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- Analysis Model Preparation
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CAD Design

A = '_ Many mesh generators are very sensitive to the
topology in the CAD model—"Geometry-centric”
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Geometry-Centric vs. Geometry-Tolerant
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}' Geometry-Tolerant Meshing
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* Push-button capabilities exist in some
commercial tet meshing packages

— Mesh quality and connectivity problems have been
observed in meshes of sloppy assemblies

— Users have little control
— A fair amount of geometry cleanup is still required

» Auto hex meshing still very geometry-centric

— Sweeping algorithm currently requires strong tie to
CAD model topology

— Topology modifications to a hex mesh are more global

— Potential solutions exist in new approaches (sheet
insertion algorithm-choose what topology to resolve)

* Geometry cleanup/preparation continues to be
necessary in FE model generation
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What are the issues?
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« Solid modeling kernels
— Great for global operations (general booleans)
— Not great at local operations

— Lack composite operator! (“virtual geometry” is often
used)
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What are the issues?
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* Virtual/Facetted Representation
— Very good at local operations/modifications
— Composites!

— Lack of robust boolean operations (critical for
decomposition for hex meshing)

— Inhibits subsequent solid-modeling (“real”) operations

Cubit 11.1b (1) tweak_problem.cub] =81k Cubit 11.1b (1) [tweak_problem.cub] BRI |4 Cubit 11.1b (1) [tweak_problem.cub]
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What are the issues?
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« Automation
— It is very difficult in an algorithm to guess what the
design intent is
* What should be considered “small”?

* In an assembly with gaps/misalignments what should
be connected?
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% How are we addressing the issues?
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 Model Representation

— Allow both “real” (solid modeling kernel) and “virtual”
(faceted) representations

— Both are needed because of their strengths

* Modification Operators
— Add to the set of real operators

— Provide interoperability between real and virtual
operations

 Automation

— Semi-automated Diagnostic/Solution approach in the
ITEM user interface to facilitate geometry modification

— Research in geometry-tolerant meshing algorithms
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Interoperability of Virtual Composites
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p Custom Kernel (“real”’) Operator
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Custom Kernel (“real’) Operator
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Custom Kernel (“real’) Operator
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Diagnostic/Solution Paradigm

using ITEM

[ Cubit 11.1b

Ele Edit Wew Display Tools Help
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Bemove Small Features
Small features can over-constrain pour mesh
and result in poor elements. First enter a size
below which helps Cubit indentify small features.
|
Small Curve 1“‘—‘
Length 3 ....'.:._.J ‘

W Auto Update
Consider corecting small features lizted below
Select a small feature to view the possible
solutions:

Small Features

Ertity ID |EntiyData | =]
=-Gmall Suifaces [15) &rea

[-Surface 17 0.03017080

@-SUIFace 16 (0.03680331

+-Surface 19 (0.06413326

006413326
007218750
F-Surface 26 007218750
[-Surface 26 012826653
B-Surface 23 0.74427500

#iSutace 27 020000000 ~|

Solutions

Poszible Solutions I
Compasite with Surface 5

Composzite with Surface 26

Composite with Surface 23

Caompasite with Surface 31

Fiebuild Topology

*a|a|m|?|a|
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il Cubit 11.1b

File Edit Wiew Display Tools Help
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Remove Small Features

Small features can over-constrain your mesh
and result in poor elements. First enter a size
below which helps Cubit indentify small features.

Small Cuwe o ‘

¥ Auto Update

Congider correcting small features listed below.
Select a small feature ta view the possible
solutions.

Small Featuies

Entity 1D [EntiyData | =]
I=FSmall Surfaces [15] Area

#-Surface 17 0.03017080
#-Surface 16 0.03680351

0.06413326

Surface 19
0 0.05413326

- Surface 21

0.07218750
-Suface 28 0.07218750
F-Surface 26 0.12626653
#-Surface 23 014437500

FSuface27  0.20000000 B

Solutions

Possible Solutions l
~Composite with Suface §
~Compasite with Suface 26
~Compogite with Surface 29

A
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A
Remove Small Features

Small features can over-constiain your mesh
and result in poor elements. First enter a size
below which helps Cubit indentify small features.
Small Curve ]3—' ‘

Length

¥ Auto Update

Consider comecting small features lished below.
Select a small feature to view the possible
solutiohs.

Small Features

Enity 1D | Entity Data
amow Surfaces (0]Area

mall Curves (0] Length
mall Surfaces (0] Area

Solutions

Possible Solutions

L-Gelect an entity to see potential solutions
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Diagnostic/Solution Paradigm
using ITEM
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{1 Cubit 11.1b
File Edit Miew Display Tools
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[ Cubit 11.1b
Eile Edit %iew Display Tools
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il Cubit 11.1h

Eile Edit “iew Display Tools Help
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Decompose Yol
Select a valume to
as been set and thy
zolutions for decom|

W Auto-update

= [ Mat Meshab)
e/ olurne 1

Solutions

FPazzible Solutionsz|
i webcut volume
fram Surface 8
merge include_
webcut volume
fram Surface 22
merge include_
wiebcut volume
fram Surface 32

A N

WVolumes to be inchy
execution

Yalume IDfz) [1 |

Select a wolume to
az been set and thy
zolutions for decam|

W Auto-update

Mame
H Meshable
= [ Mot Meshal]

Wolurnes to be incl
execution

Yolume 1D(s) | 1

| 28 |

Impariar
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Decompose Volume

Select a volume to work: on where no scheme
az been set and then view the possible
zolutions for decompaosition:

Mame I Scheme |
H Meshable
Iﬂﬁ Mot Meshable

El-\iolume 1

[#MWolume 2

W Auto-update

Solutions

Possible S olutions

ol | i

Yolurmes to be included in webcut command
execution

Wolume 1D(s] | i

Brett Clark




Computational Modeling Sciences Department

A 4
}‘ Geometry-tolerant Meshing

* Initial work in tet meshing
— Similar to approach by Shephard et al. [1].
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}‘ Summary

- At Sandia we are working both the geometry
cleanup problem and the geometry-tolerant
meshing problem

* Open Issues

— Input CAD model is usually not generated with
analysis in mind
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— There is not one CAD representation that provides all
of the necessary geometry operators
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