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Abstract: Experimental research in this paper included the influence of exploitation time and temperature on the behavior
of the welded joint of high-alloy steel X20 CrMoV 12 1 (X20) under conditions of variable load. The influence of
exploitation conditions was analyzed by determining the permanent dynamic strength, construction of the Weller
diagrams (S-N diagrams) of the base material and components of the welded joint.

1 INTRODUCTION

Certain components of process equipment in thermal power plants operating in conditions of elevated temperatures
are critical places due to operating conditions, since they are in use longer than the projected service life. Eventual failure
of these components would pose a danger not only to people and the operation of the plant but also to the environment
that surrounds them [1].

The usual service life of process equipment in thermal power plants operating in elevated temperatures is up to 20 to
30 years, or 100,000 to 150,000 operating hours. Economic interests have influenced the extension of the projected period,
because the service life of a large number of power plant components is usually longer than projected, which indicates
conservatism in design. Due to that, the importance of extending the working life and revitalization of the components of
thermal power plants has increased, as a way to keep older power plants in operation for 40-50 years, and even longer.
Preliminary studies [2-4] show that the cost of revitalization of typical thermal power plants can be 20 to 30% of the cost
of building a new thermal power plant.

Monitoring and control of the properties of construction materials of high-temperature loaded parts, exposed to high
pressure in corrosively active environments, is a basic indicator of the reliability of their work. The most important and
extensive control whose purpose is to determine the state of the metal in the second half of the remaining service life is
performed after 60% of the service life of components, because the probability of cracks that can grow to fracture increases
rapidly after that limit. Therefore, it is important to estimate the residual life of the component and the remaining service
life of the plant [1].

One of the most commonly used steels for operation at elevated temperatures and high pressures, and also resistant
to corrosion is steel marked X20 CrMoV 12-1 (X20), primarily intended for steam and piping in thermal power plants
due to good strength and toughness, at elevated temperatures.

The influence of operating conditions (operating time and temperature) on the characteristics of high-cyclic fatigue
of the base material (BM) and the welded joint of high-alloy steel X20 was analyzed by testing a new pipe and a pipe that
was in operation for 116000 hours. Tests of the new and exploited X20 steel pipe included the determination of the
permanent dynamic strength and the construction of the Weller diagrams (S-N diagrams), at room (20°C), operating
(545°C) and maximum (570°C) operating temperatures.

The obtained test results and their analysis should give a practical contribution to the assessment of the quality of BM
and welded joints of steel X20, all with the aim of revitalizing and extending the service life of vital thermal power plants
made of high alloy steels for elevated temperatures [5].

2 MATERIAL

For analysis of the effect of exploitation temperature and time on properties of high-cycle fatigue in a welded joint
of high alloy steel X20, we had a sample of new welded pipe that had not been in exploitation (Sample N) dimensions of
which were ¢450 x 50 mm and approx. 400 mm long, and a sample of a welded pipe (Sample E) dimensions of which
were (450 x 50 mm and approx. 500 mm long sampled from the steam line for fresh steam at a thermal power plant that
had been in exploitation approx. 116,000 hours.

Table 1. Chemical composition of tested pipe samples [5]

Batch % mass

C Si Mn P S Cr Mo Ni \Y
Sample N 0,21 0,27 0,563 0,017 0,006 11,70 1,019 0,601 0,310
Sample E 0,22 0,31 0,539 0,019 0,005 11,36 1,033 0,551 0,314
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Chemical composition of the samples of new and exploited pipe has been presented in Tab. 1. Mechanical properties
of the welded joints of new and exploited pipe at room and operating temperatures have been presented in Tab. 2.

Table 2. Results of tensile tests of welded-joint specimens [5]

Sample design. | Testing temperature / °C \ Yield stress Ry, / MPa | Tensile strength R,,, /MPa \ Elongation* A / % \ Fracture location

New pipe

WJ-IN 20 518 725 11,6 BM
WI-2N 545 217 294 14,6 BM

WIJ - 3N 570 185 241 15,5 BM
Exploited pipe

WI-1E 20 472 691 12,4 BM
WJ-2E 545 210 268 14,2 BM
WI-3E 570 163 201 15,3 BM

*WJ — Welded Joint

Manual electric arc welding (MEA procedure) using plated electrodes is a fundamental procedure of welding for
assembling of steel X20, but in most cases, it is necessary to make the root pass and next two to three passes by applying
the procedure of welding with non-consumable electrode, i.e. argon-shielded electric arc welding (ASEAW). According
to DIN 8575 for steel X20, the wire designated as CM2-1G (old designation SG CtMoWV 1-2) of ¢3.2-mm dia. and
electrode designated as FOX20MVW (old designation EKb CrMoWV 12-26 of ¢4-mm dia. are recommended. Flow of
argon as a shielding gas for ASEAW was 10 I/min, and its purity 99.99%.

3 STEEL WELDING TECHNOLOGY X20
The shape of the groove for welding preparation was chosen in relation to the diameter and wall thickness of the pipe

in accordance with the appropriate standards. In Fig. 1. the scheme of groove preparation is given, as well as the sequence
of welding according to the MANNESMANN procedure [6].
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Figure 1. The groove preparation and welding sequence [6]

Prior to welding, the pipes were brought to the coaxial position, taking into account the gap in the root, which should be 1
to 2.5 mm, depending on the dimensions of the additional material, and which in this case was 2 mm. The number of connections
must be such as to ensure the correct position of the pipe. As it is a pipe with an outer diameter above 150 mm and a wall
thickness above 10 mm, the connection is done with 3 to 4 bridges, which are sanded after the root passage. It is extremely
important that no additional stresses are introduced into the welded joint during the connection, which is why the support of the
pipe ends is envisaged [1,6].

The preheating temperature of X20 steel for TIG welding (root pass and first few passes, usually up to four) is 225 to 250°C.
The width of the preheated zone should be equal to three times the pipe wall thickness, but should not be less than 100mm. The
preheating temperature must be maintained throughout the welding process. The heating rate until the preheating temperature
is reached should be moderate, and in this case up to 10°C/min. For pipes with an outside diameter above 108mm and a wall
thickness greater than 16mm, electro-resistant or electro-induction heating is required, while smaller pipes can also be heated
by a gas flame.

The root passage is usually performed by TIG procedure. In order to avoid the formation of tungsten carbide in the
weld, it is recommended to use a TIG device with a high-frequency device, which ensures the establishment of an electric
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arc between the tungsten electrode and the base material without contact. The shielding gas flow must be calm to prevent
the arc from blowing, and it should last a few seconds after the welding is completed in order for the molten weld metal
to cool in the shielding atmosphere. For steels with a Cr content above 1.25% (which also includes X20 steel), protection
of the root passage from the inside is mandatory (Fig. 2).

Immediately after the completion of the application of the root passage and the next four passes, the filling of the
groove E was approached by the procedure, with the recommended basic coated electrode, which is connected to the "+"
pole of the current source. The current is selected from the catalog of the electrode manufacturer according to the type
and diameter of the electrode. Special attention should be paid to the establishment and termination of arches. The arc
should be established by touching the electrode and the base material in the groove. The beginning of the next layer should
be at least 20 to 30mm overlapped on the finished previous layer. For welding pipes with a diameter above 219mm, the
work of two welders is recommended (Fig. 1). Each weld must be stamped by the welder [1, 6].
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Figure 2. Protection during TIG welding of the root passage of X20 steel pipes [1]

Heat treatment to remove residual stresses was done under the expert supervision of welding technologists, immediately
after welding. In principle, heat treatment for X20 steel is performed at 720-780°C, with a heating rate of up to 220°C/h and a
cooling rate of up to 150°C/h. The retention time at the heat treatment temperature is 5 min/l mm of wall thickness, and at least
2 hours. The width of the heat treatment zone is at least equal to three times the wall thickness of the pipe, but never below
100mm. Cooling is performed at the prescribed speed to a temperature of 300°C, and then the welded joint is cooled in still air.
The welded joint of steel X20 must be kept for one hour at a temperature of 120-150°C after welding [1,6].

4 TEST RESULTS
4.1 Testing with variable load

Fatigue of metal is defined as a process of cumulative damaging affected by variable loading, resulting in fatigue-
crack initiation and fracture. The fatigue strength of welded joints is determined by testing tubes or models at variable
load until a crack or fracture occurs. In the case of steam pipelines, tests of high-cycle, low-cycle (low-cycle) fatigue and
thermal fatigue are of particular importance

The strength of the welded joint at variable loads, such as those occurring in non-stationary modes of operation of
the steam line in the period of starting and stopping (Fig. 3) is an important characteristic of life. Due to the scope of the
experiment, high-cycle fatigue is especially interesting, which has been the subject of experimental research.
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Figure 3. Typical diagrams of stresses of main steam lines at thermal power plants:
1 — start-up; 1l — stationary regime, Il stoppage; 1V - pause

At the load level lower than the yield stress, characteristic of high-cyclic fatigue, the test is most often performed in
the rigid regime, ie at a given voltage amplitude S,, MPa. It is best for the load cycle to simulate the operating conditions
of the structure, but simplified forms of the load cycle (usually alternating) are practically used.
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It is clear that the strength at high cyclic fatigue depends on the properties of the constituents of the welded joint.
Therefore, data are required for BM and WM, but also for HAZ, which makes testing of welded joints in high-cyclic
fatigue complex and expensive. Given this, laboratory testing of realistic construction forms or models is also justified,
but one of the important factors is the operating temperature. It should be borne in mind that the characteristics of high-
cyclic fatigue change significantly only at temperatures above 450°C for steel for X20 steam lines and for their welded
joints, and these tests are justified only for operating temperatures, which for X20 steel are 545°C to close to 600°C [7,8].

The influence of temperature and operating time on the behavior of the base metal and welded joint of steel X20
under conditions of variable load was done on test tubes taken from a sample of a new pipe and a pipe that was in operation
for 116000 hours. These tests were performed in order to determine the points in the S-N diagram (construction of the
Weller diagram) and to determine the permanent dynamic strength Sf. The test procedure as well as the specimen are
defined according to the ASTM E466 standard [9]. The sketch and layout of the specimen with variable load is shown in

Fig. 4.
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Figure 4. Specimen for dynamic tests [9]

In this test, as a rule, only the number of variations until fracture occurs should be determined under loading of
constant range, and the standard requires only information on stress value at which fracture does not occur after certain
number of cycles (usually between 10° and 10® cycles). For steel materials, standard ASTM E466 defines permanent
dynamic strength, Sy, after 107 cycles. Therefore, this test is necessary when the data are required for design, mainly from
the point of view of fatigue and fracture mechanics, i.e. when the parts exposed to long-lasting variable loading during
whole projected life of the structure, should be designed.

4.2 Results and discussion

The results of determining the permanent dynamic strength, Sy, ie the maximum dynamic stress at which no crack initiation
occurs in smooth structural shapes, are shown graphically in the form of Weller diagrams (S-N diagrams) in Fig. 5 for BM new
pipes etc. 6 for BM pipes from operation. The behavior of the welded joint depending on the operating time and temperature is also
shown graphically in the form of Weller diagrams for the welded joint of the new pipe in Fig. 7, and for the welded pipe joint from
operation in Fig. 8.

Analyzing the Weller diagrams, obtained by testing the BM and the welded joint of the tubes of the new pipe and the
pipe from operation, we see that the operating time and test temperature significantly affect the obtained values of
permanent dynamic strength, Fig. 10. As the test temperature increases, the value of permanent dynamic strength, S¢. The
operating period of 116,000 hours led to a decrease in the value of permanent dynamic strength in BM tubes by about
25%, which can be a very important figure if the operating conditions of the steam line are known.
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Figure 5. S-N diagrams of the BM-New Pipe [5]

———
184




»ENGINEERING TECHNOLOGIES IN MANUFACTURING OF
WELDED CONSTRUCTIONS AND PRODUCTS, SBW 2021«

600 ——rr
BM - Exploited pipe o 20°C
O 545°C
500 ~ swocH
© 400
S]]
p= NETEE‘_'EEE‘*EHH-@_.EH
300
&
2}
o
=
@A 200
- Tl ||
[ “‘"“tﬁi&:z-_‘:ﬁﬂ;}_& ARENN I
100 s s e =8 A A
0
10* 10° 10° 10’ 10°
Number of Cycles, N
Figure 6. S-N diagrams of the BM-Exploited Pipe [5]
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Figure 7. S-N diagram of the welded joint - New Pipe [5]
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Figure 8. S-N diagram of the welded joint - Exploited Pipe [5]

When it comes to the test results of welded test specimens, the obtained values of permanent dynamic strength S,
test tubes taken out of welded joint new pipe, range from 386MPa obtained by testing at 20°C, 144MPa obtained by
testing at 545°C to 128 MPa obtained by testing at 570°C. Regarding the testing of welded joint pipes from operation, the
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obtained values of permanent dynamic strength S¢ range from 316MPa obtained by testing at 20°C, 110MPa obtained by
testing at 545°C to 89MPa obtained by testing at 570°C

Analysing the Weller diagrams obtained by testing the specimens of the welded joints of new and exploited pipe, on
can see that exploitation time and temperature substantially affect the values obtained for permanent dynamic strength.
The values of permanent dynamic strength, Sy, decrease with an increase of testing temperature. Exploitation period of
116,000 hours lead to decrease of the values of permanent dynamic strength, which can be important information if the
conditions of steam-line operation are known.
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Figure 9. Change of values of permanent dynamic strength Sy depending on exploitation time and temperature

CONCLUSION

Based on what has been presented above, one can conclude the following:
The period of exploitation (new and exploited material) affects the values of permanent dynamic strength, so that

the new material has a higher resistance to crack initiation in smooth construction forms, ie it has a higher permanent
dynamic strength.

>
>

The value of permanent dynamic strength decreases with increasing test temperature.
The base material generally shows better crack initiation resistance than the welded joint, because the welded joint

is a stress concentrator, and as such is prone to easier crack initiation than the base material.

ACKNOWLEDGMENT

Authors of this paper would like to express their gratitude to the Ministry of Education, Science and Technological

Development of Republic of Serbia, for their support through Project 451-03-9/2021-14/200325. Also, the authors would
like to express their gratitude to the Military Technical Institute, where experimental tests of fracture mechanics
parameters of welded steel joints for work at elevated temperatures were performed.

REFERENCES

Sedmak, S., Pretrovski, B., Provision of Quality Welded Joints and Ensurance of Their reliable Operation on Pipelines
of Thermal Power Plants ZEP, Study for the Necessities of Associated Electric Power Industry Belgrade, Contract
No. 1093, TMF, 1988.

Project EPRI, The Grade 22 Low Alloy Steel Handbook, Electric Power Research Institute (EPRI), EPRI Project
Manager D. Gandy, Palo Alto, California, USA, 2005.

EC Project CRETE, Development and Harmonisation of Creep Crack Growth Testing for Industrial Specimens - A
Root to a European Code of Practice, EC Project No. GRD2-2000-30021, 2001-2005.

EC Project Advanced Creep, WG1 on Guidelines and Procedures, European Creep Collaborative Committee
(ECCC), European Technology Development (ETD) Ltd., EC Project No. GIRT-CT-2001-05042, 2001-2005.
Gaco, Dz., Ph.D Thesis, University of Belgrade, Department of Mechanical Engineering, Serbia, 2007.

Brohl, F., Mesch, H., Welding of Alloyed Ferritic and Martensitic Steels in Piping Systems for High-temperature
Service, Mannesmann, Diisseldorf, 1986.

Dogan, B., "High temperature defect assessment procedures", International Journal of Pressure Vessels and Piping,
No. 80, 2003, p. 149.

Burzi¢, M., Ph.D Thesis, University of Novi Sad, Department of Technical Faculty, Serbia, 2008.

ASTM E466-07, Standard Practice for Conducting Constant Amplitude Axial Fatigue Tests of Metallic Materials,
Annual Book of ASTM Standards, Vol. 03.01, 2007.

———
186





<<
  /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


