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 Simulation and visualization of the mechanical components have become a predominant phase 
during the design and the production stages. Several means are used to improve the design and 
to reduce study time. Today, the powerful hardware and the software available on the market 
have contributed greatly on the improvement of design, visualization and manufacturing 
process of complex parts (turbine blade). In this context, our study is a contribution to the 
establishment of a methodology to a CAD modelling and finite element analysis, which allows 
us to identify the mechanical behavior of a gas turbine blade. The profile of the blade turbine 
model is obtained after regeneration using the CATIA V5R20 software from the retro-design 
technique using a FARO-type scanner. The turbine blade is analyzed under a static mechanical 
behavior. It has been observed that the maximum stresses and deformations are located in the 
vicinity of the root and the upper surface along the turbine blade. On the other hand, the elastic 
energy is located at a distance from the root of the turbine blade. 
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1. Introduction 
 

 

      The turbine blades are the individual components that make up the turbine of a gas turbine engine 
and convert the kinetic energy of the burning gases into mechanical energy. It is the vanes that condition 
the efficiency of the turbine. In fact, the modelling of the damages and the forecasting of their lifetimes 
constitute a main research axis. The turbine blades of the warmer stages are those parts which are 
subjected to the most damaging stresses due to numerous factors such as the very high temperature of 
the burnt gases (often higher than the melting temperature of the alloys), the strong thermal gradients 
present during the take-off and landing phases in the case of aircraft engines, creep of centrifugal force, 
hot corrosion, high stresses induced by complex geometry and vibration fatigue. But these conditions 
also varies over time during the mission of the engine, therefore, require a high level of mechanical 
properties (fatigue-creep) and an environmental stability (resistance to oxidation, corrosion) 
(Loranchet, 1992). 



  106

     The complexity of these parts requires a perfect integration between design, materials and 
manufacturing techniques. The vanes are therefore made of a chromium-modified aluminium-coated 
nickel-based super alloy. At the leading edge, the severity of the local thermal loading can constitute 
privileged sites of damage (Xie et al., 2006; Boyaraju et al., 2015; Padture et al., 2002). Work has been 
carried out on turbine blade failed using metallurgical examinations which include activities such as 
determination of the composition of the material, visual inspection and microscopic examination 
(Mazur et al., 2015; Hou et al., 2002; Vardar & Ekerim, 2007; Kermanpur et al., 2008; Carter, 2015). 
 

      Rao et al. (2014) presented a research that summarizes an attempt that was made to analyse the 
failure of the gas turbine blade made of nickel base superalloys by mechanical analysis. The mechanical 
analysis was carried out assuming that there could be a failure in the material of the blade due to the 
high temperatures and the large supported centrifugal forces which can ultimately lead to a final rupture 
of the gas turbine blade. A recent study by Mohamad and Abdelhussien (2016) allows the analysis of 
failure of the turbine blade of a type of gas turbine 9E GE installed in a certain type of simple systems 
constituted by the gas turbine driving an electric power generator. A calculation was also carried out 
with an excessive speed. The focus of this study is on the damage mechanisms of the turbine blade and 
critical areas of high stress.  
 

      Our research focuses mainly on structural static analysis and the design of a 3D model of the turbine 
blade based on data from a FARO type laser scanner. The technique of retro design is adopted to 
generate 3D surface data of the turbine blade. The profile of the gas turbine blade model obtained is 
generated using the CATIA V5R20 software. The 3D model of a gas turbine blade with root was carried 
out in two stages. These were then combined to create a single volume. The turbine blade is analysed 
for its mechanical performance. A static analysis was performed to find out the mechanical stresses and 
deformations of the gas turbine rotor blades, which include parameters such as gas forces that are 
assumed to be evenly distributed, tangential and axial forces acting through the centroid of the blade. 
The centrifugal force also acts through the centroid of the blade in the radial direction.  
 

2. Material and method 
 

2.1.  Properties of a gas turbine blade studied 
 
      The blade studied belonging to 110 MW gas turbine engines used for the production of electrical 
energy with a turbine gas inlet temperature of about 1350 ° C. The turbine blades were super nickel-
based alloys having excellent mechanical strength and good creep resistance at high temperature 
(typically 0.7 to 0.8 times its melting temperature), good surface stability and good resistance to 
corrosion and oxidation, they are manufactured according to the high pressure molding method. The 
chemical composition of the turbine blade is determined by means of an apparatus Thermo Fisher 
Scientific and is presented in Table 1, the chemical analysis of the blade allows to identify the material 
which corresponds to the grade 46Ni-8Cr-44Fe-0.5Co. Fig. 1 shows the blades to be studied, the latter 
belonging to the blades of the gas turbine compressor part of the Frame 9001 GE type. 
 
Table 1. Chemical composition of gas turbine blade 

Element Sn Mo Nb Ni Co Fe Mn Cr V 
Wt% 0.011 0.084 0.003 46.366 0.404 44.285 0.488 8.279 0.030 
Error ±0.005 ±0.003 ±0.001 ±0.114 ±0.052 ±0.096 ±0.034 ±0.047 ±0.006 

 
2.2. Modelling of the gas turbine blade 
 
      The blade examined belonging of the blade of the 110 MW gas turbine compressor rotor to be 
operated in a power plant (SPE M'sila, Algeria) to reproduce electrical energy. The technique of retro 
design is applied to generate 3D surface data of the turbine blade. This technique uses a FARO type 
laser scanner (Fig. 2) to acquire the data in the form of point clouds (1380675 points) in a text file 
which groups the acquired data in the form of three coordinates x, y and z. 
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Fig. 1. Gas turbine blade Frame 9001 GE.  

 
      The profile of the gas turbine blade model is generated using the CATIA V5R20 software. The 3D 
model of a gas turbine blade with root was made in two steps (Digitized Shape Editor, Quick Surface 
Reconstruction). These two were then combined to create a single volume. The geometric model of the 
gas turbine blade is illustrated in Fig. 3. 
 

     
Fig. 2. Acquisition of data: (a) FARO type scanner used for data acquisition (MEI SONELGAZ 

M’sila, Algérie), (b) start of scan and (c) end of scan 
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Fig. 3. Geometric model of gas turbine blade using CATIA V5R20 

 
2.3. Finite Element Analysis of a Gas Turbine Blade 
 
      The analysis of the stress distribution in the field of gas turbine engineering is invariably complex 
and for many problems it is extremely difficult and tedious to obtain analytical solutions. The finite 
element method is a numerical analysis technique to obtain approximate solutions. It has now become 
a very important and powerful tool for the digital solution of a wide range of engineering problems. 
The method used for the analysis of solid structures of complex shapes and complicated boundary 
conditions.  
 
      The turbine blade is analysed under static mechanical behavior using the CATIA V5R20 software. 
The compressor rotor of the gas turbine Frame 9001 GE has 32 fins distributed around the 
circumference of the rotor wheel. Only one turbine blade is taken into consideration for the analysis. 
The cross-section of the blade is in the X-Z plane and the length of the blade is along the Y-axis.  
A static analysis was performed to determine the mechanical stresses and deformations undergone by 
the rotor blade of the gas turbine. In this analysis, it is assumed that the gas forces are uniformly 
distributed their resultant is decomposed into tangential (Ft) and axial forces (Fa) acting through the 
centroid of the blade.  
       
      The rotor blades suffer the effects of centrifugal force, aerodynamics, chemical and thermal actions 
of gases and vibrations. The centrifugal force also acts through the center of the blade in the radial 
direction. It is given by the Eq. (1):  

cܨ ൌ .	²ݓ.	݉ ܴ ൌ 	
ܸ²
ܴ

 
 (1)

where : 
m : mass of the turbine blade; 
w : Rotation speed of the rotor; 
R : distance between the centroid of the turbine blade and the axis of rotation.  
Centrifugal force (Fc) = 281661.5 N 
 
The components of the resultant of the gas forces are evaluated by constructing velocity triangles at the 
inlet and outlet of the rotor blades. This decomposition resulted in two forces, one tangential and one 
axial: 
Tangential forces (Ft) = 780 N 
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Axial force (Fa) = 275 N 
 
The type of mesh used for the gas turbine blade during the analysis process in CATIA V5R20 is a 
parabolic mesh (Fig. 4). The mesh characteristics are given in Table 2. 
 

 
Fig. 4. Meshing of turbine blade under analysis 

 
Table 2. The mesh characteristics 

Type 
of mesh Element type Intermediate node 

parameters 
Element Size 
(mm) 

Total number of 
nodes 

Total number of 
items 

Geometric 
tolerance  
(mm) 

Octree 
3D 

Parabolique 
Jacobien= 0.3 
Angle=60 

14.518 12363 6721 0.1 

 
 

3. Result and discussion 
 
      The rotational movement is communicated to the turbine rotor via the turbine blades which are 
distributed over the circumference of the wheels. The reception of the forces by the blade coming from 
the burned gases and the centrifugal forces puts it under bending stress. This situation may involve the 
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embedding of one end of the turbine (foot of turbine blade) on one side and on the other side the second 
end is free (top of the jacket). The stresses induced in the materials of the turbine blade must be within 
the safe limit after geometrical regeneration of the model (turbine blade) under the software CATIA 
V5R20, a discretization in domains finite elements are applied. The simulation analysis makes it 
possible to identify the probable zones of damage through mechanical constraints and deformation 
parameters. The simulation results obtained revealed significant major deformations of the order 
(5.52E-6) at the root of the blade (Fig. 5). This zone, where high stress concentration is present, supports 
an embedding moment and a reaction force. A decrease in the main deformation is indicated far from 
the foot of the turbine blade.  
 
 

 
            

Fig. 5. Main deformation induced stress distribution within gas turbine blade 
 
      The combined effect of the main constraints		ߪ௫, ,௬ߪ - is illustrated from the expression of Von	௭ߪ		ݐ݁
Mises criterion given by Eq. (2) as follows, 
 

ߪ ൌ
1

√2
ටሺߪ௫ െ ௬ሻଶߪ  ሺߪ௬ െ ௭ሻଶߪ  ሺߪ௭ െ ௫ሻଶߪ  

(2)

where : 
 ௫: Main constraint by direction xxߪ
 ௬: Main constraint by direction yyߪ	
 ௭: Main constraint by direction zzߪ	
 
     Fig. 6 shows the distribution of Von-Mises stresses along the turbine blade, the maximum (value: 
1,015 N / mm²) is located at the root of the blade where the stress gradient is large. Several mechanisms 
are involved in the failure of the blades under the conditions of operation of the turbine at high speed 
of rotation at high temperature in a corrosive medium. In operation, the exhaust gases from the 
combustion chamber are directed through the transition tubes so that the hot gases strike the turbine 
blades of the first stage HPT, thereby signaling high pressure forces which tend to deform the blade in 
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flexion relative to its foot (fir foot). The zone most stressed to the forces induced by the aerodynamic 
effects is located in the pale-foot blade connection. 
 

Fig. 6. Von Mises strain analysis Fig. 7. Local elastic energy contour 

 
     Another parameter has been shown to be related to the energy which is the stored local elastic energy 
given by:  
 

ܷ ൌ	
1
2
	නሼ߳ሽT	. ሼߪሽ	. ܸ݀


	, 
(3) 

with the components of the stress vector of the solid: 
 

ሼߪሽT ൌ	 ሼߪxx	ߪyy	ߪzz	߬xy	߬yz	߬xzሽ, (4) 
 

and the components of the deformation vector: 
 

ሼߝሽT ൌ	 ሼߝxx	ߝyy	ߝzz	ߛxy	ߛyz	ߛxzሽ. (5) 
 

      When loading the turbine blade the elastic deformation energy develops from the material near the 
centre point of the turbine blade which reaches a maximum value of 2.18E-7Joules (Fig. 7). This zone 
enclosing the centroid point, undergoes a considerable work due to a local deformation of the material. 
 
4. Conclusion 
 
      In this paper, we studied a geometric regeneration of a gas turbine blade type Frame 9001GE using 
CATIA software based on finite element analysis. This type of turbine member supports various severe 
effects that put the turbine blade in a dangerous situation. Based on this study, which enabled us to 
identify the main points: 
 

- The method of geometric regeneration of the turbine blade using the laser scanner has allowed 
us to reduce the time enormously and to design the geometry of the model in a precise and 
complete way and to give a very close physical profile of the turbine blade. This allowed to set 
up a platform to initiate the various studies (damage, thermal, etc.). 

- The number of points obtained during the scanning operation is very important (1380675 points) 
which requires a very powerful software like CATIA V5R20. 

- The analysis carried out on the turbine blade made it possible to identify the probable zones of 
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failure where stresses and maximum deformations are located near the root of the blade of the 
turbine. These parameters (stresses and deformations) are compared with the normalized 
effective values for the safe holding of the turbine blade. In all other parts of the turbine blade, 
the induced stresses are within the recommended limits of resistance. 

     -    Local elastic energy is located at a distance away from the root of the blade. 
 
Acknowledgement 

     The authors would like to thank Mr. Mustapha Areselan, Engineer at MEI Sonelgaz M'sila (Algeria) 
for his help in using the FARO type scanner (Fig. 2) and Mr. Vincent, an engineer specializing in CAD 
(France) for his help. 

References 

Boyaraju, G., Rajasekhar, S., Sridhar, A. V., & Rao, J. H. N. (2015). Thermal analysis of a gas turbine 
rotor blade. International Journal of Science Engineering and Advance Technology, 3(12), 1181-
1187. 

Carter, T. J. (2005). Common failures in gas turbine blades. Engineering Failure Analysis, 12(2), 237-
247. 

Hou, J., Wicks, B. J., & Antoniou, R. A. (2002). An investigation of fatigue failures of turbine blades 
in a gas turbine engine by mechanical analysis. Engineering Failure Analysis, 9(2), 201-211. 

Kermanpur, A., Amin, H. S., Ziaei-Rad, S., Nourbakhshnia, N., & Mosaddeghfar, M. (2008). Failure 
analysis of Ti6Al4V gas turbine compressor blades. Engineering Failure Analysis, 15(8), 1052-
1064. 

Loranchet, Y. (1992). Mise en oeuvre des turbines à gaz dans l'industrie. Ed. Techniques Ingénieur. 
Mazur, Z., Luna-Ramirez, A., Juárez-Islas, J. A., & Campos-Amezcua, A. (2005). Failure analysis of 

a gas turbine blade made of Inconel 738LC alloy. Engineering failure analysis, 12(3), 474-486. 
Mohamad, B. A., & Abdelhussien, A. (2016). Failure Analysis of Gas Turbine Blade Using Finite 

Element Analysis. International Journal of Mechanical Engineering and Technology, 7(3). 
Padture, N. P., Gell, M., & Jordan, E. H. (2002). Thermal barrier coatings for gas-turbine engine 

applications. Science, 296(5566), 280-284. 
Rao, V. N., Kumar, I. N., Madhulata, N., & Abhijeet, A. (2014). Mechanical analysis of 1st stage 

marine gas turbine blade. International Journal of Advanced Science and Technology, 68, 57-64. 
Vardar, N., & Ekerim, A. (2007). Failure analysis of gas turbine blades in a thermal power 

plant. Engineering Failure Analysis, 14(4), 743-749. 
Xie, Y. J., Wang, M. C., Zhang, G., & Chang, M. (2006). Analysis of superalloy turbine blade tip 

cracking during service. Engineering Failure Analysis, 13(8), 1429-1436.  
 
 

   

© 2018 by the authors; licensee Growing Science, Canada. This is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) 
license (http://creativecommons.org/licenses/by/4.0/). 

 



<<
  /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


