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Abstract

The increasingly demanding and complex requirementsin Crash Analysis, call for continuous and innovative
software devel opment. BETA CAE Systemsin an effort to meet and exceed the requirements of the industry is
introducing new cutting edge technologies, both in the pre-processing area with ANSA, and in post-processing with
UETA. This paper presents these new technologies.

With the introduction of a new version of ANSA in 2009 a new user interface was presented. The new interfaceisa
long-term effort to give the CAE engineer the capacity to work in a modern software interface environment leading
in increased productivity and “ ease-of-use” . Taking the burden of the hard pre-processing tasks away, it allows the
user to take full advantage of the solvers capabilities. The effort is ongoing and further enhancements and

devel opments throughout 2010 and the 13.x versions will lead to a totally new user wor kfl ow.

At the same time, the devel opment of highly specialized tools can greatly reduce the re- processing time by
automating various difficult operations. A characteristic example is the introduction of an integrated multi-body
solver that allows the manipulation of complex kinematic mechanisms of crash models (i.e. suspensions, seats,
dummies, roof tops etc.). In the field of occupant and pedestrian safety, advanced tools that automate the procedures
of target identification and impactor positioning allow the easy creation of corresponding load cases. Additionally,
these tools give the possibility of further analysis types such as Robustness Analysis.

In the area of post-processing, the advances are equally impressive in the latest uETA versions. Better utilization of
system resources, such as smaller memory footprint and a huge speedup in graphics performance, guarantee that
the responsiveness and feel of the software environment won’t be compromised even by the largest models.
Additionally, advanced functionality, like the direct calculation of section forces, provides the tools that are needed
for the evaluation of the results. Recently, process automation tools are introduced, which together with advanced
report generation features make the automation of post-processing much easier.

I ntroduction

Recent developmentsin ANSA and uETA have introduced new powerful tools that allow the
easy manipulation and management of LS-DYNA® FE models. This powerful core functionality
together with new modern User Interface design creates a powerful and intuitive working
environment. This paper introduces some of these new technologies that have been introduced by
BETA CAE Systems SA.
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Kinematics and Dummies

With the introduction of ANSA version 13.0 BETA CAE Systems has introduced a highly
sophisticated set of tools that can handle any kind of positioning or articul ation requirements of
crash models. Taking into consideration the fact that in addition to dummies, suspensions, roofs
and other subassemblies need to be repositioned, a multi body solver has been developed to be
tightly integrated with the pre processor.

Dummy Positioning

The increased use of full FE dummy modelsin crash and safety simulations have triggered the
development of advanced tools for easy handling and articulation of these models.

All “hierarchy tree” formats are supported including the old .tree LSTC format, PRIMER
“*DUMMY _” keywords used by FTSS dummies as well as the new “occinfo” keywords used by
newer LSTC dummies.

The dummy positioning tools in ANSA allow for translation and rotation of adummy and
rotation of its parts. These tools have been updated to allow even more complex movements. The
movements can either by driven from a window interface or interactively from the screen by just
clicking and dragging. Limbs can be moved not only as rigid bodies performing a single rotation,
but can also perform multiple limb movements, at once, as the user defines interactively the final
position of any point of the limb. The program calculates all the needed movements. Added
options such as performing symmetrical movements (between the hands for example) are added
in order to allow very fast and natural articulation of the dummy.
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Figure 1. Dummy read into ANSA
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Seatbelts

Seatbelt tools allow the creation of seatbelts. Advance fitting algorithms create seatbelts that
have a natural fit around a dummy’ s torso. Support for 2d seatbelts utilizing shell elements
through the sliprings has been added.

Kinematics T ool

With the introduction of ANSA version 13.0 BETA CAE Systems has introduced a highly
sophisticated set of tools that can handle any kind of positioning or articul ation requirements of
crash models. Taking into consideration the fact that in addition to dummies, suspensions, roofs
and other subassemblies need to be repositioned, a multi body solver has been developed to be
tightly integrated with the pre processor.

Figure 2. Automatic detection of kinematic subassemblies and joint elements.
Key features of the tool are:

e Functions that automatically, or semi automatically, helps the user to create the kinematic
model from the existing LS DY NA model.

e Information of the* CONSTRAINED_JOINT _and
CONSTRAINED_JOINT_STIFFNESS _keywords like the high & low stop anglesis
transferred at the same time as constraints to the kinematic model.

e Themulti body solver HHT-13 supports al the standard joint types (spherical, hinge,
cylindrical etc).

e Advanced joint types are available such as rack-pinion, point on curve and coupler joints
that can model advanced mechanical or electronic couplings.
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e Theintuitive interface allows the organization of the kinematic components so, that
different movement configurations can be predefined by the mechanism expert.
Characteristic examples are the tilt and height adjustments of a seat model. Thisis
important because not all users need to know all the details of the kinematic configuration
but rather focus on positioning to them to the required position. For this job, the software
provides an easy interface to move the model from these predefined configurations.

e Tight integration with other functionality already present in the preprocessor. Deformable
parts connecting different parts of the kinematic model can be controlled and reshaped
automatically by the morphing tool. Examples are stabilizing bars, springs, deformable
ducts, stretchable fabric covers etc.

e All manipulation is performed automatically on the LS-DYNA model taking into account
gpatial information need to be transformed (PART_INERTIA cards,
ELEMENT_DISCRETE offsets etc).

e Multiple positions can be saved, and the model repositioned in any later time.

There is aso the possibility to output only transformation information in the form of
*NODE_TRANSFORM cards adding the ability to treat validated models as read only
files, and thus ensuring the robustness of the process.

Figure 3. Example of acomplete seat configuration setup using the ANSA kinematic tool

Pedestrian Protection

In version 13.x new functionality has been introduced that automatically applies the regulation
directives to identify the target areas and target points. The latest EuroNCAP pedestrian testing
protocol aswell asthe EU Phase 1 and Phase 2 (also known as GTR) have been implemented in
the Pedestrian Tool. Bumper and bonnet reference lines are automatically calculated on the FE-
model, or on Geometry data, closely following the regulation procedure. The ability to operate
on Geometry datais especially useful for evaluation of the design in the concept phase. The
Adult and Child Head form zones are defined and divided into the twelve areas. Moreover, user
created curves can overwrite the curves that represent the reference lines. Thus the user can
intervene in the processiif it is needed.
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Figure 4. EuroNCAP references lines automatically created

For the identification of the target points the user has two options. Either create a uniform raster
of user-defined dimensions or detect a user-defined number of the worst-case target points per
area. Thisisachieved by scanning each areafor the points with the least distance between the top
bonnet surface and the underlying hard parts in the shot’ s direction.
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; Raster of Target Points - Headform Testing
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Figure 5. Pedestrian Tool: Critical target point detection by taking hard po account
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Following the definition of the target points, the positioning takes place and produces the
respective LS-DY NA transformation keywords that define each load case.

Interior Protection
For the FMV SS201 U test protocol a new tool that covers the whol e procedure was devel oped.
All the protocol procedures are replicated creating the appropriate planes and curves so that the
target points are identified.
Positioning is done automatically taking into account Horizontal/Vertical angle limits aswell as
the rebound angle of the free motion head form. The positioning procedure itself is performed
with a contact based algorithm that guaranties the quality of the final positioning. Powerful
manual positioning functionality is also available for the experienced user.

Figure 6. Automatic planes and target points definitions

Moreover algorithm performing robustness and sensitivity analysis are being devel oped that will
provide an easy way for the engineer to evaluate the validity of the analysis and design.

A positioning tool is also provided for the ECE R21 (Pendulum) protocol.
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Figure 7. Position tools for the FMV SS201 Occupant protection protocol
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Includes

ANSA offers various navigation methods over an FE-model. One of these navigators, called the
Includes Manager, is capable of handling; creating and managing include file definitionsin a
tree-like manner. It empowers the user to have afull control over the FE-keyword’ s id ranges, in
order to satisfy numbering schemes of complete structures. Model modifications and changes
can be performed so, that newly create FE-entities should be directly inserted to a certain include
file definition.

GUI

The management of huge amount of data requires that the software have the right tools that are
easy to use and can provide the user with relevant information fast. As of ANSA v13.0 abig
effort has began for the overhaul of the ANSA user interface. The reason for this move was
necessary in order to meet the current standards of Graphical User Interface design.

Most of the advanced CAE pre processors, and other CAE software, have their design roots in
the late 80s and early 90s. Thisis evident to anyone who isworking in the CAE field. While
through out these years a strong effort has been put in the development of powerful agorithms,
which isthe main field where big time savings can be achieved, the user interface has been
neglected. This practice has started to show its shortcomings, as CAE becomes mainstream and
more and more new engineers work in the field. Y oung engineers that have experience with
other kinds of software like office productivity suites, the modern Uls of operating systems and
web environments find it hard to learn and adapt to the archaic and outdated idioms of the CAE
programs. Thisresultsin great loss of productivity and inability to adapt to new tools and
processes. Another fact that puts alot of pressure on the interface design is the rapid rise of the
model complexity. The CAE user faces a huge task, which isto deal with this complexity. It's
the goal of modern User Interface to relieve the user of this burden.

It is apparent that Modern User Interface alone cannot meet the challenges of the CAE pre
processing. User Interface design, in order to be meaningful, always needs to be on top of smart
and powerful algorithms which is the core of CAE. The new user interface allows for easier
implementation of advanced functionality and gives the ability for fast learning for new users.

Having the above in mind, new tools have been designed and introduced in ANSA. These
changes will be deployed progressively throughout the v13.x series of ANSA.

Model Browsing

Model browsing is done with the help of the Model browser, which isthe central information
centre of the program. The model browser is a unified single browser for all the entitiesin a
model (including geometric entities). The user can control everything from the visibility of
entities, to accessing the entities' cards, to creating new entities and many more.

Its structure and look is that of a hierarchical tree list accompanied by the expanded list of the
selected item. Various interface elements like history; search, context menus (right mouse click
menus) etc have been implemented to add functionality. These are creating afamiliar working
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environment to users since these concepts are widely used in today’ s software applications (file
managers, mailers, web browsers, etc). Thisleads to uniformity and reduced training time for the
users to become productive. Nevertheless various additions and extensions have been
implemented to better handle CAE workflow.
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Figure 8. Model Browser

As the user builds confidence using the tool the tool itself scales up nicely providing advanced
functionality. One such functionality is the concept of filters. Filters are used to search easily and
select model entities based on various attributes. More importantly filters can be saved and used
as dynamical updated smart containers of entities.

Drag ‘n’ Drop

Another common idiom that has been imported is that of drag and drop. The user has the ability
to select entities from the browser (or the screen) and drag and drop to other objects to create
new entities such as includes, SETs etc. This functionality together with the advanced selection
and filtering option give the ability to work in avery friendly and intuitive environment. This
environment allows the set up of complex entitieslike*SET_GENERAL and *SET_*_ADD in
ANSA v13.x to be a pleasant experience.

Dynamic Draw

Another area of great importance for the model comprehension and handling is the drawing of
the various entities on the graphics screen. Through the graphics display the program
communicates with the user and helps him understand the model and interact with it.
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Unfortunately the complexity and size of modern models lead to graphics clutter, information
overload along with program unresponsiveness.

Various new technologies have been designed and implemented to address these issues.
Detail on Demand

With the introduction of the “ Detail on Demand” concept the graphic representation of the
various model entitiesis dynamic and follows the user workflow. The most basic and notable
changeisthat elements that are not in the user field of interest are drawn with reduced detail.
The screen clutter is strongly reduced while at the same time more information is provided in the
area of interest. The end result isamuch clearer view of the model, more valuable information
provided automatically and fewer user clicks.

Transparency Pick

On the same line of thought a second concept was developed that helps the user when
performing any action that requires selection from the screen. In order to unclutter the display
only the elements that are relevant to that action being performed remain visible, while the rest

become transparent and dimmed. So while they don’t obscure the picking process at the same
time the user remains well oriented in the model.

L atest Post-Processing Developments

Performance

LETA v6.3 contains significant performance improvements that are summarized in the following
figure.

1000%

800%

600% Hv5.4.2
400% Hv6.2.2
200% v6.3.1
el e — il
Graphics Performance Memory Usage Reading Performance

Figure 9. Performance improvements

Memory I mprovement

In version 6.3.0 a 25% reduction in memory requirements compared to past version has been
achieved. Also the 64 bit version has smaller memory footprint.
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Graphics | mprovements

A new agorithm has been introduced that improves drawing performance significantly. A
speedup factor of 2 to 8 is expected depending on the graphics card of the machine. This speedup
iseven higher in contour plots and fringe plots.

Computational Speed

The latest versions includes optimization of the code for multi-core system. This reduces
computation time for intensive operations like section forces calculation, reading geometry and
results, evaluating user field functions, etc.

Reading Results

The reading speed of the software isimproved for all types of results. Additional method for
reading femzip compressed d3plots on the fly, without decompressing first on the disk. This
reduces al so the maximum memory requirements during decompression and improves
performance in case the user wants to load only a subset of d3plot states.

Section Forces Calculation

The calculation of section forces is an important aspect throughout the design cycle of a
structure. However, section forces must be predefined in the input deck, thus making
unavoidable a second run in case it turns out that it is needed to investigate the force distribution
in arbitrary areas of the structure. The section forcestool in uETA is capable to compute forces
and moments at any section defined by the user or predefined in the input deck, achieving very
good correlation with the solver calcul ated results.
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Figure 10. uETA calculated section forces compared to LS-DY NA
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Report in Power Point pptx

The new report composer tool allows the user to create a pptx report effortlessly, with
PowerPoint like functionality including Slide Master creation, Themes templates and drag &
drop handling of objects. It is also possible to read and edit an existing pptx report, aswell asto
embed LETA viewer objects that include a 3d model or 2d plots that the user can handle
interactively.

Additionally the Copy/Paste functionality to Clipboard helps users to easily transfer images and
datafrom uETA to other software.
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Figure 11. nETA Report Composer
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Automation

The automation toolset of pETA is enriched with the recent process automation tools. The
session editor with the advanced session parameterization tools, the debugging capabilities, easy
creation of toolbars and the compressed package creation manager, facilitates automation.

BETA scripting language and the embedded script editor offers enhanced flexibility and elevates
the automation capabilities of nETA to afar greater extend.
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Compression of Simulation Results

A New capability will be added in v7.0 for data compression of simulation results. Apart from a
standard gzip-like file compression, the size of result files is further decreased through the option
to keep only necessary variables and up to the necessary level of accuracy, achieving high
compression ratios (original/compressed size > 10). Thistechnology will reduce storage
regquirements for huge models, but aso will improve loading performance since smaller files
needs to be transfer through network.

Conclusions

Simulation and CAE in the recent years has become mainstream and a mature technol ogical
field. BETA CAE Systems heavily investsin order to offer the best possible software products
both in its core functionalities and algorithms, as well asin Usability.

References

SiskosD., “Design and Organization of a post-Processing System for Structures' Solution Data, solved with the
finite element method”, Doctorate Thesis, Aristotle University of Thessaloniki, Department of Mechanical
Engineering, Greece, 2007.

LS-DYNA Keywords User’'s Manual. Version 971 R4, Livermore Software Technology Corporation, Livermore,
20009.

ANSA version 13.0.1 User’s Guide, BETA CAE Systems S.A., July 2009.

12-36




<<
  /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 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


