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Abstract

The feasibility and application of the cold drawing of magnesium alloy wires and tubes were examined by Finite
Element Method (FEM) and experiments. Magnesium alloy, which is light and has high heat-radiating ability, has been
attracting attention for applications, such as the body of computers, medical instruments and mobile phones. However,
cold plastic working of the alloy is very difficult, so generally hot working is necessary. In this study, a technique for ob-
taining fine wires and tubes with high strength, quality and surface morphology by cold drawing was examined, while de-
creasing production cost. In addition, the shearing strain of magnesium alloy wires and tubes drawn under various draw-
ing conditions was calculated by FEM analysis. It was clarified that cold drawing of magnesium alloy is possible.
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1. INTRODUCTION

Recently, magnesium alloys with various supe-
rior characteristics, such as light weight and high
heat-radiating ability have attracted attention for
applications in small digital electronic appliances
such as laptop computers, wheelchair frames, ma-
chine frameworks, medical equipments and automo-
biles. However, because the crystal lattice of magne-
sium alloy has a hexagonal close-packed structure its
cold workability is extremely poor (Conroy, 1989;
Hasegawa & Nishimatsu, 2000; Japan Institute of
Light Metals, 2003; Oishi et al., 2005; Okazaki et
al., 2003), and magnesium alloys are generally proc-
essed by warm or hot working (Japan Institute of
Light Metals, 2003; Nishimura et al., 2003; Ohwue
et al., 2001; Okazaki et al., 2003; Oki & Miyamoto,
2001). In this study, in order to reduce the process-
ing costs and to increase the strength, quality and
surface characteristics of magnesium alloys, the
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feasibility and application of the cold drawing of
magnesium alloy is examined by FEM analysis and
experiments.

2. EXPERIMENTAL METHOD AND FEM
MODELING OF DRAWING

2.1. Experimental method

Magnesium alloy wires (do=3.93 mm) and tubes
(do=13.03 mm, ¢ = 0.94 mm) of AZ31 were used in
this study. Table 1 summarizes the chemical compo-
sition of AZ31. The surface morphology and metal
structure of magnesium wires and tubes were ob-
served using a scanning electron microscope (SEM)
and an optical microscope, respectively. In the draw-
ing experiment, we used a cemented carbide conical
die, which is commercially available, with a die
half-angle of 6 degrees for wires and 6 and 13 de-
grees for tubes. The drawing method of the tube was
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hollow sinking. One pass reduction R/P was in the

. 350
range of 10-26% for wires and 5-19% for tubes.
Figure 1 shows the drawing process and the defini- 300 [
tion of R/P. Resin lubricant and sodium stearate soap = 250
were used as lubricant. E
= 200 1
Table 1. Chemical composition of tested magnesium alloy AZ31. -
§ 150 |
Element Average content (wt%) A 100
Al 3.06
50
Zn 0.82 0
Mn 0.36 0 0.05 0.1 0.15 0.2
Si 0.019 Strain
Mg Bal Fig. 3. Stress-Strain curve for FEM analyses.
Drawing Direction
LHQ }xmm £ o
P d, P d,
Fig. 1. Definition of one pass reduction for wire drawing and
tube sinking.
2.2. FEM modeling of drawing of wire and tube
FEM code MSC/Marc Mentat 2008r1 was used
in this study. Figure 2 shows the model used in the o Comp of S
FEM analysis, and figure 3 shows its material con- 120 0 -160 -470  [MPa]

stant. Coefficient of friction (1) was set at 0.05.

Moreover, the model was assumed to be axis sym- Fig. 4. Calculated die pressure distribution during the wire

metric in the FEM analysis to save calculation time. drawing by FEM.
It would be possible to obtain the die pressure by the
FEM analysis, if the die were assumed to be elastic- 3. RESULTS AND DISCUSSION
plastic (figure 4). But in this study, the die was as-
sumed to be rigid in order to facilitate the calcula- 3.1. Feasibility of cold drawing of magnesium
tion. alloy wires
"'E'E.-?.eéi Figure 5 shows the drawing
limit obtained for each pass sched-
e ule. We used a cemented carbide
. / NIZ22 rip- = oo ical die, which i all
i /l 1177742 4 conical die, which is commercially
4 ﬂ,’///'}"v Ao, Ariga cross sectional area avallable, with a die half-angle of

before and after the processing.

6 degrees and resin lubricant. Up

to R/P of 25%, cold drawing of

Drawing magnesium alloy AZ31 was possi-

Au KibsEthos ble; reduction of the diameter from

do=3.93 mm to d\ = 2.45 mm was

Fig. 2. Drawing model of wire and tube. also possible (Yoshida, 2004; Yo-
shida et al., 2002).
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80
O : feasible
3 70 | X : wire breakage or X X
9; 60 | Surface crack ) O O
Tl X O O o
gol 8 o O
I O o O
[-F]
=20 | 'e) O
s O
< 10 | O
= 0
10 16 20 26

Reduction per pass R/P (%)

Fig. 5. Drawing limit obtained for each pass schedule of wire.

-1000 Mean Normal Stress 4 [MPa]

-1000 Mean Normal Stress 440 [\MPa]

drawing of practical fine wires, R/P is suppressed to
be as small as possible to prevent the surface crack
on drawn wire and wire breakage. When R/P is low,
10%, the drawing limit of the magnesium alloy is
also low.

Figure 7 shows the surface cracks on drawn
magnesium alloy wire. These cracks near the wire
surface are shear cracks, the cracks develop from the
free surface to the 45 degree direction. Shearing
deformation affects the surface crack initiation. As
shown in the results by FEM (figure 8), the large
equivalent shear strain is arising in the place which
is close to the wire surface,
also the equivalent strain
becomes large, as R/P in
drawing becomes smaller.

As shown in figure 9,
tensile and shear deformation
of the wire was dominant in

a) a = 6 degrees . R/P=10%

Fig. 6. Distributions of hydrostatic stress during the wire drawing with a die half-angle of 6

degrees and R/P = 10%, 20%.

a) SEM image of drawn wire

crack

Fig. 7. Surface crack on drawn magnesium alloy wire.

0.14

0.01 Shear Total Strain 02 0.01

b) a = 6 degrees , R/P=20%

b) Surface cracks in cross section

Shear Total Strain 02

drawing. In contrast, shear
deformation was dominant at
the surface of the wire. The
drawing limit decreased as
R/P decreased: the reason for
this was considered to be as
follows: with decreasing R/P,
the shear deformation at the
surface of the wire becomes
large for the magnesium
alloy to withstand, leading to
wire cracks.

3.2. Strength of drawn
wires and hardness
distribution

To investigate the work
hardening of drawn wires,
wire samples with various
total reductions (Rf) from 0%

- to 62% were prepared. Fig-
ure 10 shows the results of

a) =0 degrees , R’P=10%

Fig. 8. Distributions of equivalent shear strain on drawn wire by FEM.

Hydrostatic stress distributions during wire
drawing with a die half-angle of 6 degrees and R/P =
10%, 20% by FEM are shown in figure 6. Since the
hydrostatic stress during the drawing is the compres-
sion, it has been judged that the cold drawing of
magnesium alloy becomes possible. In the actual

b) «=6 degrees . R’P=20%

tensile tests of these wires.
The tensile strength of wires
with high R increased after
working hardening. In addi-
tion, although the rupture
elongation of annealed material (Rt = 0%) is ap-
proximately 16%, it decreased to approximately
6.8% upon repeated drawing. On the basis of these
findings, the relationship between Rf and the me-
chanical characteristics of the wire material was
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redefined as shown in figure 11. It was found that
wire material with high strength can be obtained
through work hardening by cold drawing.

to work hardening. Figure 12 shows images of the
metallic structure of wires (a) before drawing (¢2.1
mm), and after drawing at 6 degrees of die half-

500
Die case - XXXy Rt=61.7%
™ 400 | e Tstreg R=503%
= Rt=38.3%
Die half angle o h nib é 300 P
~ % 200 ‘.f Rt=0¢
E 100 ,§
Do --D--—«—(iﬁ—»-«—l:l—» b, 2 ¥
0 . 1 1 1
0.00 0.05 0.10 0.15 0.20

Strain

Fig. 9. Schematic graph of material deformation during wire Fig. 10. Results of tensile test of drawn magnesium alloy AZ31

drawing. wire.
100 — 600 18
=]
~~
< 5 116 %
- < 400 14 F
£ 60 = 7o
= s {12 2
P £ 300 £
@ @ =
24 & 110 B
wn
g % 200 [ AHardness is g’
20 g 00 | ©OTensilestrength 3
=~ [Breaking elongation 1¢ £
00— 0 ' ' 4
0 20 40 60 80
Total reduction (%)

Fig. 11. Relationship between total reduction and mechanical characteristics.

drawing
direction

=22%
g .

o -

Fig. 12. Metallographic structure of mother wire and drawn wires.

3.3. Observation of metallic structure of drawn
wire

The cross section of the drawn wire is observed
to examine the change of the metallic structure due

angle and R/P = 20% for (b) Rt = 22%, (c) Rt =
33%, and (d) Rt = 44%. The crystalline grains of the
mother wire are large and round before drawing.
After cold drawing, the wire is subjected to work
hardening in the drawing direction. With increasing
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the number of passes, the grains are further stretched
in the same direction.

3.4. Drawing limit of magnesium alloy tube
during cold drawing

Figure 13 shows whether cold tube drawing is
possible and the drawing limit for various R/P, when
the die half-angle is 6 and 13 degrees (Yoshida &
Fueki, 2006). The white circles are the results when
6-degree die half-angle was used, and the black cir-
cles are the results when 13-degree die half-angle
was used. As shown in the figure, cold drawing of
the magnesium alloy tube is possible until the total
outer-diameter reduction ratio becomes approxi-
mately 15%. In the case of the tube drawn at
R/P=15% and a = 13 degrees, the drawing limit fell
compared to that of & = 6 degrees. This is because
of the drawing-stress increase caused by the
shortened contact length which is brought by «
= 13 degrees. In other words, it is thought that
the drawing limit has deteriorated. Figure 14
shows the distributions of hydrostatic stress during
tube drawing at 5 passes. The condition of the outer
surface of the drawn tube is good up to two passes.

However, on the surface of the tube after four
passes with a = 13 degrees and R/P=10%, small
flaws as shown in figure 15 are observed (Yoshida
& Fueki, 2006). The observation of the tube cross
section revealed that approximately 70 pm-long
flaws, which are similar to shear cracks, were gener-
ated. In the subsequent drawing passes, shear cracks
were generated along the direction of 45 degrees to
the drawing axis, and further drawing of the tube
was not possible. The shear cracks may arise be-
cause deformation of the tube during drawing leads
to additional shear deformation at the tube surface.

Fig. 15. Shear crack which appeared in drawn tube surface.

3.5. Estimation of the drawn tube wall thick-
ness in sinking

After the application of resin lubri-

30 :
& O+ feasible X cant, sodium stearate soap was applied
=1 25 [ X : tubebreakage or crack he tub dditional lubri
£ O : Dic half-angle is 6 degrees over the tube as an additional lubricant,
£ 20
é XX XX XX @ : Dic half-angle is 13 degrees and the tube was drawn for three passes
s 51 O @ O X at o = 6 and 13 degrees and R/P=10%.
RN NON ) After annealing, the obtained tube was
E st O @ drawn up to six passes and the wall
0 thickness was examined experimentally
S 10 15 19 and by FEM (figure 16). It was found

Reduction per pass R/P (%)

Fig. 13. Drawing limit obtained for each pass schedule of tube

700 Mean Normal Stress

-700

Mean Normal Stress

that wall thickness increased by ap-
proximately 3%( a =13 degrees) or
6%( a = 6 degrees ) for every drawing
pass because of sinking. The rate of
wall-thickness increase of the tube
drawn at o = 6 degrees is higher than
that of the tube drawn at o = 13 de-
grees.

Figure 17 shows the cross sections
of (a) the mother tube and tubes drawn
to a tube diameter of 9.45 mm at (b) a
= 6 degrees and (c) a = 13 degrees. As

470 [MPa

470 [MI’E}L

a) o = 6 degrees . R/P=10%

Fig. 14. Hydrostatic stress distribution and contact length of material during tube

drawing.

b) a = 13 degrees . R/P=10%

discussed above, the cold sinking of
magnesium alloy tube was found to be
possible by FEM.
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Fig. 16. Change in thickness with increasing number of passes
using die half-angles as parameter.

¢ 13mm t=0.94mm

¢ 9.45mm t=1.06mm

Fig. 17. Cross sections of drawn magnesium alloy tubes after 5
passes.

4. CONCLUSION

We have investigated the possibility of cold
drawing of magnesium alloy AZ31 wire and tube,
experimentally and by a finite element method. The
obtained results are summarized below.

1. It was clarified that cold wire drawing of mag-
nesium alloy AZ31 is possible. This is attributed
to the fact that the hydrostatic stress is compres-
sional near the surface region of deformation
zone during drawing, as calculated by FEM
analysis. Cracks of wire are more likely to oc-
cur, when the hydrostatic stress at the inner part
of wire is tensile. So it is a key point to use a
small-angle die.

2. By optimizing the drawing conditions of lubri-
cant and die angle, drawing with a total reduc-
tion of up to approximately 60% was possible.

3. Shearing deformation which was occurred on
wire surface affects the surface crack initiation.

4. Changes in material strength, hardness distribu-
tion and metallic structure of drawn wire were
clarified.

5. The drawing of the tube is also possible as well
as the drawing of the wire, the outer-diameter

reduction ratio per pass of up to 15% is possible
by cold sinking.

6. With the repetition of drawing passes, shear
cracks are generated on the tube surface. In the
worst case, the shear cracks develop approxi-
mately 45 degrees to the drawing direction,
when lead to the rupture of the tube.
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MODELOWANIE CIAGNIENIA NA ZIMNO DRUTOW
I RUR ZE STOPOW MAGNEZU

Streszczenie

W artykule opisano badania nad mozliwo$cia zastosowania
procesu ciagnienia na zimno dla stopéw magnezu. Przeprowa-
dzono badania doswiadczalne i modelowanie metoda elementow
skonczonych. Stopy magnezu, ktory charakteryzuje si¢ mata
gestoscia 1 wysoka zdolno$cia oddawania ciepta, sa w centrum
zainteresowania badaczy w aspekcie takich zastosowan jak
komputery, narzgdzia medyczne, i telefony komorkowe.
Z drugiej strony, plastyczna przerdbka stopéw magnezu na
zimno jest bardzo trudna i przewaznie stopy te odksztatcane sa
na goraco. W niniejszej pracy przedstawiono wyniki badan nad
technikami otrzymywania droga ciagnienia na zimno drutéw
irur o maltych $rednicach oraz o wysokiej wytrzymatosci
i dobrej jakosci powierzchni, przy utrzymaniu niskich kosztow
wytwarzania. Odksztalcenia postaciowe w ciagnionych drutach
irurach byly wyznaczane metoda elementéw skonczonych.
Wykazano, ze ciagnienie na zimno stopéw magnezu jest mozli-
we.

Received: April 14, 2010
Received in a revised form: July 07, 2010
Accepted: August 04, 2010

— 86—




<<
  /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


