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Abstract

Consumer products are many times used under extreme use conditions which have the potential to damage a device
in a manner such that the internal components become damaged, and non-functioning.

Designing engineers must consider these shock, impact and vibration conditions when designing products, as well
as the shipping containers or packaging of the product for transport to the end user. In addition, there are many
different variations of the impact condition, including height, and angle of impact.

Drop Tests are performed to test physical prototypes for such inputs. LS-DYNA analyses can be used to simulate
these tests, thereby reducing the number of tests and improving the product design prior to prototype construction.

A case study of how process automation within eta/VPG has enabled engineersto consider many different drop test
simulation scenariosin an efficient manner will be presented.

I ntroduction

Consumer products have undergone a significant change over the past 15 years; transforming
from products which, though portable, were operated in a stationary manner to completely
portable products which “go with” the user. This transformation of products to ever more
portable designs have been driven by advances in the electronic components and their packaging.
However, this has caused new challenges for the mechanical design engineer, who must design
products that will withstand sometimes severe environments, with the product expected operate
in an proper manner.

Primary abuse loads that consumer products must withstand are due to transporting the product
to the consumer, and user abuse such as dropping the product.

Engineers have devel oped testing procedures that allow them to study the durability of products
to such drop tests. These tests are used to evaluate the design of a product and the packaging
materials used to ship the product. The tests allow engineers to better design energy absorbing
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materials into their products and provide adequate strength to products so that they may
withstand impacts.

In order to make more efficient use of the time available to design and test a consumer product,
simulationsusing LS-DY NA have also been devel oped, which simulate the testing process.

Results of these simulations are in the form of deformations, stresses and acceleration histories.
In the test, these are obtained by accelerometer measurements, strain gage measurements and
high-speed video. The simulation data is obtained through results files specified in the smulation
model(s).

Since there are many possible variations of a drop test, both the testing and simulation process
can be time consuming. As simulations of drop events have become more and more reliable and
predictive in nature, there has been a need to implement automation into the process of creating
drop test simulation models.

In order to automate this process a Drop Test Module has been devel oped, allowing the engineer
to quickly define all necessary parameters used in adrop test, and by allowing the engineer to
create a series of drop test simulations, representing multiple test configurations.

Drop Test Parameters
In order to identify which parameters could be automated in the pre-processing of drop test
simulation models, a series of drop tests was observed. Testing is usually conducted by dropping
the product from a specific height onto arigid surface. The drop height may vary depending on
the type of product and the desired severity of the impact. Another variable that is found in most
drop testsis the angle at which the product is dropped. For instance a product may be dropped at
a 0 degree angle with respect to the rigid surface, or it may be dropped at a 30 degree angle with
respect to the surface. The impact may be performed at many different angles, to identify the
critical angle at which the product may have afailure.

Another parameter that is necessary to define is the measurement points in the test specimen.
Thisis usually where an accelerometer is placed on the specimen for the test to collect
deceleration data.

In summary, the parameters that need to be identified for each individual drop test are:

e Drop Height
e DropAngle
e Data Output Requirements
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Process Automation I mplementation

The VPG software includes a Drop Test Module (DTM), which implements a series of menus,
allowing the user to specify all of the parameters which are used in defining the physical testing
of the product.

The user accessesthe DTM  through the main menu, by selecting DTM. Upon entering the Drop
Test Module, VPG executes acommand to cal cul ate the center of gravity and the mass and
inertias of the current model.

Fie Parls Pre Road Suspension Tie Safety Analysis Fafigue Post Utiities View DTM Macro Help
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Figure 1: Drop Test Menu

The menu provides additional sub-menus which allow the user to specify various parameters.

The DROP DIRECTION menu provides a means to define the direction of the drop. A local
coordinate system can be defined from the calculated CG point to another specified node on the
model. Another method of creating alocal coordinate system is to define a direction between two
nodes. VECTOR command allows the user to define a vector which will serve as the direction of
the drop.

The user may make use of the global coordinate system of the model, to define the drop axis.
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Figure 2: Drop Direction Menu

The G and DROP HEIGHT command allows users to define the drop height parameter and the
gravity constant used in the model. The sub-menu is shown in Figure X.
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Figure 3: Gravity and Drop Height Definition Menu

The gravity constant can be adjusted to meet the users mass and distance units. A common
default value is provided for the user. Definition of this parameter resultsin the creation of a

*LOAD_BODY_Z inthe LS-DYNA input file

The Drop Height parameter specifies the distance above the surface the model should be drop
from. VPG calculates an initial velocity based on the gravity constant and drop height, and
appliesthis velocity to all nodesin the model through and *INITIAL_VELOCITY definition.
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Definition of the model DAMPING parameter is necessary to provide an accurate response of
the drop model. The damping is defined by creating a* DAMPING_GLOBAL definition in the
model. If necessary, a nonlinear damping may be defined by means of a Load Curve.

_Z DYNA CARD DEFINITION

DYNA GARD DEFINITION
*DAMPING_GLOBAL
ITEMS DATA
CARD DESCRIPTION rm
LCID (SYSTEM DAMPING LOAD CURVE) E|
VALDNP (SYSTEM DAMPING CONSTANT) [s.000000E-001
STX (SCALE FACTOR ON X TRANSLATIONAL) [0.000000E+000
STY (SCALE FACTOR ON Y TRANSLATIONAL) [o.000000E+000
STZ (SCALE FACTOR ON Z TRANSLATIONAL) [0.000000E+000
SRX (SCALE FACTOR OM X ROTATIONAL) [o.000000E+000
SRY (SCALE FACTOR ON Y ROTATIONAL) [0.000000E+000
SRZ (SCALE FACTOR ON Z ROTATIONAL) [0.000000E+000
ok | _ cancel |

Figure 4: Damping Parameter Definition

The ANALY SIS CONTROL sub-menu alows the user to control the simulation height at which
the model will be defined. This definition places the rigid impact surface the specified distance
from the model. Since in the physical test, the specimen must be dropped from the actual height,
definition of the parameter at a distance close to the model (lower number), reduces the required
simulation time. By default, the drop height is used as the start height for the simulation.
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Figure 5: Analysis Parameter Definition

The ANALY SIS CONTROL sub-menu also allows the user to define the ssimulation duration
and the number of output steps that the analysis will output.
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Figure 6: Time History Parameter Definition

Additional output data can be obtained from the analysis. This data, such as material energies,
contact energies, global response data, and node response data can be obtained by selecting the
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options from the TIME HISTORY sub-menu. Since these results are provided viathe SET
definition in LS-DY NA, VPG alows the users to define nodes and elements to be added to sets
for the output of this data.

_#l Sequential Drop Height Or Angle E|§|

From: |10.00 To: |20.00 Inc: J1
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Figure 7: Batch Model Creation Options

A typical series of tests used to evaluate a design may consists of many different drop angles and
heights. VPG Drop Test Module alows the user to define a series of angles and drop heights
which are to be simulated. By defining the range of angles and drop heights, and the increment
between each configuration, the user can automatically generate a series of models which can be
evaluated.

The result of this definition is the creation of models named DTMdeck001.dyn,
DTMdeck002.dyn, etc. Up to 999 input files may be created in this manner.

Additional tools for set up of the model are found in the TOOLKIT menu. This provides tools
such as arecalculation of the model center of gravity, in the event that the model was modified.
It also allows the user to remove the damping definition and control which version of LS-DY NA
is executed and the amount of memory requested for each simulation.

UROE TEST 1OULKI Cutput Dyna Version Job Running Parameters

[ DYNA 970 (VPG3.0) | Memory: |39 B

RECALCULATE CG

REMOVE DAMPING
MISC. SETTING ™ DYNA 960 (VP G2.6)

EXIT

™ DYMA 960 (VPG3.0)

Close

Figure 8: Toolkit Options
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Example of Drop Test Module | mplementation
The usefulness of these tools can best be demonstrated on atypical drop test model. The model
used in this demonstration will be atypical television remote control unit. The goal of this study
will be to evaluate the remote control response for stress and deceleration pulse for 3 different
drop angles; O degrees, 15 degrees and 30 degrees.

Figure 9: Remote Control Unit Drop Test Model

This unit is made from a plastic material, and is composed of two components. These

components are attached via a contact (Automatic Single Surface) of atab and areceiver. The
complete model is shown in Figure 9. The model was meshed in eta/\VVPG using the Topol ogy
Automesh option to create a skin mesh, and then filling it using the Tetra M eshing commands.

The appropriate materials were defined and applied to the components, using a
*MAT_PLASTIC _KINEMATIC definitionin LS-DYNA.

After the modeling was completed, the Drop Test Module was used to complete the model and
prepare it for drop testing simulation.

Since the goal of the process was to create a series of simulation models, the first command used
was the BATCH MODEL creation menu. In this menu, the definition of the drop height
remained constant, but the angle was changed from 0 to 30 degrees, with an increment of 15
degrees. Since the model is symmetrical, there was no difference if the model was rotated
clockwise or anti-clockwise.

The next step in the preparation was to specify a height at which the simulation started, using the
ANALY SIS CONTROL menu. On this menu, the model was specified to start the simulation at
aheight of 10 mm above therigid contact surface, in order to minimize the time required for the
calculation. This command resulted in the creation of a*RIGIDWALL_PLANAR_FINITE
positioned 10mm from the model. Thisalso created an *INITIAL_VELOCITY_GENERATION
definition for the model, using the drop height and analysis start height to calculate a proper
velocity value.

The ANALY SIS CONTROL menu was also used to define the stop time for this simulation, and
the number of output steps desired. In this case, the end time of the simulation was 0.003
seconds, with aoutput step of 0.0001 seconds, resulting in 30 output steps.
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Upon exiting the DTM, three input files were generated, DTMdeck001.dyn, DTMdeck002.dyn
and DTMdeck003.dyn. These files were then directly submitted for analysis.

Stress Contour results for the O degree drop condition are shown in Figure 10. The localized
results in the tab areas are shown in Figure 11. The simulations predicted that alocal yielding of
the tabs would occur in the O degree drop, prompting a design change.

Figure 10: Stress Results for O degree Drop Test Configuration
Figure 11: Detailed View Showing Tab Stresses

Summary

Drop Testing Simulation can be made more efficient by implementing a process automation,
which allows the creation of specialized models meeting the requirements of drop test
simulation, and allows for the simultaneous creation of multiple models.

14-9



Impact Analysis (3) 9" International LS-DYNA Users Conference

14-10




<<
  /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


