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The results of an investigation into the hot stretch reducing of high-frequency welded steel tubes are presented. The internal
stresses were determined after every processing pass. The selected processing parameters ensured that the coefficient of plastic
extension was maintained in the range that prevents the tearing of the tube wall and achieves the required geometrical shape as
well as the planned properties of the finished tube.
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Predstavljeni so rezultati raziskave iztezne redukcije visokofrekven~no varjenih jeklenih cevi. Po vsakem prehodu so bile
dolo~ene notranje napetosti. Izbrani procesni parametri zagotavljajo, da se koeficient plasti~nega podalj{ka ohranja v razponu,
ki prepre~uje trganje cevne stene in zagotavlja, da se dose`ejo predpisane mere in mehanske lastnosti cevi.

Klju~ne besede: varjene cevi, vro~e iztezna redukcija, mikrolegirano jeklo, notranje napetosti, koeficient plasti~nega podalj{ka

1 INTRODUCTION

With proper hot working small additions of
micro-alloying elements can improve the properties of
hot-rolled sheets produced from structural steels 1,2.
Hot-rolled welded tubes are manufactured from
hot-rolled sheets with carbide precipitates formed by
deformation-induced precipitation during the final stages
of hot rolling. In the technology of the stretch reducing
of welded tubes, the initial tube blank is processed at an
appropriate temperature and without internal tool
(mandrel) to a different diameter and wall thickness 3.
The calculation of the per-pass reductions of the tube
diameter and the wall thickness is relatively complex
3,4,5, and their proper sequence depends on the type of
steel, the rolling temperature and the rate and the extent
of reduction of the tube’s diameter and the wall
thickness. In this study the results of an experimental
investigation on the evolution of the microstructure and
internal stresses for a sequence of stretch-reducing
passes for a micro-alloyed steel are presented. The
findings in this investigation were used in the selection
of the optimal parameters for industrial processing.

In the process of manufacturing hot-rolled welded
tubes, the sheet is formed at room temperature in a tube
pre-form, high-frequency welded, heated first to the
normalising temperature, to homogenise the micro-
structure in the weld, and then heated to the hot-rolling
temperature, processed with stretch-reducing passes to
the required size and air cooled 5. The processing mill
consists of several three-rolls high stands 4,5.

For proper processing, a balancing of the maximum
allowed changes to the tube diameter and the wall

thickness is required. Achieving the final tube size
depends on the maximum allowed deformation and
stressing of the steel at the temperature of every
processing pass. The reduction of the diameter occurs in
several passes and depends on the total reduction and the
number as well as the size and design of passes. In the
initial processing stands of the investigated mill, the tube
diameter decreased quickly to a constant value, then it
decreased more slowly towards the end pass to ensure to
obtain the required tube diameter and wall thickness.
The deformation was 3–5 % per pass and stand 4,5. The
maximum extent of the wall reduction depends on the
steel’s plastic elongation, the total and the per-pass. To
prevent hot tearing of the tube wall it is necessary to
know for every stand, the maximum coefficient of the
steel’s plastic extension (stretching), which is given as a
ratio of the axial stressing and the steel’s elongation
4,5,and can achieve a maximum value of Zt = 1.

For Zt = 0.5 the wall thickness is increased, and for a
reduction of the tube diameter by 3–5%, the tube length
and the wall thickness are increased. Experience shows
that up to Zt = 0.55, the wall thickness remains un-
changed. However, for Zt = 1 the tube diameter and the
tube-wall thickness are reduced simultaneously and
tube-wall ruptures occur frequently. For this reason, the
maximum value of the coefficient of plastic extension is
Zt =0.7–0.8 4,5.

2 FRAMEWORK AND SCOPE OF THE
INVESTIGATION

The fundamental processes and mechanisms of
austenite hot deformation, carbide precipitation and
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austenite grain growth are involved in the processing of
micro-alloyed steels 6. After proper thermomechanical
processing, the hot-rolled sheet has a fine-grained and
homogenous microstructure and good mechanical
properties 1. With higher temperatures, coarsening of the
precipitates occurs, with the kinetics depending on the
temperature, the solid solubility and the diffusivity 6,7.
With a smaller solid solubility, the coarsening rate of the
precipitates is reduced, and it is also less for nitride than
for carbide particles 6. Precipitates with a diameter over a
critical value and at large mutual distance accelerate the
static recrystallisation of austenite, while for a small
mutual distance the small precipitates may even hinder
the static recrystallisation of austenite 8,9,10,11. In niobium
micro-alloyed structural steels the static recrystallisation
of austenite occurs at a sufficient temperature if the
per-pass rolling deformation is above approximately 12
% 12,13. In the investigated processing the per-pass
reduction was below this level, and therefore the
deformation energy was released only with recovery.

The large number of point and line defects
introduced into the steel by the plastic deformation
produces strain hardening and softening processes with a
mutual relation depending on the steel’s chemical
composition, the initial microstructure and the extent of
deformation, the rate of deformation and the deformation
temperature. Hardening is the result of an increase in the
density of the deformation defects and softening
corresponds to a decrease. The rates of diffusion,
precipitation and precipitate coarsening can be increased
in non-recrystallised austenite by up to two orders of
magnitude 10,11,14 when compared to that in the
recrystallised austenite, and this affects significantly the
density and the mobility of the vacancies and dislo-
cations.

The precipitation rate depends on the temperature,
the degree of deformation and the content of elements
affecting the recrystallisation, especially niobium. In the
hot-rolled sheet used in this investigation, we found
mostly particles formed by deformation- induced
precipitation 1. With high-frequency welding the steel is
locally heated up to 1400 °C; however, the heating time
is very short and it does not produce a significant change
in the size and distribution of the precipitates. With the
subsequent reheating of the tube blanks to 850 °C, the
microstructure in the weld area is homogenized, while
the size and the distribution of the precipitates are not
affected.

The initial temperature of the stretch reducing of the
welded tubes depends on the number of passes and
should be sufficiently high to ensure the finishing
temperature is above the austenite-to-ferrite
transformation 4,5. For low-carbon steel it is in the range
1100–950 °C. During soaking, coarsening of the
austenite grains occurs and part of the niobium
carbonitride is dissolved in austenite, as the solid
solubility is attained only at a higher temperature.
Parallel coarsening of the non-dissolved precipitates
could also occur.

In the process of mastering the technology of stretch
reducing high-frequency welded tubes from niobium
micro-alloyed steels, in the central passes of the
processing line tearing of the tube wall occurred
frequently, especially in the weld area. The aim of this
work was to investigate the microstructure processes that
may be related to the tearing. In the frame of the
investigation the microstructure, the mechanical
properties and the evolution of the internal stresses
generated by the deformation were investigated.

3 EXPERIMENTAL WORK

In Tables 1 and 2 the chemical composition of the
steel and the mechanical properties of the sheet
determined from specimens cut out from the initial,
centre and end of the coil, are shown. The microstructure
of the steel sheet consisted of fine polygonal ferrite and
pearlite grains (Figure 1).

Table 1: Composition of the steel, w
Tabela 1: Sestava jekla, w

C Mn Si P S Al Nb O2 N2
0.14 0.8 0.12 0.011 0.018 0.005 0.049 0.005 0.009

The 370 mm × 3.6 mm steel band of the required
length was cut out from the coil, then it was shaped to a
tube blank with a diameter of 117 mm, which was
high-frequency welded 15, heated to 850 °C for the
homogenisation of the microstructure and the relaxation
of the internal stresses, then heated to the hot-working
temperature and processed within the temperature range
960–830 °C. In Figure 2 the microstructure is shown for
different parts of the welded tube: the section of the
weld, the heat-affected zone, the base material and the
weld. The weld is narrow and the microstructure of the
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Table 2: Mechanical properties of the sheet
Tabela 2: Mehanske lastnosti traka

Re/MPa Rm/MPa A5/% Kcv/(J/mm2)
Direction Axial Transv. Axial Transv. Axial Transv. Axial Transv.
Coil onset 500 492 599 590 32.5 29.8 123 147
Coil centre 496 490 592 586 30.5 30.3 120 138
Coil end 495 495 590 576 30.1 31.9 118 127



characteristic heat-affected zones is similar to that in the
standard welds of structural steels 15.

The reduction to the final size of d 48.3 mm × 3.2
mm is achieved in 12 passes, applying a per-pass
deformation, preventing the tearing of the tube wall, the
achieving of the final diameter and ensuring that the
final pass temperature is just above the austenite-to-

ferrite transformation point, which strongly affects the
properties of the steel in the finished tube.

The tests and examinations were carried out on
samples of A, a hot rolled sheet; B, a welded tube; C, a
tube after heating to the rolling temperature and water
quenching, and D, a finished tube. At 12 selected points
of the processing, the mill was stopped and the samples
of the so-far processed tube 1 to 12 were cut out and air
cooled or water quenched. Using these samples the
diameter of the tube and the thickness of the tube wall
were checked and the specimens for mechanical tests
and optical microstructure examinations were prepared.
Carbide and carbonitride particles were extracted from
the steel with electrolytic dissolution and identified with
X- ray diffraction analysis. For the identification of the
phases found in isolates the data in 16,20 were used. The
internal stresses were determined on specimens with a
finely ground and etched surface. The Debye diffraction
lines were checked for the wavelength and the (310)
peak of �-iron, the widths of the (110), (200) and 211)
lines for iron were assessed at half intensity and the
internal stresses were deduced quantitatively using the
method proposed in 17,18,19.

4 RESULTS AND DISCUSSION

4.1 Processing parameters

From the data obtained on samples cut out from the
tube after all stretch reducing passes the partial
deformations shown in Figures 3 and 4 were deduced.
The pass temperature is also given in both figures. The
per-pass decrease of the tube diameter is large and
virtually constant in the initial 7 passes, after this it
decreases. The decrease of the tube diameter depends on
the processing procedure. As a rule, the stretch reducing
in the first passes results in the maximum decrease of the
tube. In Figure 3 a decrease of 57 % of the tube diameter
was obtained in the first four passes. The wall thickness
is achieved by stretching, and it depends strongly on the
steel extension in every pass that is lower in the previous
passes 4,5. On the investigated mill the drawing reduction
of the wall thickness of the structural steel occurs in the
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Figure 3: The per-pass (�) and total (�) reduction of the diameter
Slika 3: Redukcija premera cevi, na vtik (�) in skupna (�)

Figure 2: Tube-weld area a) macrography of the weld section, b)
micrography of the welding area: A- base steel, B – heat-affected
zone, C – weld
Slika 2: Podro~je zvara cevi a) makrografija prereza zvara, b)
mikrografija podro~ja zvara: A – osnovno jeklo; B – toplotma zona, C
– var

Figure 1: Microstructure of the sheet
Slika 1: Mikrostruktura traku



temperature range from 1000 °C to 800 °C by the value
Z = 0.6–0.72, and a maximum per-pass wall reduction of
2 %. For the processing of niobium micro-alloyed steel,
the maximum coefficient of plastic extension is lower,
i.e., Z = 0.65 % (Figure 5). The required tube diameter
and tube-wall thickness can be achieved only with
smaller per-pass reductions and, accordingly, the value
of the coefficient of plastic extension is lower also.

The curve of total deformation in Figure 3 was found
to be virtually ideal for the processing of the investigated
tube on the used stretch-reducing line, as the defor-
mation parameters in Figure 5 ensured stable processing
and the required size and properties of the tube.

In the range of the analytical accuracy, the content of
niobium carbo-nitride was equal for all the specimens 20.
This confirms the assumption that the content of niobium
carbide is not affected by the processing parameters. It is
interesting that in the weld a small quantity of niobium
nitride was also detected.

4.2 Internal stresses

The difference in the shapes of the X-ray diffraction
spectra for the base material and for the weld is very

clear (Figure 6). Since ferrite is the matrix in both cases,
the absence of the Kα doublet confirms the presence of
internal stresses in all the specimens water quenched
from the processing temperature and used for the X-ray
examination. After hot plastic deformation, the profile of
the diffraction line is similar, and this indicates a
partially homogenised microstructure (Figure 7);
however, the internal stresses are still slightly greater in
the weld. The diffraction line for the base material is
virtually equal for the blank and the processed tube,
although it is very different for the weld. The presence of
the Kα doublet after stretch reduction indicates that the
hot deformation had a favourable effect on the
microstructure and on the internal stresses in the weld.

The intensity of internal stresses after the following
processing passes is shown in Figure 8. The stresses
remain constant in the specimens up to the third pass,
then increase quickly in the following six passes, with a
constant coefficient of plastic extension, and then
gradually decrease in subsequent passes, parallel to a
decrease in the coefficient of plastic extension. The
evolution of stresses is virtually equal for the base
material and the weld, and this indicates an identical
reaction of both to the deformation and the equal extent
of the interpass softening processes. It also confirms that
the applied thermal regime of the tube blank before the
start of the stretch reducing helped to avoid a greater
intensity of internal stresses and a greater propensity for
tearing of the tube wall in the weld area.

S. RE[KOVI], F. VODOPIVEC: AN INVESTIGATION OF THE STRETCH REDUCING OF WELDED TUBES

260 Materiali in tehnologije / Materials and technology 42 (2008) 6, 257–262

Figure 6: Welded tube. Profile of the diffraction lines (220) for the
weld (1) and the base steel (2).
Slika 6: Zvarjena cev. Profil uklonskih ~rt (220) za zvar (1) in za
osnovno jeklo (2)

Figure 5: Change of Z(�) and the total reduction of tube εt (�) in
stretch reducing
Slika 5: Sprememba Z(�) in skupna redukcija cevi εt (�)

Figure 4: The per-pass (�) and total (�) reduction of the thickness of
the tube wall
Slika 4: Redukcija debeline stene cevi, na vtik (�) in skupna (�)

Figure 7: Finished tube. Profile of the diffraction lines (220) for the
weld 1) and the base steel (2).
Slika 7: Izdelana cev. Profil difrakcijskih ~rt (220) za zvar (1) in za
osnovno jeklo (2)



The faster cooling of the specimens for the X-ray
examination explains why the internal stresses are even
greater than the yield stress determined for the air-cooled
specimens. The internal stresses are greater for a greater
density of lattice defects generated by the plastic
deformation of austenite and the decreasing extent of the
recovery due to the lowering of the processing
temperature. It is logical to assume that with an
increased density of lattice defects the steel’s hot
workability is lower and that the relation between the
stresses in different specimens is preserved after
quenching. The first assumption is confirmed by the fact
that the tube-wall tearings were more frequent for the
passes with greater internal stresses and the second is the
difference in the level of internal stresses for the
specimens quenched after a different total deformation.
In the range of the increase of the internal stresses the
per-pass deformation was constant. The stresses were
determined from X-ray spectra at room temperature and
these are not equal to the stresses at the processing
temperature. In reality, the stresses are a relative measure
of the extent of the release of deformation hardening and
of the residual deformation capacity of the steel, which
are of essential importance for the smooth operation of
the stretch-reducing line. On the basis of the assessment
of the intensity of internal stresses and of the processing
experience it can be concluded that the increased internal

stresses due to the incomplete release of the deformation
energy with interpass recovery and the lowering of the
workability can be balanced with the selection of the
proper value of the coefficient of plastic extension.

4.3 Properties of the finished tube

The mechanical properties determined for the
sections of the tube with a weld and without a weld and
are shown in Table 3. The very fine grain size (Figure
9) ensures that the tube has excellent mechanical
properties, in accord with the standard requirements.

The mechanical and technological properties are
virtually equal for the weld and the base material and
confirm that the temperature-deformation regime made it
possible to achieve a sufficient degree of homo-
genisation of the microstructure of the weld and the base
material, the processing without tube-wall tearings, and
the good mechanical properties of the finished tube.
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Figure 8: Evolution of internal stresses (weld�, base material �) and
coefficient of plastic extension Z (�) with respect to the processing
temperature.
Slika 8: Evolucija notranjih napetosti (var �, osnovni material �) in
koeficient plasti~nega podaj{ka Z (�) v odvisnosti od temperature
predelave

Figure 9: Section and microstructure of the finished tube wall in the
weld area (A – weld zone)
Slika 9: Prerez in mikrostruktura stene cevi v podro~ju zvara (A –
podro~je zvara)

Table 3: Mechanical and technological properties of the finished tube
Tabela 3: Mehanske lastnosti izdelane cevi

Spec. Re/MPa Rm/MPa A5/% Kcv/(J/mm2)
Weld B.mat. weld B.mat. Weld B.mat. weld B.mat.

1 502 497 590 596 32.5 31.7 104 110
2 495 492 592 609 32.5 32.7 101 122
3 496 500 592 603 31.9 32.01 106 112



5 CONCLUSIONS

The quality and reliability of the hot stretch reducing
of high-frequency welded tubes depend strongly on the
understanding of the processes in the steel at the
operating temperature and the mastering of these
processes in individual passes as well as during the
entire processing line.

With the initial heating of the welded blank a
sufficient homogenisation of the weld and base
material’s microstructure and the internal stresses were
achieved. The initial hot-working temperature ensured
the steel had sufficient ductility on the processing line
and a sufficient finishing temperature above the
austenite-to-ferrite transformation.

The per-pass changes of the tube diameter and the
wall thickness ensured a smooth processing without any
tube-wall tearings.

Of great importance to mastering the hot stretch
reducing of tubes was understanding the per-pass
evolution of the internal stresses and the choice of the
per-pass deformation parameters, ensuring that we
maintain the optimum value of the coefficient of plastic
extension.

6 REFERENCES
1 F. Vodopivec, S Re{kovi}, I. Mamuzi}. Evolution of substructure

during the continuous rolling a microalloyed steel strip. Mat. Sci.
Techn.15 (1999), 1293–1299

2 S. Re{kovi}. Studij mehanizama precipitacije i rekristalizacije u
podru~ju zavr{nog oblikovanja mikrolegiranog ~elika (Investigation
of the mechanisms of precipitation and recrystallisation by finishing
of a microalloyed steel), Dr. Diss., University of Zagreb. 1997

3 K. H. Staat. Streckreduzierwalzwerk, Metalurgija. 10 (1971), 13–22
4 R. Kri`ani}. Raspodjela brzina u zoni deformacije i prora~un broja

okretaja pri kontinuiranom toplom valjanju cijevi na izvla~no-redu-
cirnom stanu (Deformation rate and number of revolutions by the
continuous hot rolling of tubes on the stretch reducing mill).
Metalurgija. 26 (1987), 109–116

5 R. Kri`ani}. Prora~un povr{inskog presjeka stijenke cijevi pri
valjanju na izvla~no-reducirnom stanu (Calculation of tube wall

cross –section at rolling on the stretch reducing mill). Metalurgija.
27(1988), 3–11

6 R. W. K. Honeycombe. Fundamental aspects of precipitation in
microalloyed steels, HSLA Steels Technology & Applications,
Proceedings of the International Conference on Technology and
Applications of HSLA steels, Philadelphia, USA, (1983), 243–261

7 T. Tanaka, N. Tabata, T. Hatamura. Three Stages of the Controlled-
Rolling Process. Proceedings “Micro Alloying 75”, Union Carbide
Corporation, New York, 1977, 107–120

8 T. M. Hoogendorn, M. J.Spanrant. Quantifying the Effect of
Microalloying Elements on Structures during Processing , Ibiden,
(1977), 57–63

9 W. Roberts. Recent Innovations in Alloy Designing and Processing
of Microalloyed Steels. HSLA Steels – Technology and Appli-
cations. Proceedings of the International Conference on Technology
and Applications of HSLA STEELS, Philadelphia, Pennsylvania,
USA, (1983), 243–251

10 J. J. Jonas, I. Weiss. Dynamic precipitation and coarsening of
niobium carbonitrides during the hot rolling of HSLA steel, Metall.
Trans., 11A (1980), 403–410

11 J. Jonas, I. Weiss. Effect of Precipitation on Recrystallization in
Microalloyed steel. Met. Sci. 65 (1979), 238–245

12 T. Tanaka, N. Tabata, T. Hatamura, C. Shiga. Three Stages of the
Controlled-Rolling Process, Microalloying75, Ed. U. C. Corporation,
N. York, 1977, 107–120

13 I. Kozasu, C. Ouchi, T. Sampei, T. Okita. Hot Rolling as a High-
Temperature Thermo-Mechanical Process. Ibidem, 1977, 120–129

14 T. Gladman. Recrystallization and Grain Growth of Multi-Phase and
Particle Containing Materials. Ed. N. Hansen, A. R. Jones and T.
Leffers, Risd National Laboratory, Denmark, 1980, 19

15 S. Re{kovi}, M. Prelo{}an. Zavarivost niobijem mikrolegiranog
~elika visokofrekventnim postupkom (High frequency welding of a
niobium microalloyed steel). Zavarivanje 35 (1992), 191–199

16 J. T. Norton, R. E. Hiller. Structure of Cold Drawn Tubing. Trans.
AIME, 99 (1993), 190

17 C. N. Wagner, A. S. Tetelman. Diffraction from Layer Faults in bcc
and fcc Structures, J.Appl. Phys. 33 (1992), 3080

18 R. E. Smallman, K. H. Westmacott. Stacking faults in face-centred
cubic metals and alloys, Phil. Mag. 2 (1957), 669

19 B. Warren. X-Ray Studies of Deformed Metals. Prog. Metal Phys. 8
(1959), 147–202

20 Vj. Novosel-Radovi}. Rentgenska difrakcija u laboratoriju @eljezare
Sisak 8X rays diffraction in the laboratory of Steelwork Sisak).
Strojarstvo. 36 (1994), 9–13

S. RE[KOVI], F. VODOPIVEC: AN INVESTIGATION OF THE STRETCH REDUCING OF WELDED TUBES

262 Materiali in tehnologije / Materials and technology 42 (2008) 6, 257–262



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




