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Abstract

Automobile durability and fatigue life prediction depend on road load generation approaches
including proving ground testing, laboratory measurement and CAE simulations. Traditionally,
the road load simulations are done with ADAMS using rigid body and modal flexible body
approaches. With the newly available MD Nastran SOL700 capability, a new approach of using
FEA-based flexible body modeling for suspension systems will be an attractive supplemental
solution.

MD Nastran SOL700 is an LSDYNA based explicit solution which is capable to correctly
simulate FEA flexible body structure, motions, and kinematics while accurately accounting for
the material and geometric non-linearity of a suspension system.

This paper will focus on the methodology development to enable efficient conversion from an
ADAMS model in XML format into MD Nastran SOL700 or LSDYNA format in ETA’'s VPG
environment. In the VPG environment, a rigid body suspension model can be easily changed to
FEA based flexible body model for either MD Nastran SOL700 or LS DYNA solution.

A demonstration case will also be provided to illustrate the process and approach.
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I ntroduction

Automotive structure development relies on the interaction of various disciplines within the
vehicle development activity to share data and pass critical information between various design
attribute development activities. One such cooperative arrangement in the vehicle development
scope is the relationship of load prediction and the durability of the vehicle body or suspension
structure.

The loads must be identified early enough to accurately develop an optimum structure — one that
is not too weak, yet meets all of the requirements for mass and stiffness. Therefore, early
knowledge of the loads for durability events allows engineers to meet this optimum balance of
mass and strength.

Whilethis process relies on the sharing of datato achieve thisresult, the acquisition of the
loading datais troublesome. In most instances it requires that a prototype system be created and
tested, measuring the forces at strategic locations during operation. In the current, time-
compressed product development process, the time and resources required to create and test such
aprototype isimpractical and unavailable.

The need for sharing data between applications such as multi-body dynamics software and finite
element analysis, provides the engineer with the opportunity to streamline the product
development process by accurately predicting the forces and passing thisinformation to the finite
element program for calculation of the resulting deformations and stresses.

Various factors limit the usefulness of this data exchange. One such limitation is the requirement
of the product to be tested as a system, with al of the component interactions and nonlinear
behaviors of mounts, bushings and connections. Another is the consideration of the component
deflections during the operation of the system.

A solution to these limitations is available in the method known as Virtual Proving Ground,
where the system in question is studied completely in afinite element analysis, not only asa
matrix embedded in the multi-body solution.

Recent developments in Nastran have allowed usersto fully consider systems as a collection of
flexible components, with complete interaction of the various components as well as
consideration of geometric and material nonlinear effects. Thisresultsin the ability to
completely simulate the behavior of a system using a single model, and a single solution
sequence.

This paper will describe this process of assembling amodel for a system level simulation, and
discuss the results of such asimulation, aswell as compare the results of arigid system
simulation with a flexible system simulation and a corresponding physical test result. It also
discusses how graphical tools and solver interfaces allow for sharing of data for which there may
not be adirect correspondence, such as multi-body dynamics data and finite element data.
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MD NASTRAN — Solution 700

MD Nastran is an enterprise class solution that will provide simultaneous multidiscipline system
level smulationsto accurately predict the real life scenarios. MD Nastran combines the best-in-
class technology platformsincluding MSC.Nastran, Marc, Dytran and LS-Dynainto one fully
integrated multidiscipline solution for the enterprise. Thisis a paradigm shift from single point
solution tools and it can dramatically reduce the time-to-solution up to 50% when compared with
bundled single-point simulation tools because now one single common data model can be used in
place of multiple models for uncoupled discipline analysis using multiple single point tools.

SOL 700 is the powerful Explicit Nonlinear Solution available in MD Nastran and offers
unprecedented new technology to analyze transient dynamic events of short duration with severe
geometric and material nonlinearities.

MD Nastran SOL 700 allows users to work within one common modeling environment using the
same Bulk Datainterface. The NVH, linear and nonlinear models can be used for explicit
applications such as crash, crush, and drop test, blade out and bird strike ssmulations. This
dramatically reduces the time spent to build different models for implicit and explicit analysis
and prevents the users from making mistakes because of unfamiliarity between different
programs.

Applications such as durability and simulation of flexible body suspension systems demonstrates
how point solutions from MSC.Adams, Nastran and LS-DY NA can be fully integrated in to a
multipledisciplined enterprise solution with eta/\VVPG and MD Nastran SOL 700.

I nterface Development in eta/VPG

In order to efficiently use the SOL 700 software for simulation of a system level moddl, it is
necessary to create a graphical user interface which supports all of the modeling tasks and data
structure of the solver.

Taking advantage of the existing interface with LS-DY NA, and the tools existing within the
software, eta/V PG was adapted to support al of the required MD Nastran data. Thiswas
accomplished by re-structuring the existing LS-DYNA and NASTRAN interfaces, to completely
support al of the entities which were added in the MD Nastran SOL 700 software.

In addition, an interface was devel oped which allowed the importation and re-use of existing
MSC ADAMS data. Thisdataisin the form of either an ADAMS (*.adm) data structure, or the
XML format data created from MSC ADAMS pre-processing environment. Automatic reading
and conversion of this data allows the user to efficiently re-use the data, with minimal
intervention, resulting in a FE-based model which has similar topological structures, bushings,
springs and dampers that are needed to accurately model a suspension system.

The ADAMS interfaceisacrucial component in the capability of creating complex suspension
system models for usein MD NASTRAN. The automatic conversion of data structuresis
necessary due to the complexity in the various connections, especially at the joint or bushing
connections. These connections may require multiple coincident nodes, which become difficult
to visually identify and manage via the user interface. The automatic conversion of this data
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provides asimple way to reliably convert the data without requiring the user to be an expert in
either the multi-body or finite element software.

Conversion of ADAMS XML Data

The VPG user interface allows users to directly import ADAMS formatted in an XML standard.
Thisimport function creates a corresponding finite element entity for the XML data, and
populates the data according to the parameters defined in the XML data. For instance, a PART
definition in the ADAMS file would be converted to a*Part_Inertia, using the part center of
gravity, mass and inertia properties found on the PART definition in ADAMS. Similarly, JOINT
definitions would be translated to a corresponding * CONSTRAINED_JOINT definition in VPG,
with NODES created for the proper definition of the joint. Local coordinate systems may also be
automatically created, depending on the joint definition options found in the XML file.

Sincethe ADAMS XML datais used to define suspension systems, the VPG interface identifies
the specific suspension type which the XML data defines, and creates a corresponding topology
to which the XML datais converted into.

As an example, an XML data may define a McPherson Strut suspension, as identified by the
XML Tag. This prompts VPG to then define atopology or “template”’ into which the McPherson
Strut suspension datais translated. Various options are also identified in the XML, which then
creates corresponding topologies in the VPG data. An example of this optional configuration
would be the existence of a stabilizer bar, and further, whether that stabilizer bar is attached to
the lower control arm or the knuckle. The VPG interface has been devel oped to automatically
import and convert the following suspension types: SLA, McPherson, Multi-Link, Trailing Arm,
and Rear Cail Spring suspensions.

Since the XML data could possibly be incomplete or inconsistent with the requirements of a
finite element model, several data checks have been implemented into the translation process.
While multi-body models may be run “kinematically”, where no component masses or inertias
are used in the calculation, the finite element models require that the components have an
appropriate mass and inertia property. Other warnings are generated when the XML data
structure isincomplete or has customized parameter definitions, as in a user-defined subroutine.

16-16



9" Inter national L S-DYNA Users Conference Crash/Safety (4)

XML File From MSC applications

Internal VPG
Data Structure

» VPG Database

m‘Conditions »  Motion Animation
mG Model > Stress/Strain

Plots

> Fatigue Calc.

Figure 1: DataFlow for ADAMS XML Tranglation

Once the data has been imported successfully, VPG allows for boundary condition definition
created by the user, and also provides atoolset of standard |oading conditions which can selected
from alibrary and applied to the suspension system.

At the completion of the import and tranglation operation, a complete, functional finite element
model of the suspension existsin MD NASTRAN format.

VPG allows the user to perform operations on the imported data to edit any of the suspension
joint locations, the bushing stiffness and orientations, and the damping parameters. These are all
accessed through the eta/\VVPG Suspension Menu. This menu also provides toolsto visualize the
suspension. During the visualization eta/V PG creates temporary surfaces which are then shaded
for the viewing of the suspension components.

Sincethe ADAMS model istypically “grounded” at the suspension to body attachment points,
eta/V PG automatically creates arigid body definition for the suspension to be connected to. The
user may conveniently delete this part when connecting the suspension to a complete system
model.

Examples of the resulting suspensions are shown in Figure 2.

Figure 2: McPherson Strut, SLA and Rear Multi-Link Suspensions
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Case Study: Trandation of a M cPherson Strut Suspension System into MD
NASTRAN SOL 700 using eta/VPG

X
ETA/VPG

Figure 3: Trandated McPherson Strut Suspension ADAMS Model in VPG

The case which will be presented to demonstrate the process of model conversion, and the
performance of MD NASTRAN in system level simulationsis a McPherson Strut suspension
system. Thismodel, shown in Figure 3, was originally created for simulation in ADAMS and
exported via ADAMS/CHASSIS.

The ADAMS model was imported into VPG viathe XML data, where the components were all
defined as rigid components, with the appropriate mass and inertia properties. Connections were
made between the components via discrete elements (NASTRAN ELEMENT TYPE). The
resulting model corresponds directly to the ADAMS model from which it was trandlated.

In order to verify that the model was successfully translated into afinite element structure, a
series of simple suspension articulations were performed. The same simulations were performed
using MD NASTRAN. The forces generated in the suspension joints and bushing were
compared. These results are shown in Tables 1 and 2. As shown in these figures, the ADAMS
and MD Nastran results are in agreement.

Results

Severa cases were considered for evaluation of the translated suspension system. The 2 cases
shown in this paper are 3G load applied in the fore/aft direction, at the wheel center. The second
simulation considered was a 4G load applied in the fore/aft direction, at the wheel center.
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Table 1: Results for 3G Fore/aft Loading at Wheel Center
3G Vertical Fma (NK/ID Fx (N) = Fy (N) = Fz (N) =
Input ADAMS | 0 | ADAMS | (0| ADAMS | |\ ~oo | ADAMS | S0
LCAFBushing | 51,504 | 334209 | -246.06 | -33316 | -3071.23 | -3256.90 | 63519 | 67617
on Subframe
LCARRBushing | -7 o4 292.06 10490 | -13632 | -14322 | -257.50 0.54 20.30
on Subframe
Outer Tieod End | 41203 | 49352 | -55.32 6673 | -40821 | -478.64 8.16 100.05
Upr Strut Mount | 578567 | 599527 | 43008 | 40690 | 207951 | 209490 | 538188 | 5602.60
Table 2: Results for 4G Fore/Aft Loading at Wheel Center
4G Fore/Aft Fma (N’)vID Fx (N) = Fy (N) = Fz (N) =
Input ADAMS | - | ADAMS | o | ADAMS | \ - | ADAMS | o
LCAFrtBushing | 5400975 | 2553508 | 338285 | 260570 | -23598.50 | -25401.0 | 3021 199.80
on Subframe
LCARRBUSING | 1900091 | 2129061 | 942254 | 11069.00 | 1715210 | 18187.00 | 119.19 16.30
on Subframe
Outer Tierod End | 660340 | 698448 | 88777 | 65107 | 654284 | 694540 | -8979 | -347.20
Upr Strut Mount | 302151 | 330622 | 200496 | 314030 | -82386 | -1034.20 | 109.47 -3.40

The computer resources required to make these calculations is relatively small. All simulations
were conducted using an 2.6 GHz Intel Pentium 4 processor, with a Windows X P operating
system and 1 gigabyte of memory. The simulations in this study were performed in 124 seconds
of CPU time, and 125 seconds.

Conclusions/ Summary
Asanatural extension of model data exchange requirements, the common data requirements of

MD NASTRAN and LS-DY NA has alowed for the development of an interface which accepts
models created in MSC.ADAMS software for simulation of mechanical systems.

It has been demonstrated that the multi-body data of an MSC.ADAMS model can be converted
into equivalent finite el ement entities, which can then simulated using MD NASTRAN. It has
also been shown that the results of these simulations are within acceptable ranges, demonstrating
agreement between the simulations.
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Future work will include the inclusion of fully flexible bodies into the simulations, to
demonstrate the ability of MD NASTRAN to simulate system-level models.

Acknowledgements

The authors would like to acknowledge Dr. Liang Tang of Ford Motor Co, and Mr Shawn
Zhang, formerly of ETA for their contribution and guidance in this work.

16-20




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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


