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Abstract. The temperature of rubber or rubber-metal springs is liable to increase under
cyclic loading, due to hysteresis losses and low rubber thermal conductivity. This well-
known phenomenon, called a heat build-up, is the primary reason for rubber aging. A
temperature increase within the rubber compound leads to degradation of'its physical and
chemical properties, its stiffness increase and its damping capability loss. An extensive
heat build-up can be a major concern during the accelerated fatigue testing of rubber-
metal springs as it alters the spring properties during the testing procedure and can cause
permanent damage leading to the testing results unreliability. The paper presents a case
study of the heat generation prediction in the rubber-metal spring of railway draw gear
during dynamic testing in accordance with UIC Code 827-1.

Key Words: Draw Gear, Rubber-metal Spring, Hysteresis Heat Generation, Finite
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1. INTRODUCTION

The draw gear is a basic and extremely important subsystem of railway vehicles whose
primary task is to connect vehicles in trains, i.e. wagons and locomotive, and to transfer
the traction force from locomotive to other train wagons. Moreover, their absorption
properties have crucial influence upon transferring and reducing impact loads between the
locomotive and the rest of the wagons, namely those that affect the stability and safety of
running and maneuvering. The draw gear malfunction may be the cause of unstable
running and, in the worst case, of derailment of a vehicle.

Absorbing elements in the draw gear are usually implemented as elastomer springs.
Fig. 1 shows an assembly of the draw gear with haul hook.
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Rubber or rubber-metal springs have several advantages with respect to metal springs
(lower price, easier installation, lower mass, reduced corrosion, no risk of fracture and no
need for lubrication) [1]. However, they have one major disadvantage reflected in an
insufficiently reliable service life caused by rubber fatigue.
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Fig. 1 The draw gear assembly filled with the rubber-metal spring

When rubber is used for a long period of time it ages, becomes stiffer and loses its
damping capability. This aging process results mainly from the heat generated within the
rubber due to hysteresis loss, and it affects the rubber’s material properties as well as its
useful lifetime [2].

Due to the viscoelastic response of the rubber compounds, the rubber’s stress-strain
curve creates a hysteretic loop during the full load-unload cycle. The area in hysteresis
loop corresponds to dissipated energy which is primarily converted into heat [3, 4]. Since
the heat generation occurs within the material and it is not easily conducted away, due to
the rubber’s thermal properties, it induces an increase of temperature inside the rubber
compound which can even lead to melting of the material or to an explosive rupture
(blowout). The heat generation in rubber compounds is affected by the nature of
polymers, the physical and chemical properties of the compounding ingredients, their
interaction with rubber, operating parameters, and the environment [5]. The decrease in
the heat generation of rubber or rubber-metal springs leads to their longer service life.

Although the heat build-up has a primary effect on rubber fatigue, in engineering
practice it is very difficult to monitor the inside temperature during operation or
mechanical tests. It is important to know an appropriate dynamic frequency range and
time duration, both in the service environment and in the laboratory fatigue testing
programs in order to keep the inside temperature within a reasonable range [6]. In the
accelerated fatigue testing defined by the railway standards it is necessary to ensure that
any temperature rise inside the rubber-metal spring should not exceed the design
requirements. Furthermore, a severe heat build-up can even lead to devulcanization of the
component (Fig. 2) if the temperature rise is not within the suitable range.

As heat generation is a major concern to rubber lifetime, numerous authors have
investigated the processes of heat generation due to hysteresis loss in rubber compounds,
as well as the effect of heat generation on rubber lifetime and its thermo-mechanical
properties. With recent development of viscoelastic/viscoplastic rubber constitutive
models, several authors have applied the numerical approach to predict hysteresis heat
generation. The referential researchers can be divided into two categories based on the
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approach used by the authors to predicting heat build-up, either by direct coupling of
mechanical and thermal field [3, 4], or by experimental determination of hysteresis losses
i.e. dissipated energy as an input in thermal analysis [6, 7].

Fig. 2 De-vulcanization of the rubber specimen during the accelerated fatigue testing

The direct coupling of mechanical and thermal fields is performed on the basis of
equality of heat energy density and dissipation energy density. Although such approach is
purely numerical, the prediction accuracy radically decreases as strain and frequency
increase. Such approach addresses only moderate temperature changes and cannot take
into account time-temperature superposition.

The second approach requires the experimentally obtained static hysteresis loop in
order to calculate energy loss per cycle. Luo et al. [6] have determined that energy loss
per cycle of the rubber spring loading, under fixed dynamic amplitude, does depend on
the loading frequency. Although prediction accuracy issues are solved thus enabling time
integration, the second approach requires experimental determination of hysteresis loss at
all amplitudes, i.e. strain values at which the spring operates which can be quite
problematic and time consuming.

The aim of this paper is to apply an efficient procedure [8] for prediction of heat
generation in the railway draw gear filled with rubber-metal spring in order to ensure that
any temperature rise inside a rubber metal spring does not exceed the design requirements
in the accelerated fatigue tests. The proposed procedure encompasses the prediction of
dissipated energy during the cycling loading by FEM. The dissipated energy is then used
as an input for the transient thermal analysis in which the draw gear assembly temperature
distribution is obtained. The proposed approach is verified by comparing the simulation
results with the experimentally obtained temperature distribution.

2. HEAT GENERATION PREDICTION PROCEDURE

As previously mentioned, both testing and simulation have shown that energy loss per
cycle of the rubber spring, under the fixed dynamic amplitude, does not depend on the
loading frequency. Therefore, the energy loss per cycle can be more easily obtained by
using a conventional quasi-static loading procedure, to reduce the cost and the time, than
by conducting more complicated dynamic tests [6].
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A schematic (algorithm) of the new procedure for predicting heat generation due to
hysteresis loss in rubber or rubber-metal springs is shown in Fig. 3 [8]. The proposed
procedure is completely computation-based and does not require determination of static
hysteresis experimentally as proposed by other authors [6, 7], as static hysteresis it is
determined by computer simulation (FEM).

If assumed that dissipated energy (Ep) is primarily converted into heat, heat
generation rate (Hg) can be derived over time (f) from static hysteresis (/) and total
mechanical energy (E7) or total mechanical energy and returned energy (Ey) as:

py - Eo 1B _E-E o
t t t

Due to relatively low computational demands, the proposed approach enables the time
integration, thus enabling the prediction of spring heat emission during prolonged
operation time i.e. establishing of thermal equilibrium.
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Fig. 3 Scheme of a new procedure for predicting temperature distribution
in rubber and rubber-metal springs with FEA

The determination of static hysteresis is enabled by application of the Bergstrom-
Boyce visco-plastic rubber constitutive model. The high accuracy across different
elastomer compounds of Bergstrom-Boyce material model is a primary reason for
adaptation of the noted material model during investigation of heat generation in the draw
gear rubber-metal spring. The Bergstrom-Boyce material model is a phenomenologically
based and highly-nonlinear model used for modeling visco-plastic behavior of elastomers.
The model allows for a nonlinear stress-strain relationship, strain rate dependence and can
capture the hysteresis effect of elastomers.
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3. PREDICTION OF STATIC HYSTERESIS

In order to predict heat generation due to hysteresis losses in the draw gear rubber
metal spring a case study is defined. The goal of the case study is to obtain temperature of
the rubber metal spring during the accelerated fatigue test according to the UIC Code
827-1. UIC Code 827-1 defines the fatigue testing conditions which replace the exploita-
tion investigation of buffer and draw gear [9].

Fig. 4 Basic rubber metal spring element of the draw gear

The rubber-metal spring of the draw gear by manufacturer MIN Svrljig from Serbia is
subjected to accelerated fatigue testing. The noted rubber metal spring consists of 5 ele-
ments shown in Fig. 4, serially connected into a draw gear assembly. The elements are
made with rubber mixture TG-B-712 by manufacturer 7/IGAR Technical Rubber from
Serbia. TG-B-712 is a caoutchouc-butyl rubber with vol40% carbon black particles. Me-
chanical properties of TG-B-712 are given in Table 1.

Table 1 Mechanical properties of rubber compound TG-B-712 [10]

Test

Hardness in Sh-A according to ISO/48 80
Strength in MPa according to ISO/37 153
Elongation at rupture in % according to ISO/37 379
200% Modulus of elasticity in MPa according to ISO/37 9

Compression set after 25% compression for 24 hours at 70 °C in % according to ISO/815 12.1

The parameters of rubber constitutive model (Bergstrom-Boyce) are determined by
uniaxial compression at different strain rates and stress relaxation test on the samples of
the TG-B-712 rubber compound (35.7 x 17.8 mm) in a research project conducted at
Faculty of Mechanical Engineering, University of Ni§ [8]. The samples are compressed
between hardened steel plates lubricated with machine oil in order to prevent the barreling
of samples. Based on the performed experiments, the model parameters for the rubber
compound TG-B-712 are obtained during the optimization procedure in MCalibration
software. The following material parameters are obtained: u(; = 0.8, ?»Z’”k =5.23, u(; =
9.87, Ayt =523, K=565,£=247,C=-0.9, m=12.64.

The next step in procedure given on Fig. 3 is to determine the static hysteresis by the
static structural analysis. To lower the computational demands, due to symmetry of the
spring assembly and the load, only one quarter of the model is considered. The finite ele-
ment model (Fig. 5) is meshed with 3D solid hex mesh.
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Finite element model consists of 128167 nodes which form 93209 3D SOLID 185 [11]
finite elements. During static structural simulation value of coefficient of friction 0.5 is as-
sumed to have value of 0.5 [12]. The spring load is defined based on UIC Code 827-1. The
draw gear assembly is compressed from stroke of 6 mm to final stroke of 36 mm at 0.75 Hz.

The simulation prediction of static hysteresis follows exactly the experimental proce-
dure with regard to the loading and boundary conditions. Furthermore, the force-dis-
placement data is recorded during the experimental investigation in order to verify the ac-
curacy of prediction of static hysteresis.

25.00

Fig. 5 FE model of the draw gear rubber metal spring

Fig. 6 shows the comparison of the load-deflection curves obtained by simulation and
experimentally. It is clear that the predicted behaviour has a very good resemblance with
the experimental results. Table 2 gives the comparison of the values of stored energy and
hysteresis obtained, both experimentally and by simulation.

Table 2 Results of the static hysteresis test

Er k] Ep, kI 1, %
Experiment 2.865 0.765 26.71
Simulation 2.745 0.721 26.25
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Fig. 6 Comparison between the experimentally obtained and the predicted behavior
during the accelerated fatigue testing

The difference between the simulated and the experimentally obtained static hysteresis
values is in the frame of 2 % (Table 2), which is rather high accuracy.

4. PREDICTION OF TEMPERATURE DISTRIBUTION

The predicted hysteresis values are used to determine heat generation rate (H) accord-
ing to equation 1. Heat obtained generation rate (Hg) is applied as the major heat source via
the internal heat generation load case. Furthermore, convection and radiation from the rub-
ber and steel outer surfaces are also taken into consideration. The values of the parameters
used in the transient thermal analysis are listed in Table 3. The parameter values are either
obtained from the relevant literature or predicted based on data extrapolation from literature.

The internal heat generation is applied to all basic rubber metal elements in the draw
gear assembly. The results of the transient thermal simulation are shown in Fig. 7. From
the temperature profile the highest value is in the central rubber ring confined between the
outer and inner rubber ring. Such temperature distribution is expected because the heat
exchange is much quicker near the inner and outer draw gear assembly surface.

Table 3 Parameters used for thermal analysis [6, 1]

Parameter Value
Rubber density (kg/m’) 1000
Stefan—Boltzmann constant (W/m*K*) 5.67 x 10
Steel specific heat capacity (J/kgK) 434
Rubber specific heat capacity (J/kgK) 1700
Steel conductivity coefficient (W/mK) 60.5
Rubber conductivity coefficient (W/mK) 0.238
Convective heat transfer coefficient from steel to air (W/m’K) 6
Convective heat transfer coefficient from rubber to air (W/m°K) 8
Steel emissivity 0.2

Rubber emissivity 0.95
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Fig. 7 Temperature distribution of the draw gear assembly obtained by simulation

The predicted temperature is compared to the experimentally obtained one, at cycle
700, which corresponds to a time range 15 min from the test onset. At that moment the
measured temperature of the rubber surface is 44 °C. The predicted temperature in the
same spot is 46.2 °C which is a very good agreement.
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Fig. 8 Maximal temperature of the draw gear assembly over time of 24 h

It is clear from the obtained results that the new procedure for temperature distribution
prediction in rubber and rubber-metal springs with FEA gives very good results in case of
the object of a complex geometry such as draw gear assembly. Furthermore, as maximal
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predicted temperature after 24 h does not surpass 60 °C (Fig. 8), it can be concluded that
during the accelerated fatigue tests, the rubber design requirement will not be exceeded
i.e. no additional cooling of the rubber metal spring during fatigue test will be required.

5. CONCLUSION

By application of the new procedure for predicting heat generation in rubber or rub-
ber-metal springs it is possible to predict the spring temperature during the fatigue testing
which is of uttermost importance for reliability of testing results.

As the parameters of the rubber constitutive model are usually known the procedure
encompasses the following steps for the heat generation prediction:

1. Performing of the static structural analysis over the required loading range;

2. Calculating the energy loss per cycle;

3. Carrying out the transient thermal simulation and evaluating the results.

The presented procedure is used for predicting heat generation in rubber-metal spring
of the railway draw gear subjected to fatigue testing in accordance with UIC Code 827-1.
As obtained results are in a very good agreement with the experimental results and the
procedure is completely computation-based, it can be concluded that the presented proce-
dure is a valuable tool for predicting and controlling the rubber metal spring temperature
during fatigue tests.

REFERENCES

1. V. Miltenovi¢ , MaSinski elementi-oblici, proraun, primena, Masinski fakultet u Nisu, 2004
2. Woo, C. S., Park, H. S., 2011, Useful lifetime prediction of rubber component, Engineering Failure
Analysis, 18 (7), pp. 1645-1651
3. Pesek, L., Pust, L., Sulc, P., 2007, FEM modeling of thermo-mechanical interaction in pre-pressed
rubber block, Engineering Mechanics, 14 (1/2), pp. 3-11
4. Johnson, A. R., Chen, T-Z., 2005, Approximating thermo-viscoelastic heating of largely strained solid
rubber components, Computer Methods in Applied Mechanics and Engineering, 194 (2-5), pp. 313-325
5. Park, D. M. et al, 2000, Heat generation of filled rubber vulcanizates and its relationship with
vulcanizate network structures, European Polymer Journal, 36 (11), pp. 2429-2436
6. Luo, R. K., Wu, W. X., Mortel, W. J., 2005, 4 method to predict the heat generation in a rubber spring
used in the railway industry, Proceedings of the Institution of Mechanical Engineers, Part F: Journal of
Rail and Rapid Transit, 219 (4), pp. 239-244
7. Lin, Y-J., Hwang, S-J., 2004, Temperature prediction of rolling tires by computer simulation,
Mathematics and Computers in Simulation, 67 (3), pp. 235-249
8. Bani¢, M., et al., 2012, Prediction of Heat Generation in Rubber or Rubber-Metal Springs, Thermal
Science, 16 (Suppl. 2), pp. 593-606
9. UIC Code 827-1 Technical specification for the supply of elastomer components for buffer and draw gear
10. Stamenkovi¢, D. et al., Development and validation of electro locomotives primary suspension rubber-
metal elements, XIV Scientific-expert conference on railways - RAILCON '10, Nis, Serbia, 2010
11. *** ANSYS Release 13.0 documentation
12.  Axel Products, Inc., Measuring Rubber and Plastic Friction for Analysis, April 2006



180 M. BANIC, V MILTENOVIC, M MILOSEVIC, A MILTENOVIC, N JOVANOVIC

PREDVIDANJE GENERISANJA TOPLOTE U GUMENO
METALNOJ OPRUZI VUCNE OPREME ZELEZNICKIH VOZILA

Milan Bani¢, Vojislav Miltenovi¢, Milo§ Milosevi¢,
Aleksandar Miltenovié¢, Natasa Jovanovic¢

Temperatura gumenih ili gumeno metalnih opruga se povecava pri ciklicnom opterecenju zbog
histerezisnih gubitaka energije i niske toplotne konduktivnosti gume. Ovaj dobro poznati fenomen
zagrevanja gume pri ciklicnom opterecenju je osnovni uzrok njenog starenja. Povecanje temperature
gumene smeSe dovodi do pogorSanja njenih fizickih i hemijskih svojstava, povecanja krutosti i gubitka
prigusne sposobnosti. Pregrevanje gumene smeSe moze predstavijati veliki problem pri ubrzanom
ispitivanju zamora gumeno metalnih opruga jer se menjaju karakteristike opruge tokom ispitivanja, a
moze izazvati i trajno ostecenje opruge cime rezultati ispitivanja postaju nepouzdani. U radu je prikazana
procedura predvidanja generisanja toplote u gumeno metalnoj opruzi vucne opreme Zeleznickog vozila
prilikom dinamickog ispitivanja prema UIC Objavi 827-1.

Kljucne reci: vucna oprema, gumeno metalna opruga, generisanje toplote usled histerezisnih
gubitaka, analiza metodom konacnih elemenata




<<
  /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




