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Abstract

A downturn in the industry drives companies to execute projects with fewer resources. The demand for product
innovation and productivity improvements has increased exponentially. In order to meet the customers’ demand,
ES’s Visual-Environment provides new features and improvements to achieve productivity, better usability and
workflow. One such new feature is “ Model Compare”. Using “ Model Compare”, a user can compare models to
identify the changes in geometry and LS DYNA entities such as material, section, contact and, constraints. These
differences can be copied from one model to another. This feature improves productivity by eliminating manual
bookkeeping.

In this paper, the key features of Visual-Environment for LS-DYNA and usefulness of these features in FEA
simulation are discussed with examples of productivity improvements and process automation.

Keywords: LS-DYNA, Model Compare, Visual-Environment, Productivity, Process Automation, FEA.
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I ntroduction

Visual-Environment (VE) is an advanced pre-post processing solution platform for LS-DY NA
solver. It isa context based environment based on different FE Simulation® needs such as Visual-
Crash Dyna (VCD) for LS-DYNA, Visual-Mesh (VME) for meshing and model assembling,
Visua-Viewer (VVI) for post processing, Visual-Safe (VSA) for advanced safety applications,
Visual-Process (VPR) for CAE process automation and so on. All the contexts of Visual-
Environment* are integrated seamlessly, facilitating the user to navigate within one environment
to access multiple solvers. All the dialogs are easily scriptable through Python language for
quick customization.

Visual-Environment Contexts

As mentioned above, VE provides several contexts out of which afew are explained below from
the LS-DY NA user’s point of view.

Visual-M esh

Visua-Mesn(VME) is the complete meshing tool, which supports CAD Import, 1D, 2D and 3D
Meshing and editing features. It also provides batch-meshing utility based on topology meshing
with user guidance as well as automatic approach.

Visual-Crash Dyna

Visual-Crash Dyna (VCD) is the most competitive environment for LS-DYNA solver. It helps
engineers perform crash and safety simulations in the smoothest and fastest possible by
providing lot of productive features. This environment provides quick model browsing and
advanced model setup capabilities. VCD alows graphical creation, modification and deletion of
all LS-DYNA entities like contacts, materials, constraints, control cards and all crash entities. In
VCD there are lot of features which helps to improve the productivity?, thus saving time and
resources.

Visual-Viewer

Visual-Viewer (VVI) is the advanced Post-Processing tool with state-of-the-art Plotting/VViewing
utility. Viewer works with multi page/multi plot concept, which enables the user to group data
into pages and plots. Users can create presentation ready high quality reports. Complete plotting
session is captured and it can be re-executed without losing any data. It is aso fully command-
driven that enables the user to execute at command-line.

Visual-Process

Visual-Process(VPR) is an advanced CAE environment for process customization and
automation. The process templates establish high productivity and standardization by
customizing any regulatory CAE procedure such as FMVSS, ECE etc and corporate best
practices. The environment’s state of the art process execution methodology allows carrying out
the jobs automatically and semi automatically for consistent results. The Visual-Process
Executive has more than 30 standard process templates such as Occupant Safety, Pedestrian
Safety, Impact Tests and Model Checks,
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Model Compare

The detalled modeling enabled by improvements in hardware and software technology is
increasing the size of the input file. Also users are doing alot of iterations to improve the quality
of products. Finding the difference between two modelsis an essential processto control the
changes and evolution of models. These differences could be geometry changes, weld changes,
materials changes, section changes, curves changes, contact changes or any LS-DYNA entity
changes.

Visual-Crash DYNA, which has aready achieved a remarkable success in providing the users
with a complete end-to-end environment for LS-DY NA solver, takes one more step to facilitate
the LS-DYNA user with atool named “Model Compare”. With this tool, the user is empowered
to compare two models with a click of a button. The comparison is done based on LS-DY NA
entities. This helps the user to understand what and where the difference lies in the two models.
It aso helps user to copy the difference from one model to another.

Display options like Overlay, Highlight, Window Coupling and Locate add even more comfort
and support to this process of model comparison. Model Compare eliminates the manual
bookkeeping. Without this feature user had to maintain a note of all the IDS and Entities to track
the changes while handling the huge input files. Model Compare is bound to improve the
productivity of today’'s user by eliminating the time and error involved in tracking and
controlling the changes. Basically it helpsin the evolution of better CAE models.

Model Compare can be accessed via Tools Menu in Visual-Crash DY NA context of ESI’s Visual
Environment.

Model Compare

Select Models  Entity Wise
Model A

C:\Model_Compare\Base_Model.dyn & | |Update | Submodels...

Model B
C:\Model_Compare\Iteration_Model_1.dyn = Update | | Submodels...

Advanced == Reset Compare Close

Fig. 1. GUI of Model Compare
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Users have option to select complete model or some include files for comparison. If more than
two models are loaded, the current model will be taken as Model A and then the reference model
can be selected graphically and updated as Model B using the “Update” button. On selecting the

“Advanced >” button, the user interface ( GUI) extends to show all the LS-DYNA entities

available in the datafile, which are selected for comparison. User is required to check the entities
of interest. By default, al entities are selected. Refer Fig. 2

Model Compare EJ @g|

Select Models  Entity Wise
Model A
v | | & | Update | Submodels...
Model B
v = Update | | Submaodels...
Advanced <<
Entity Name |Checi-c |HowTo Co.. |What To Compare ‘(%]Toler | -
- All 0
- Parts Id Card Dataand Geo . 01
Nodes Id Card Data 0.1
- Elements 01
£ Mesh Independ.__ 01
Beam/Beam... Id Card Data 0.1
e Airbag Index Card Data 01
---E Constrained 01
Extra Node Indlex Card Data 0.1
- Joint Index Card Data 01
--- Rigid Bodies PID Card Data 01
MNodal Rigid ... NSID Card Data 0.1
- SpotWeld Index Card Data 01
- Contacts 01
Contact Index Card Data 01
e Contact Inter.. Index Card Data 01
- Control Name Card Data 01
- Define 0.1
- Box Id Card Data 0.1
Curve Id Card Data 0.1
- Hourglass Id Card Data 01
B Initial 0.1
Velocity Gen... Index Card Data 01
- Material Id Card Data 0.1
- Rigidwall Index Card Data 01
Section Id Card Data 0.1
B Set 0.1
e Set Node Id Card Data 01
Set Part Id Card Data 0.1 4
Note: For Meshindependent Welds in Position wise comparison Tolerance Value is
considered as Exact Value. For remaining entities Tolerance is considered as % value.
Reset Compare Close

Fig. 2: GUI of Model Compare with ADVANCED features.
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Comparison is based on the users selection of LS-DYNA keywords® , “How to Compare” |
“What to Compare “ and “% Tolerance” options.

“How to Compare” is done on the basis of either by ID or by Name. For those entities, which do
not have ID field, then Index criteriais default option. For example in case of Mesh Independent
welds users have option to perform position based comparison, connected parts IDs and different
weld types. Similarly, for Constrained Nodal Rigid Bodies, NSID based comparison criteria is
provided. For Materials, comparisons by MID, Material Title, Part 1d or Part Name criteria are
provided.

“What to Compare’ is a comparison criterion to find the difference between the selected models.
Base on entity type, any one or more of the following options are available.

1. Card Data( LS-DYNA keyword)
2. Card Data and Geometry
3. Card Data and Others.

First option is used to compare only keyword differences. The second option is used to compare
keywords along with geometry data (mass, area, volume, number of nodes and number of
elements). The third option is used to compare the keywords and their references.

“% Tolerance” is applicable for position-based comparison of geometry and connection entities,
to track position/location changes between models. The default tolerance is 0.1 %.

Display options like “List All Entities’, “Window Coupling”, “Overlay” , “Locate” and
“Highlight” are provided at the top of the GUI. These options help users to visualize the changes
and differences. On clicking the “List All Entities’, al the entities that have difference will be
displayed. Window coupling feature helps the display operations (like Rotate, Pan, Zoom
options) of both the model windows simultaneously. Overlay option allows the overlaying of
selected entities to show the geometric difference. Locate option helps to locate the selected
entity in the model window. Differences are marked in red color for easy identification. On
clicking the red colored entity the difference of its data is shown in the bottom list. Using copy
option, user can copy specific data from one model to another. Similarly, not only the difference
but also the unique items from one model can be viewed and copied to another model.

Following examples shows some of the differences between selected models.

1. Actual difference of keywords ( Fig 3)
2. Geometry changes ( Fig4)

3. Thickness Changes( Figb)

4. Set Changes(Fig 6)
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Model Compare EJ

| Select Models Entity Wise

[ iist All Entities [ window Coupling ~ [Joverlay ~ [Jiocate [ Highlight

Entities(# Diff) Model A [Modet &

B Entities Jel_Compare\Base_Model dyn _Compare\teration_Model_1.dyn
Parts (12) 12 /593 12593
Extra Node (68) 68 /68 67/67
Joint (2) 1430 1/30
Nodal Rigid Body (3) 3 /521 37521
SpotWeld (1) 1 /6720 1/6720
Contact (4) 242 3/3
Box (1) 0 11
Curve (4) 412 4712

-@ Hourglass (1) 0 11
--@ Material (1) 1 /593 1/593
-@ Rigidwall (1) 11 11
--@ Section (8) 8 /593 8/593
@ Set Node (4) 4 /703 47703
B SetPart (2) 2/16 1/15
@ Set Shell (2) 0 272

Field Name Model A Model B

List Different Irems

List Model A Unique Trems Copy

List Model B Unique Ttems

Tools Macro Window Help
MALLAX @ 2EF-5
&g

ClustAllEntibes [ Window Coupling  F Overtay  FLocate [ Highiight

- [O]X [eiteration_Model_1.dyn

Enstesih D) Model A [Moceii 3
& Entmes 36l Compare\Base_Modeldyn _Comparelieraion Model1 & it i
@ Pans (12) 12 /593 2/593
2000044521 b loormar
Geomeiry Changes
2000215550 bwbumper  Z2000215+350 bw bumper
200304->PART_55 2000304->PART_55
2000344omedrveshat | 200034->m-driveshat
2000436->bc-bedsideR | 2000436->be-bedsideR
© Exiea Node (63) 8 /68 67(67
& Jont 2) E] 1730 P
‘ a—— — — 5
Freld Name ModsiA Model B
Noof Blerments (451 227 20228
No ofNodas (64) 20280 20216
Mazs 00154439458 00154004384
Ares 20611281 219090956
Volume 19612336 19557196
PancG 315572609 DOTHNEII 6 315627437 084911 6
ParterialX M5 684272
ParinartalY¥ 1915 59881 191337721
Partnetaiz? 52538648 Su74715
PartnerialXY 503078754 762669005
ParteialvZ 129701445 128530431
st iftesert Bems
2] Lst Model A Unique Dems copy
] it Model 8 unique Rems el ek 8| [} [Eiements found in Mooel & are grouped o a colector WogelAlInMatchingGuadElements .
flements. found in Model B are grouped into a colector : ModelBUnMatchingQuadElements
ctose | fEMENIS found in Model A are grouped inlo a collector - ModelAUnMaiching TriaElements.
_Jements found in Madel B are grouped into a collector : ModelBUnMatchingTriaElements b
Tl (804 x 930) -> (804 x 930) 50 (0, 0)

Fig. 4: Model Compare showing the geometry differences between two models
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&3 Visual-Crash DYNA 6.0.0 - Base_Model.dyn

HAT A gh Sefe Tools Chedks TimeSavers Tools Macro Window Help en
FlgAld 24| @@ MLLAX[¢ 23R4
GRG BB SR mi[E e

Mp;;l Coﬁ'.lpare

Select Models. Entty Wise

DlustAllEntites [ vndow Couping  #Overlay  FlLocate [ Highight

"_ [O[x| e iteration_Model_1.dyn

Eriesid ) [Moceia [Mosets IF
© Enmes _CampareiBase_Modaldyn omparslisiaion Modeli dm R i
© Spot Weld (1) T 7670 /67
B Contact (4) 242 ETE)
 Box(1) 0 11
8 Curve 8) a2 a1z
B Hourgiass (1) 0 1
| @ Material (1) 17593 17593
B Rigidwall (1) T K i
& Section (8) 8 /593 8593 -~

2000083+>SECTION_SH .| 2000083+>"SEC TION_SHELL
"SECTION_SH.. | 2000215+>*SECTION SHELL
"SECTION_SH.. 2000325->"SECTION_SHELL

B TION_SH Zyﬂ‘,sﬂ: TION_SHELL
'SECTION_SH.. 2 133=>SECTION_SHELL
S TON S e SECTOLTEL
2000465=>"SECTION, 3 200045=>"SECTION_S! L
W?-)'SEQMMSH - 2000467->"SECTION/SHELL | _

Frkiama lasa_ [psis_~ ]

[ List Diferent nems

st Madal A Unique Rems copy

Blustuodeinvniquenems <] |~ 8/ )] |3 Fiements found in Moel & are rouped o a colector WodelAlInMatchingGuadElements
Elements found in Model B are grouped inlo a colector | ModelBUnMatchingQuadElements
Elements found in Model A are grouped into a collector - ModelAUnMaichingTriaElements

Elements found in Model B are grouped ino a colector : ModeiBUNMatchingTrizElements

iz (804 x 930) -> (804 x 930) 50 (0, 0)

Fig. 5: Model Compare showing the thickness differences between two models.

Gafe Tools Checks TimeSavers Tools Maco Window Help
Flu) ¢ 26 @ @0 MLx4X[¢ s2-y
GRO[ BB SBTH L R ey

Select Models. Entty Wise

DlustAlEntites [ vndow Couping [ Overlay  FlLocate [ Highight

"_ [O[x| e iteration_Model_1.dyn

Eriesid ) [Moceia [Mosets IF
& Enites _Compare\Base_Model.dyn ompare\eraton_Model 1.dym R i
e Moda ) i §2107 SET PART Difference
B Jdoint (2) ] 1730 e

@ Nodal Rigid Body (3) 3 /521 34821 \ .
& Spot Weld (1) 176720 1/6720 \ iy
B Gontact (4) 242 ETE) \ e

| @ Box(n) [ i \ W,

& Cerve (4) 112 anz \\ AR
© Hourglass (1) [] 101 \

@ Material (1) 1 /593 17593 \
@ Rigidwall (1) 141 11
@ Section () 8 /593 81593
B SetMade (4) 43 47
& SetPan (2) ) T

I o 2000000->"SET_PART__

00000T-"SE T

o SetShel (2) ] 2i2

Field Name. Modsl A |ModeiB |

Seleciion Selection Selacion

[ List Diferent nems

st Madal A Unique Rems copy

Duxmsdnvienems | |<| [ C 1] o——————
ion differences for the entty : 2000000=>"SET_PART
o | - 2000451, 2000458, 2000467, 2000007
ety (804 x 930) -> (804 x 930) 50 (0, 0)

Fig. 6: Model Compare showing the SET PART differences between two models.

Comparison of Resultsfiles ( d3plot)

Visual-Environment not only supports data file comparison, but it also supports results files
comparison. Visua-Viewer context of Visual-Environment helps to identify the differences
between two d3pot models. The changes in the results file could happen because of the changes
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in pre-processor file. Users can display only the differences in contours and animate to visualize
the impact of these changes in the smulation.

User can find the differences in nodal and elemental results between two models. Comparison is
based on ID. During comparison, Visual-Viewer checks geometry changes and prompt users
about these changes.

@ Visual-Viewer Explicit 6.0.0 - head1/d3plot (mm kg sec)

Contexts File Edit View Insert Results Sections Curves Plots Drawing Tools Macros Window Injury Report Help (Vi)
DSERMAE ) Wm0 eE o o100 |« E®e bt v~ JNE POBR ] HUAD PP NQO ] BB WE| RETY IR s
[Post Processing v || @ ¢ 8 - 8% _° \ [BasicEn||By v | BasicEn| k |ust [ ®#8 il o5 FEL @l - 2@ TG @A LA/ 2O- @

@O0 ¢ [page/1v]| P 2

=

° Tom e
LS-DYNA3D user input LS-DYNA3D user input
Epll folfl [ESSEICH) P 1/0.000000 : " 17/0.015001

© Page/Fie View
View: Orage Orie |f]

20743

18,937
17431
15324

B asis

JRIER 25

_ o006

v Lz

w3 _ 8100

& 6293

P
x| 4487

LS-DYNA3D user input -°
1/0.000000
o 2681

& 0875

Entity Types 0932

NoDE v

S— 2738
node y ve ~
no
1 4544
no
no | 6350
no
no

£ 5 x
z
[ Absolute Value [o:000010 ‘4/
Apply On
Osource O Target @soth w2 e
x[Z No_ of Detine props =0 B = 55> animen a0
E Dk ey 4| £ File C:/Model Compare/head2/d3plot loaded £ >>> noclipboard)
- & Unit system for the file is set from Ini file seftings( "mm", "kg", "sec”, "keNin") 8>
o« > o <
Ready 804 x 930) -> (804 x 930) 50 (0, 0)

Fig. 7: Model Difference showing the differences in displacement between two d3plot models.

Summary and Conclusion

LS-DYNA user needs a tool, which can quickly find the difference between two models to
control the changes and evolution of CAE models at various stages in the product life cycle. This
paper has presented ESI’s Model Compare tool to satisfy the same need of the user. It comes
with many additional features to track the model changes and remove book keeping.
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