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Abstract

The present paper is a generalization of the results which were obtained for the last four years (Petrov et al., 2003,
2004, 2005, 2006). It implies the investigations of interfacial friction in hot isothermal deformation of such non-ferrous
material as Al-Mn (AA3003), Al-Mg (A95456), Al-Cu-Mg (AA2024) and Al-Cu-Mg-Fe-Ni (A92618) aluminium alloys.
Two completely different types of lubricant were used for the research on. Wide range of temperatures was observed.
Moreover, the hydraulic press was used for the deformation of the samples of aluminium alloys under study. The tri-
bological properties of lubricants were determined with the help of ring upsetting technique. The sets of calibration curves
were drawn. Each set of calibration curves corresponds to the definite type of aluminium alloy as well as definite condi-
tions of deformation. Some practical recommendations were given.
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finite-clement method, friction factor, isothermal deformation, numerical simulation, oil-based lubricant, water-base
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1. INTRODUCTION

Isothermal forging is a technological process of
hot bulk forging which is related to definite tempera-
tures of dies and workpiece heating. Usually, iso-
thermal forging is performed with the help of low-
velocity forging equipment like hydraulic presses.
So that the maximum value of die velocity is not
more than 5 mm/s. To avoid die chilling the dies are
heated up to approximately the same temperature as
the workpiece. In this range, conventional die mate-
rials for hot bulk forging cannot undergo the signifi-
cant loss of strength or hardness. So, special tool
materials should be applied for dies production.

It is known two types of hot isothermal massive
forging. These are low-temperature and high-
temperature isothermal forging. Low-temperature
forging technique is usually applied for forming of
non-ferrous material when a temperature of defor-
mation is less than 500-550°C. In the second case,
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the isothermal forging is useful for deformation of
such material as copper-based alloys and titanium
alloys.

The development of any technological process
of bulk forging and namely isothermal one requires
the solution of the following tasks: 1) choose the
forging method or forming process (forging
with/without flash); 2) design a forging part in ac-
cordance with a machined part; 3) determine the
necessary amount of forging operations; 4) deter-
mine the size and shape of workpiece; 5) design
forging dies; 6) choose the suitable press-forging
equipment and lubrication; 7) try out experimentally
the developed technology and if necessary make
some modifications.

In most cases, the application of forging in iso-
thermal conditions means the production of a near
net shape forging. Design of near net shape forging
part according to a machined one can be carried out
with the help of some recommendations which are
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based on practical experience of forging. One of the
technological parameters which has a strong influ-
ence the quality of a near net shape forging is the
type of the lubricant.

The choice of a lubricant for isothermal forging
is a major task, especially in case of aluminium al-
loys deformation. The isothermal forging of Al-
alloys belongs to the forging processes in which the
slight increase in contact friction affects on the ma-
terial flow as well as the quality of the forgings and
gives rise to increase in deformation load. The effi-
ciency of any lubricant can be estimated by at least
three criteria: 1) the lubricant should have good tri-
bological properties and ensure the forging part
quality as well as the required production rate; 2) the
lubricant should have good heat-shielding proper-
ties; 3) the lubricant should be environmentally safe
and produce little or no smoke. So that, some set of
laboratory tests should be carried out.

The tribological properties of a lubricant for
metal forming can be determined with the help of
one of the known experimental techniques (Grudev
et al., 1982). The aim of these methods is to deter-
mine the proportionality coefficient in a friction
model, which can be used for estimation of the inter-
facial friction during forming. It is known three ba-
sic friction laws, namely Coulomb’s law, constant
friction law (Siebel, 1930) and the general friction
model (Wanheim, 1973). Among the common tech-
niques, the ring-compression test is the most simple
and widely used method for the quantitative estima-
tion of the interfacial friction during bulk metal for-
mation which was developed by Kunogi (1954) and
Male & Cocroft (1964-65).

The heat-shielding properties or thermal stability
influence both the efficiency of the lubrication and
the formation of the insulating lubricant layer at the
deformed material interface. The thermal-stability
index relates to the mass loss of the lubricant sample
heated to the investigated temperature and can be
research on with the help of special equipment,
namely derivatograph.

The environmentally safeness of a lubricant can
be detected by means of tests which should be car-
ried out in industry. In this case, the level of airborne
contaminants and smoke are detected when the de-
fined part is forged at elevated temperature.

Each of the mentioned criteria equally contrib-
utes to the quality and perfection of the lubricant for
metal forming. But the laboriousness of their inves-
tigation is completely different. In spite of the choice
of simplest technique of friction estimation, the re-

search on the tribological properties is the most so-
phisticated task in comparison to the other two crite-
ria.

To sum up, the aim of the present paper is linked
to the investigation of interfacial friction in terms of
friction factor values and farther generalization of
the obtained data which can be applied in industry in
order to optimize the new or/and being technological
processes of metal forming.

2. EXPERIMENTAL PROCEDURE

Two lubricants were chosen for the investiga-
tion. In particular, one of the lubricants under study
is based on industrial oil (I0+G) while the other is
based on synthetic oil (SO+G). Both lubricants con-
tain colloidal graphite particles as lubricant’s com-
ponents. In both cases, the size of colloidal graphite
particles was less than 15 um. The behaviour of the
lubricants was estimated in case of hot isothermal
deformation of several aluminium alloys which have
different chemical composition. The chemical com-
position of alloys under study is given in Table 1.
The bold type in Table 1 indicates the amount of the
basic impurities, which the investigated alloys con-
tain.

Table 1. Chemical composition of alloys.

Flement Percentage, %
AA3003 | A95456 | AA2024 A92618

Al base base base base
Cu 0.05 0.04 3.98 2.12
Si 0.24 0.16 0.27 0.20
Mn 1.12 0.63 0.50 0.03
Mg - 6.80 1.39 1.56
Ti - 0.1 0.05 0.05
Zn 0.007 0.2 0.02 0.06
Fe 0.24 0.22 0.26 1.0
Ni - - - 0.80
Cr - - 0.003 -

The sizes of the ring samples were as follows:
inner diameter = 20 mm; outer diameter = 40 mm;
height = 14 mm. The ring samples were heated to
temperatures of 200°C, 300°C, 350°C, 390°C,
430°C, and 450°C in the electric furnace. Deforma-
tion of the heated samples was carried out on flat
dies that were warmed up with induction installa-
tion. Samples were compressed with lubrication. Die
velocity was constant at V=2 mm/s (hydraulic press
= 2.5 MN), which corresponded to an initial strain
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rate of 0.14 s™'. This strain rate value belongs to the
strain rate interval (10*-10" s™) within that the iso-
thermal forging is usually carried out.

The values of height 2% and inner diameter d*”
were determined after compression of the ring sam-
ples. The inner diameter was measured in three loca-
tions along the height of the rings. Finally, the value
of the inner diameter was determined as
A"V =(dp+dmiatde)/3, where dy,p dpig and dp, =
inner diameter at the top, middle and bottom along
the height of the ring, accordingly.

3. NUMERICAL SIMULATION

To determine the true value of the friction factor,
the several trials of finite-element (FE) simulation of
ring deformation were carried out. To identify the
true value of the friction factor k,, the following
criterion was used

S=d®™ —d*m <0.05, (1)

where d*” and d*" = the inner (or outer) diameter of
the ring sample obtained experimentally and by
FEM, respectively.

Table 2. Coefficients of temperature dependence for factor k,.

The variable parameter in the simulation was the
friction factor. The simulation was carried out for
the same forging temperatures as in experiment
within the range of 200-450°C. QForm-2D (Quan-
torForm Ltd., Russia) commercial code was used for
FE simulation. Here, we assumed that the contact
friction was constant at the defined temperature of
deformation within the investigated range and the
deformation condition was isothermal, as observed
in the experiments. This meant that the tools and the
sample were at an equal temperature during the ini-
tial stage of deformation. Owing to the heat effect of
plastic deformation, the sample temperature had
increased by the end of deformation, whilst the tem-
perature of the tools remained the same.

The results of FE simulation allowed us to ob-
tain the necessary data for the temperature depend-
ence of the friction factor construction. The general
form of this dependence is given below:

k,=A,+ A, xT, +A4,xT}, )

where 4,, A; and A4, = coefficients, and T, = the tem-
perature of the deformed material.

The values of the coefficients in equation (2) for
the investigated alloys are calculated with the help
of least-squares method and given in Table 2.

Type of aluminium alloy
Coefficients A92618
A95456 200<T,<390 [ 3007470 AA3003 AA2024
Lubricant type — SO+G
Ay 0.155 -0.157 2,427 0.20 0.25
A;,1/°C 8.80x10™ 2.58x107 -9.59x107 1.81x10 7.30x10™
A, 1/(°C)* -2.05x10° -4.21x10°° 10.0x10° -4.95x107 -2.10x10°
Lubricant type — 10+G
Ay 0.16 0.196 0.20 0.38
A, 1/°C 3.70x10™* 6.10x10™ 4.77x10* -6.70x10™
A5, 1/(°C)? -1.01x10° -1.6x10°° -10.90x1077 4.10x1077
Table 3. Values of friction factor k,
Type of aluminium alloy
Temperature, °C A92618
A95456 200<T,<390 390<T,<470 AA3003 AA2024
Lubricant type — SO+G
200 0.249 0.191 0.216 0312
300 0.235 0.238 0.21 0.28
390 0.186 0.209 0.195 0.215
430 0.154 0.152 0.186 0.176
450 0.136 0.137 0.181 0.153
470 0.116 0.129 0.176 0.129
Lubricant type — 10+G
200 0.194 0.254 0.252 0.262
300 0.180 0.235 0.245 0.216
390 0.151 0.191 0.220 0.181
430 0.132 0.162 0.204 0.168
450 0.122 0.147 0.194 0.162
470 0.111 0.129 0.183 0.156
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To determine the unknown coefficients in equa-
tion (2) the true value of friction factor k, can be
calculated. Those values are presented in Table 3.
Using the calculated values of friction factor for
different compositions as well as temperatures, the
effect of the basic impurities on the frictional prop-
erties of the investigated lubricants is shown as a 3D
surface in figure 1.

The numerical simulation also allowed us to
construct calibration curves which are the keypoint
of the determination of friction factor on the basis of
ring-compression test. Figure 2 illustrates some
charts of calibration curves. These charts were con-
structed for alloy AA2024 and A95456 correspond-
ingly and are valid in case of those alloys isothermal
forming at the temperature of 450°C.
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Fig. 1. Friction factor response surface as a function of basic
impurities and forging temperature: a — for lubricant SO+G; b
— for lubricant I0+G.

Figure 2 also represents the experimental data
(circle points) which were obtained with the lubri-

cant [O+G at a temperature of 7, = 450°C. The re-
sults of the FEM were similar to the experimental
results only at the final point of the curve, which
corresponded to a friction factor value of 0.158 (see
figure 2a). In turn, the final point corresponded to a
reduction in height of about 50%. A discrepancy
between the FEM results and the experimental re-
sults was observed at smaller height reduction values
(figure 2). These results illustrate that the friction
factor was not constant within the height reduction
range of 0-50%.

10

144 ——FEM
—a— experiment] "

Internal diameter of ring, mm

28] | | k=00

Height of ring sample, mm

10
o | k=09 |
i k,,"‘} K=08—]
/ k=07__|
K'=0.6
] W
£ 44— ——FEM k=05 |
£ 1 —=— experiment | k=04
5 16
2 k=0.3
£ ]
s 18
o k=02
]
- ———
g 20 -gé | —
s 14 2 10 8 6
S =z k=04_|
©
c
3
g 24

26

28

k,=0.0—]

Height of ring sample, mm

Fig. 2. Calibration curves for temperature T, = 450°C: a - for
alloy AA2024; b - for alloy A95456.

During the earlier stage of ring-sample compres-
sion, the friction factor was constant and equal to
about 0.1 (see figure 2a). The major change in the
friction factor value occurred after a reduction in
height of 27.7%. At this height reduction, the fric-
tion factor tended to increase up to 0.158, which
corresponded to the height of the ring sample at the
end of its deformation (see figure 2a). In case of
deformation of alloy A95456 at temperature of
450°C, there is the same tendency to friction factor
change up to 50% of the height reduction.
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From our point of view, this observed discrep-
ancy could be linked to the effect of the weldability
of some areas of the contact surface of the ring sam-
ple with the corresponding areas of the dies. This
effect was observed at the end of the compression to
a nominal height reduction of 50%. Furthermore, in
order for industrialist to choose an appropriate lubri-
cant for either alloy A95456 or AA2024 hot iso-
thermal forging at temperature 450°C, the obtained
curves can be used for estimation of tribological
properties of investigated lubricant.

As was mentioned above, to choose the lubricant
for hot forging it is not sufficient to define its fric-
tion factor. The lubricant should satisfy to two other
criteria: good thermal stability and environmentally
safeness.

The heat-shielding properties or thermal stability
influence both the efficiency of the lubrication and
the formation of the insulating lubricant layer at the
deformed material interface, within the temperature
range of 300-700°C. The thermal-stability index
relates to the mass loss of the lubricant sample
heated to the investigated temperature. Figure 3
shows the curve of mass loss vs. temperature for
both types of lubricant. It can be seen that the lubri-
cant SO+G had better heat-shielding properties than
10+G.

In order to verify the third criterion the set of in-
dustrial tests were carried out. Several parts were
forged at elevated temperature in isothermal condi-
tions. Both lubricants were used for forging. As a
result the lubricant based on synthetic oil produce no
smoke, whilst the mineral oil based lubricant pro-
duce little one.
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Fig. 3. Mass loss of lubricant sample vs. temperature.

4. CONCLUSION

To take into consideration each of the criteria
mentioned above and corresponding results several
conclusions should be done:

1) synthetic oil based lubricant has almost the same
tribological properties than those for mineral oil
based lubricant;

2) synthetic oil based lubricant has better thermal
stability and is environmentally safe in compari-
son with mineral oil based lubricant;

3) despite the advantages of synthetic oil based
lubricant, it guarantees good quality of the for-
gings in case of their production by means of
closed die forging with flash technique, whilst
the second lubricant is appropriate for closed die
forging with/without flash.
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ANALIZA DOBORU SRODKA POSLIZGOWEGO
W PROCESIE KUCIA NA GORACO STOPOW
ALUMINIUM

Streszczenie

Uogodlnienie wynikéw uzyskanych na przestrzeni czterech
ostatnich lat (Petrov et al., 2003, 2004, 2005, 2006) z zakresu
badania wptywu tarcia migdzyfazowego podczas odksztalcenia
na goraco jest tematem niniejszej publikacji. W pracy analizo-
wano materialy niezelazne na bazie aluminium: AI-Mn

(AA3003), Al-Mg (A95456), Al-Cu-Mg (AA2024) i Al-Cu-Mg-
Fe-Ni (A92618). Analizg prowadzono dla szerokiego zakresu
temperatur i dwoch réznych smaréw z wykorzystaniem prasy
hydraulicznej. Wiasnosci trybologiczne wykorzystanych sma-
réow okre§lono bazujac na wynikach spgczania pierscieni.
W pracy wykre$lno krzywe wzorcowe odpowiadajace konkret-
nym warunkom odksztalcenia i danemu stopowi Al. Zamiesz-
czono rowniez uwagi praktyczne.

Submitted: September 5, 2006
Submitted in a revised form: November 24, 2006
Accepted: November 24, 2006

- 111 -

Ll
Q
Z
=
Q
n
%)
—
<
&2
=
<
=
Z
%]
a
)
T
5
=
e~
=
-
(-9
S
V)





<<
  /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
  /CreateJDFFile false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


