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ABSTRACT 
 
EASi CRASH DYNA can highly optimize the product development life cycle to meet the growing 

demand for robust and high quality products. Tough competition, strict mandatory regulations and 

global norms have forced the engineers and scientists to develop innovative ideas and solutions to 

meet the growing demand. The concept of Virtual prototyping, in the automotive sector, with the aid of 

FE-based analysis, has drastically reduced the life cycle of new car programmes and assessment. 

The reliability of the output from any FE model is based on robust and realistic representation of 

physics of the model. To develop accurate models, the CAE engineers have a great necessity for 

innovative pre-processing and post-processing tools. 

This paper will present necessary accessories required in pre-processing and post-processing tools, 

to develop robust, realistic, crash and safety models and to evaluate the results for simulation with LS-

DYNA  - exemplified with use cases from OEMs and major safety suppliers. 

Modellierung

I - I - 2



4. LS-DYNA Anwenderforum, Bamberg 2005 
 

 
© 2005 Copyright by DYNAmore GmbH 

INTRODUCTION 
In a virtual prototype environment, each subsystem has to be built and tested for its complete 
functionality and robustness.  While analyzing a full car model, for crashworthiness and safety, each 
subsystem has to be built accurately to represent the physics of the subsystem. The Pre-processor 
tool plays a significant role in building and assembling the subsystems into a complete model. To stay 
competitive any automotive development organisation has to perform an increasing number of 
analysis in a short time. It is here, the productivity of CAE comes into focus. The need for increasing 
productivity in CAE for crash and safety analysis has never been greater and it will continue to grow.  

 
 

Figure 1: Robust full car model 
  
Additionally, there are developments in the automotive business setting affecting how CAE is applied: 
 

• increasing application of simultaneous engineering 
• increasing product – process integration 
• integration of structural crash and safety  
• integration of active and passive safety 
• transfer of innovation value-added between OEM and supplier 
• increasing resource mobility in global organisations 
• recent down-sizing of development organisations 
 

In order to manage and benefit from these developments there are a number of measures which can 
be applied in pre-processing and post-processing for LS-DYNA. For example: 

• introduce concept simulation earlier 
• introduce faster hardware and solvers 
• structure and manage simulation data  
• automate assembly build-up and welding 
• automate meshing  
• automate load case build-up and best practices 
• automate post-processing and report generation 
• automate processes for regulatory test simulation 
• introduce screening and optimization techniques 

 
Before going in depth on the measures to build robust, realistic and increase productivity we will 
discuss and exemplify the potential of productivity gains in the environment supporting CAE in 
general. 
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IDEAL CAE PROCESS FOR CRASH AND SAFETY 
An idealised CAE process for crash typically covers the following chain of tasks: 
 
 
 
 
 
 

 
Figure 2: Productivity improvements can be integration of these tasks 

When we implement productivity gains we automate the parts of this process or the complete process 
chain, or we introduce integration where applicable. This requires the underlying technical platform to 
be complete and process-driven. What this means is described in the next section. 
 
A Platform for Productivity  
Our platform for productivity is the Open Virtual Try-Out Space (The Open VTOS). The Open VTOS is 
complete and process-driven pre-processing and post-processing for NVH, safety and crash solvers, 
supported by PDM associativity and traceability. Common applications are conceptual crash, FE, 
coupled rigid body/ FE crash, and multi-body occupant simulation with solvers such as LS-DYNA, 
RADIOSS, PAM-CRASH and MADYMO.  
 
Complete means that it covers the complete pre-processing and post processing needs – from initial 
CAD cleaning through meshing, welding, dataset build-up, quality assurance, results evaluation and 
report generation. Process-driven means that any capability or function in the pre-processor and 
post-processor environment of the Open VTOS can be made a part of the workflow or a process. And 
the process module is seamlessly integrated in the standard as a part of pre-processor and post-
processor functionality. How this is implemented is described in further detail below: 
  

 
 

Figure 3: Seamless integration of input deck, plot, animation and test 
 
The development of pre-processor and post-processor for LS-DYNA started 1993. In 1998 process 
automation technology was introduced. Today it is used in almost 200 organisations worldwide, 
especially in automotive OEMs and safety suppliers. The pre-processor and post-processor 
functionality of the Open VTOS covers standard functions such as: 
 

• 1D, 2D, 3D element generation 
• Modelling of surfaces, curves, node, 

points 
• CAD cleaning, meshing, and welding 
• Keyword editing 

• Assembly and part management 
• Plotting, animations and test video 

synchronization 

Read CAD Mesh Create Assemblies Weld/Connect Build Baseline 

Check Quality Run Solve Post-process  Run Variants Post-process 
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But this paper focuses on how productivity gains, with LS-DYNA, are achieved. Therefore parts of the 
Open VTOS developed for LS-DYNA are used in this presentation, especially the capabilities of the 
pre-processor and post-processor EASi-CRASH DYNA delivering significant productivity gains. 

 
Productivity Improvements through EASi-CRASH DYNA 
In EASi-CRASH DYNA productivity improvements in safety and crash modelling are achieved at three 
different levels: 
 

• Productivity Features 
• Time Savers 
• Process Automation 

 
Productivity Features ease the modelling of a specific task in the model build-up or post-processing, 
for example: 

• Coupling LS-DYNA FE with MADYMO Rigid Body Models 
• Automatic Seatbelt Routing 
• Dummy Positioning 
• Weld Comparison 
• Intersection and Penetration Removal 
• Global Find and Replace  

 
Time Savers ease the automation of a sequence of tasks, for example: 

• FMVSS Test Block Position 
• Replace Duplicate 
• Model Quality Check 

• IIHS Pre-processing Setup 
• IIHS Intrusion Chart Plotting 

 
Time Savers are also used to implement rapid customizations.  
Process Automation is the complete process guidance for a specific process such as the 
development of the model and report for a regulatory test simulation. The process automation 
technology in EASi-CRASH DYNA is referred to as “Process Guidance” technology. This means that it 
is not complete automation – if this is not requested – but processes are broken down into tasks (or 
sub-processes) which can be executed in sequence. With this functionality the user follows a flowchart 
representing best practice or a regulatory test simulation. Examples of available template processes 
are: 

• Pedestrian Safety (EUNCAP/ACEA) 
• ECE-R 21 / FMVSS 201 
• FMVSS 203 

• FMVSS 208 
• Bumper Test, FMVSS 581, ECE-R 42 
• Pothole Analysis 

How productivity features, time savers and process automation are implemented in the LS-DYNA 
environment is clarified in the following sections. 
 
Productivity Features for LS-DYNA 
EASi-CRASH DYNA is built to fit the requirements in safety and crash simulation with LS-DYNA. All 
keywords used in automotive safety simulation are completely supported in graphic modelling, the 
keyword editor, and in the explorer view. Additionally, EASi-CRASH DYNA has a large set of 
productivity features, which meet these requirements. For example: 
 

• Coupling LS-DYNA with MADYMO Rigid 
Body Models 

• Automatic Seatbelt Routing 
• Dummy Positioning 
• Weld Comparison 
• Intersection and Penetration Removal 
• Global Find and Replace  
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Coupling LS-DYNA with MADYMO Rigid Body Models  
In EASI-CRASH DYNA, coupling DYNA and MADYMO models is made very simple and robust. All the 
systems of a MADYMO model can be coupled or uncoupled in one stroke. Coupling can also be done 
shape by shape, default materials, control cards and coupled materials can be defined automatically. 
 
Automatic Seatbelt Routing 
This feature allows the user to rapidly generate or edit a continuous FE-belt. With a minimum of 
interaction the user generates a quad, tria or seatbelt elements with automatic initial penetration 
removal (Fig. 4). 

 
 

Figure 4: Generating FE seatbelt with  minimum user interaction 
 
Dummy Positioning 
EASi-CRASH can handle LSTC, FTSS and MADYMO dummies. By editing the graphics the end user 
can easily perform body orientation and dummy positioning for any FE or rigid body dummy. 
 
Weld Comparison  
Complementing the already powerful welding capabilities of EASi-CRASH DYNA is Weld Comparison. 
This feature identifies and displays the difference between two models. The user can view 
matching/un-matching weld points, and delete or copy weld points from one model to another (Fig. 5). 
 

 
 

Figure 5: Weld comparison of matching/un-matching welds 
 
Intersection and Penetration Removal 
Through this feature the user detects intersections and penetrations in the model. Intersections are 
defined based on part – part, while penetrations are defined based on part – part or contact thickness 
(Fig. 6). Through semi-automatic or automatic corrections productivity is dramatically increased. In 
semi-automatic mode, nodes/elements are moved, along a node normal, a vector, through node 
alignment, or dropped on a plane. The automatic penetration removal can be left to run over night to 
use hours when out of office. 
 

 
Figure 6: Users estimate a productivity increase of 1:4 with the Intersection and penetration check 
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Global Find and Replace 
In the Explorer view, any field value in a keyword can be searched and replaced. The editing will only 
be applied to selected values. Besides editing, this feature increases productivity in debugging 
significantly.  
 
Time Savers 
Through the automation of smaller sequences significant improvements can be made in terms of 
productivity. In EASi-CRASH DYNA this is implemented as Time Savers. Times Savers are either 
introduced by the end user or by the ESI development team.  
The End users typically have their own functions, scripts, or code (in JavaScript, JAVA, Fortran, 
Python, C or C++) and they want to apply this on the model/models, animations, results currently 
loaded in EASi-CRASH DYNA.  
Additionally, ESI continuously introduces new Time Savers. Based on requirements or requests from 
the users who rapidly need a specific functionality in EASi-CRASH DYNA these Time Savers are 
introduced throughout the year. Recent examples are specific routines for “model check” to check the 
solver entities and to post any possible errors.  The examples listed as Time Savers often have a 
significant impact on the productivity in the organisations, which introduce them, even though they 
might be limited in scope. The typical development lead-time for introducing a new Time Saver is from 
a few minutes to a few days. For example: 
 

• FMVSS Test Block Position 
• Replace Duplicates 
• Model Quality Check 
• Cross Section Copy 
• IIHS Pre-processing Setup 
• Plot IIHS Intrusion Chart 

 
FMVSS Test Block Position 
This program positions the test blocks as per FMVSS 207 / 210 requirements. 
 
Replace Duplicates 
With this Time Saver, the user can easily search for and replace duplicate Materials, Load Curves, 
Sections, Mat Type 24, Material and Hourglass. 
 
Model quality check 
Before running LS-DYNA, this Time Saver checks the model for errors and warning. Reports are 
generated with information on the model, issues, warnings and errors. 
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Cross section copy 
This function allows the user to either automatically or interactively copy all cross sections from for 
example a baseline model to all its variants. In interactive mode the parts on which the C/S definition 
is to be applied to can be reselected (Fig. 7). 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: All C/S are copied from one model to another, or exported as *.gif 

 
 
IIHS pre-processing setup 
With this Time Saver, the user selects nodes for plotting the Insurance Institute for Highway Safety 
(IIHS) intrusion chart. 
 
Plot the IIHS intrusion chart 
When the nodes are defined, this program computes and plots the intrusion values for the salient 
points on interior structures of a vehicle according to the guidelines of IIHS for the front offset crash 
test, recorded on 50th percentile male Hybrid III driver dummy. 
 
Process Automation 
The Process Automation Technology, integrated in EASi-CRASH DYNA, is a proven key technology 
for increasing productivity with LS-DYNA. Through the process the user is guided through a best 
practice or complete processes - from model build-up to report generation - for regulatory test 
simulations.  
Since the process automation technology is integrated in EASi-CRASH DYNA, the user can at any 
time switch between conventional pre-processing and post-processing to the process executive view. 
In the executive view, the current model is applied in the test process selected from the library of 
templates, for example, FMVSS 201 / ECE-R 21 (for head impact), FMVSS 208 (for frontal crash) or 
FMVSS 581 / ECE-R 42 (for bumper test). The process executive can cover any functionality available 
in EASi-CRASH DYNA, and processes are rapidly prototyped and built for customized processes for 
model assembly with meshing. 
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In the process executive view the user has access to: 
 
Process Modelling and Execution Area 

• Model Area 
• Audit Trail 
• User Interaction Area 

 

 
 

Figure 8:  FMVSS 201 / ECE-R 21 Process Executive in EASi-CRASH DYNA 
 
When the user selects the desired process template, in this case the FMVSS 201, its process flow 
template is imported in the process modeling and execution area.  The execution area has the 
capability to run the complete process automatically or step through or undo individual steps. The user 
can choose to pause, bypass, step through the process, or run the complete or parts of the process in 
automatic mode. 
The model is displayed in the model area. This is the area where users can input FE entities, screen 
select FE components, nodes, and elements, and this is where animations or reports will be displayed. 
The audit information of each step is given in the audit trail area as the process is executed step-by-
step.  The trail may be exported as a log in the report, useful for a supervising engineer to verify if the 
process was executed properly.  This area also provides the key note, intermediate computed results 
to the users with necessary comments and feedback. 
The user interaction area will be activated whenever the user interaction is needed (text input, query 
response or option selection). In the example in Fig. 8 the user has a menu to edit the approach 
angles. At any time during the process execution, the user can request more information or guidance 
by picking the appropriate task block. A knowledge advisory capturing the corporate best practice with 
hints and suggestions is provided for each task block. 
To generate reports, standard functionality in EASi-CRASH DYNA, is used to prototype the report 
layout. This report template is then introduced in the process. 
The productivity improvements achieved with the Process Automation Technology are substantial. 
Continuously, since its introduction in 1998, OEMs and safety suppliers have reported productivity 
improvements in the range from 12:1 to 25:1 per process iteration. Examples are: 
 

• Inertia Relief Analysis 
o From 14 days to 5 hours 

• Body Mount Static Stiffness 
o From 16 days to 6 hours 

• Full Body Static Stiffness 
o From 48 hours to 2 hours 

• FMVSS 201 (Free Motion Head Form) 
o From 3 hours to 10 minutes 

• FMVSS 201 (Head Impact on IP) 
o From 1 hour to 5 minutes 

 
In Europe, the processes showing the most impressive productivity gains are the processes for 
pedestrian safety with the EU NCAP/ ACEA test templates (Fig. 9). 
The productivity improvement has a value in itself with reduced lead-time. Additionally, for the end 
users it is perceived as a release of unproductive work spent on time-consuming administration, 
repetitive modelling, and documentation. The process automation technology allows them to focus on 
what makes them productive - bringing real engineering value. 
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The current development is that organisations, which earlier introduced process automation, now 
combine the established processes with screening techniques, optimisation and DoE schemes. These 
processes do not only increase the level of automation, but takes them one step further by  using the 
technology to remove time consuming trial-and-error searches and introduce CAE-driven robust 
design. Many organisations confirm that robust system design for vehicle safety or large-scale multi-
disciplinary optimization will not be possible before the basic process automation is established.   
 

 
Figure 9: Defining wrap around lines as part of the Pedestrian Process 

 
Summary and Conclusions 
 
Most European automotive OEMs and safety suppliers have substantial potential for improving the 
productivity of pre-processing and post-processing for LS-DYNA. This paper has presented what this 
potential is and highlights how productivity improvements are achieved through the Productivity 
Features, Time Savers and Process Automation Technology in EASi-CRASH DYNA. Even though the 
presented solutions have proven a significant improvement in relation to a conventional approach or 
current practice there is still additional potential, especially through the combination of process 
automation technology and screening, optimisation and robust systems design techniques. 

 
References 
1. Velayudham Ganesan, David Piesko, Jean-Louis Duval “FAST NEW METHODOLOGY FOR 

REGULATORY TEST SIMULATION” Proceedings from The 8th International LS-DYNA Users 
Conference 

2. Mike Keranen, Srikanth Krishnaraj, Kumar Kulkani, Li Lu, Ravi Thyagarajan, Velayudham 
Ganesan “AUTOMATING INSTRUMENT PANEL HEAD IMPACT SIMULATION” SAE 2005-01-
1221 

3. Brian Huf “THE FUTURE OF CAE SOFTWARE – HOW TO ACHIEVE PROCESS AUTOMATION” 
Proceedings from The 7th International LS-DYNA Users Conference 

4. ShivaKumar Shetty, Petter Sahlin  “Productivity Gain in Crashworthiness Simulation EASi-CRASH 
for Complete Safety and Crash modeling for LS-DYNA Proceedings from the 5th European LS-
DYNA Users conference 

 
 

Modellierung

I - I - 10



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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


