1995.

[2] Boljanovi¢, V. Metal shaping processes — casting and molding, particulate processing, deformation processes and
metal removal. Industrial press, New York, 2010.

[3] Grizelj, B. Oblikovanje metala deformiranjem/Umformtechnik/Metal forming. Strojarski fakultet u Slavonskom
Brodu, Slavonski Brod, 2018.

[4] Dubois, A; Dubar, M; Dubar, L. Warm and Hot Upsetting Sliding Test: Tribology of Metal Processes at High
Temperature. Procedia Engineering Volume 81, 2014, Pages 1964-1969.

[5] Yang, D.Y.; Choi, Y.; Kim, J.H. Analysis of upset forging of cylindrical billets considering the dissimilar frictional
conditions at two flat die surfaces. International Journal of Machine Tools and Manufacture 31(3), 1991, Pages
397-404

[6] Priyadarshini, A; Kiran, C.P.; Suresh, K. Effect of Friction on Barreling during cold Upset Forging of Aluminium
6082 Alloy Solid cylinders. International Conference on Recent Advances in Materials, Mechanical and Civil
Engineering V330, Hyderabad, India

[7] Aluminico. Aluminium alloy EN-AW 6060 Material data sheet. URL:
https://www.aluminco.com/media/155961/ALUMINIUM-ALLOY-EN-AW-6060 MATERIAL-DATA-

SHEET ALUMINCO.pdf (8.10.2021)

[8] Nedal Aluminium BV. Alloy data sheet EN-AW 6060[AIMgSi]. URL: https://www.nedal.com/wp-
content/uploads/2017/11/Nedal-alloy-Datasheet-EN-AW-6060.pdf (8.10.2021)

[9] Hydro. Technical data sheet — extruded products — alloy EN AW-6060. URL:
https://www.hydro.com/Document/Index?name=Hydro%20EN%20AW%206060.PDF &id=7822 (8.10.2021).

[10] Spittel T, Spittel M. / Landolt Borstein. Numerical data and functional relationships in science and technology —
Group VIII: Advanced materials and technologies. Vol 2, sub-volume C, Part 2 (Non-ferrous alloys — light metals).
Springer Berlin Heidelberg New York, 2007, pp 423-429.

[11]Ngaile, G., Hiroyuki, S., Ruan, L., & Marumo, Y. A tribo-testing method for high performance cold forging
lubricants. Wear, Volume 262, Issues 5-6, 2007, pp 684-692.

[12]Msc.Marc. Volb & MAR101. MSC software 2010.

68





<<
  /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


