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ABSTRACT 
Extensional viscosity of low-density 

polyethylene was measured in uniaxial 
extension by Sentmanat Extension 
Rheometer (SER) and in contraction flow 
using the Cogswell analysis. The results 
achieved by SER were compared to the ones 
obtained by Münstedt Tensile Rheometer 
(MTR) and Rheometrics Melt 
Extensiometer (RME). The onset of strain 
hardening measured by SER was in good 
agreement with MTR and RME, 
nevertheless, the measured maximum 
transitional extensional viscosity values 
were lower. These were, however, in 
accordance with the extensional viscosity 
estimated by Cogswell analysis. The 
Molecular Stress Function (MSF) model 
applied to the results was able to describe 
the onset of strain hardening and the 
maximum transitional extensional viscosity 
values. 
 
INTRODUCTION 

Extensional flow, although more 
difficult to produce and measure reliably in 
laboratory circumstances than shear flow, is 
of great importance in processing of 
polymers. In many industrial melt processes 
the flow is a mixture of both extensional and 
shear flows. In injection molding, for 
example, shear flow is traditionally 
considered as the only significant 
deformation type. In the mold, indeed, when 
the part wall thickness is thin and mainly 

remains constant, the melt sticks to the wall 
and shearing is the prevailing flow type1. 
However, in abrupt contractions, such as 
gates, where the melt accelerates due to a 
rapidly changing cross-section, the 
elongational flow becomes dominant. 
Thereby the major part of the junction 
pressure losses is determined by the 
extensional deformation2. This justifies the 
importance of examining the effect of 
elongational flow also in injection molding 
and correspondingly considering it in 
injection molding flow simulations as well.  

Measuring extensional viscosity 
accurately is a challenging task, although 
different experimental set-ups have been 
developed during the last decades for the 
purpose. The difficulties arise often in 
producing purely uniaxial elongation, and 
especially in achieving steady-state flow. 
The limiting factor can be, depending on the 
measurement device, for example onset of 
flow instabilities or necking and rupture of 
the sample. Furthermore, the experimental 
data are often achieved at strain rates below 
10 s-1, which can limit their use to the 
industrial applications. In order to gain 
experimental data at higher rates one must 
settle with approximate methods such as 
melt spinning experiments or contraction 
flow analyses.3 

Given the limitations of different 
measurement techniques, obtaining 
extensional data covering a wide range of 
strain rates accurately using only one test 
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method is a difficult task. Thus, in order to 
achieve this, combining different 
measurement methods having a sufficient 
accuracy and easy operation would be an 
attractive choice. Furthermore, a possibility 
of predicting steady-state extensional 
viscosity theoretically on a basis of less 
experiments utilizing a constitutive 
equation, would offer a great advantage over 
complicated experimental determination.  

We evaluated the extensional viscosity 
of a low-density polyethylene (LDPE) in 
uniaxial extension by Sentmanat Extension 
Rheometer (SER), and in contraction flow 
by Cogswell method in order to find out if 
the uniaxial extensional experiments could 
be combined with an apparent method like 
contraction flow analysis, to characterize the 
extensional flow in a wide range of strain 
rates. Moreover, we revisited the 
applicability of the Molecular Stress 
Function (MSF) model4,5 for estimating the 
extensional viscosity on the basis of 
experimental data. 

 
THEORY AND CALCULATION 
 
Uniaxial extension  

Sentmanat Extension Rheometer 
Universal Testing Platform has two drums 
that rotate to the opposing directions, while 
thin metal clips prevent slipping of the 
sample mounted on them. The torque M 
resulting from the force of tangential 
stretching of the sample between the 
rotating drums is recorded by the torque 
transducer of the rheometer: 

 
)(2 tRFM =            (1) 

 
where F represents the force and R the drum 
radius, 5.155 mm. It should be mentioned, 
that the frictional force is usually less than 2 
% of the stretching force owing to the 
precision bearings and gears of the SER 
device, thus its contribution to the torque 
can be considered negligible6. The Hencky 

stain rate at constant drum rotating speed Ω 
is:  
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L0 being the initial length of the stretching 
zone, that is, the gage length between the 
fixing clips, 12.72 mm. The transient 
extensional viscosity can be calculated as  
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where the term  
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takes account of the thermal expansion, thus 
changing dimensions of the sample, upon 
melting (ρS= sample density at solid state 
and ρM(T)= melt density at temperature T). 
A0 is the initial cross-sectional area of the 
sample. Moffset is a pre-set torque which can 
be applied prior to the actual test phase in 
order to avoid the gravitational slack of the 
sample due to melting.6 

The melt density for polyethylene as a 
function of temperature T (in °C) can be 
calculated as7 
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Cogswell method  

When the macromolecular fluid flows 
through a sudden contraction, the center of 
the flow region is funnel-shaped, whereas, 
due to the elastic effects, circulating flow 
vortices are formed at the corners. These 
vortices dissipate energy, causing an extra 
pressure drop at the entrance region of the 
contraction. The contribution of the 
extensional effects can be calculated 
according to Cogswell8 by deriving it from 



the entrance pressure drop, Δpe, assumed as 
a sum of pressure drops caused by shear and 
elongational deformation. This can be 
presented for a circular symmetry as 
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where the tension stress is 
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and extension rate 
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waτ is the apparent shear stress at the wall, 

waγ&  is the apparent shear rate at the wall, 
and n is the power-law parameter for the 
shear flow. Although the method is highly 
empirical involving rough simplifications 
and assumptions, it has shown, at high strain 
rates, to give reasonably good agreement 
with other techniques for measuring 
extensional viscosity9. For Cogswell 
analysis, the entrance pressure drop has to 
be determined by performing capillary 
rheometer measurements using either at 
least three dies having different length-to-
diameter (L/D) ratio, and consequently 
applying the Bagley correction, or 
alternatively using one longer die, and an 
orifice die (die with a nominal length of 
zero), by which the entrance pressure drop 
can be directly measured. The maximum 
strain the melt undergoes at an abrupt 
contraction of the capillary rheometer can be 
calculated as 
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where Ab is the cross-sectional area of the 
cylinder and Ad the cross-sectional area of 
the die10. 
  
Modelling 

The MSF model4,5 is a single tube 
segment model. The tube diameter a is 
assumed to be independent of the orientation 
of tube segments, and to decreases from its 
equilibrium value a0 to a value a with 
increasing deformation (Fig. 1). The extra 
stress tensor )(tσ  of the MSF model is 
given by a history integral of the form 
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)'( ttm −  being the memory function related 

to the linear viscoelasticity of the system. 
The strain measure IA

DE
S  represents the 

contribution to the extra stress tensor 
originated from the affine rotation of the 
tube segments assuming “Independent 
Alignment (IA)”, and is given by 
 

)',(5
'

''5 )t'(t,
o

2 ttS
u

uuS IA

DE
=≡                (11) 

 
with )',( ttSS =  being the relative second 
order orientation tensor, ''uu  the dyad of a 
deformed unit vector )',('' ttuu = , 'u  its 
length and the orientation average over an 
isotropic distribution of unit vectors4, u  
being indicated by <…>0. 

 

 
Figure 1. Tube model and the decrease of 

the tube diameter with increasing 
deformation. 

 



The square of the relative tension in the 
chain segment, 2f , is related to the strain 
energy stored in the polymeric system, and 
is determined as a solution of an evolution 
equation derived from an energy balance 
argument4. For polydisperse branched 
random polymer melts, considering the 
change of free energy and the constraint 
release (CR) term, the evolution equation 
for 2f  was found to be5 
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where κ , D , and W  are the velocity 
gradient, deformation rate, and the vorticity 
tensors, respectively. The nonlinear 
parameter β  is directly related to the 
molecular structure of the polymer, 2

maxf  
represents the maximum stretch to which the 
molecule can be submitted and 2a  governs 
the additional dissipation process only 
occurring in shear flow, due to its rotational 
character. 
 
EXPERIMENTAL 
 
Sample preparation and measurements in 
uniaxial extension  

Approximately 0.5-0.8 mm thick sheets 
were pressed by a hot press from the melt 
homogenized first in a single screw 
extruder. The pressing temperature, as well 
as the extrusion temperature and screw 
rotation speed, was carefully kept low 
enough to avoid molecular chain scission. 
Approximately 20 mm long and 10 mm 
wide sample strips were cut from the 
pressed sheet and the accurate dimensions of 
each individual sample were measured. 

Extensional viscosity was measured 
using the SER device in Physica MCR301 
rheometer at constant Hencky strain rates 
0.01 - 8 s-1 at 170 °C. The sample was 
attached on the drums as shown in Fig. 2, 
and as the temperature had reached the set 
value, the test was commenced. In order to 
avoid possible error caused due to fixing the 
sample on the drums, all the tests were run 
without the fixing clips. Noteworthy is also, 
that due to the bulky construction of the U-
shaped SER frame, the temperature 
regulation with the device works very 
slowly: in order to ensure exact testing 
temperature, a very long pre-tempering time 
is required. Moreover, for ensuring exact 
control during the tests, the temperature 
sensor must be mounted next to the SER 
frame so that it touches the metal.  

A pre-set torque (Moffset) of 20 μNm was 
applied before the actual test phase in order 
to avoid sample slack, and respectively 
taken into account in calculation of the true 
torque as presented in Eq. 3. Additionally, 
oscillation measurements at 170 °C were 
made for obtaining the linear viscoelastic 
spectrum and steady-shear viscosity in 
rotation was measured for comparison 
purposes. 

 

 
 

Figure 2. SER with an LDPE sample strip 
mounted on it. 



Contraction flow measurements 
Capillary measurements at 170 °C were 

performed by Göttfert Rheograph 6000 
capillary rheometer using a round-hole die 
with a diameter of 1 mm and L/D of 20, and 
with an orifice die having a diameter of 1 
mm. The dies have an abrupt contraction at 
the entrance, i.e., the entrance angle is 180°. 
The measured set covered the shear rates 10, 
20, 40, 100, 200, 400, 1000 1/s. The 
rheometer barrel has a diameter of 12 mm 
thus the contraction ratio Ab:Ad=144, and 
according to Eq. 9, εmax ≈5. 
 
RESULTS AND DISCUSSION 

The transient extensional viscosity 
measured by SER with MSF model fitting is 
presented in Fig. 3. The model was able to 
describe the strain hardening behavior of 
LDPE with model parameters 2

maxf =12.0 
and β =2.0 relatively well. The steady-state 
values predicted by the model are somewhat 
higher than achieved experimentally and 
depend on “bending-over” of the 
extensional viscosity data. 

The SER results were compared to 
results11 achieved earlier using a Münstedt 
Tensile Rheometer12 (MTR) and 
Rheometrics Melt Extensiometer13 (RME). 
The comparison illustrates that the onset of 
strain hardening by SER is in very good 
agreement with that measured by MTR and 
RME (Fig. 4). On the other hand, the 
maximum values measured by SER are 
below the ones measured by MTR and 
RME. This raises the question, whether or 
not steady-state flow was achieved in the 
measurements. 

The possibility of achieving the steady-
state at all in constant strain flow has, a 
matter of fact, been debated14, and although 
the maximum values obtained from 
transitional tests can be postulated to 
represent steady-state, this is not necessary 
the case. The maximum extensional 
viscosity values from SER tests were taken 
to represent the “steady-state” and compared 

with the values achieved by the Cogswell 
method (Fig. 5).  

 
 

 
Figure 3. Transient extensional viscosity 

measured for LDPE by SER and fitting of 
the MSF model. 

 
 

 
Figure 4. Comparison of the transient 

extensional viscosity measured for LDPE by 
SER, RME, and MTR at 170 °C. 

 
 

 
Figure 5. Steady-state extensional and shear 

viscosities vs. strain rate for LDPE at       
170 °C from SER tests, Cogswell analysis, 

and MSF model fitting. 
 



The overlap appears to be rather good 
despite - or exactly because of- the fact, that 
the values from Cogswell method should be 
considered more as apparent: Flow through 
a contraction is transient in nature, and not 
solely a function of strain rate, but also of 
total strain. In the capillary rheometer with 
Ab:Ad=144, as proposed by Padmanabhan 
and Macosko10, the average strain, εave≈3, 
which approximately equals the εmax reached 
in SER tests. This may partially explain the 
good correspondence between the results, 
although the type of deformation the 
material undergoes in these two 
measurement methods is quite different.  

The MSF model fittings to the steady-
state extensional and shear viscosity are also 
presented in Fig.5. The extensional steady-
state model values are achieved from best fit 
of MSF model to the transient data (Fig. 3), 
and are somewhat higher than the measured 
maximum values. The ability of the model 
to describe the steady-state values is always 
dependent on the maximum measured 
transitional values. To the steady-shear 
viscosity data the model gave a good fit 
using the value of a2=2.3 for the rotational 
parameter. 
 
CONCLUSIONS 

The transient extensional viscosity 
measured by SER was in accordance with 
results achieved by RME and MTR, 
although the maximum values reached by 
SER were lower. Furthermore, maximum 
transient values by SER and the extensional 
viscosity evaluated from contraction flow by 
Cogswell analysis were in relatively good 
correspondence, which may possibly be 
traced to the equal strain the melt is 
experiencing in these two test methods. The 
MSF model was able to describe the strain 
hardening of the LDPE as well as the 
“steady-state” extensional viscosity. 

For evaluating the rheological behavior 
of polymers in processing applications, such 
as for flow simulations in injection molding, 
where extensional viscosity data over a 
relatively wide strain-rate range is needed, 

using uniaxial extension and contraction 
flow analysis together could provide 
relatively accurate and easily measurable 
data. Moreover, the possibility to fit the 
MSF model for describing extensional flow 
behavior can save some experimental 
efforts. 

 
ACKNOWLEDGMENTS 

J. Aho thanks the Graduate School for 
Processing of Polymers and Polymer-based 
Multimaterials and the Academy of Finland 
for financial support. V.H. Rolón-Garrido 
acknowledges financial support from the 
German Science Foundation (DFG). 

 
REFERENCES 
1 Dealy, J.M. and Wissbrun, K.F. (1995), 
“Melt Rheology and its Role in Plastics 
Processing – Theory and Applications”, 
Chapman & Hall, London, pp. 231-267.  
 
2. Speight, R.G., Costa, F., Kennedy, P.K. 
and Friedl, C. (2008) “Best practice for 
benchmarking injection moulding 
simulation”, Plastics, Rubber and 
Composites 37, 124-130. 
 
3 Dealy, J.M. and Larson, R.G. (2006), 
“Structure and Rheology of Molten 
Polymers – From Structure to Flow 
Behaviour and Back Again”, Carl Hanser 
Verlag, Munich, pp. 392-399. 
 
4. Wagner, M.H., Rubio, P., and Bastian, H. 
(2001) “The Molecular Stress Function 
Model for Polydisperse Polymer Melts with 
Dissipative Convective Constraint Release“ 
J.Rheol, 45, 1387-1412. 
 
5. Wagner, M.H., Yamaguchi, M., and 
Takahashi, M. (2003), “Quantitative 
Assessment of Strain Hardening of Low-
Density Polyethylene Melts by the 
Molecular Stress Function Model”, J.Rheol, 
47, 779-793. 
 
6 Sentmanat, M. (2004), “Miniature 
universal testing platform: from extensional 



melt rheology to solid-state deformation 
behaviour”, Rheol. Acta 43, 657-669. 
 
7. Gubler, M.G., and Kovacs, A.J. (1959), 
”La Structure du polyéthylène consideré 
comme un mélange de n-paraffines” J. Pol. 
Sci., 34, 551-568. 
 
8. Cogswell, F N. (1972) “Converging flow 
of polymer melts in extrusion dies”. Polym. 
Eng. Sci., 12, 64-73. 
 
9. Laun, H.M and Schuh, H. (1989) 
“Transient Elongational Viscosities and 
Drawability of Polymer Melts”, J.Rheol, 33, 
119-175. 
 
10. Padmanabhan, M. and Macosko, C.W. 
(1997), “Extensional viscosity from 
entrance pressure drop measurements”, 
Rheol. Acta, 36, 144-151. 
 
11. Bastian, H. (2001), “Non-linear 
viscoelasticity of linear and long-chain-
branched polymer melts in shear and 
extensional flows”, PhD Thesis, IKT 
University of Stuttgart. 
 
12. Münstedt, H. (1979), “New universal 
extensional rheometer for polymer melts. 
Measurements on a polystyrene sample”, J. 
Rheol. 23, 421-436. 
 
13. Meissner, J. and Hostettler, J. (1994), “A 
new elongational rheometer for polymer 
melts and other highly viscoelastic liquids“, 
Rheol. Acta 33, 1-21. 
 
14. Meissner, (1979), “Stress and Recovery 
Maxima in LDPE Melt Elongation” Polym. 
Bulletin 1, 397-402. 



<<
  /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 1.6
  /CompressObjects /Off
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /ENG ()
  >>
  /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


