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The Advanced Meshing Tools workbench allows you to rapidly generate a finite element model for complex

parts whether they are surface or solid.

In other words, you will generate associative meshing from complex parts, with advanced control on mesh

specifications.

To generate a finite element model for complex surface parts, you have to use the FEM Surface product.
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To generate a finite element model for complex solid parts, you have to use the FEM Solid product.
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Using This Guide

This book is intended for the user who needs to quickly become familiar with FEM Surface Version 5.
The user should be familiar with basic concepts such as document windows, standard and view
toolbars.

To get the most out of this guide, we suggest you start reading and performing the step-by-step
tutorial "Getting Started". This tutorial will show you how to analyze a part from scratch.

The "Basic Tasks" section presents the main capabilities of the product. Each individual task is
carefully defined and explained in detail.

It may also be a good idea to take a look at the "Workbench Description™ section, presenting the
menus and toolbars.

Finally, a "Glossary" has been provided to familiarize you with the terminology used in this guide.
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Where to Find More Information

Prior to reading this book, we recommend that you read:

Infrastructure User's Guide Version 5
Part Design User's Guide

Conventions chapter
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Conventions

Certain conventions are used in CATIA, ENOVIA & DELMIA documentation to help you recognize and understand important concepts and
specifications.

Graphic Conventions

The three categories of graphic conventions used are as follows:

. Graphic conventions structuring the tasks
. Graphic conventions indicating the configuration required

. Graphic conventions used in the table of contents

Graphic Conventions Structuring the Tasks

Graphic conventions structuring the tasks are denoted as follows:

This icon... Identifies...
iy estimated time to accomplish a task
|
{T} a target of a task

the prerequisites

™ the start of the scenario

? a tip

ﬂ a warning

f information

Z basic concepts

== methodology

i reference information

f'ﬂ information regarding settings, customization, etc.
:;:;-':-‘ the end of a task
'::D:' functionalities that are new or enhanced with this Release.
E' allows you to switch back the full-window viewing mode.

Graphic Conventions Indicating the Configuration Required

Graphic conventions indicating the configuration required are denoted as follows:

This icon... Indicates functions that are...
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specific to the P1 configuration

specific to the P2 configuration

specific to the P3 configuration

Graphic Conventions Used in the Table of Contents

Graphic conventions used in the table of contents are denoted as follows:

This icon...
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Text Conventions

Gives access to...

Site Map

Split View mode
What's New?
Overview

Getting Started

Basic Tasks

User Tasks or the Advanced Tasks
Workbench Description
Customizing

Reference
Methodology

Glossary

Index

The following text conventions are used:

+ The titles of CATIA, ENOVIA and DELMIA documents appear in this manner throughout the text.

# File -> New identifies the commands to be used.
4+ Enhancements are identified by a blue-colored background on the text.

How to Use the Mouse

The use of the mouse differs according to the type of action you need to perform.

Use this

mouse button... Whenever you read...

Page9
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5 . Select (menus, commands, geometry in graphics area, ...)
Click (icons, dialog box buttons, tabs, selection of a location in the document window, ...)
Double-click
Shift-click
Ctrl-click
Check (check boxes)
. Drag

. Drag and drop (icons onto objects, objects onto objects)

m . Drag

Move

ﬂ . Right-click (to select contextual menu)
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What's New?

New Functionalities

Local Specifications

Modifying Local Specifications with Knowledgeware
You can modify local specifications using the Formula functionality.

Enhanced Functionalities

Beam Meshing

Beam Meshing
You can can mesh using parabolic 1D elements.

Surface Meshing

Setting Global Meshing Parameters
Global specifications are available at any time.

Meshing Connections

Meshing Spot Welding Connections

You can mesh hemmed spot weld.
Meshing Seam Welding Connections

You can mesh seams using compatible mode.

Quality Analysis
Checking Interferences / Intersections
You can focus on interference area.

Workbench Description

Toolbars
The interface of the Advanced Meshing Tools workbench has been improved.
The interface of the Surface Meshing workshop has been improved.
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Getting Started

This tutorial will guide you step-by-step through your first Advanced Meshing Tools session, allowing

you to get acquainted with the product. You just need to follow the instructions as you progress.

Before starting this tutorial, you should be familiar with the basic commands common to all

workbenches.

The main tasks proposed in this section are:

Entering the Advanced Meshing Tools Workbench
Defining the Surface Mesh Parameters
Setting Constraints and Nodes
Launching the Mesh Operation
Analyzing Element Quality
Mesh Editing
Re-meshing a Domain

-"‘:"'- Altogether, this scenario should take about 15 minutes to complete.
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Entering the Advanced Meshing Tools Workbench

rly
T:ff This task shows how to enter in the Advanced Meshing Tools workbench.

Open the Sample01.CATPart document from the sample directory.

ﬁ 1. Select the Start -> Analysis & Simulation -> Advanced Meshing Tools menu.

File Edit Wew Insert Tools  Window — Help

.lnfrastructure » hlx jIN':'r'E j =3¢
b

Mechanical Design
h |

Shape

flnlerann:e #nalysis of Deformable Assembly

AEC Plant 5. Advanced Meshing Tools h

MC Manufackuring k @ Generative Structural Analysis
'Qigital Mockup b --f! Analysis Connections

You are now in the Advanced Meshing Tools workbench. An Analysis document is
created and the New Analysis Case dialog box is displayed.
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Mew Analysis Case |

Frequency Analysis
Free Frequency Analysis

[ Keep as default starting analysis case

@ Cancel l

2. Select an analysis case type in the New Analysis Case dialog box. In this particular example, select

Static Analysis.

(Q Optionally, you can activate the Keep as default starting analysis case option if you
wish to have Static Analysis Case as default when launching the workbench again.

3. Click OK in the New Analysis Case dialog box.
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Defining the Surface Mesh Parameters

|
{T} This task will show you how to define, on a single surface part, a mesh type and global

parameters.

-

1. Click the Advanced Surface Mesher icon @

2. Select the part.

The Global Parameters dialog box appears.

Global Parameters 2=l

Elerment shape @ I @

Element type o |inear (O Parabolic

Mesh | Geamekry I

Mesh size | Smm

Offset | Omm

I |

[ ] Minimize triangles

[ ] Directional mesh

] akrip optimizaktion

=
Talerance | Lmm Ve |

W Ok w8 Cancel l

3. Define the desired mesh parameters in the Global Parameters dialog box.
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In this particular example, you will:

]

o select the Set frontal quadrangle method icon as Element shape

o in the Mesh tab of the Global Parameters dialog box:
« enter 5 mm as Mesh size value

« enter O mm as Offset value

o in the Geometry tab of the Global Parameters dialog box:
« enter 1 mm as Constraint sag value

« enter 10 mm as Min holes size value
« select the Merge during simplification option

« enter 2 mm as Min size

4. Click OK in the Global Parameters dialog box.

A new Smart Surface Mesh feature is created in the specification tree.

*— Finite Element Model
% Modes and Elements
@ omart Surface hMesh.l
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i, . You now enter the Surface Meshing workbench and the following toolbars are
available:
o Local Specifications
o Execution

o Edition Tools

. At any time, you can visualize or modify the global parameters.

For this, click the Global Meshing Parameters icon % The Global Parameters

dialog box appears.
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Setting Constraints and Nodes

I
17} This task will show you how to define constraints on edge nodes distributions.
For this, you can select edges, vertices (on the geometrical simplification), curves or

points (using the geometry).

You are still in the Surface Meshing workshop.

" ©

]
1. Click the Add/Remove Constraints icon in the Local Specifications
toolbar.

Both the Add/Remove Constraints dialog box and the Trap Type dialog box appear.

2. Select the edge to be constrained.

This edge is now yellow colored and the Add/Remove Constraints dialog box is

updated.
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Add/Remove Constraints 7 x|

Edge | Verbex I Curves | Paints |

Edge/Fillet. 4)/0pen_body. 1 Conskrained

Femaove all

¥ Cancel I

3. Click OK in the Add/Remove Constraints dialog box.

4. Click the Imposed Elements icon :-}f in the Local Specifications toolbar.

The Imposed Elements dialog box appears.
5. Select the edge you just have constrained.
The Edit Elements Distribution dialog box appears.

6. Define the parameters of the new distribution.

In this particular case, you will:
o select the Uniform distribution type

o enter 10 as Number of elements
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Edit Elements Distribution

M" Geomekry
1 Edage/Fillet. 4)Open_body. 1

REemove I Femoyve Al I

¥ Number of elements m

() Size | 15mm i

@ oK @ Apply I iCanceIl

7. Click OK in the Edit Elements Distribution dialog box.

The nodes (or elements) are distributed on the selected edge. The node
distribution description now appears in the Imposed Elements dialog box.

Imposed Elements il

Elernents | Zapture Mezh around Holes

meomekry
1 edge

Description
Uniform, 10 elements

Femove | Remove all

& Cancel I

8. Click OK in the Imposed Elements dialog box.
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At this stage, distributions are stored in the mesh definition. You can now launch
the mesh operation.

@:
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Launching the Mesh Operation

N
' t.T.d' This task will show you how to generate the mesh, now that you defined the global

parameters and the specifications.

1. Click the Mesh The Part icon % in the Execution toolbar.

The mesh is generated on the part and a little summary is provided in the Mesh

The Part dialog box.

Mesh The Part |

Frontal quadrangle, size = 5.00 mm
250 nodes created

229 elements created

Mesh Ik

The visualization is switched to quality mode so that you can visualize the

generated mesh and the quality of each element.
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2. Click OK in the Mesh The Part dialog box.
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Analyzing Element Quality

I
T'-T} This task will show you how to use some basic quality analysis functionalities.

Quality Analysis functionalities are available at all steps of the meshing process.

You can analyze quality specifications of:
all the elements

one element

=

1. Click the Quality Analysis icon in the Mesh Analysis Tools toolbar.

The Quality Analysis dialog box is displayed.

Quality Analysis 21

Seleck | Options

|»

Taper
Skewness
Diskortion

Jacobian

YWarp Angle
Skew angle
Skrekch

Min, Length

-
a
o
-
4 Warp Factor
a
o
a
4

w

HERREREER

LY. | LL

all ] Default Mone I

= | =
. [E | & [4]
ilﬂ-pplvl

The Quality Analysis dialog box is a filter that lists the available quality specifications for visualizing and
analyzing the mesh.

By selecting particular specifications, you can decide how you want to view the mesh. It also provides a
set of functionalities for deeper analysis.

Quality Specifications of All the Elements

2. Click the Show Quality Report icon _I in the Quality Analysis dialog box.
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The Quality Report dialog box presents the statistics corresponding to the selected quality specifications:
Good, Poor , Bad, Worst and Average.

Quality Report il
Cualicy | Connectivities |
riterion I iGood | Foor | Bad | Yi'orsk I Average I
Taper 208 ( 100.00% 3 0 ( 0.00%) 0( 0.00%) 0459 0.066
Skewiness 21 ¢ 100.00% 0 0.00% 0( 0.00%% 0.484 0,178
Distorkion 229 (100,00% ) 0¢ 0.00%) 0¢ 0.00% ) 34,949 10,564
Jacobian 208 ( 100.00% 0 ¢ 0.00%) 0¢ 0.00%) 0,371 0.854
Warp Factar 208 ( 100,00% ) 0 0.00%) O¢ 0.00%% 349  0.383
Warp Angle 208 { 100.00% 0 0.00% 0¢ 0.00%% 9.856  1.394
Skew Angle 208 ( 100.00% 0 ¢ 0.00%) 0 ¢ 0.00%3) 6&4.174 84.503
Stretch 21 { 100.00% 3 0 ¢ 0.00%) 0¢ 0.00%) 053 0769
Min. Length Z29 { 100,00% 0 0.00% 0¢ 0.00%% 1.267  4.050
Max. Length 229 (100,00% ) 0¢ 0.00%) 0¢ 0.00%) &§.374 2.433
Shape Factor 21 { 100.00% 0 ¢ 0.00%) 0¢ 0.00%) 0648 0871
Length Ratio 229 ( 100,00% 3 0 0.00%) 0( 0.00%% 4928  1.415
-- zlobal - 720 { 100.00% 0 0.00% 0 0.00%

-

3. Select the Connectivities tab to view mesh composition statistics (Number of nodes, Number of

element, Connectivity, Number of element per connectivity).

Quality Report : X
Mumber of nodes: | 250 Conneckivity | Mb of element |
Murnber of element:| 229 D4 208 { 90.83% )
TR3 210 92.17%:)
@ oK
-

4. Click OK in the Quality Report dialog box.

Quality Specification of One Element

B

5. Click the Analyze An Element icon J in the Quality Analysis dialog box.

6. Select an element of the meshed part.
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The Analyze Single dialog box now appears and gives you a detailed view of the quality of this element:
Taper, Distorsion, Warp Factor, Warp Angle, Skew Angle, Min. Length, Max. Length, Length

Ratio and Normalized Value.

In other words, you will check whether any of your specifications was not properly implemented.

Analyze Single E4d |

Taper [l 0
Distortion [ 21

higle |:|
bdin. Length [
bdax. Length [ 5.55

Length Ratio [l 1.211

Mormalized Yalue [ 0.9597

7. Click OK in the Analyze Single dialog box.

8. Click OK in the Quality Analysis dialog box.
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Mesh Editing

(el
"'-..'!'.J' This task shows how to edit one mesh element by moving one node using auto smooth

options and then cutting one element into two.

1. Click the Edit Mesh icon % in the Edition Tools toolbar.
The Edit Mesh dialog box appears.

[] smaoath around modifications

[] Combine around modifications

[ ] swap around modifications

[] Propagate to neighbour domains
iGlobal Optimization l

-

2. Select a node and move it to the desired location.

Sl

The quality/visualization of the elements is updated according to the location you
assign to the node.

3. Check the Smooth around modifications option from the Mesh Editing Options

dialog box.
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‘4 Smooth around modifications

[ Combine around maodifications
[ ] Swap around modifications

[] Propagate to neighbour domains

lobal Cptimization I
it

4. Select a node and move it to the desired location.

The quality of the elements is not modified whatever the location you assign to the
node.

5. Position the cursor over one quadrangle element.
You can now cut the mesh element diagonally according to the position of the

cursor.

J00.1

6. Once you have cut one mesh element, position the cursor over the segment you
just created and if you want to delete this segment, click on it using the rubber

that appears.
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7. Click OK in the Edit Mesh dialog box.

- Note that as the Smooth around modifications option is still active in the Edit Mesh
Q - dialog box, the quality of the elements is not modified whatever the modifications you
perform.

=
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Re-meshing a Domain

|'
:T-T}' This task will show you how to re-mesh a domain by modifying pre-defined local

specifications such as mesh method and size.

1. Click the Remesh Domain icon ﬁ in the Edition Tools toolbar.

The Remesh Domain dialog box appears.

Remesh Domain 2| =]

Mesh method I Front quads j

[ ] Impact neighbor domains
Mesh size | Smim El

@ oK

2. Select the domain to be re-meshed.

As shown in the picture, the selected domain appears as limited in the red color.
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We will try to remove the triangles by locally altering the mesh method.

3. Set the parameters for the selected domain from the Remesh Domain dialog box.

Remesh Domain 21x]

Mesh rmethod I Mapped quads j

« Impact neighbor domains
Mesh size | Smim El

To do this, you can specify the:

o Mesh method
o Impact neighbor domains

o Mesh size

In this particular example:

o select the Mapped quads as Mesh method
o select the Impact neighbor domains option

o enter 5 mm as Mesh size

4. Click OK in the Remesh Domain dialog box.

The mesh is updated.

The selected domain is now meshed with quadrangles only.
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Now that you have completed the tutorial, you can exit the Surface Meshing

workshop.
For this:

T
5. Click the Exit icon M in the Exit toolbar.

The final meshed part can now be visualized and appears as shown here:
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User Tasks

This section describes the User's Tasks that allow you to complete the mesh of a part using FEM
Surface.

These tasks include:

Before You Begin
Beam Meshing
Surface Meshing
Solid Meshing
Import / Export Mesh
Meshing Connections
Quality Analysis
Mesh Transformations
Mesh Operators
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Before You Begin

You should be familiar with the following basic methodological approach and concepts:
Smart Surface Triangle Quadrangle Mesher

Methodology ...
Colors Used for Elements
Colors Used for Edges and Vertices

Miscellaneous

Smart Surface Triangle Quadrangle Mesher

The Smart Surface Triangle Quadrangle Mesher works as shown here: you will open the
geometry @ launch the geometrical simplification @ and then launch the meshing

@.

@ ...-.--'"’-; +—— Simplify the Geometry

A

@

«—— Open the Geometry
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: Open the geometrical element on which you are going to generate geometrical

simplification from parameters.

@ : The geometry is simplified in order to launch the meshing and manage constraints

more easily. The level of the simplification depends on the mesh parameters previously
defined.

@ : The surface mesh is created from the geometrical simplification previously generated.

Methodology

Please, follow the below described methodological approach when using the FEM

Surface product (Advanced Meshing Tools workbench).

Consider that the FEM Surface product was developed so that Meshing operation may be as
user friendly and as automatic as possible.

If you want your constraints to be associative with the resulting mesh, before you
launch the Mesh operation apply as many constraints as possible and as
automatically as possible.

—_— O

. Still, try to regularly check how constraints result on the mesh.

Generally speaking, you will start defining parameters, cleaning the geometry according to
the desired resulting meshing and specifying constraints as soon as possible. You will then
launch the Geometrical Simplification and in one go the Mesh operation.
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define parameters

clean the geometry

specify constraints

launch the Geometrical Simplification

launch the Mesh operation

perform constraints modification according to the resulting mesh elements (not
according to the topology)

if needed, edit the mesh elements

onAWONE

N

1. Define Parameters

From the very beginning, you need to specify global parameters: the shape of
the elements, the size of the elements, the sag and the minimum size of these
elements.
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Before:

After:

Use automatic algorithm and only define what the algorithm will not
. do properly for given cases.

2. Clean the Geometry

From the very beginning, you will also specify whether or not, you need given
holes, button hole gaps (or cracks) and small faces to be taken into account by
the Geometrical Simplification and therefore by the Mesher.

Before: After:

This must be performed BEFORE you launch the mesh operation. Once
the part is meshed, the clean characteristics can no more be modified.

3. Specify Constraints

You will also specify the constraints that are absolutely necessary for performing

the Analysis computation. For example, you will impose the desired constraints in
order to generate connections between meshes and to create boundary
conditions such as restraints and loads.
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Before: After:

Specify as many constraints BEFORE you launch the mesh operation:
these constraints will be associative. Specify these constraints as

automatically as possible and avoid modifying them manually (for
example dragging a node).

.[glg.

4. Simplify the Geometry

The Geometrical Simplification computation is based on the global parameters
and the constraints imposed by the user. The system will create an additional set

of new constraints that will automatically help the mesher in creating elements of
a higher quality.
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- Avoid applying too many modifications before simplifying the
==*  geometry: launch the Geometrical Simplification and before modifying
manually, check how the resulting mesh looks like.

5. Launch the Mesh Operation

As soon as the mesh elements are generated, a feedback on the quality is
provided. You can then perform manual modifications on the mesh elements, if
needed.

BE CAREFUL: this operation can be reversed. Even though you launch
the mesh operation, you can apply modifications to the specifications.
First have a look at the domains that seem to be problematic. Add
more or delete existing constraints instead of modifying the mesh
elements manually.

[EJE

6. Modify the Meshing (or Re-Meshing)

Although the algorithms were developed in order to minimize user interactions,
after the Mesh operation was performed, you can still modify the generated mesh
elements. In other words, you can:

o modify the geometrical simplification generated by the system
o modify the nodes distribution

o apply local re-meshing (for example, the size or the type of the mesh
elements)

o edit mesh elements and apply manual modifications.
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. Make sure you cannot remove the mesh and modify the constraints
specifications instead. These modifications will not be associative.

.[:131.

For Advanced Users

If you are an advanced user and know very well how the Mesher behaves, you can
launch the geometrical simplification, perform the above mentioned re-meshing
modifications and then launch the mesh operation in order to fill the gaps.

Make sure you cannot remove the mesh and modify the constraints specifications
instead. These modifications will not be associative.

.[:131.

Colors Used for Elements
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Open the sample05.CATANnalysis document from the samples directory.
Before You Begin

Enter the smart surfacic triangle quadrangle mesher.
For this, double-click Smart Surfacic Mesh.1 feature from the specification tree (below

Nodes and Elements feature) and then click OK (Continue anyway?) in the warning
box.

. Mesh the surface.

For this, click the Mesh The Part icon %

Quality Visualization Mode

Color Meaning

Green
Used when the element will be solved by the solver without any problem.

Yellow Used when the element will be solved by the solver with very few possible problems.

Red Used when the element will be hardly properly solved.

Colors Used for Edges and Vertices

Open the sample05.CATAnalysis document from the samples directory.
Before You Begin

Enter the smart surfacic triangle quadrangle mesher.
For this, double-click Smart Surfacic Mesh.1 feature from the specification tree (below

Nodes and Elements feature) and then click OK (Continue anyway?) in the warning
box.

. Mesh the surface.

For this, click the Mesh The Part icon %
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Color Meaning

Green

Used for free edges and vertices, as well as holes.

e

Yellow

Used for edges/vertices that are shared between two constrained faces.

Used for edges/vertices that are shared between two non-constrained
faces.

Red

‘_r.-"'"' Used for edges/vertices that are shared between more than two constrained
B faces.

Miscellaneous
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Resuming Editing on Mesh Part

= . Open the sample05.CATANnalysis document from the samples directory.

Before You Begin

Enter the smart surfacic triangle quadrangle mesher.
For this, double-click Smart Surfacic Mesh.1 feature from the specification tree (below

Nodes and Elements feature) and then click OK (Continue anyway?) in the warning
box.

. Mesh the surface.

For this, click the Mesh The Part icon %

You can now exit the smart surfacic triangle quadrangle mesher, and then decide to
resume editing. For this, by double-click on the Smart Surfacic Mesh.1 feature from the
specification tree. A message will let you decide whether you want to edit the meshed
CATAnNalysis with:

. the initial meshing

OR

. the meshing last created.

Be careful: if the geometry was not properly updated, the CATAnalysis will be edited anyway
with the initial meshing.
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Beam Meshing

I
{T}- This task shows you how to add beam mesh to a Generative Shape Design CATPart, and if needed, edit the
mesh.
You can add a beam mesh on a Structure Design beam. So you will mesh it with 1D elements.
M
£y

You cannot add beam mesh to a sketch geometry.

Open the sample47.CATAnalysis document from the sample directory.

Before You Begin:

Make sure a material was applied to the geometry, first.

=

1. Click the Beam Mesher icon ﬂ‘ﬂ

2. Select the feature corresponding to the geometry to be associated a mesh part.

The Beam Meshing dialog box appears.

D' Beam Meshing il il
Element size: m EI
Edit Mesh... |

[ ] 5ag contral
Element Type
’; Linear _':' Parabolic :

o OK I Mesh I ﬂCanceII

o Element size: lets you set the global mesh size
o Edit Mesh...: lets you edit mesh manually to enhance quality

o Sag control: lets you set the element minimum size and sag. If checked, the corresponding
values (Min size and Sag) appear in the dialog box
Remember that the sag is the distance between the mesh elements and the geometry so that
mesh refining is optimum in curve-type geometry:
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Beam Meshing : 7| x|
Element size: |3mm El
Edit Mesh... |

Min size: | 0.3mm E}l
Sag: |D.15mm El

Element Type
@ Linear _Cf' Parabolic = g

|i (99 I Mesh l ﬂCanceIl

o Element Type: lets you choose the 1D element type
« Linear: 1D element without intermediate node

« Parabolic: 1D element with an intermediate node

3. Enter the desired Element size in the Beam Meshing dialog box. In this example, enter a size of

20mm.

4. Click the Mesh button in the Beam Meshing dialog box to launch computation.

The mesh is displayed.

The Beam Meshing dialog box now appears as shown here: the Edit Mesh... button can be selected, if

needed, to edit the mesh.

Beam Meshing 7| x|
Element size: |2I2Imrn El
Edit Mesh. .. |
[ ] saqg control

Element Type
@ Linear _':' Parabolic = i

. oK I ﬂCanceII

5. Select Linear or Parabolic as Element Type option and click the Mesh button in the Beam Meshing

dialog box.
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Linear option activated Parabolic option activated
6. Click the Edit mesh button in the Beam Meshing dialog box.

The Edit Mesh dialog box appears.

o Smookh

Mode | Move node -

Edge | split edge

o Smooth: the neighbor elements are smoothed around the modified mesh.

o Node:
« Move node: move a node belong the geometry.

« Freeze node: fix a node whatever the modifications applied to the neighbor elements.

« Unfreeze node: cancel the Freeze node option.

o Edge:
« Split edge: create a node and split an edge into two edges.

« Condense edge: suppress an edge by condensation of one node and the node opposite to the
point on the selected edge.

7. Activate the Sag control option in the Beam Meshing dialog box and modify the Min size and Sag

values so that the mesh is refined as desired.

Selected Size and Sag values Resulting mesh

Min size: | 15mm E}l
Saq: | 2mrn El

Selected Size and Sag values Resulting mesh

Min size: | Smm E}l
Sag: | 2mm E}l
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Selected Size and Sag values Resulting mesh

Min size: | 1rm E}l
o+ IDllmm = /-’——\\

Moving a node:

8. Select the Move node option in the Node combo box.

9. Select a node and move it to the desired location.

Select the node Move the node

The result is:

Smooth option deactivated Smooth option activated
TN ST
- -
< T <
. - . -~

S S

Splitting an edge:

10. Select the Split edge option in the Edge combo box.

To refine the mesh, you need to check the Smooth option in the Edit Mesh dialog box. The neighbor

edges are updated.

11. Select the edge you want to split.
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The result is:

Smooth option deactivated Smooth option activated

<___..--""§ > <f___..--"g >

™~ -~
~ e -~

12. Click OK in the Edit mesh dialog box.

13. Click OK in the Beam Meshing dialog box.

The 1D Mesh.1 feature now appears in the specification tree.

== Finite Element Madel. 1
% Modes and Elements
r /7 1D Mesh. 1

f 1D, or beam mesh, can be deleted and/or added to parts manually.

The

et
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Surface Meshing

This section deals with the 2D meshing methods.

Q&" Meshing using OCTREE Triangle: Assign linear or parabolic triangle elements to a surface.

% Advanced Surface Mesher: Mesh a surface part and let you enter the Surface Meshing

workshop.
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Meshing Using OCTREE Triangles

Loy This task will show you how to mesh a part using OCTREE triangles.

Open the sample08.CATAnalysis document from the samples directory.

r°

!
‘f

<

1. Click the Octree Triangle Mesher icon Q from the Meshing Methods toolbar.

2. Select the geometry to be meshed.

For this, click either the geometry feature in the specification tree or click the part.

The OCTREE Triangle Mesh dialog box appears.

o Global tab:

OCTREE Triangle Mesh e

Sizet W EI

4 Absaolute sag: | 7.739mm EI
[] Propartional sag: IU-2
—Elernent type

@ Linear & () Parabalic {{)

GOKI Mesh & Cancel
&5 I ancel

« Size: lets you choose the size of the elements.

« Absolute sag: maximal gap between the mesh and the geometry.

Page50
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TR T

Geametry _— ~
- Absolute sag T

~
kdesh

Mesh edge length

T

L

e

"
AL

Proportional sag: ratio between the Absolute sag and the local mesh edge length. Proportional sag value=

(Absolute sag value) / (local mesh edge length value).
Note that Proportional sag and Relative sag could modify the local mesh edge length value.

« You can use both Proportional sag and Relative sag, the most constraining of the two values will be

used.
« Element type: lets you choose the type of element you want (Linear or Parabolic).
o Local tab:

You can also add local meshing parameters such as sag, size or distribution to the part.
For this select the desired Available specs and then click the Add button.

i P

OCTREE Triangle Mesh

Global | Local | Quality | Cthers |

Available specs ¢
Local size

Local sag
Edaes distribution

Imposed poinks

fhdld

Mesh I - Cancell

Local size: you can modify the Name, Support and Value.

Local Mesh Size  © B [ 1
) ocal esh Siz=.: [N

Sl nale el Mo seleckion
Walue | 77 39mm El

» Ok l ﬂCanceIl

Local sag: you can modify the Name,
Local Mesh Sag 2 B [ 1
N} ocal Mesh S0, [N

Supparts Q= Sy
Walue | 7. 739mm El

@ oK l ﬂCanceIl

Support and Value.

Edges distribution: lets you distribute local nodes on a edge.

For this:
Select the Edges distribution option and click Add. The Edges Distribution dialog box appears.
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Edges Distribution = | I:Ilil

Marne | Edges Distribution. 1

Supports [l = Ay

Mumber of Edges |6

« Select the edge on which you want to assign nodes (Supports) as well as the Number of Edges to be created.
The Edges Distribution.1 feature now appears in the specification tree.

« Click OK in the Local Mesh Distribution dialog box.
In this particular case, 7 nodes are generated, i.e. 6 edges will be generated after the meshing.

g
4//

« Imposed points: lets you select the points that will be taken into account when meshing.
In this case, the points you have to select must have been created via Shape Design or Part Design.

n'ﬂ Only points on curve or points on surface are supported. The points support must be a member of the
meshed geometry.

For this:

« Select the Local imposed points option and click Add.
The Imposed Points dialog box appears.

Imposed Points S [ P
R frposed Poirts. | I

Supparks

@ ok I iCanceIl

« Select from the specification tree (under Open Body feature) the points (Supports) you will impose for
OCTREE triangle mesh generation.

3

« Click OK in the Imposed Points dialog box.
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' To edit the local mesh distribution that has just been created, you need to double-click the Local

{ Nodes Distribution object in the specification tree and modify the desired options from the Local
Mesh Distribution dialog box that appears.

o Quality tab:

OCTREE Triangle Mesh i |

Criteria; IShape j

—Intermediate nodes parameters

Jacobian: [0,3 E
Warp: &0 E

& oK I Mesh | & Cancel |
.

« Criteria: lets you choose a criterion (Shape, Skweness or Strech) to optimize the mesh quality.

« Intermediate nodes parameters: only available if you have chosen a Parabolic element type. This option lets
you choose the position of parabolic tetrahedron intermediate nodes (Jacobian or Warp).
The distance (d) between the geometry and the intermediate node is function of Jacobian and Warp values.
node

Intermediate node a'j—r Geometny

I For more details about mesh quality analysis, please refer to Analyzing Element Quality.

o Others tab:

OCTREE Triangle Mesh 2 x|

iobal | Local | quaty [ Others ]

—Details simplification

Geometry size limit: |0, 1mm EI

d Mesh edges suppression

[ Global interior size: | Omm El
. 5 —F

Min. size for sag specs: |3.023mm ml

Max, number of attempts; I 3 E

@ oK I Mesh I Iﬂl::ancell
—

« Details simplification: lets you remove small mesh.

« Geometry size limit: lets you specify the maximum size of the elements ignored by the mesher (before the
meshing).

I

If all the edges of a surface are smaller than the Geometry size limit value, this surface will be
ignored by the mesher.

« Mesh edges suppression: removes small edges (after the meshing).
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Without Mesh edge suppression: With Mesh edge suppression:

| & It may happen that Mesh edge suppression involve constraints violation.

« Global interior size: not available in Octree triangle mesh.
« Min. size for sag specs: lets you specify the minimum size of the mesh refining due to sags specifications.

« Max. number of attempts: lets you impose a maximum number of attempts, if several attempts are needed to
succeed in meshing, in the case of a complex geometry.

3. Select the desired parameters in the OCTREE Tetrahedron Mesh dialog box.

4. Click Mesh in the OCTREE Triangle Mesh dialog box.

The Computation Status dialog box appears.

Computation Status - HE=lEY
Total computing kime :00:00
| Meshing ERERRNREREND

Cperation Name | Elapsed Time |

—

The OCTREE Triangle mesh is generated on the part.

- To edit the Octree triangle mesh, double-click the OCTREE Triangle Mesh.1 object in the specification tree.
| ? ' The OCTREE Triangle Mesh dialog box reappears.

@
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Advanced Surface Mesher

This section shows you how to use the advanced surface mesher functionality and how to access the

Surface Meshing workshop.

1. Enter the Surface Meshing workshop.

2. If needed, define local specifications of the surface mesher (using the Local Specifications

toolbar).

3. Launch or remove the simplification geometry and/or the mesh (using the Execution

toolbar).

4. If needed, perform manually modifications (using the Edition Tools toolbar).

At any time, you can:

a. access the global parameters if you want to visualize parameters you have defined

or if you want to modify some of the global specifications.

b. exit the Surface Meshing workshop.
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Entering the Surface Meshing Workshop

I
{T} This task shows you how to enter the Surface Meshing workshop by:

creating a new mesh part (using the Advanced Surface Mesher functionality)

editing an existing mesh part

Creating a Mesh Part #

gﬁ Open the sample06.CATANalysis document from the samples directory.

-

1. Click the Advanced Surface Mesher icon %

2. Select the geometry to be meshed by clicking on the part.

o

~
i

The Global Parameters dialog box appears.
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Global Parameters d bl

Element shape W

Element type o |inear ) Parabolic

Mesh | GEometry |

Mesh size | Smm

1|8

Offset | Omm

] Minirize triangles

| Directional mesh

] Strip optimization

[|iAukomatic mesh capture
Tolerance | tmm El

@ 0K ' Cancel

o Element type: lets you specify if you want Linear or Parabolic elements.

o Mesh tab:

Triangle Method _,

» Mesh size: global size assigned to the mesh.

«» Offset: value according to which both the geometrical simplification and
meshing will be offset.

« Absolute sag: maximal gap between the mesh and the geometry.

— -

Geometry_— ~—
T Ahbsolute sag T

- Mesh

T,

A

k%
-

Mesh edge length

» Relative sag: ratio between the Absolute sag and the local mesh edge
length. Relative sag value= (Absolute sag value) / (local mesh edge length
value).

. « Note that Absolute sag and Relative sag could modify the local
I mesh edge length value.

« You can use both Absolute sag and Relative sag, the most
constraining of the two values will be used.
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Min size: minimum value of the mesh size. Only available when you want to
use Absolute sag or Relative sag.

Automatic mesh capture: when activated, mesh capture is performed
dynamically on all the constraints (free edges, internal edges, external edges)
and after all constraints modifications. You do not need to select all the
constraints one after the others. Note that there is a capture tolerance, you can
decide to impose or not a limitation to edge control neighborhood. Automatic
capture is automatically performed using condensation. Meshing is then
captured within the mesh part that belongs to the same CATAnalysis document,
geometrically speaking.
Be careful: mesh can only be captured on updated mesh part.

« Tolerance

Quadrangle Method _II

Mesh size: global size assigned to the mesh

Offset: value according to which both the geometrical simplification and
meshing will be offset

Minimize triangles: minimum number of triangles in the mesh

Directional mesh: produces a regular mesh based on a privileged direction of
the domain.

Strip optimization: optimization the nodes position along the strips

Automatic mesh capture: when activated, mesh capture is performed
dynamically on all the constraints (free edges, internal edges, external edges)
and after all constraints modifications. You do not need to select all the
constraints one after the others. Note that there is a capture tolerance, you can
decide to impose or not a limitation to edge control neighborhood. Automatic
capture is automatically performed using condensation. Meshing is then
captured within the mesh part that belongs to the same CATAnalysis document,
geometrically speaking.

Be careful: mesh can only be captured on updated mesh part.

« Tolerance

o Geometry tab:

Triangle _, and Quadrangle _II Methods

Constraint sag: constraint is created along the edge of a face to avoid
creating elements across this edge (the element sag would be higher than the
specified value). This does not guarantee that the whole mesh respects the sag
value but helps creating constraints. For a given mesh size, the lower the
constraint sag value, the more numerous the constraints are created, and vice
versa.

For example:

Due to the sag value (too high), the edges are not constrained (blue colored).
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Due to the sag value (low enough), the edges are constrained (yellow colored).

e Pi— -
"

Angle between faces: angle computed between the two normals
corresponding to neighbor faces

Angle between curves: angle computed between two tangents on a contour

Min holes size: sets the diameter for automatic hole deletion
« Merge during simplification option: allows optimizing the position of the
nodes in tight zones in order to improve the quality of the elements

« Min size

Automatic curve capture: when activated, mesh capture is performed
dynamically on all the constraints (free edges, internal edges, external edges)
and after all constraints modifications. You do not need to select all the
constraints one after the others. Note that there is a capture tolerance, you can
decide to impose or not a limitation to edge control neighborhood. Automatic
capture is automatically performed using condensation. Meshing is then
captured within the mesh part that belongs to the same CATAnalysis document,
geometrically speaking.
Be careful: mesh can only be captured on updated mesh part.

« Tolerance

3. Select the desired parameters in the Global Parameters dialog box.

The geometrical simplification is now launched.

A Smart Surface Mesh object appears in the specification tree.
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Modes and Elements
!,,_-3 Srnart Surface Mesh, 1
é" Smart Surface Mesh, 2

4. Click OK in the Global Parameters dialog box.

A

= You enter the Surface Meshing workshop.

You can now:

a.

b.

access the global parameters at any time,

define local specifications of the surface mesher,

. launch the simplification geometry or the mesh execution,
. perform manually modifications,

. exit the Surface Meshing workshop at any time.

Editing an Existing Mesh Part #

Open the Sample06.CATAnalysis document from the samples directory.

B ,

f‘Ef} Links Manager, 1

== 4‘_\‘ Finite Element Model. 1
Nu:u:les and Elements
,&!’ Smart Surface Mesh, 1

5 Properties. 1

i'éi Skatic Case
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ﬂ 1. Update the Smart Surface Mesh.1 mesh part.

For this, right-click the Smart Surface Mesh.1 mesh part and select the Update

Mesh contextual menu

@ Ipdate Mesh

This will launch both the geometry simplification and the mesh execution.

2. Double-click the Smart Surface Mesh.1 mesh part in the specification tree.

The Global Parameters dialog box appears.

For more details about this dialog box, please click here.

3. Click OK in the Global Parameters dialog box without any modification.

The following Warning message appears:

warning x|

& Do wou want to keep simplified geometry and mesh 7

Yes

Mo | Zancel |

4. Click Yes in the Warning message.

.-'li.h".

= You enter the Surface Meshing workshop.

You can now:

a. access the global parameters at any time,

b. define local specifications of the surface mesher,

c. launch the simplification geometry or the mesh execution,

d. perform manually modifications,

e. exit the Surface Meshing workshop at any time.

5. Click the Remove Mesh icon % and leave the Surface Meshing workshop.
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You return in the Advanced Meshing Tools workbench.

6. Double-click the Smart Surface Mesh.1 mesh part in the specification tree.

The Global Parameters dialog box appears.

7. Click OK in the Global Parameters dialog box without any modification.

The following Warning message appears:

warning x|

& Do wou want to keep simplified gearmetry 7

Yes Mo Zancel

8. Click Yes in the Warning message.

You enter again the Surface Meshing workshop.
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Setting Global Meshing Parameters

Fr's
7 This task shows you how to visualize or modify the global meshing parameters at any time
in the Surface Meshing workshop (before and after simplifying the geometry, before and
after meshing).
= . Open the sample06.CATAnalysis document from the samples directory.
. Enter the Surface Meshing workshop.
For more details, please refer to Entering the Surface Meshing Workshop.
H . . . Pt . .
1. Click the Global Meshing Parameters icon &% from the Global Specifications
toolbar.

The Global Parameters dialog box appears.

Global Parameters Rl

Element shape @ I @

Element type & Linear ) Parabolic

Mesh | aEomekry I

Mesh size |5IT|IT|

Offset | Omm

JEO [

] Minirize triangles

[ Directional mesh

] Skrip optimization

=—F
Tolerance | Lrnirn ] |

w 0K I 'ﬁCancell
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For more details about the description of the Global Parameters dialog box,
I/ please refer to Entering the Surface Meshing Workshop.

2. Change the desired parameters in the Global Parameters dialog box.

3. Click OK in the Global Parameters dialog box.
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Local Specifications

CQ@ Removing Holes: Ignore holes in the geometry.
Removing Cracks: Ignore cracks in the geometry.

Removing Faces: Ignore faces in the geometry.

/ Adding/Removing Constraints (Specifications): Add or remove constraints applied to vertices

or curves.
:—.}ﬁ Imposing Nodes (Specifications): Distribute nodes on edges.

Specifying a domain: Impose a domain for the geometry simplification step.
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Removing Holes

“|/  This task shows you how to ignore holes in the geometry which you consider as

unnecessary holes.

g: . Open the Sample03.CATAnalysis document from the samples directory.

Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

1. Click the Boundary Simplifications icon @ﬁ from the Local Specifications

toolbar.

The Boundary Simplifications dialog box appears:

Boundary Simplifications 2x|

Holes | _racks I Faces |

M= izeomekry Ignored

Chamge | Sew Al Butkan Holes | Remove § Remove all § Zoom

—Browse

[]Auto focus << I = I

WK @ cancel |

o Holes:
« Browse: browse the remaining holes

« Auto Focus: zoom in given holes.

o Cracks: please refer to Removing Cracks.
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v Faces: please refer to Removing Faces.

2. Click a green hole.
It is turned blue and will then be ignored by the mesher.

3. Click a blue hole.

It is reactivated and will be taken into account by the mesher.

The Boundary Simplifications dialog box is updated in accordance with the hole(s)

you selected or de-selected:
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Boundary Simplifications

Holes | Cracks I Faces |

2 x|

M= FEeamekry Igniored
1 Edge/surface. 1 { *FAC1 )/Open_body.1 Mo
2 Edge/surface. 1 { *FACL )jOpen_bodw.1  Yes

Change § Sew Al Butkon Holes § Remove § Remove all § Zoom

— Browse

[ ] Auta Focus << I = I

& Cancel I

4. Click the Mesh The Part icon %

The meshed part now appears with ignored and non-ignored holes.

5. Click OK in the Mesh The Part dialog box.

e

Page 68
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Removing Cracks

[y . . .
i This task shows you how to ignore cracks in the geometry.

% | . Open the Sample31.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

The CATAnNalysis appears as shown here.

1. Click the Boundary Simplifications icon C% from the Local Specifications toolbar.
The Boundary Simplifications dialog box appears:

Boundary Simplifications ilil

eomekry

Remayve all

Femove

Browse

[ ] Auta Focus =i‘=i|| :=-:=-||

@ 0K ¥ Cancel I

o Holes: please refer to Removing Holes.
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o Cracks:

« Browse: browse the remaining cracks

« Auto Focus: zoom in given cracks.

o Faces: please refer to Removing Faces.

2. Select the Cracks tab in the Boundary Simplifications dialog box.

w—
i

The Boundary Simplifications dialog box is updated accordingly:

3. Click the cracks to be removed.

Boundary Simplifications

Holes | Cracks | Faces |

eomekry
Verbex) Join, 1/Cpen_body. 1 Yes
z Werbesx ) Join, 1) Open_body, 1 Yes

Femove | Remove al

Browse

[ ] Auta Focus {{l :=-:=-l

& Cancel I

4. Click OK in the Boundary Simplifications dialog box.

You can now launch the Mesh operation. For this:

5. Click the Mesh the Part icon [*
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The Mesh The Part dialog box appears.

The boundary simplifications are taken into account.

WY

If needed, you can now apply manual simplifications.

| ey |

For this, click the Edit Simplification icon % from the Edition Tools toolbar.

el
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Removing Faces

““/'  This task shows how to ignore faces in the geometry.

= . Open the Sample04.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

. Mesh the part.

For this, click the Mesh The Part icon % from the Execution toolbar.
You will then click OK in the Mesh The part dialog box.

=

1. Click the Boundary Simplifications icon @ from the Local Specifications
toolbar.

The Boundary Simplifications dialog box appears. You can configure the mesher

to ignore faces and holes by simply clicking on these faces and holes.

2. Select the Faces tab in the Boundary Simplifications dialog box and then the faces

to be removed from the model.
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The selected faces automatically appear in the Boundary Simplifications dialog

box.

Boundary Simplifications il EI

M= (aEomekry Ignored
1 Face/surface.1)/0pen_body. 1 Yes
2 Facefaurface. 1/Open_body.1 Yes

Edit § Femove | Remove all

[ ] Fill Geometry

@ K l lﬂCanceIl

e

3. If needed, select the Holes tab in the Boundary Simplifications dialog box and

then the hole to be removed from the model.

The selected hole automatically appears in the Boundary Simplifications dialog
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box.

Boundary Simplifications ilil

FEeomeLry Ignored
Edge/Surface.1/Open_body. 1 Yes
z Edge)/surface.1)Open_body. 1 Yes

Sew Gl Butbon Holes § Remove § Remove all

Browse
|7|:|.ﬁ.ul:|:| focus << I == I

@ 0K l iCanceIl

Now, the faces and holes will be ignored by the mesher.

4. Click OK in the Boundary Simplifications dialog box.

You can now launch the Mesh operation.

”.

For this, click the Mesh the Part icon %
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Adding/Removing Constraints
(Specifications)

iy
)

This task shows how to add/remove constraints as mesh specifications either using the

geometry (curves or point) or directly on the geometrical simplification (edges or vertices).

Adding/Removing Constraints (Specifications):
. On/From The Geometrical Simplification
. On/From The Geometry

. Using edge/external curve selection by path

I Two types of constraints exist:

1. a constraint applied to a vertex/point: as a result, a node will be created on this

vertex.
2. a constraint applied to a edge/curve: as a result, all the element edges will be
aligned on this curve.

On/From The Geometrical Simplification

- . Open the sample05.CATANnalysis document from the samples directory.

. Enter the Surface Meshing workshop.
For more details, please refer to Entering the Surface Meshing Workshop.

C <

1. Click the Add/Remove Constraints icon = from the Local Specifications

toolbar.
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The Add/Remove Constraints dialog box appears with tabs that will allow you
assigning constraints to edges, vertices / curves, points.

Add/Remove Constrainks 7] x|

Edge | Yertex | urves I Points |

M= meometry Skatus

Remove § Remove &ll § Zoom

& Cancel l

The Trap Type dialog box also appears and remains displayed as long as you keep
the Edge tab active:

You can use multi-selection:

o using an intersection polygon trap: all the domains which have non-empty
intersection with the trap will be selected.

o using an inclusive polygon trap: all the domains that are completely
included within the trap will be selected.

2. Select the edge which you want to constrain.
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Note that you can use edge selection by path.

The Add/Remove Constraints dialog box now displays information on the element
just selected.

Add/Remove Constraints 21l

Edge | Vertex | urves I Points |

Skatus
Conskrained

Geamekry
1 Face/5urface. 1)Open_body, 1

Femove | Remove all

@ OK I iCanceIl

3. Select the vertex which you want to constrain.
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The dialog box now displays information on the element just selected.

Add/Remove Constraints : ilil

Edge | Yertex | Curves I Points |

Skaktus
Zanskrained

Geomekry
1 Yertex/Surface, 1)Open_body, 1

Remowve All

@ 0K I iCanceIl

If you select one element in this dialog box buttons become selectable:

o Remove: you can remove one constraint you previously created using this
dialog box.

o Remove All: you can remove all the constraints you previously created using
this dialog box.

o Zoom: you can zoom in on the constraint that is currently selected in this
dialog box.

4. Click OK in the Add/Remove Constraints dialog box.
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On/From The Geometry

= . Open the samplel7.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

1. Select the Add/Remove Constraints icon 5/- from the Local Specifications
toolbar.

The Add/Remove Constraints dialog box appears with tabs that will allow you
assigning constraints to edges, vertices / curves, points.

Add/Remove Constraints d bt

Edge | Yertex | _urves I Points |

Geomekry

Femove 4l

@ Cancel I

2. Select the Curve tab in the Add/Remove Constraints dialog box and the desired

geometry on the CATAnalysis document.
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Note that you can select the mono-dimension feature of a face or an edge. When
selecting a face, the edges of the face are projected. For mono-dimension features
(for example, intersection features), all the edges of the feature are projected.

The Add/Remove Constraints dialog box now displays information on the elements
just selected as well as the possibility to Capture Mesh edges from one curve to
another.

Add/Remove Constraints ilil

Edge | Yertex | Curves | Points |

Skaktus
Zanskrained

Geomekry
1 Edge/Extrude. 1/COpen_body, 1

Femove | Remawve &ll

4 Capture Mesh edges |

@ 0K I ﬂCanceIl

Note that you can use external curve selection by path.

3. Select more curves on the CATAnalysis document.
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The dialog box is now as shown here:

Add/Remove Constrainkts d o

meometry Skatus

Edge/Extrude. 1/Cpen_baody. 1 Conskrained
2 Edge/Extrude. 1/COpen_body, 1 Conskrained
Hemove | Remove All

4 Capture Mesh edges

@ 0K I ﬂCanceIl

.
—

The Capture dialog box appears to let you select the destination curve edge and, if
needed, (Show Sources button) a source curve edge. In other words, you will
select both edges one after the other.
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Sy
Tolerance | Omm i |

[ ] Caincidence
[ condensatian

1 Extrude, 1/Edge

Renmove l Remove &l I Show Sources l

- Apply I W Cancel I

o Tolerance:
Mesh will be found automatically relatively to the selected tolerance.

o Coincidence:
You can decide that you will have the nodes from both edges superimposed
(nodes created in coincidence)

o Condensation:
You can decide that the nodes from both edges (receiver and source) are single
nodes. The nodes of the source will be taken into account.

o Receivers:
The edge on which the source will be projected.

o Show Sources:
A switch that lets you select the curve to be projected onto the receiver.

4. Click Show Sources button in the Capture dialog box.
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You can now select the curve to be projected onto the receiver

£—F
Tolerance | Ornim i |

[ coincidence
[ ] condensatian

1 Extrude. 1/Edge

REemoye I Remoye &l I Hide Saurces l

Remove I Remove &l I

@ Apply I w Cancel I

5. Click OK in the Capture dialog box.
6. Click OK in the Add/Remove Constraints dialog box.

7. Mesh the surface.

For this:

o click the Mesh The Part icon % from the Local Specifications toolbar.
o You will then click OK in the Mesh The part dialog box.

o The part is meshed accordingly.

Using Edge/External Curve Selection by Path
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g: . Open the sample05.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

1. Click the Add/Remove Constraints icon / from the Local Specifications
toolbar.

The Add/Remove Constraints dialog box appears.

2. Go over an edge with the cursor.

3. Press the Shift key.

The path corresponding to the edge you went over with the cursor is highlighted.

4. Choose the direction of the path by positioning the cursor on the path accordingly.
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/

5. When you are satisfied with the operation, click on the path at the very point where

you want the edge path to end.
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The Add/Remove Constraints dialog box is updated:

Add/Remove Constrainkts 21X

Skatus

Geomekry

1 Edge/surface. 1)Open_body. 1 Zonskrained
2 Edgefsurface. 1/0pen_body. 1 Conskrained
3 Edgefsurface. 1 /Open_body.1 Conskrained
4 Edge/surface. 1)Open_body. 1 Zonskrained
5 Edgefsurface. 1/0pen_body. 1 Conskrained

@ CK l ﬂCanceIl

I Only updated mesh parts will be constrained. In others words, when you constrain
the edge of a part, if you modify the associated geometry (external edges), you

need to force an update on this part to have this part up to date.

ey
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b
i

=

Imposing Nodes (Specifications)

This task shows how to impose nodes (as mesh specifications) either on free edges or on
constrained edges.

Distribute nodes
Capture nodes

Mesh around holes

Open the sample07.CATAnalysis document from the samples directory.

Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

1. Click the Imposed Elements icon :—)f from the Local Specifications toolbar.

The Imposed Elements dialog box appears.

Distribute Nodes

This Imposed Elements dialog box will display information on the nodes you are
going to distribute.

Nodes can be distributed both on external and internal curves.

Imposed Elements d |

Elements | i_apture Mesh around Holes

Geometry

Descripbion

Femove | Remaove all

4 Auto remesh on modification




Advanced Meshing Tools Version 5 Release 13 Page 89

Note that you can use edge selection by path.
2. Select the geometry on which you want to distribute nodes.

You can select several edges on the condition they are continuous to each others.

The Edit Elements Distribution dialog box now appears with given default values.

Edit Elements Distribution 2| x|
ILIniFn:urm - I
M= aeomekry
1 edgel

Remove I Femove all I

@ Number of elements | 5

() Size | 15mm o

@ OK @ Apply I - Cann:ell

o Distribution type:
« Uniform: the distance between all the distributed nodes will be the same.

« Arithmetic: the distance between the distributed nodes will be defined by
a common difference computed with the following parameters.

. Note that you have to specify two and only two parameters
I ' among the four.

« Number of Edges: lets you specify how many edges you want.

« Size 2 / Size 1: lets you specify the ratio between the lengths of the
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last and the first distribution edge.

« Size at node 1: lets you specify the length of the first edge of the
distribution.

« Size at node 2: lets you specify the length of the last edge of the
distribution.

« Geometric: the distance between the distributed nodes will be defined by
a common ratio computed with the following parameters.

» Note that you have to specify two and only two parameters
I ' among the four.

« Number of Edges: lets you specify how many edges you want.

« Size 2 / Size 1: lets you specify the ratio between the lengths of the
last and the first distribution edge.

« Size at node 1: lets you specify the distance between the two first
nodes of the distribution.

« Size at node 2: lets you specify the distance between the two last
nodes of the distribution.

o Selected element(s): multi selection is available

o Number of elements: check this option to define the number of the nodes
you want to distribute on the currently selected geometry.

o Size: check this option to define the size on which a given nodes will be
uniformly distributed.

3. If needed, modify the number of the nodes or size. In this case, enter 3 as new

value (Number of elements).
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ILIniFn:urrn b I

Nl:l

Geomekry

1

edgel

Remaove I Remave all I

) Size

@ Number of elements |3

|15mm

£—F
[Ty

@ oK j 9 .ﬁ.p.Ele ﬂCanceII

4. Click OK in the Edit Elements Distribution dialog box.

The nodes appear on the geometry.

The Imposed Elements dialog box is automatically updated.

Page9l
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Imposed Elements .EI:: 21X

Elements | Capkure I Mesh around Holes

Description
Uniform, 3 Elements

meomekry
1 Edge

FRemove &l

Remaowe

'3 Autao remesh on modification

If you select one element in this dialog box switch buttons become selectable:

o Edit: you can display the Edit Elements Distribution dialog box and, if needed,
modify the values.

o Remove: you can remove one node distribution you previously created using
this dialog box.

o Remove All: you can remove all the node distributions you previously
created using this dialog box.

o Zoom: you can zoom in on the node distribution that is currently selected in
this dialog box.

The new nodes appear on the geometry which is automatically re-meshed.
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5. Click OK in the Imposed Elements dialog box once you are satisfied with you

operations.

e
Capture Nodes

g: . Open the sample30.CATAnNnalysis document from the samples directory.

Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

ﬂ 1. Select the Capture tab in the Imposed Elements dialog box and the edge you

want to be imposed nodes (also called Receiver edge).
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The Capture dialog box now appears as shown here:

Capture K 3 i

Tolerance |5rnrn

'd Coincidence

[ ] Condensation

1 Extrude.1/Edge

BEemowe I Femowe All I show Sources I
@ Cancel I

Note that you can use edge selection by path.

o Tolerance:
The source edge will be found automatically relatively to the selected
tolerance.

o Coincidence:
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You can decide that you will have the nodes from both edges superimposed

o Condensation:
You can decide that the nodes from both edges (receiver and source) are
single nodes.

o Receivers:
The edge on which the source will be projected.

o Show Sources:
A switch that let's you select the mesh edges to be projected onto the
receiver.
Be careful: mesh can only be captured on updated mesh part.

source

projected
nodes

receiver odes

2. Enter the desired Tolerance value, for example 5mm, and click OK or Apply

from the Capture dialog box.

The nodes from a source edge at a 5mm from the receiver edge now appear.
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You might also decide that you want to explicitly select the source edge. For this:

3. Click the Show Sources switch button in the Capture dialog box.
4. Click in the Sources field with the mouse and then select the desired edge on the

model.

The Capture dialog box now appears as shown here:
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Capture i E |

Tolerance |5rnrn

Advanced Meshing Tools

4 Colncidence
[ Condensation

M Recerers
1 Extrude.1/Edge

Femove I Eemove Al I Hide Sources |

M7 SOUrCES
1 Extrude 2/Edge

Femove | Remowve All

@ oK | @ apply | @ Cancal |

The nodes from the selected source edge now appear on the receiver edge.

5. Click OK in the Capture dialog box

6. Click OK in the Imposed Elements dialog box once you are satisfied with you

operations.

Mesh around Holes
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% | . Open the sample07.CATAnNnalysis document from the samples directory.

Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

h | 1. Select the Mesh around Holes tab and the hole you want to be imposed nodes.

Imposed Elements i 2 x|

Elements _apture Mesh around Holes

Geonmetry

Descripkion

Femove | Remaove all

4 Auto remesh on modification

Close I

Note that whatever the number of curves making out the holes, multi-selection is
automatic. you do not need to select each curve making out the hole.
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The Mesh Around Holes dialog box now appears.

2. Enter the desired number of elements in the Mesh Around Holes dialog box, if

needed.

Mesh Around Holes 7] x|

Murnber of elements | 4]

Murmber of rows 1 E

4 Specify heights of elements
Height of rove 1| Smm El

i : @ K l l;.ﬁ.ppl';.fl ﬂCanceIl

Note that you can specify the height of the row, if needed.
3. Click OK in the Mesh Around Holes dialog box.

Both the Imposed Elements dialog box and the model are updated.

Imposed Elements ll EI

Elements iZapture Mesh around Holes

Geometry
4 Elements, 1 rows

Descripkion

Femove | Remoyve all

4 Auto remesh on modification

Close I
i
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Hole and Nodes Before Hole and Nodes After:

4. Click OK in the Imposed Elements dialog box once you are satisfied with you

operations.
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Specifying a Domain

I
{T} This task shows you how to impose a domain for the geometry simplification step.

. Open the sample08.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

In this particular example, choose the Frontal Quadrangles method and enter 10mm as

Mesh size value.

-

1. Click the Domain Specifications icon iz from the Local Specifications toolbar.

The Domain Specifications dialog box appears.

Domain Specifications 7] x|

meomekry Description

@ Ok I ﬂCanceIl

o Edit: lets you modify a domain specification.
o Remove: lets you remove a domain specification.

o Remove all: lets you remove all the domain specifications.

2. Select a domain as shown below.
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Mesh Size | 15mm El
M= meomekry
1 Face/surface. 1 /Qpen_body, 1

Remoyve I Remove Al I
u ? AEE'ﬁ I ﬂ'CanceII

o Method: lets you specify the meshing method you want for this domain
o Mesh Size: lets you specify the mesh size value for this domain
o Remove: lets you remove an element of the selection

o Remove All: lets you remove all the elements of the selection.

In this particular case:

o select Frontal Tria as Method option

o enter 15mm as Mesh Size value.

3. Select a continuous domain as shown below.
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Mesh Size | 15rnm El
M= Geometry
1 Face/Surface. 1)0pen_body. 1
2 Face/Surface, 1)0pen_body. 1

Remoye I Remaove Al I
g - & ] Apply I ﬂ'CanceII

@ Note that you cannot define a discontinuous domain.

4. Click OK in the Mesh Specification dialog box.
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The Domain Specifications dialog box is updated as shown below:
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Domain Specifications

21X

M= meomekry Description
1 Z Faces Frontal Tria
Edit | Femove | Remaowve Al

5. Click OK in the Domain Specifications dialog box.

A Domain Specifications.1l object appears in the specification tree:

= & Finite Element Model, 1

¥ Cancel I

Modes and Elements
-—@ Smart Surface Mesh, 2
@ Domain Specifications. 1

6. Click the Mesh the Part icon % from the Execution toolbar.

The part is meshed as shown below:

7. Edit the domain specification.

Page 104
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For this:

click the Remove Simplification icon ¢ ' from the Execution toolbar to remove

the geometrical simplification

n}

click the Domain Specifications icon == from the Local Specifications

toolbar.
The Domain Specifications dialog box appears.

n}

Domain Specifications

Descripkion

Eeomekry
Frontal Tria

2 Faces

FRemaowe &l

Femove

w Cancel I

8. Click the Edit button from the Domain Specifications dialog box.

The Mesh Specification dialog box appears.

Mesh specification

Method

1l

Mesh Size | 15

M= Geometry
1 Face/Surface. 1)0pen_body. 1
2 Face/Surface, 1)0pen_body. 1

Remove l Femowve All l

@ 0K @ Apply I iCanceIl

9. Select Frontal Quad as Method option from the Mesh Specification dialog box and

click OK.
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The Domain Specifications dialog box appears and is updated as shown here:

Domain Specifications E d A

meomekry
Z Faces

Description
Fronkal Quad

Femaove All

Remave

W Cancel I

10. Click OK in the Domain Specifications dialog box.

11. Click the Mesh the Part icon % from the Execution toolbar.

The mesh part is updated as shown below:
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¥ Modifying Local Specifications with Knowledgeware

A This task shows you how to modify local specifications using the knowledge formula functionality.
% . Open the sample07.CATAnNnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

1. Click the Imposed Elements icon :—)ﬁ from the Local Specifications toolbar.

2. Select an edge as shown bellow:

3. Enter 5 as Number of elements in the Edit Elements Distribution dialog box.

4. Click OK in the Edit Elements Distribution dialog box and then in the Imposed Elements dialog box.

The imposed nodes are displayed:

.
5. Click the Exit icon E@
6. Click the Formula icon ® from the Knowledge toolbar.

The Formulas: Analysis Manager dialog box appears.

For more details about the Formula functionality and the Formulas dialog box, please refer to Formulas in the

Infrastructure User's Guide.

7. Select the local specification you want to modify.
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In this particular example, select the Imposed Elements.1 specification.

1
- #. Finite Element Model. 1

33 Nodes and Elements
"% amark Surface Mesh, 1

o ﬂ
§ Properties, 1

The Formulas dialog box is updated.

Formulas: Imposed Elements.1 ied |

[ tncremental Impart,.. I

Filter On Imposed Elements. 1
Filker Mame

Filter Tvpe : |all j

Dauble click on a parameter to edit it

Farameter Yalue F =

"Modes and Elementsiamart Surface Mesh, 1\ Imposed Elements, 14 Distribution, 13 Type”
"Modes and Elementstsmart Surface Mesh, 13Imposed Elements, 1)Distribution, 1Y\MbElements™ 5
"Modes and Elermentst amart Surface Mesh, 1\Imposed Elements, 1Distribution, 1y3vmmetrical”  False

"Modes and Elementstsmart Surface Mesh, 13 Imposed Elements, 1) Distribution. 1\R.akio” -1

"Modes and Elementstamart Surface Mesh, 1\Imposed Elements, 11Distribukion, 1YRakicz1” -1

) P«indes and Elements\Smart Surface Mesh, 14 Imposed Elements, 11 Distribution, 115izel” -1000mm _ILI
4 3

Edit name or walue of the current parameter

| Elements\Smart Surface Mesh. 11Impased Elements. 1\Distribution. 11 Type | Isometric

rew Pararmeter of bvpe IReaI j Whith ISingIe Yalue j #dd Formula I
Deleke Parameter I Delete Formula I

& Apply I ' Cancel I

8. Select the second line.

9. Enter 10 as new value as shown bellow:
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Formulas: Imposed Elements.1 2 x|

[ Ineremental ImEDrt. " I

Filker On Imposed Elements, 1

Filker Mame :
Filker Type : |Al j
Double click on a parameter to edit it
Parameter I Yalue I Fi &
"Modes and Elements)amart Surface Mesh, 13\ Imposed Elerments, 14Distribution, 1 Type” Isametric
i z and Elemen nart Surfac h.1Imposed Elements, ibwkion, 1YMBElements”
"Modes and Elementstsmart Surface Mesh, 13 Imposed Elements, 1\Distribution, 14 Symmetrical”
"Modes and Elementstamart Surface Mesh, 1\Imposed Elements, 1Distribukion, 1YR.akic” -1 s
"Modes and Elementstsmart Surface Mesh, 1y Imposed Elements, 13Distribution, 1Y\R.atioZ1” -1
i r\indes and Elementstsmart Surface Mesh, 11 Imposed Elements, 11Distribukion, 115ize1 -1000rmm _ILI
4 b

Edit name or value of the current parameter

|nt5'l,5mart Surface Mesh, 1\Imposed Elements, 14\Distribution, 1\WbElements m E

Mews Parameter of bype IReaI j Whith ISingIe Yalue j &dd Formula I

Delete Parameter ] Delete Formula I
@ oK l @ Apply l - Cancell
.

10. Click OK in the Formulas: Imposed Elements.1 dialog box.

11. Enter again the Surface Meshing workshop.

Note that the number of element has been increased:
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Execution

- Simplifying the Geometry (Specification): Improve the meshing.

X

Removing the Geometrical Simplification: Remove the geometrical simplification you applied

=

to geometry.

Meshing the Part: Launch the surface mesher execution.

® @

Removing the Mesh: Remove the mesh you generated on the geometry.
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Simplifying the Geometry

sy
N This task shows how to simplify the geometry in order to improve the quality of the mesh.

= . Open the sample05.CATAnNnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

1. Click the Global Meshing Parameters icon %

The Global Parameters dialog box appears.
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Global Parameters o 2 x|

Element shape @ I @

Element type @ |inear () Parabolic

Mesh | Eeametry |

Mesh size |5IT|IT|

Offset | Omm

| |6t

[ ] Minirize triangles

[ | pirectional mesh

] Skrip opkimization

Tolerance | L

il

w oK o Cancel

2. Select the desired parameters and click OK in the Global Parameters dialog box.
For more details about this dialog box, please refer to Setting Global Meshing

Parameters.

3. Click the Geometry Simplification icon fg from the Execution toolbar.

A set of optimized constraints is computed.
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Geometrical simplification is always done, before meshing, even if you do not launch

! It.
. determine if you have to modify manually the specifications before the meshing.

. Simplify the geometry to preview the domains.

[EE

. If needed, modify the specifications:

o Remove the geometrical simplification.
For more information, please refer to Removing the Geometrical Simplification.

o Define the desired specifications.
For more information, please refer to Local Specifications toolbar.
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Removing the Geometrical Simplification

{T} This task shows how to remove the geometrical simplification you applied to geometry.

,fi"-, The mesh elements also are removed.

Open the sample08.CATAnNnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

Launch the geometrical simplification.

For more details, please refer to Simplifying the Geometry.

=

1. Click the Remove Simplification icon & ' from the Execution toolbar.
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The geometrical simplification is automatically removed after you confirmed the
operation in a box that appears.
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Meshing the Part

~]7  This task demonstrates how to launch the mesh of a surface part.

I FEM Surface lets you automatically handle the mesh of complex geometries with
advanced control on specifications. The meshes are fully associative with design changes.
You can define specifications in order to simplify the geometry. However, the referenced
geometry is never modified in the whole meshing process. The mesh deals with the exact
replica of the geometry as a clone: it respects all the geometry characteristics, and adapt
those to the mesh needs, without impacting the original geometry design. You get an
automatic simplified interpretation of the meshed geometry. For example, you can mesh
over holes and gaps. In the same way, it is possible to eliminate small faces such as
stiffeners or flanges for meshing. You can achieve an accurate and smart elimination of
details such as fillets. Different types o f finite elements and meshing methods are

available: quadrangles or triangles, advancing-front or mapped meshers.

- . Open the sample08.CATAnNnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

Constraints and nodes appear.
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=

1. Click the Mesh The Part icon % from the Execution toolbar.

The mesh is generated on the part.

Mesh The Park

Frontal kriangle, size = 15.00 mm
1154 nodes created

2143 elements created

Mesh Ok

@ OK

‘

2. Click OK in the Mesh The Part dialog box.

Any modification you will then manually apply to the meshed surface will not be saved for
example if you edit the mesh. In other words, each time you will apply manual
modifications (Adding/Removing Constraints (Modifications), Imposing Nodes
(Modifications), Re-meshing Domains, Mesh Editing), these modifications will only be

saved on the condition you launch the mesh operation again.

ey
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Removing the Mesh

|
{T} This task shows how to remove the mesh you generated on the geometry.

. Open the sample08.CATAnNalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

. Mesh the surface.

For more details, please refer to Meshing the Part.

1. Click the Remove Mesh icon % from the Execution toolbar.

The mesh is automatically removed.



Advanced Meshing Tools Version 5 Release 13 Page 119




Advanced Meshing Tools Version 5 Release 13 Page 120

Edition Tools

%@ Cleaning Holes: Ignore holes in the mesh.

% Adding/Removing Constraints (Modifications): Add or remove two types of constraints:

constraints applied to vertices ; constraints applied to curves.
%ﬁ Imposing Nodes (Modifications): Distribute nodes on edges.
Domain Edition

ﬁ Re-meshing a Domain: Re-mesh a domain using new parameters.

ﬁ Removing the Mesh by Domain: Remove the mesh you generated on a domain of the

geometry.

Locking a Domain: Lock a domain by selecting it.

Modify Mesh

% Mesh Editing: Edit a mesh to provide higher quality.

[l

] Splitting Quadrangles: Split quadrangle elements in order to improve the mesh quality.
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Cleaning Holes

¥~y This task shows you how to specify manually which hole you want to ignore during the
" mesh process.

- . Open the Sample03.CATAnalysis document from the samples directory.

Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

Mesh the surface.

For more details, please refer to Meshing the Part.

. Hide the geometry for a better visualization of the mesh.
For this, right-click the Part.1 in the specification tree and select the Hide/Show

contextual menu.

z

1. Click the Clean Holes icon %@ from the Edition Tools toolbar.

The Boundary Simplifications dialog box appears:

Clean Holes i 7| x|

o Auto remesh on modification:

« if you activate this option, an automatic re-mesh is performed on the
domain.

« if you deactivate this option, the mesh will be removed on the domain.

2. Select the Auto remesh on modification option in the Clean Holes dialog box.

3. Select a hole as shown bellow.
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As a result, an automatic re-mesh is performed around the selected hole:

4. Select a hole as shown bellow.
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As a result, an automatic re-mesh is performed around the selected hole:

5. Select the Auto remesh on modification option in the Clean Holes dialog box.

6. Select a hole as shown bellow.
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As a result, the mesh is removed on the domain:

o Q
Q

S To _ ©

7. Click the Mesh the Part icon ﬂ from the Execution toolbar.
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As a result the meshing process is launched and all the modifications you have
previously performed are taken into account.

8. Click OK in the Mesh The Part dialog box.

9. Click again the Clean Holes icon " from the Edition Tools toolbar.

=



Advanced Meshing Tools Version 5 Release 13 Page 126

Adding/Removing Constraints
(Modifications)

[
{Tl This task shows how to apply manual topological modifications on existing constraints.

There are two types of constraints.

1. a constraint applied to a vertex: as a result, a node will be created on this vertex.
2. a constraint applied to a curve: as a result, all the element edges will be aligned on
this curve.

Adding/Removing Constraints using:
. Swap constrained state option
. Split a domain option
. Collapse edge option
. Cut edge option
. Merge edges option
. Undo simplifications option

. Drag option

- . Open the sample05.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

. Launch the geometrical simplification.

For more details, please refer to Simplifying the Geometry.



Advanced Meshing Tools Version 5 Release 13 Page 127

=

1. Click the Edit Simplification icon E-; ' from the Edition Tools toolbar.

The Edit Simplification dialog box appears with one option for re-meshing

automatically as you modify the geometrical simplification.

Edit Simplification 2| =]

"'T" The Undo command is not available.

2. Right-click the elements required for modifying edges, vertices or still for

performing split, collapse or merge operations.

3. Select the desired options from the available contextual menu.

For edges:

*, Swap canstrained state
::%:: Caollapse edge

2F= Cut edge

=& herge edoes

=] Splita domain

% lUnda simplifications

For vertices:

27 Bemove vertex
= Splita Domain

:g{ Undo simplification

Dirag

The desired option (contextual menu), once selected, remains active. You
L4 then simply need to select the elements to be modified.

Swap constrained state option
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If you right-click on this part: You get this constrained state edge:

Split a domain option

If you right-click on two existing vertices: You get this split domain:

o

Collapse edge option

If you right-click on an edge: You get this collapsed-edge element:
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Cut edge option

If you right-click on an edge: You get this cut edge (and new vertex):

Merge edges option

If you right-click on two One after the other: You get this merged edge:
collapsed edges:
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Drag option

If you right-click on a vertex on a You can move the vertex over the
constrained edge constrained edge:

Undo simplifications option

This option can be applied either on simplifications generated by the system or on
simplifications you applied manually (see above).

If you right-click on an edge: You get this unmerged mesh element:
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Imposing Nodes (Modifications)

) This task shows how to impose node distribution on geometry.

-

Open the sample08_ 1.CATAnalysis document from the samples directory.

Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

Mesh the surface.

For more details, please refer to Meshing the Part.
Display the geometry in shading mode.

For this, click the Shading (SHD) icon aﬁ from the View toolbar.

1. Click the Imposed Elements icon %ﬁ from the Edition Tools toolbar.

The Imposed Elements dialog box appears.

Imposed Elements

Elements | Capture | Mesh around Holes

Geomekry Descripkion

1 Edge GaEomekric

Femove 4l

Femove

4 Auto remesh on modification

The Undo command is not available.

Page 132

. Note That you can now edit the nodes distribution done before the meshing.
{ For more information on the Edit Elements Distribution dialog box, please

refer to Imposing Nodes (Specifications).
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2. Select the geometry on which you want to modify nodes distribution.

The Edit Elements Distribution dialog box now appears with default values
corresponding to the edge you just selected.

3. Modify the number of the nodes. In this case, enter 2 as new value (Number of

elements).
Edit Elements Distribution 2 x|
UniFarrn |
M° Geormekry
1 edgel

Remoye I Femoye 4l I

@ Numnber of elements E

(_) Size | 15mm [

@ oK I l;.ﬁ.ppl';.fl iCanceIl

.. For more information about the Edit Elements Distribution dialog box,
{ please refer to Imposing Nodes (Specifications).

4. Click OK in the Edit Elements Distribution dialog box.

5. In the Imposed Elements dialog box, activate the Auto remesh on modification

option and click OK.
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The new nodes appear on the geometry which is automatically re-meshed.
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Re-meshing a Domain

This task shows how to re-mesh a domain using new specifications such as mesh method

and size.

You will see here only three particular mesh methods:
. mapped quads
. projection

. mapping

Mapped Quads Mesh Method
@ . Open the sample22.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.




Advanced Meshing Tools Version 5 Release 13 Page 136

-

1. Click the Remesh Domain icon % in the Edition Tools toolbar.
The Remesh Domain dialog box appears.

Remesh Domain . 21

Mesh method |k s

[ ] Impact neighbor domains
Mesh size | 15mm El

& ok I 'ﬂ.ﬁ.pplyl Close I

o Mesh method:

Front quads ( *)

Front trias ( *)

Mapped quads

Mapped trias

Mapped Free quads

il e

> Bead quads
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> Half Bead quads

Projection

Mapping ( *)

( *) indicates that the Trap Type dialog box appears at the same time you
choose the option.

o You can use multi-selection:

« using an intersection polygon trap: all the domains which have non-
empty intersection with the trap will be selected.

« using an inclusive polygon trap: all the domains that are completely
included within the trap will be selected.

o Impact neighbor domains: lets you define whether you wish to apply the new
mesh method to the neighboring domains. If the option is de-activated, the
nodes on domain edges will not be modified.

o Smooth projected mesh: allows you to optimize the quality of the projected
mesh (this option is only available with the Projection and the Mapping
options).

o Mesh size: lets you enter the desired mesh size (this option is not available
with the Projection and the Mapping options).

2. Select the Mapped quads option in the Remesh Domain dialog box.
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Remesh Domain

Mesh method I Mapped quads

[ ] Impact neighbor domains
Mesh size | 15mm El

o oK

amn

3. Select the desired domain on the surface.

The edge of the selected domain can be either green (constrained) or yellow (free).

4. Enter the desired Mesh size value.
In this particular example, enter 15mm.

5. Click Apply in the Remesh Domain dialog box.
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The selected domain is re-meshed.

Ly -

e -

g You can see that the corners (CO, C1, C2 and C3) of the domain are

displayed.
You can select a corner and change its position by clicking another

vertex.

6. Click Close in the Remesh Domain dialog box.

f Note that: you can remove the mesh if you are not satisfied.

For more details, please refer to Removing the Mesh.

Projection Mesh Method

All the mesh elements are projected on the receiving domain and the projected mesh

respects the initial mesh topology.

The projection mesh method automatically makes the correspondence between vertex and

node (by projecting a vertex on a node).
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gﬂ . Open the sample22_1.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

b
i

"]

: & " The two domains (the meshed one and the receiving one) must have the same number of
boundaries.

In the following example:

A

. you can project the mesh of the domain A to the domain C.

. you cannot project the mesh of the domain A to the domain B.

If you try to do this, an error message appears to inform you that the number
of boundaries of the two domains is different.
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-

1. Click the Remesh Domain icon % in the Edition Tools toolbar.

The Remesh Domain dialog box appears.

For more details about this dialog box, please refer to Mapped Quads Mesh Method.

2. Select the Projection option in the Remesh Domain dialog box.

3. Select the domain you want to mesh.

.-ﬂ The meshed domain must be towards the receiving domain.

4. Select the mesh domain.

5. Click OK in the Remesh Domain dialog box.
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The projected domain is updated.

I & The projected mesh entirely fills the receiving domain.
The projected mesh is not partial.

S

: ? " The only way to preserve the mesh elements size between the meshed

domain and the receiving domain

T

is to modify the receiving domain (by splitting it, for example)

/
/




Advanced Meshing Tools Version 5 Release 13 Page 143
F |

Mapping Mesh Method

All the mesh elements are projected on the receiving domain and the projected mesh

respects the initial mesh topology.

Contrary to the projection mesh method, you have to define the correspondence between

vertex and node in case of mapping mesh method.

g: . Open the sample22.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

A . -
L3 The two domains (the meshed one and the receiving one) must have the same number of

boundaries.

In the following example:

. you can project the mesh of the domain A to the domain C.

. you cannot project the mesh of the domain A to the domain B.
If you try to do this, an error message appears to inform you that the number
of boundaries of the two domains is different.
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-

1. Click the Remesh Domain icon % in the Edition Tools toolbar.

The Remesh Domain dialog box appears.

For more details about this dialog box, please refer to Mapped Quads Mesh Method.

2. Select the Mapped Quads option in the Remesh Domain dialog box.

I Multi-selection is not available.
3. Select the desired domain.
4. Enter the desired Mesh size value.
In this particular example, enter 15mm.

5. Click OK in the Remesh Domain dialog box.

Ly -

[ -+

6. Click the Remesh Domain icon ﬁ in the Modification Tools toolbar.
7. Select the Mapping option in the Remesh Domain dialog box.

8. Select the domain you want to mesh.
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The Trap Type dialog box appears.
For more details about this diolog box, please refer to Mapped Quads Mesh Method.

! .f . Multi-selection is available on the condition you multi-select connected
: mesh domains.

9. Select the meshed domain to be projected on the previously selected domain.

10. Select a vertex on the domain that will receive the projected mesh to identify it with

the nearest node of the mesh domain.

You now have to set up all the needed correspondence between vertex (of the

domain to be meshed) and the nodes (of the mesh domain).

11. Select the corresponding node on the mesh domain.
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You can see that some vertex are not corresponding with nodes of the mesh

domain. You can manually establish the correspondence.

For this, select a vertex and then the corresponding node on the mesh domain.

12. Click OK in the Remesh Domain dialog box.
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The mapped domain is updated as shown here:
=
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Removing the Mesh by Domain

Fr's . . .
%) This task shows how to remove the mesh you generated on a single or several domains of

the geometry.

. Open the sample08.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

. Mesh the surface.

For more details, please refer to Meshing the Part.

1. Click the Remove Mesh by Domain icon ﬁ from the Edition Tools toolbar to

activate the remove mesh by domain mode.

The Trap Type dialog box appears.

2. Select the mesh of the single domain or domains you want to remove.
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For this You can use:

o Mono selection to select a single domain

o Multi-selection using the Trap Type dialog box
« using an intersection polygon trap: all the domains which have non-empty
intersection with the trap will be selected.

« using an inclusive polygon trap: all the domains that are completely included
within the trap will be selected.

In this particular case click a domain as shown below:

As a result the mesh of the selected domain is removed:

3. Click the Remove Mesh by Domain icon ﬁ from the Edition Tools toolbar to

deactivate the remove mesh by domain mode.
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The Trap Type dialog box disappears.

I Note that removing the mesh by domain is useful before Re-meshing a Domain.

You can improve the mesh of a domain without removing the mesh of all the part.
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Locking a Domain

«f7  This task shows how to lock a domain.

- . Open the sample05.CATAnNnalysis document from the samples directory.

Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

Mesh the surface.

For more details, please refer to Meshing the Part.

=

1. Select the Lock Domain icon == from the Edition Tools toolbar.

The Trap Type dialog box appears

You can use multi-selection:

o using an intersection polygon trap: all the domains which have non-empty
intersection with the trap will be selected.

o using an inclusive polygon trap: all the domains that are completely
included within the trap will be selected.

2. Select the domain to be locked.
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This domain is now transparent:

o any modification applied to neighboring domain will not impact the locked
domain.

o the locked domain cannot be re-meshed.

{E’ If you select two domains which are not homogeneous, a warning box appears: Do you

want to lock the selected domains? If you click No, the domains will be unlocked.
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Mesh Editing

1
{T} This task shows how to edit surface elements. Thanks to the full cursor editing, you can preview and then update

dynamically the quality analysis results on the mesh. When quality criteria are respected, you will see the change in

finite element color. You can also move nodes on geometry, edit finite elements (splitting, swapping, and so forth) or
smooth the mesh.
Mesh Editing on:

. Surface Elements

. Edges

using either the Contextual menu or:

. Dynamic Update of Element Quality Analysis (colors change, if needed)
. Full Mouse Mesh Editing
. Automatic Smooth on Nodes

. Contextual Menu

. Open the sample05.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

. Mesh the surface.

For more details, please refer to Meshing the Part.

=

1. Click the Edit Mesh icon % from the Edition Tools toolbar.

The Edit Mesh dialog box appears.

(] Smaath around modifications

] Combine around modifications
[ ] swap around modifications

[] Propagate to neighbour domains

izlobal Crptimization I

o Smooth around modifications: allows optimizing the shape of the element so that split elements meet
desired Analysis criteria:
Note that as the Auto smooth option is inactive in the Edit Mesh dialog box, the surrounding elements
are not modified and therefore do not enhance the quality whatever the modifications you perform.
« Smooth around modifications option activated (the shape of the neighbor elements is altered in
order to have the best possible quality of the elements).
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« Smooth around modifications option de-activated (the shape of the neighbor elements is not
altered)

o Combine around modifications: allows combining two triangles into a quadrangle of good quality
(when possible).
«» Combine around modifications option activated.

o Swap around modifications: allows dragging a node on a surface.

o Propagate to neighbour domains: allows propagating smoothing modifications from one domain to a
neighboring one.

o Global Optimization: lets you launch again the Quality Analysis.

Surface Elements
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Using the Contextual Menu

You can split or condense elements:

2. Position the Condense element symbol very close to a node and right-click.

In this case, we de-activated all the options from the Edit Mesh dialog box.

Target vs opposite node Condensed node
Before After

Dynamic Update of Element Quality Analysis (colors change, if needed)

3. Position the cursor over one quadrangle element.
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You can now cut the mesh element diagonally according to the position of the cursor.

o Before (quadrangle mesh)

When you go over the quadrangle mesh you want to cut, both a symbol (gﬂ) and orange-highlighted
cut mesh preview appear on this mesh.

o After (cut mesh according to the position of the cursor)

Full Mouse Mesh Editing

You can drag nodes on surfaces

4. Select a node and move it to the desired location.

The quality of the elements updates according to the location you assign to the node.

Automatic Smooth on Nodes
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You can smooth elements by letting the algorithm update the mesh elements location.

5. Click on a node.

The node is automatically moved to the optimum location. The quality of the elements updates according to
this new location.

Edges

Contextual Menu

6. Right-click a segment.

Z7 Bemove edge
¢g-::= Condense nodes
£= Insert node

€29 Swap edge

Once you selected an option from the contextual menu, when you go over the quadrangle mesh you want to
edit, both the corresponding symbol and orange-highlighted edited mesh preview appear on this mesh.

: allows removing edges you previously created manually when splitting

a quadrangle element
In this case, we activated all the options, right-clicked an edge and activated the Remove edge
contextual menu.

edge selected deleted edge
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: allows condensing nodes on edges or a node on another node.

« In this case, we activated all the options, right-clicked an edge and activated the Condense nodes
contextual menu.

edge selected condensed node

« In this new case, we de-activated all the options, positioned the Condense symbol very close to a
node and right-clicked.

: allows inserting a node on an edge

« In the case below, we de-activated the Auto combine and Auto swap options, right-clicked an edge
and activated the Insert node contextual menu.

edge selected inserted node

« In the case below, we activated the Auto combine options, right-clicked an edge and activated the
Insert node contextual menu.

edge selected inserted node
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: allows swapping between two edges.

When you make a swap between a triangle and a quadrangle, whatever the edge new position, the
resulting mesh will always be a triangle and a quadrangle. The preview will be a good help.
« Two Quadrangle Elements:
edge selected swapped edge

« A Quadrangle and a Triangle:
One TR/one QD before One TR/one QD after
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Splitting Quadrangles

|
{T} This task shows you how to improve the element quality by splitting the quadrangles.

. Open the Sample01_1.CATAnalysis document from the samples directory.

. Enter the Surface Meshing workshop.

For more details, please refer to Entering the Surface Meshing Workshop.

o w3
L 1. Click the Split Quadrangles icon [ from the Edition Tools toolbar to activate
the split quadrangles mode.
The Split Quadrangles dialog box appears:
Split quadrangles 2| x|

Elernent quality: IE;a.j j
Element selection: @l@l

-
o

o Element quality: lets you specify the elements to split depending on their
quality. You can choose Bad, Bad and poor, Poor and All elements qualities

o Element selection: lets you specify the elements to split depending on their
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location using the trap type elements selection method

¥ Do not use Element Selection parameter if you want to perform the
| split quadrangles functionality on all the mesh part. You have only to
click on it.

2. Select Bad as Element quality option and click the mesh part.

Bad quality elements are split, if necessary, in order to improve their quality as
shown below:

3. Click the Undo icon = from the Standard toolbar to undo your modifications,
select Poor as Element quality option and click the mesh part.

Poor quality elements are split, if necessary, in order to improve their quality as
shown below:
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4. Click the Undo icon = from the Standard toolbar to undo your modifications,

select Bad and poor as Element quality option and click the mesh part.

Bad and poor quality elements are split, if necessary, in order to improve their
quality as shown below:

5. Click the Undo icon == from the Standard toolbar to undo your modifications,

select All as Element quality option and click the mesh part.
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All quality elements are split, if necessary, in order to improve their quality as
shown below:

6. Click OK in the Split quadrangles dialog box to deactivate the split quadrangles

mode.

,f Note that each selected element is split only if it will improve the mesh quality.
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Leaving the Surface Meshing Workshop

(e
; \..T.d' This task shows you how to exit the Surface Meshing workshop.

g i Open the sample06.CATAnalysis document from the samples directory.

| h | 1. Double-click the Smart Surface Mesh.1 in the specification tree.

The Global Parameters dialog box appears.

2. Click OK in the Global Parameters dialog box.

You now enter the Surface Meshing workshop:
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You can access the following toolbars: Global Specifications, Local Specifications, Execution and Edit

Tools.

At any time you can exit the Surface Meshing workshop.

For this:

. B i _
3. Click the Exit icon 5# from the Exit toolbar.
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You retrieve the Advanced Meshing Tools workbench.
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Solid Meshing

This section deals with the 3D meshing methods.

@" OCTREE Tetrahedron Mesher: Assign linear or parabolic tetrahedrons elements to a solid.

A3

Q*‘ Tetrahedron filler: Mesh a solid part by generating tetrahedron meshes from surface meshes.
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OCTREE Tetrahedron Mesher

£l

=07 This task will show you how to mesh a solid part using the OCTREE Tetrahedron Mesher.
Open the sample41.CATAnalysis document from the samples directory.

i

1. Click the Octree Tetrahedron Mesher icon @ from the Meshing Methods toolbar.

2. Select the solid you want to mesh.

The OCTREE Tetrahedron Mesh dialog box appears.

o Global tab:

OCTREE Tetrahedron Mesh 2] x|

Global | Local I Cality | Cthers |

Size: |3.12IT|IT| El
o Absolute sag: | 0,31 2mm El
[ propartional sag: I':'-2

— Element tvpe

@ Linear @C‘ Parabuolic <}

Mesh l ﬁCanceIl

.

« Size: lets you choose the size of the elements (in mm).
« Absolute sag: maximal gap between the mesh and the geometry.

R T

Geometry_— T

f,f Absolute sag T

e Mesh

A
!

Mesh edge length

« Proportional sag: ratio between the Absolute sag and the local mesh edge length. Proportional sag value=
(Absolute sag value) / (local mesh edge length value).

. « Note that Proportional sag and Relative sag could modify the local mesh edge length value.
« You can use both Proportional sag and Relative sag, the most constraining of the two values will be
used.

« Element type: lets you choose the type of element you want (Linear or Parabolic).

o Local tab:

You can also add local meshing parameters such as sag, size or distribution to the part.
For this select the desired Available specs and then click the Add button.
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Advanced Meshing Tools

OCTREE Tetrahedron Mesh

Available specs
Local size

Local sag
Edaes distribution

Imposed poinks

&dd

@ oK I Mesh | & Cancel |
-

Local size: you can modify the Name, Support and Value.

Local Mesh Size = | |:||£|
TR ocal Mesh Siz=. 1 [N

Supports gty
Walue | 77.39mm E’l

@ oK I iCanceIl

Local sag: you can modify the Name,

Local Mesh Sag ==l g3
L) ocal tesh saa. 1 I

S el gl [1o selection
walue | 7.733mm =]

@ or | @cancel |

Support and Value.

Edges distribution: lets you distribute local nodes on a edge.

For this:
Select the Edges distribution option and click Add. The Edges Distribution dialog box appears.

=10 ]

Edges Distribution

Mame | Edges Distribution. 1

Supports | laE= {=Tel ey

MNumber of Edges |6

@ ok

Select the edge on which you want to assign nodes (Supports) as well as the Number of Edges to be

created.
The Edges Distribution.1 feature now appears in the specification tree as well as the nodes on the selected

Edge.

Click OK in the Local Mesh Distribution dialog box.
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Imposed points: lets you select the points that will be taken into account when meshing.

A
- In this case, the points you have to select must have been created via Shape Design or Part Design.

Only points on curve or points on surface are supported. The points support must be a member of the

meshed geometry.

For this:

Select the Local imposed points option and click Add.
The Imposed Points dialog box appears.

Imposed Puinl:s;gi =10 x|
LEuE fmeosed Points. 1 I

Supports |2 {=Tellaly]

& oK l lﬁCanceIl

Select from the specification tree (under Open Body feature) the points (Supports) you will impose for
OCTREE tetrahedron mesh generation.

« Click OK in the Imposed Points dialog box.

! To edit the local mesh distribution that has just been created, you need to double-click the Local

Nodes Distribution object in the specification tree and modify the desired options from the Local

Mesh Distribution dialog box that appears.

o Quality tab
OCTREE Tetrahedron Mesh el A

Criteria; IShape j

—Intermediate nodes parameters

Jacobian: {03 E
Warp: &0 E

& oK I Mesh | @ Cancel |
.

Criteria: lets you choose a criterion (Shape, Skweness or Strech) to optimize the mesh quality.

Intermediate nodes parameters: only available if you have chosen a Parabolic element type. This option lets
you choose the position of parabolic tetrahedron intermediate nodes (Jacobian or Warp).
The distance (d) between the geometry and the intermediate node is function of Jacobian and Warp values.

node

[ntermediate node qd—p Geametry

For more details about mesh quality analysis, please refer to Analyzing Element Quality.
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o Others tab:
OCTREE Tetrahedron Mesh

— Details simplification

Geometry size limit: [0, 1mm E}l

I Mesh edges suppression

[] Global interior size: | Omm El
A n —F

Min. size For sag specs: |D.244mm ml

Max. number of atbempts: I 3 E

- @ 0K ] Mesh _’ ﬂCanceIJ

« Details simplification: lets you remove small mesh.

« Geometry size limit: lets you specify the maximum size of the elements ignored by the mesher (before
meshing).

i': . If all the edges of a surface are smaller than the Geometry size limit value, this surface will be

ignored by the mesher.

« Mesh edges suppression: removes small edges (after meshing).

Without Mesh edge suppression: With Mesh edge suppression:

! & "It may happen that Mesh edge suppression involve constraints violation.
« Global interior size: lets you specify the maximum interior size of the mesh.

/ & . If the value of the Global interior size is smaller than the value of the Size, the value of the Size

will be reduced to the value of the Global interior size.

« Min. size for sag specs: lets you specify the minimum size of the mesh refining due to sags specifications.

« Max. number of attempts: lets you impose a maximum number of attempts, if several attempts are needed
to succeed in meshing, in the case of a complex geometry.

3. Select the desired parameters in the OCTREE Tetrahedron Mesh dialog box.
In this particular example, preserve the default parameters.

4. Click Mesh in the OCTREE Tetrahedron Mesh dialog box.
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The Computation Status dialog box appears and the mesh is generated on the part.

For a better visualization, hide the geometry.
For this, right-click the Links Manager.1 object and select the Hide/Show contextual menu.

The OCTREE Tetrahedron Mesh.1: Part.1l object appears in the specification tree.
= 4‘_\ Finite Element Model, 1

% Modes and Elements
T- {4 DICTREE Tetrahedron Mesh. 1 : Partl

Q To edit the Octree tetrahedron mesh, double-click the OCTREE Tetrahedron Mesh.1: Part.1 object in the specification tree.

The OCTREE Tetrahedron Mesh dialog box reappears.



Advanced Meshing Tools Version 5 Release 13 Page 172

Tetrahedron Filler

1
{T}- This task will show you how to mesh a solid part by generating tetrahedron meshes from surface meshes.

i The tetrahedron filler provides volume mesh (Linear Tetrahedron or Parabolic Tetrahedron - cf. Finite Element Reference

Guide ) from surface mesh (Linear Triangle Shell or Linear Quadrangle - cf. Finite Element Reference Guide ).

There are two necessary conditions to generate a solid mesh:
Make sure that the mesh surface is closed in terms of connectivity.

=

. Make sure that the surface mesh has no intersection.
For this, please refer to Checking Intersections / Interferences.

Before You Begin:

. A surface mesh must exist and can be associated or not to a geometry.

If the surface mesh is associated to a geometry, this geometry can be either a solid or a set of connected
faces.

. Open the sample40.CATAnalysis document from the samples directory.
In this particular example, a surface mesh has been already created.

= 53

1. Click the Tetrahedron Filler icon @’I from the Meshing Methods toolbar.

The Tetrahedron Filler dialog box appears.
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Tetrahedron Filler

MeshParts |

Femove l Femove all ]
—Element kype

@ Lincar d.
() parabalic &

Size progression |2

& oK ] Mesh I

o MeshParts

Remove: lets you remove a selected mesh part.

« Remove all: lets you remove all the mesh parts.
o

Element Type: lets you choose the type of solid mesh elements. They are independent of the surface mesh
elements degree.

Linear: elements without intermediate nodes, useful to fill a solid with only straight edges.

Parabolic: elements with intermediate nodes on the geometry, useful to fill a solid with curve edges.
Linear elements type:

Parabolic elements type:

o

Size progression: factor which lets you dilute the mesh elements inside the solid (if this factor is equal to
one, the internal edge sizes are the sizes induced from the surface edge sizes).

2. Select the desired options.
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In this particular example, select the Smart Surface Mesh.2.

The dialog box is updated:

Tetrahedron Filler i |

MeshParts |
amart surface Mesh, 2

Femove l Femove all ]
—Element kype

@ Lincar 4
() parabalic &

Size progression |2

@ ok | mesh ||

In the case of a set of connected surface meshes, you have to select different surface mesh part until the

global surface mesh is closed (free edges appear in green while the global surface mesh is not closed).

3. Select the Element type option and the Size progression factor.

In this particular example, select the Linear option and 2 as Size progression factor.

4. Click Mesh button in the Tetrahedron Filler dialog box.

The corresponding quads are automatically split into two triangles using the shortest diagonal. This operation is
only a preprocessing of Tetrahedron Filler: the original quads are preserved in the mesh model.

The mesh is generated on the part and the Tetrahedron Filler Mesh.1 appears in the specification tree.
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- # Finite Element Model. 1

Modes and Elements
( *-3 Srnart Surface Mesh. 2

‘ﬁﬁ Tetrahedron Filler Mesh, 1

g You can visualize the solid mesh using the Cutting Plane functionality
For this:

Hide the surface mesh.
For this, right-click the Smart Surface Mesh.2 object and select the Hide/Show contextual menu.

. Select the Cutting plane icon E from the Quality Analysis toolbar.
The Cutting Plane Definition dialog box appears.

o Select the Z options, click the Reverse button.

o Deactivate the Exact mesh cut option.
For more details, please refer to Cutting Plane.

When Parabolic Elements are chosen in the Tetrahedron Filler dialog box, the mesh provided (by clicking the Mesh
button or by updating the Tetrahedron Filler mesh part) contains elements with intermediate nodes (parabolic

tetrahedron). At the moment, those nodes are located in the middle of the corresponding linear tetrahedron edges (i.e.
not always on the geometry).

L
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Import / Export Mesh

T
%f‘ Importing the Mesh: Import an existing mesh.

@ Exporting the Mesh: Save the mesh into a bulk data file or CATIA V4 file.
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Importing the Mesh

Advanced Meshing Tools

;
{'Il}- This task shows how to import one or more existing Surface meshes from a .dat document.
H ! 1. Select the Start -> Analysis -> Advanced Meshing Tools menu.

The New Analysis Case dialog box appears.

2. Click OK in the New Analysis Case dialog box.

=
3. Click the Import Mesh icon from the Import/Export toolbar.

The Import mesh dialog box appears.

2=

Look, it Iﬁsamples j = £ B

1 _wki_cnf
Sample11.dat

My Documents

=

I | I_,;;‘I_' LtE g
: i nI;I” : File name: || j -
g =
= Files of bype: IEulk D atal. dat) =l S
by Metwark ... [T Open as read-only
[T Show Preview Z

4. Select the Samplell.dat document from the samples directory.
| ? ! Multi-selection is available in the Import mesh dialog box.

5. Click the Open button in the Import mesh dialog box.



Advanced Meshing Tools Version 5 Release 13 Page 178

The imported mesh appears as shown here:
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Exporting the Mesh

N
N This task shows how to store a mesh with a new format. These formats can be either .model (CATIA V4 files) or

.dat (Bulk data files).

. .model: all the connectivities (geometrical shapes) are transferred.

. .dat: OCTREE (GPS/EST) and Surface mesh (FMS) parts are transferred.

g: Open the Samplell.CATAnalysis document from the samples directory.

<

1. Click the Export Mesh icon @ from the Import/Export toolbar.

The Save mesh as dialog box appears.

2=

Save i Iﬁtmp j = Ef{ "
Hiztamy
@
Desz
(e

My Documents

=

:

by C

File narme: IN E_Name - I Save
=

Save as type; IE!ulk Dratal. dat) Cancel

M— &
CATIA Y4 model]
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2. Enter the desired options in the dialog box: File name and Save as type.

3. Click the Save button in the Save mesh as dialog box.

The mesh will now be exported as New name.dat in the samples directory.
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Meshing Connections

$ Meshing Spot Welding Connections: Mesh spot welds that were previously defined in the

Generative Structural Analysis workbench.

m Meshing Seam Welding Connections: Mesh a Seam Welding Connection that was created

between two parts.
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Meshing Spot Welding Connections

sy
i This task shows how to mesh spot welding connections.

You can mesh the following connections:

. Point Analysis Connection and Point Analysis Connection within one Part
created in the Generative Structural Analysis workbench

Joint created in the Body in White Fastening workbench (except for the joint created
using the datum mode)

Spot Welding Analysis Connection created before the V5R12 in the Analysis
Connections workbench

[=

Connections Support

Analysis Connections (from R12)
Point Analysis Connection One or two

Point Analysis Connection within one Part

Body in White Fastener Connections

) o o ] One or more
Joint (containing or not hemming information)

Analysis Connections (before R12)
Two
Spot Welding Analysis Connection

For more details about joint containing hemming information, please refer to the
Automotive Body in White Fastening User's Guide - Creating Joint Bodies.

Open the sample26.CATAnalysis document from the samples directory.
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=

1. Click the Spot Welding Connections icon *

The Spot Welding Connections dialog box appears.

Spot Welding Connections 2] =]

Welds modelling: |Eeam j

[ ] Replace existing weld connection meshes

Canneckion name Welds

— Mesh Compatibility
¥ Mon compatible ) Compatible

— additionnal Informakion

Mazximal gap: rm

Diameter: | 3mm

| |Gt

[ ] Failed if at least one spot is not connecked

w OF I Mest l iCanceIl

o Welds modelling:

|We|ds modelling Non compatible mesh |Compatible mesh

« Beam

« Rigid

« Rigid-Spring-Rigid

A
A
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» Spring-Rigid-Spring e =
P =

« Hexahedron

o Replace existing weld connection meshes: allows you to select a weld
spot connection that has been already associated to a mesh part.
You must activate this option before selecting the weld spot
{14/ connection.
If not, a warning message informs you that the weld spot connection
has been already meshed.

o Mesh Compatibility:
« Non compatible: lets you create nodes by orthogonal projection of the
welding points on the two mesh parts.

« Compatible: lets you use existing nodes.
The welding points must have been previously projected on the
two mesh parts.
L3 For more details, please refer to Adding/Removing Constraints
(Specifications).

o Additional Information:

« Maximal gap: lets you specify the radius value of a sphere which has the
welding spot as center. It must be an intersection between each face and
the solid thus defined.

A\ « The value must be strictly positive.

|II;.I

« While the Maximal gap value is null, the OK and the Mesh
buttons will be not available.

« If you update spot welding connections created before the
V5R12 level without modifying them, the data used to mesh
are the same as those used up to the V5R11 level. Errors
could be generated (for example: the maximal gap value is
too small).

In this case, you have to edit the connection mesh and to
increase the Maximal Gap value.

« Diameter: lets you specify the diameter of the hexahedron.

M This option is only available if you selected the Hexahedron and
—' the Non compatible options.

o Failed if at least one spot is not connected: lets you stop the Update all
meshes process.
If this option is activated and if you use the Update all meshes contextual
menu, only the meshes created before the weld spot connection mesh will be
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updated.

2. Select the connection you want to mesh in the specification tree.

In this particular example, select the Point Analysis Connection.1 object in the

specification tree (under the Analysis Connections Manager.1 set).

1
@ Analysis Connection Manager. 1

=- analysis Conneckions, 1

==
<zLine Analysis Connection, 1 ll‘?s

The Spot Welding Connection dialog box is updated.

Spot Welding Connections 2| =]
Welds modelling: |Eeam j
Conneckion name YWelds
Point Analysis Conneckion, 1 4

— Mesh Compatibility
¥ Mon compatible ) Compatible

— additionnal Informakion

Mazximal gap: rm

Diameter: | 3mm

| |Gt

[ ] Failed if at least one spot is not connected

w OF l Mest l iCanceIl

3. Set the desired parameters.
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In this particular example:

o select Beam as Welds modelling option
o select Non compatible as Mesh Compatibility option

o enter 2mm as Maximal gap value

4. Click Mesh in the Spot Welding Connections dialog box.

Several errors are displayed in the specification tree under the Weld Spot

Connection Mesh.1 object.

=- ,‘l\ Firite Element Model, 1

== Nodes and Elements

fjl QIZ_TREE Triangle Mesh. 1

f/jl_ QI_TREE Triangle Mesh.z2
i‘# Weld Spok Conneckion Mesh, 1
—ﬁ Mesh Error, 1
_@ Mesh Error, 2
_@ Mesh Error, 3
—ﬁ Mesh Error.4

You have to change the Maximal gap value.

5. Double-click the Weld Spot Connection Mesh.1 object in the specification tree

to edit it.
The Spot Welding Connections dialog box appears.
6. Enter 5mm as Maximal gap value and click Mesh in the Spot Welding

Connections dialog box.

The connection mesh is now correct.

=- 41\ Finite Elerment Model. 1
&= 2 Modes and Elements
fﬂ QIZTREE Triangle Mesh, 1
fj_ QZTREE Triangle Mesh.z2
‘ Weld Spot Connection Mesh, 1
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Q For a better visualization, you can change the mesh color using the

Properties contextual menu.

You can also hide the OCTREE Triangle Mesh.1 and OCTREE Triangle

Mesh.2 using the Hide/Show contextual menu:

—_— g

L
‘F_‘-.

— "

Change the weld spot connection mesh parameters.

For this, double-click the Weld Spot Connection Mesh.1 object in the

specification tree.

The Spot Welding Connection dialog box appears.

In this particular example:

o select Hexahedron as Welds modelling option
o enter 3mm as Diameter value

o click the Mesh button

If you use the Hide/Show contextual menu to hide the OCTREE Triangle

meshes, the result will be:
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This task shows how to mesh a Seam Welding Connection that was created between two parts.

Version 5 Release 13

Meshing Seam Welding Connections

Seam weld can be defined as a wire frame (or 1D) feature.

Connections Support
Analysis Connections (from R12)
Line Analysis Connection One or two

Line Analysis Connection within one Part

Joint

Body in White Fastener Connections

One or more

Analysis Connections (before R12)

Seam Weld Analysis Connection

Two

Open the sample26.CATAnalysis document from the sample directory.

1. Select the Seam Welding Connections icon @

The Seam Welding Connections dialog box appears.

Seam Welding Connections : el A

Welds modeling: |Shel j

[] Replace existing weld connection meshes

Connection narme | Wyelds |

—Mesh Compatibility
¥ Non compatible (2! Compatible

— Additionnal Information

Mazximal gap: Im El
Step: | 4rnm El
Width: B El

[ Failed if at least one seam is not connected

|ﬂ ok I IMest l iCanceIl

o Welds modelling:

Welds modelling Non compatible mesh (default behavior)

Page 188
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« Contact

. Rigid

» Rigid-Spring-Rigid

« Spring-Rigid-Spring

« Shell

« Hexahedron

SIS SRR

o Replace existing weld connection meshes: allows you to select a weld seam connection that has been
already associated to a mesh part.

&y You must activate this option before selecting the weld seam connection.
- If not, a warning message informs you that the weld seam connection has been already meshed.

o Mesh Compatibility:
« Non compatible: lets you create nodes by orthogonal projection of the seam on the two mesh parts.

« Compatible: lets you use existing nodes.

The welding seams must have been previously projected on the two mesh parts.
£/ For more details, please refer to Adding/Removing Constraints (Specifications).

o Additional Information:
« Maximal gap: lets you specify the radius value of each sphere created along the welding seam. It must
be an intersection between each face and the solid thus defined.

i « The value must be strictly positive.
£ay
« While the Maximal gap value is null, the OK and the Mesh buttons will be not available.

« If you update seam welding connections created before the V5R12 level without modifying
them, the data used to mesh are the same as those used up to the V5R11 level. Errors could
be generated (for example: the maximal gap value is too small).

In this case, you have to edit the connection mesh and to increase the Maximal Gap value.
« Step: lets you specify the mesh progression along the welding seam.

« Width: lets you specify the width of the hexahedron.

,& This option is only available if you selected the Hexahedron option.

o Failed if at least one spot is not connected: lets you stop the Update all meshes process.
If this option is activated and if you use the Update all meshes contextual menu, only the meshes created
before the weld seam connection mesh will be updated.

2. Select the connection you want to mesh in the specification tree.
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In this particular example, select the Line Analysis Connection.1 object in the specification tree (under the
Analysis Connection Manager set).

? Analysis Connection Manager, 1
Analysis Conneckions, 1

= Poink Analysis Conneckion. 1

3. Set the desired parameters.

In this particular example:

o select Contact as Welds modelling option

o select Non compatible as Mesh Compatibility option
o enter 3mm as Maximal gap value

o enter 5mm as Step value

4. Click Mesh in the Seam Welding Connections dialog box.

A Weld Seam Connection Mesh.1 object is displayed in the specification tree.

*‘f Finite Element Maodel, 1

Modes and Elements
J{il_ C_TREE Triangle Mesh, 1
£ OCTREE Triangle Mesh.2

i Weld Seam Connection Mesh, 1

? For a better visualization, you can change the mesh color using the Properties contextual menu.

You can also hide the OCTREE Triangle Mesh.1 and OCTREE Triangle Mesh.2 using the Hide/Show contextual
menu:




Advanced Meshing Tools Version 5 Release 13 Page 191

5. Double-click the Weld Seam Connection Mesh.1 object in the specification tree to edit it.
The Seam Welding Connections dialog box appears.

6. Change the seam weld connection mesh parameters.

In this particular example:

o select Hexahedron as Welds modelling option

o enter:
« 3mm as Maximal gap value

« 5mm as Step value

« 3mm as Width value

7. Click Mesh in the Seam Welding Connections dialog box.

You can hide the OCTREE Triangle Mesh.1 and OCTREE Triangle Mesh.2 using the Hide/Show contextual
menu:
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Quality Analysis

A\ The quality analysis tools are available at any time in the Advanced Meshing Tools

workbench and the Surface Meshing workshop.

“ Displaying Free Edges: Perform quick visualization of incompatible mesh

@ Checking Intersections / Interferences: Check meshes to detect intersections and/or

interferences.

Switching to Standard/Quality Visualization Mode: Switch to element standard/quality

g visualization mode.
Analyzing Element Quality: Analyze element quality, select and tune quality criteria.
Cutting Plane: Cut plane visualization mode.

Elements Orientation: Elements Orientation visualization mode.

Returning Mesh Part Statistics: Return mesh part statistics dynamically (only available in

the Surface Meshing workshop)
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=

Displaying Free Edges

This task shows how to display the free edges of the mesh and thereby quickly visualize
incompatible mesh.

Open the Sample05.CATAnalysis document from the samples directory.

The mesh elements are assigned green, yellow or red colors.
For more information, please refer to Before You Begin.

1. Click the Free Edges icon Q

The free edges are automatically drawn in green and allow quickly checking mesh
validity.
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Checking Intersections / Interferences

This task shows how to check intersections / interferences on meshed 2D geometry (surface

element).
Intersection means standard geometrical intersection.

Interference means that the elements generated are positioned beyond a given distance (or
clearance). This let's you take into account the real width of the geometry when detecting

interferences.

You can use the sample05.CATAnalysis document from the samples directory.

Before You Begin:

. You have to enter the Surface Meshing workshop.
For this, double-click Smart Surface Mesh.1 feature from the specification tree (below
Nodes and Elements feature) and then click YES (Continue anyway?) in the warning box.

. You have to mesh the surface.

For this, click the Mesh The Part icon % from the Execution toolbar.
You will then click OK in the Mesh The Part dialog box.
For more information, please refer to Surface Mesher.
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=

1. Click the Intersections / Interferences icon @ in the Mesh Analysis Tools toolbar.

O

‘' The Interference Check dialog box appears.

Interference Check :. d o
Clearance: rm

] Dvnamic chedk

Mumber of elements:
- in intersection: ¥
- ininterference: ¢

—Browse

[ autofocus == I = I

@ Apply I Close

o Clearance: lets you define the clearance from which you decide that an
interference exists.

o Dynamic check: lets you modify the mesh and dynamically visualize the
corresponding interferences.

t Number of elements:
« INn intersection:

« INn interference:

o Autofocus: lets you focus on interference area.
Note that the Interference visualization mode is different.

The Clearance field allows you defining the clearance from which you decide that

an interference exists.

,-'._'r'i\"-, The clearance maximum value should not be greater than the mesh size.

Note that:

o If the value is equal to zero, only the existing intersections will be visualized.

o If the value is greater than zero, both the existing intersections and interferences will
be visualized

o The Dynamic check field allows you modifying the mesh and dynamically visualize
the corresponding interferences.

2. Enter the desired Clearance value in the Interference Check dialog box.

In this particular example, enter 1mm.
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3. Click Apply in the Interference Check dialog box.

Information on the number of the intersection elements and interference elements

automatically appears in the dialog box.

Interference Check '.j 7| x|

Clearance: | L

] Dvnamic check

Mumber of elements:
- in interseckion: O
- in inkerference: 15
—Browse

(] Autofocus == I = I

These intersection elements and interference elements also appear on the geometry:

o the red color is assigned to intersection elements.

o the pink color is assigned to interference elements.

4. Activate the Autofocus option and click Apply in the Interference Check dialog box.
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The first interference area is displayed:

5. Click the == button to display an other area.

6. Click Close in the Interference Check dialog box.

Note that if you need to visualize the intersection elements exclusively, use the Wireframe (NHR)

h‘.

visualization type as the command is still active.

Ll

.J'
gy
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Switching to Standard/Quality Visualization
Mode

“/'  This task shows how to switch either to the Standard or Quality visualization mode.

= Open the Samplell.CATAnalysis document from the samples directory.

o

The default visualization mode is the Standard Visualization mode.

=

1. Click the Quality Visualization icon & in the Visu Mode toolbar.

The CATAnalysis document now appears as shown here:
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The mesh elements are assigned green, yellow or red colors.

For more information, please refer to Before You Begin.
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Analyzing Element Quality

|

{T}' This task shows how to analyze the quality of the elements relatively to given criteria, on one or more parts.
Open the Samplel1.CATAnalysis document from the samples directory.
The mesh elements are assigned green, yellow or red colors.
For more details, please refer to Before You Begin.

1. Click the Quality Analysis icon in the Quality Analysis toolbar.
The Quality Analysis dialog box appears for visualizing element quality in accordance with selected criteria.
Note that each time you will modify the criteria list, you need to select the Apply button to have the below detailed

information (Statistic, Report, Select, Worst element) as well as the Finite Element Model visualization updated.

Quality Analysis 2l

Select | Cptions

| »

o Taper

d Skewness
o Distartion
 Jacobian

o Warp Fackor
o \Warp Angle
d Skew Angle
o Skrekch

o Min. Length

-

HEEEEERER

iR

Al I Default Mone I

= | =
k.| B[ | |
ﬁﬁpplyl

Ll

1 Select tab
A filter that let you select the criteria you will use for element analysis.

Clicking the _I switch button, you will get the below basic and advanced information about a given criterion.
« Infos tab:
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=101 x|

Q= (lmax

g I 45 E
Warst walue: I 270

Restare Defaulks ]

. Close I

« Name: the name of the selected criterion.
A drawing as well as a definition is also provided.

« Threshold: the values at which you decide the element is good (green color), poor (yellow color) or bad

(red color).
You can Restore Defaults you previously entered.

« Advanced tab

=101 x|

— Mormalized thresholds
ll—
l—

Wiarst walue: |0

Restore Defaulks l

- Close I

« A graphic is provided that illustrate the criteria normalized threshold.
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« Normalized thresholds: allows modulating the weight of a criterion. The computation of the normalized
quality (criteria normalized function) results from the interpolation of the quality with both the Poor and the
Bad weight that can be customized.

You can Restore Defaults you previously entered.

5|
« Import Criteria

Lets you choose a criteria configuration from a predefined list.

Import Criteria Lisk d b3

Surface_Mesh_Cualiby_Criteria

@ CK o Cancel l

f For more details about managing the Import Criteria predefined list, please refer to Quality.

« Export Criteria EI

Lets you save a criteria configuration to a predefined directory.

A
By default, there is no pre-defined directory.

Save Quality Criteria 2] x|

Export directory:

File name:

- & Cancel I

You have to customize the quality settings: you can use the Export Criteria option only if a default

directory is defined in the Options dialog box.

f For more details about managing the Export Criteria default directory, please refer to Quality.

o Show Statistic Curves _I

In this example, let's choose the Distortion tab: you use the arrow to visualize the stated percentage for a given

element threshold.
Note that the information displayed in the Statistic Curves box depends on the options you pre-defined in the

Quality Analysis dialog box (Options tab).



Advanced Meshing Tools Version 5 Release 13 Page 203

Statistic Curyves il

Taper | Skewness Diskorkion Jacobian \Warp Factor |'-.-'-.-'arp£{ 1|p

Elements

12,94 8708

o Show Quality Report !I

If you activate this button, the Quality Report dialog box will give you access to quality or connectivity information.
« Quality tab
Information on Good, Poor, Bad, Worst or Average statistic for all the previously selected criteria.

Quality Report El
Caality | Connectivities |
Criterion | Good | Poor | Bad | Wy'ior sk | Average |
Taper 953 { 93.65% ) 11 { 1.14%) 2{ 0.21%) 0976  0.115
Skewness 41 { 83.67% ) B 16.53%) 0 0.00%) 0892  0.323
Diskarkion 54 [ 94,95% ) 29 2.86%) 220 217% ) T4.451 14,295
Jacobian 961  99.48% ) 5 0.52%) 0f 0.00%) 0012  0.519
\Warp Factor 955 { 99.17% ) 30 0.51%) 5 0.52%) 31.353  0.274
Warp Angle 960 { 99.55% ) 5 0.52%) 1{ 0.10%) 61523  0.699
Skew Angle 955 { 93.56% ) 11 1.14%) O 0.00%) 41.089 83244
Stretch 42 { 85.71% ) 70 14.20%) 0f 0.00%) 0117  0.654
Min. Length 1015 { 100.00% ) 0 0.00%) 0f 0.00%) 0185  11.150
Marx. Length 1015 { 100.00% 0 0.00%) 0f 0.00%) 34255 16.259
Shape Factor 42 { 85.71% ) 70 14.20%) O 0.00%) 0121 0.743
Length Ratia 995 { 93.03% ) 18 { 1.77%) 20 0.20%) 14270 1.665
-- Glabal - 949 { 93.50% ) 39 { 3.54%) 27 { 2.66% )

e

« Connectivities tab
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Information on the mesh elements number, type, node in the current Finite Element model:
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Quality Report

Cuality

Mumber of nodes;
mMumber of element:

1074 Conneckivity | Mb of element |
1015 Q0 9656 ( 95,17% )
TR3 49 4.83% )

Page 204

x|

W oK

o Analyse An Element EI

You can also select one element have this element analyzed.

For example:

The Analyze Single box appears with the quality type (Good, Poor, Bad) and value for all the selected criteria

assigned to this particular element.
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Analyze Single x|

QD4

» Worst Elements Browser J

The Worst Elements Browser dialog box appears. You just need to click the Next button to have the worst
elements zoomed.

Worst Elements Browser ) il

Murnber af warsk elements ko look at :I Im

[ Show single analysis window

|:| AutoFocus on element

F‘revl Mexk Currentll

& oK

Show single analysis window: the Single Analysis window of the current worst element remains displays
and updates as you browse a Next element.

AutoFocus on element: the worst browsed element is automatically auto focused.

For example:

2. Select the desired criteria from the Quality Analysis dialog box.

3. Analyze the quality of the other mesh part.
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For this, right-click on the Smart Surface Mesh Part.2 feature in the specification tree and select the Analyze

Analyze
contextual menu

The Mesh Part dialog box now appears with details on Quality and Connectivity report for the selected part:

Version 5 Release 13

Mesh Part: Smart Surface Mesh.2 x|
Cuality | Conneckivities |
Criterion | faood I Poar | Worsk | Average |
Taper 953 [ 95.65% ) 110 1.14%:0 20 021%) 097 0115
Skewness 41 [ §3.67%) g 16.33%) 0¢ 0,00%) 0892 0323
Diskartion 264 { 94,93% ) 29 2.896% ) 22 247% ) 74451 14298
Jacobian 954 { 95.76% ) 110 1.14%:0 1 0,10%) o001z 0819
Warp Fackor 953 { 99.17% ) 30 031%) 5 0.52%) 31,353 0251
YWarp Angle 260 { 99,33% ) B 0.52%) 1 0,10%) 61,523 0.699
Skew Angle Q55 ([ 95.86% ) 110 1.14%:0 0¢ 0,00%) 41.089 §3.244
Skretch 42 [ 85.71%) 7014.29%0 0f¢ 000%) 0117 0654
Min, Length 1015 { 100.00% ) 0 0.00% ) 0¢ 0.,00%) 0183  11.150
Maz. Length 1015 { 100.00% ) 0 0.00% ) 0¢ 0,00%) 34255 16,259
Shape Factor 42 [ 85.71%) 7014.29%0 0¢ 0,00%) 0121 0,743
Length Ratio 295 ( 95.03% ) 18 ( 1.77%) 20 0.20%) 14270 1665
-- Global -- 249 { 93,50% ) I 3.84% ) 27 ([ 2.66% )

-

. Simultaneously perform the operation on all the parts you want to analyze.

You will open as many Mesh Part dialog boxes as desired.

. Click OK in the Mesh Part when you are satisfied with the information.

You can perform an independent check and validation for each part in an assembly.

L

eg
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Cutting Plane

*} This task will show you how to cut a surface or a solid mesh part.

,fi"—, You have to hide the geometry.

Open the sample40.CATAnNnalysis document from the samples directory.

Before You Begin:

Hide the geometry.

For this, right-click Link Manager.1 in the specification tree and select the Hide/Show
contextual menu.

z

1. Click the Cutting plane icon ﬂ .

The Cutting Plane Definition dialog box appears.

iy Oy (ZF

o Exact mesh cut

o X, Y, Z options: lets you select the normal of which the direction is the X, Y or
Z axis

o Reverse: lets you reverse the cutting part

o Exact mesh cut: if this option is activated, you can cut the mesh exactly
where you drag the cursor. If this option is not activated, the cutting follows
the mesh elements.

2. Select the desired parameters.

In this particular example, select Z option and click the Reverse button.
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3. Select the section and drag the cursor to the desired position.

With the same cursor displacement:

Exact mesh cut activated

Exact mesh cut not activated
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Displaying Elements Orientation

i This task shows you how to visualize the elements orientation according to the normal direction of the
<" finite element.

Open the Sample01.CATAnalysis document from the samples directory.

=

1. Click the Element Orientation icon ‘ from the Quality Analysis toolbar.

The elements orientation appears as shown below.
o red color indicates the positive orientation

o dark blue color indicates the negative orientation

" o The positive side supports the finite element normal.

o The generation ordering of the nodes determines which side of the element is the
positive one and which is the negative one.
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2. Click the Element Orientation icon ‘ from the Quality Analysis toolbar to exit the element

orientation visualization mode.
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Returning Mesh Part Statistics

'} This task shows how to return mesh part statistics dynamically.

Open the sample03.CATAnalysis document from the samples directory.

S

Before You Begin:

. Enter the smart surface triangle quadrangle mesher.
For this, double-click Smart Surface Mesh.1 feature from the specification tree
(below Nodes and Elements feature) and then click YES (Continue anyway?) in
the warning box.

. Mesh the surface.

For this, click the Mesh The Part icon % from the Specification Tools toolbar.
You will then click OK in the Mesh The Part dialog box. See Setting Global Parameters

for more information on this step.

=

1. Click the Mesh Part Statistics icon E from the Specification Tools toolbar.

The Statistics dialog box appears.

Statistics S

Elerents: 168

A 13-7.7%
[] 3-1.8%
0 - 0,0%

o Elements: number of the mesh part triangle elements.

o fﬁ:. : Mesh part triangle number and percentage

o D : Mesh part poor element number and percentage
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o . : Mesh part bad element number and percentage

2. Modify the mesh. For this, click the Edit Mesh icon % from the Modification
Tools toolbar and start modifying the mesh.

See Mesh Editing for more information on this step

B

The Statistics dialog box is dynamically updated as you edit the mesh:

Statistics S
Elements: 175

&y 27- 15%

2 - 2.9%

[]
kz-l.l%

A You can keep the Statistics dialog box displayed as you perform
" I' ' modifications on the mesh, whatever, using the Modification Tools
' commands.

ot
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Mesh Transformations

Ly

“®K Translation: Create a translation mesh part from a parent mesh part.
iy |

1" Rotation: Create a rotation mesh part from a parent mesh part.

J@ Symmetry: Create a symmetry mesh part from a parent mesh part.

Extrusion by Translation: Create an extrusion by translation mesh part from a parent mesh

part.
ﬁﬁ Extrusion by Rotation: Create an extrusion by rotation mesh part from a parent mesh part.

g“ Extrusion by Symmetry: Create an extrusion by symmetry mesh part from a parent mesh

part.
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Translation

Mo This task shows how to create a translation mesh part from a parent mesh part.

This transformation is available in case of 1D, 2D and 3D mesh parts.

- Open the Sample09.CATAnalysis document from the samples directory.

A
e All the mesh parts must have been updated before creating a translation mesh part.

iy
1. Click the Translation Mesher icon = .

The Translation dialog box appears.
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Translation

MeshPark

Mo selection

— Translation Parameters

Direction |Mo seleckion

Distance m El

—_apkure

¥ o condensation

(_) Condensation With The Parent Mesh Part
() Condensation 'With &ll Mesh Parts
Talerance |DIT|IT| EI

w® 0K [esh I o Cancel

o MeshPart: lets you select the parent mesh part

o Translation Parameters
« Direction: lets you choose the direction of the translation

« Distance: lets you choose the value and the orientation of the translation
(in millimeters)

o Capture: lets you capture the existing mesh

« No condensation: lets you decide to not condense the nodes of the
transformed and the parent mesh part

» Condensation With The Parent Mesh Part: lets you condense the
nodes of the transformed and the parent mesh part

« Tolerance: lets you specify the tolerance of the condensation
«» Condensation With All Mesh Parts: lets you condense the nodes of the

transformed mesh part and all the neighboring mesh parts
« Tolerance: lets you specify the tolerance of the condensation

Note that: This transformation respects associativity.
In other words, if a load is applied to the parent mesh part, the same load will be

applied to the transformed mesh part.

2. Select the Smart Surface Mesh.2 object.

3. Select the desired direction.
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4. Type the desired value of translation in the Distance field.

In this particular case, enter 50mm.

? You have the possibility to enter a positive or negative value to define

the orientation of the translation.

5. Select the No condensation option in the Translation dialog box.

6. Click the Mesh button in the Translation dialog box.

A Translation Mesh.1 object appears in the specification tree and the translation

mesh part is created.

=- 4‘; Finite Element Madel. 1
MNodes and Elements
%Q& Srnart Surface Mesh, 1
tﬂ] Translation Mesh, 1

For a better visualization, select the Translation Mesh.1 object in the

specification tree.
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7. Edit the translation mesh.

For this, double-click the Translation Mesh.1 object in the specification tree.

The Translation dialog box appears.

8. Enter -50mm as Distance value and click Mesh in the Translation dialog box.

As a result, the translation mesh part appears in the opposite direction.

For a better visualization, select the Translation Mesh.1 object in the

specification tree.
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Rotation

Mo This task shows you how to create a rotation mesh part from a parent mesh part.

This transformation is available in case of 1D, 2D and 3D mesh parts.

- Open the Sample09.CATAnalysis document from the samples directory.

AN
e All the mesh parts must have been updated before creating a rotation mesh part.
- 4

1. Click the Rotation Mesher icon i"’ﬁ'

The Rotation dialog box appears.
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Rotation

MeshPark

Mo selection

— Raokation Paramekers

Axis |Mo selection

angle I'm

—_apkure

¥ o condensation

(_) Condensation With The Parent Mesh Part
() Condensation 'With &ll Mesh Parts
Talerance |DIT|IT| EI

w® 0K [Mesh I s Cancel

o MeshPart: lets you select the parent mesh part

o Rotation Parameters
« AXxis: lets you select the axis of rotation

« Angle: lets you select the angle of rotation (in degrees)
o Capture: lets you capture the existing mesh

« No condensation: lets you decide to not condense the nodes of the
transformed and the parent mesh part

» Condensation With The Parent Mesh Part: lets you condense the
nodes of the transformed and the parent mesh part

« Tolerance: lets you specify the tolerance of the condensation
«» Condensation With All Mesh Parts: lets you condense the nodes of the

transformed mesh part and all the neighboring mesh parts
« Tolerance: lets you specify the tolerance of the condensation

Note that: This transformation respects associativity.
In other words, if a load is applied to the parent mesh part, the same load will be

applied to the transformed mesh part.

2. Select the Smart Surface Mesh.2 object.

3. Select the axis of rotation.
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4. Enter the desired value of rotation angle.

In this particular case, enter 90 deg as Angle value.

.[I;) You have the possibility to enter a positive or negative value to define
the orientation of the rotation.

Select the No condensation option in the Rotation dialog box.
. Click the Mesh button in the Rotation dialog box.

A Rotation Mesh.1 object appears in the specification tree and the rotation
mesh part is created.

= 4‘1 Finite Element Model. 1
Modes and Elerments

%C& Smart Surface Mesh, 1
ﬂil Foktation Mesh, 1

For a better visualization, select the Rotation Mesh.1 object in the specification
tree.



Advanced Meshing Tools Version 5 Release 13 Page 221

7. Edit the rotation mesh part.

For this, double-click the Rotation Mesh.1 object in the specification tree. The
Rotation dialog box appears.

8. Enter -90 deg as Angle value and click Mesh in the Rotation dialog box.

As a result, the rotation mesh appears in the opposite direction.

For a better visualization, select the Rotation Mesh.1 object in the specification
tree.
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Symmetry

“/. This task shows you how to create a symmetric mesh part from a parent mesh part.

This transformation is available in case of 1D, 2D and 3D mesh parts.

- Open the Sample40.CATAnalysis document from the samples directory.

— All the mesh parts must have been updated before creating a symmetry mesh part.

=

1. Click the Symmetry Mesher icon K@

The Symmetry dialog box appears.
Symmetry P

| MeshPark |

— Svmmekry Paramekers

Plane |Mao selection

— _apkure

@ Mo condensation
(_) Condensation With The Parent Mesh Part
() Condensation With Al Mesh Parts

£=—3
Tolerance | Omm i |

w Ok Mesh
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o MeshPart: lets you select the parent mesh part

o Symmetry Parameters
« Plane: lets you select the plane of symmetry

o Capture: lets you capture the existing mesh

« No condensation: lets you decide to not condense the nodes of the
transformed and the parent mesh part

« Condensation With The Parent Mesh Part: lets you condense the nodes
of the transformed and the parent mesh part
«» Tolerance: lets you specify the tolerance of the condensation
» Condensation With All Mesh Parts: lets you condense the nodes of the

transformed mesh part and all the neighboring mesh parts
« Tolerance: lets you specify the tolerance of the condensation

Note that: This transformation respects associativity.
In other words, if a load is applied to the parent mesh part, the same load will be

applied to the transformed mesh part.

2. Select the Smart Surface Mesh.2 object.
3. Select the zx plane in the specification tree.
4. Select the No condensation option in the Symmetry dialog box.

5. Click the Mesh button in the Symmetry dialog box.

A Symmetry Mesh.1 object appears in the specification tree and the symmetric
mesh part is created.

- 4\_5 Finite Elerment Model. 1
Modes and Elements
%@" Smart Surface Mesh, 2
{ﬂ1 Symmetry Mesh, 1

For a better visualization, select the Symmetry Mesh.1 object in the
specification tree.
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6. Verify the intersections.

For this, click the Intersections 7/ Interferences icon, choose 0.001 mm as
Clearance value and click Apply in the Interference Check dialog box.

Interference Check , 2| =]

Clearance: |0.001mm

[ ] Dvnamic check

Mumber of elements:
- in inkerseckion: O
- ininterference: 120

— Browse

[] aukofocus == I = I

You can see that there are 120 elements in interference because the nodes of the
symmetric mesh part and the parent mesh part have not been condensed.
Click Close in the Interference Check dialog box.

7. Edit the symmetric mesh.

For this, double-click the Symmetry Mesh.1 object in the specification tree. The
Symmetry dialog box appears.

8. Select the Condensation With The Parent Mesh Part option.
9. Enter 1mm as Tolerance value.

10. Click Mesh in the Symmetry dialog box.

The symmetric mesh seems to be identical to the previous one.
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11. Verify the intersections.

Interference Check 7| x|

Clearance: |III.IZIIZIlmm

[ ] Dvnamic chedk,

Mumber of elements:
- in interseckion: O

- in interference: 0
— Browse

[ Autoforus == I = I

In this case, there is no element in interference because the nodes of the
symmetric mesh part and the nodes of the parent mesh part have been

condensed.
Click Close in the Interference Check dialog box.

F ]

A
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Mesh Extrusion by Translation

e This task shows you how to extrude a mesh by translation.

You will see here the two possibilities of the extrusion by translation:
. create a 2D mesh from a 1D mesh

. create a 3D mesh from a 2D mesh

Create a 2D mesh from a 1D mesh

- Open the Sample10.CATAnalysis document from the samples directory.

1. Click the Extrude Mesher with Translation icon ﬁ from the Mesh

Transformations toolbar.
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The Extrusion dialog box appears:

Extrusion with Translal:iufﬁé_?

21

Mo selection

— Transformation

Axis Mo selection
Length | £0mm El

— Diskribukion

Type ILIniFn:urm j
Lavers Mumber I 5

w Ok I Mesh l

o MeshPart: lets you specify the mesh to extrude.

o Transformation:
» AXis: lets you specify the direction of the extrusion.
« Length: lets you specify the length of the extrusion.

* Note that you can reverse the extrusion direction if you enter a
negative Length.

o Distribution:
« Type: Indicate the node distribution type.

« Layers Number: lets you specify the number of layers you want.
P Note that this value determines the mesh size.
{ For example, if the extrusion Length value is 30mm and the

Layers number value is 6, the mesh size value will be : 30mm /
6 = 5mm.

2. Select the 1D Mesh.1 feature from the specification tree.

=- 4. Firite Element Model. 1
T Modes and Elements

7 iDMeshall ),

3. Specify the properties of the extrusion in the Extrusion dialog box.
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In this particular case:
o Select Line.9 as Axis as shown below:

o Enter 30mm as Length value
o Select Uniform as Type option

o Enter 6 as Layers number value

Extrusion with Translation 7 x|

MeshPart

10 Mesh, 1
— Transforrmation
Axis  |Line.9/0pen_body, 1/Part1
Length | 30rmm El
— Diskribution
Type ILIniFDrm j
Lavers Mumber I g

4. Click the Mesh button.
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An Extrusion Mesh with Translation.1l object appears in the specification tree
and a 2D extrusion by translation mesh part is created.

== £\ Finite Element Madel, 1
Modes and Elernents
7 1D Mesh.1
~# Extrusion Mesh With Translation. 1

5. Edit the 2D extrusion by translation mesh.

For this, double-click on the Extrusion Mesh with Translation.1 object from the
specification tree. The Extrusion dialog box appears.

6. Enter 50mm as Length value and click Mesh in the Extrusion dialog box.

As a result the 2D extrusion by translation mesh part is updated as shown below:
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Create a 3D mesh from a 2D mesh

Use the CATAnalysis document you have obtained at the end of the Create a 2D mesh

- from a 1D mesh scenario or open the Samplel0_1.CATAnalysis document from the
samples directory.

1. Click the Extrude Mesher with Translation icon ﬁ from the Mesh
Transformations toolbar.
The Extrusion dialog box appears.
For more information about the Extrusion dialog box please refer to Create a 2D
mesh from a 1D mesh.

2. Click the 2D mesh you want to extrude.
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3. Specify the properties of the extrusion in the Extrusion dialog box.

In this particular case:
o Select Line.10 as Axis as shown below:

o Enter 60mm as Length value
o Select Uniform as Type option

o Enter 8 as Layers number value
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Extrusion with Tr.‘anslatitn‘ﬁi_E 7| x|

MeshPart
Extrusion Mesh With Translation. 1

— Transformmakion
Az |Line. 10/0pen_bady, 1/Part1

Length | admm El
— Diskribution

Type ILIniFn:urm j
Lavers Mumber I 5

WK Mesh | & Cancel |

4. Click the Mesh button.

An Extrusion Mesh with Translation.2 object appears in the specification tree
and a 3D extrusion by translation mesh part is created.

= F‘-. Finite Elerment Model, 1
Modes and Elements
71D Mesh.1
<% Extrusion Mesh With Translation. 1
<& Extrusion Mesh With Translation. 2

5. Edit the 3D extrusion by translation mesh.

For this, double-click on the Extrusion Mesh with Translation.2 object from the
specification tree. The Extrusion dialog box appears.
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Click the Axis input field in the Extrusion dialog box.

MeshPark I

Extrusion Mesh With Translation. 1

— Transformation

SR Line., 10/Cpen body. 1/Part1
LengthlE-EllTllTl ‘ El
— Distribution

Type ILIniFn:urrn j

Lavers Nurmber I 5

@ OK I Mesh I & Cancel

. Select Line.2 as Axis as shown below:

8. Click Mesh in the Extrusion dialog box.

Page 233
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As a result the 3D extrusion by translation mesh part is updated as shown below:
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Mesh Extrusion by Rotation

P This task shows you how to extrude a mesh by rotation.
_._

You will see here the two possibilities of the extrusion by rotation:

create a 2D mesh from a 1D mesh

create a 3D mesh from a 2D mesh

Create a 2D mesh from a 1D mesh

Open the Sample21.CATAnalysis document from the samples directory.

./' *e

1. Click the Extrude Mesher with Rotation icon % from the Mesh
Transformations toolbar.

=

The Extrusion dialog box appears:

Extrusion with Rotation 7| x|

MeshPark

Mo selection

— Transformation

Axis |Mo selection

angle m

— Diskribukion

Type ILIniFn:urm j
Lavers Mumber I 5

w OK I Mesh l lﬂCancEII

o MeshPart: lets you specify the mesh to extrude.
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o Transformation
« AXxis: lets you specify the axis of extrusion by rotation.
« Angle: lets you specify the angle of the extrusion by rotation.

* Note that you can reverse the direction of the extrusion by
rotation if you enter a negative Angle.

o Distribution:
« Type: Indicate the node distribution type.

« Layers number: lets you specify the number of layers you want.

y Note that the mesh size is variable and depends on this value

{ and the distance between the source node and the axis of
extrusion by rotation.
For example, if the extrusion radius value between the source
node and the axis of extrusion by translation is 40mm, the angle
is 45 degree and the Layers number value is 10, the mesh size
value will be :
(Angle* Radius) / Layers number = ((P1/4) * 40mm) / 10 =
3.14 mm

2. Select the 1D Mesh.1 feature from the specification tree.

=- _Fx Finite Element Maodel, 1
T Modes and Elements

571D Mesh. 1 [
3. Specify the properties of the extrusion in the Extrusion dialog box.

In this particular case:
o Select Line.1 as Axis as shown below

I

- e

" i

o Enter 120deg as Angle value
o Select Uniform as Type option

o Enter 12 as Layers number value
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Extrusion with Rotation 7| x|

MeshPart
10 Mesh, 1
— Transfarmation

Axis |Ling, 1)0pen_body, 1/Part1
Andle [120deg

— Diskribukion

Type ILIniFn:urm j
Lavers Numl:uerl 12]

@ 0K I Mesh l lﬂCancEII

4. Click the Mesh button.

An Extrusion Mesh with Rotation.1l object appears in the specification tree and
a 2D extrusion by rotation mesh part is created.

== 4\_\‘ Finite Elerment Maodel, 1

Modes and Elements
T A7 1D Mesh.1
:E' Extrusion Mesh With Ratation, 1

5. Edit the 2D extrusion by rotation mesh.

For this, double-click on the Extrusion Mesh with Rotation.1 object from the
specification tree. The Extrusion dialog box appears.

6. Enter 70deg as Angle value, 10 as Layers number value and click Mesh in the

Extrusion dialog box.
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As a result the 2D extrusion by rotation mesh part is updated as shown below:

/ h
ey

Create a 3D mesh from a 2D mesh

Use the CATAnalysis document you have obtained at the end of the Create a 2D mesh
= from a 1D mesh scenario or open the Sample21_1.CATAnalysis document from the

samples directory.

/ e
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i
1. Click the Extrude Mesher with Rotation icon %E

from the Mesh
Transformations toolbar.

The Extrusion dialog box appears.

For more information about the Extrusion dialog box please refer to Create a 2D
mesh from a 1D mesh.

2. Click the 2D mesh you want to extrude.

/ "

3. Specify the properties of the extrusion in the Extrusion dialog box.

In this particular case:

o Select Line.12 as Axis as shown below

7 R

o Enter 120deg as Angle value
o Select Uniform as Type option

o Enter 10 as Layers number value
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Extrusion with Rotation 7| x|
MeshPart
Extrusion Mesh With Ratakion, 1
— Transfarmation

Axis |Line,2)Open_body., 1/Part1
Andle [120deg

— Diskribukion

Type ILIniFn:urm j
Lavers Numl:uerl 10

@ 0K I Mesh l lﬂCancEII

4. Click the Mesh button.

An Extrusion Mesh with Rotation.2 object appears in the specification tree and
a 3D extrusion by rotation mesh part is created.

L 4\_\‘ Finite Elerment Model, 1
Nodes and Elements
A7 1D Mesh.1
& Eytrusion Mash With Rotation.
& Fytrusion Mesh With Rotation. 2

o

5. Edit the 3D extrusion by rotation mesh.

For this, double-click on the Extrusion Mesh with Rotation .2 object from the
specification tree. The Extrusion dialog box appears.

6. Enter -150deg as Angle value and click Mesh in the Extrusion dialog box.
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As a result the 3D extrusion by rotation mesh part is updated as shown below:
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=

Mesh Extrusion by Symmetry

This task shows you how to extrude a mesh by symmetry.
You will see here the two possibilities of the extrusion by symmetry:

create a 2D mesh from a 1D mesh

create a 3D mesh from a 2D mesh

Create a 2D mesh from a 1D mesh

Open the Sample24.CATAnalysis document from the samples directory.

o
=iy

1. Click the Extrude Mesher with Symmetry icon § from the Mesh
Transformations toolbar.

The Extrusion dialog box appears:
Extrusion with Symmetr 7| x|

| MeshPart |

— Transformation

Plane|ro selection

— Diskribukion

Type ILIniFn:urm j
Layers Mumber I'a

@ OF I Mesh l lﬂCancell

o MeshPart: lets you specify the mesh to extrude.

o Transformation
« Plane: lets you specify the plane of symmetry of the extrusion
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o Distribution:
« Type: Indicate the node distribution type.

« Layers number: lets you specify the number of layers you want.

» « The extrusion length is twice the distance between the source
I mesh and the plane of symmetry.

« Note that this value determines the mesh size.
For example, if the extrusion Length value is 30mm and the
Layers number value is 6, the mesh size value will be :
30mm / 6 = 5mm.

2. Select the 1D Mesh.1 feature from the specification tree.

=- & Finite Element Model. 1
T Modes and Elements

7 iDMeshall ),

3. Specify the properties of the extrusion in the Extrusion dialog box.

In this particular case:

o Select xy plane from the specification tree as Plane option as shown below:
== Partl

Fary
s vz pla
£ zv plane
o Select Uniform as Type option

o Enter 5 as Layers number value

MeshPart
1D Mesh, 1
— Translation

Plane|:y plane/Part1
— Diskribukion

Type ILIniFn:urm j
Mb Lavers I |

@ 0K I Mesh I ﬂCanceIl

4. Click the Mesh button.
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An Extrusion Mesh with Symmetry.1l object appears in the specification tree
and a 2D extrusion by symmetry mesh part is created.

- 4‘_\‘ Finite Element Madel. 1

Modes and Elements
[ 77 1D Mesh. 1

%P Exkrusion Mesh \With Swmmetry, 1

i

5. Edit the 2D extrusion by symmetry mesh.

For this, double-click on the Extrusion Mesh with Symmetry.1 object from the
specification tree. The Extrusion dialog box appears.

6. Click the Plane input field in the Extrusion dialog box.

Extrusion with Symmetry 7| x|

MeshPark
10 Mesh, 1

— Transformation

e parciert |
Wh

— Diskribukion

Type ILIniFn:urm j
Lavers Mumber I 5

@ 0K I Mesh l lﬂCancEII

7. Select yz plane from the specification tree as Plane option as shown below:

- Partl
2= xv plane
Ly
27 2% pla

8. Click Mesh in the Extrusion dialog box.
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As a result the 2D extrusion by symmetry mesh part is updated as shown below:

Create a 3D mesh from a 2D mesh

Use the CATAnalysis document you have obtained at the end of the Create a 2D mesh

- from a 1D mesh scenario or open the Sample24_1.CATAnalysis document from the
samples directory.

= <
1. Click the Extrude Mesher with Symmetry icon " from the Mesh
Transformations toolbar.

The Extrusion dialog box appears.

For more information about the Extrusion dialog box please refer to Create a 2D
mesh from a 1D mesh.

2. Click the 2D mesh you want to extrude.
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3. Specify the properties of the extrusion in the Extrusion dialog box.

In this particular case:
o Select xy plane from the specification tree as Plane option as shown below:

=" Partl

s
s vz pla
£ zx plane

o Select Uniform as Type option

o Enter 8 as Layers number value

Extrusion with Symmetry d

MeshPark
Exkrusion Mesh With Symmetry, 1

— TransFormation

Plane|«y plane/Part1
— Diskribukion

Type ILIniFn:urm j
Lavers Murnber I a

. o 0K I Mesh I iCanceII

4. Click the Mesh button.
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An Extrusion Mesh with Symmetry.2 object appears in the specification tree
and a 3D extrusion by symmetry mesh part is created.

L ‘_\‘ Finite Elerment Model, 1
Nodes and Elements
A7 1D Mesh.1
%7 Exkrusion Mesh With Svmmetry, 1
%F Exkrusion Mesh With Svmmetry. 2

5. Edit the 3D extrusion by symmetry mesh.

For this, double-click on the Extrusion Mesh with Symmetry.2 object from the
specification tree. The Extrusion dialog box appears.

6. Enter 5 as Layers number value and click Mesh in the extrusion dialog box.

As a result the 3D extrusion by symmetry mesh part is updated as shown below:
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Mesh Operators

@ Offsetting the Mesh: Apply an offset to a mesh.

B3

& Splitting Quads: Split quadrangle mesh elements into triangle mesh elements.
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Offsetting the Mesh

X This task shows how to apply an offset to a 2D mesh (surface element).

= Open the sample05.CATANalysis document from the samples directory.

-

1. Click the Mesh Offset icon @ from the Mesh Operators toolbar.

The Mesh Offset dialog box appears.

Mesh Offset ilil

OFfset: |DIT|IT| El
@ 0K l ﬂCancell

2. Select the mesh.
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The Offset field in the Mesh Offset dialog box allows you defining which offset you
want to apply relatively to a given normal. To modify the direction of the normal,
click on it. As a result, the Offset value can only be a positive value.

3. Enter the Offset value in the Mesh Offset dialog box. In this example, enter 5mm

and click OK.

OFfset: |5IT|IT| El
@ 0K l iCancell

The mesh is now offset relatively to its previous position:



Advanced Meshing Tools Version 5 Release 13 Page 251




Advanced Meshing Tools Version 5 Release 13 Page 252

Splitting Quads

v
s This task demonstrates how to split quadrangle mesh elements into triangle mesh elements.

Open the sample05.CATAnalysis document from the samples directory.

Before You Begin:

. You have to enter the Surface Meshing product

For this, double-click Smart Surface Mesh.1 feature from the specification tree (below Nodes and Elements feature)
and then click YES (Continue anyway?) in the Warning box.

. You have to mesh the surface.

For this, click the Mesh the Part icon % from the Execution toolbar.
You will then click OK in the Mesh the Part dialog box.

=

g
1. Click the Split Quads icon from the Mesh Operators toolbar.

2. Select the geometry to be meshed by clicking on the part.

The Split Quads dialog box appears.
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Split Quads K B

Split criteria:
@ shortest diaganal

() Best quality

@ OK I 'aCann:eI]

o Shortest diagonal: Choosing between both diagonals the shortest.

o Best quality: Considering all the active quality criteria and choosing the diagonal with the best quality
elements.

The quadrangle mesh elements are split into triangle mesh elements.

3. Click OK in the Split Quads dialog box.
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Workbench Description

This section presents a description of the toolbars and specification tree of the Advanced Meshing Methods
workbench.
You can click the sensitive areas on these images to see related documentation.

Advanced Meshing Tools Toolbars

===
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g

CHBBOES FEESEE H% RS

‘E’dm

Salact an chjsct or & corarand

Meshing Methods Toolbar
Global Specifications Toolbar
Local Specifications Toolbar

Execution Toolbar
Edition Tools Toolbar

Exit Toolbar

Import/Export Toolbar

Welding Meshing Methods Toolbar
Mesh Analysis Tools Toolbar
Mesh Transformations Toolbar

Mesh Operators Toolbar

CATAnNalysis
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Meshing Methods Toolbar

Meshing MethiE:|
. X 1

uriace | W <o ek
‘84|30

ﬂ:“ See Meshing using Beams

Surface Meshing Methods

See Meshing using OCTREE Triangles

Solid Meshing Methods

See OCTREE Tetrahedron Mesher

% See Meshing the Surface Part

See Tetrahedron Filler

=S
L=
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Global Specifications Toolbar
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Local Specifications Toolbar

=
AR

See Removing Holes
@s See Removing Cracks
See Removing Faces

{_/-.; See Adding/Removing Constraints (Specifications)
See Imposing Nodes (Specifications)

See Specify a domain
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Execution Toolbar

Evecutionl
8

SimplificatE= | i Mesh USES
x| loa

%ﬁ See Simplifying the Geometry

%; See Removing the Geometrical Simplification
=

% See Meshing the Part

@ See Removing the Mesh
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Edition Tools Toolbar

x|
|G qr @y 98 Gy

Domain EditionE= | Bl Modify 8
@l | Ry

% See Cleaning Holes

. See Adding/Removing Constraints (Modifications)

See Imposing Nodes (Modifications)

See Removing the Mesh

Domain Edition

See Re-meshing a Domain

See Removing the Mesh by Domain

H See Locking a Domain

Modify Mesh

% See Mesh Editing

See Splitting Quadrangles

el
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Exit Toolbar
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Import/Export Toolbar

Import/al
Iz m

e

@ See Exporting the Mesh

% See Importing the Mesh
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Welding Meshing Methods Toolbar

Welding.aE:
I8

$ See Meshing Spot Welds

m See Meshing Seam Welding Connections
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Mesh Analysis Tools Toolbar

RIS
+H9BeY

esh Analysis Tools
A A2 A

(in the Surface Meshing workshop)

. See Displaying Free Edges

See Checking Intersections / Interferences

See Analyzing Element Quality

See Switching to Standard/Quality Visualization Mode

See Cutting Plane

See Displaying Element Orientation

See Returning Mesh Part Statistics (only available in the Surface Meshing workshop)
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Mesh Transformations Toolbar

Mesh TSl
iy £

Bl

£ Bl Exctrude Tramse

3}:&@9 See Translation

:f:;:ﬁ% See Rotation

-@ See Symmetry

’ﬁ, See Extrusion by Translation
% See Extrusion by Rotation

§ See Extrusion by Symmetry
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Mesh Operators Toolbar

Mesh 0.8

| ﬁ;.ﬁi

@ See Offsetting the Mesh

.& See Splitting Quads



Advanced Meshing Tools Version 5 Release 13 Page 267

CATAnNalysis

A CATAnalysis file is composed of:

1. Links Manager, which references the part or the product to be analyzed.
2. Connection Design Manager, which contains the analysis design connections.
3. Finite Element Model, which contains the specifications of finite element model.

4 Analysis Manager

E%? Links Manager

The Links Manager gives you the directory path and the main information on the
linked documents or files.

. Product
. Part

Results and Computations: gives you the directory path of the

CATAnalysisComputations and the CATAnalysisResults files —é .

@ Connection Design Manager

The Connection Design Manager is composed of:

é General Design Connection

Point Design Connection

Point Design Connection within one Part
Line Design Connection

Line Design Connection within one Part

RN Y
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‘1 Finite Element Model

The Finite Element Model is composed of:

% Nodes and Elements

ﬁ Properties

|1~: Modulation
a Group

ﬁ Analysis Case
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Customizing

f This section describes the different type of setting customization you can perform in the Analysis workbenches using

the Tools -= Options... submenu.

This type of customization is stored in permanent setting files: these settings will not be lost if you end your session.

ﬂ 1. Select the Tools -= Options... submenu.
The Options dialog box appears.
2. Select the Analysis & Simulation category.

The following tab appears:

|
\ _ igeneral | Graphics | Post Processing | Quality | Skarage Setkings

These tabs lets you define the:

o general settings
o graphic settings
o post processing settings
o quality settings

o storage settings
3. Change the desired parameters.

4. Click OK in the Options dialog box when done.
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General

This task explains how to customize Analysis & Simulation general settings.
The General tab deals with the following settings:

. the default analysis case choice

. the specification tree display

Click here to see the parent page.

Default Analysis Case

Default analysis case

A 4 Define a default starting analysis case

Frequency analysis
Free Frequency Analysis

Define a default starting analysis case

This option lets you define a default analysis case that will be inserted each time you enter the

Generative Structural Analysis workbench or the Advanced Meshing Tools workbench.

Before defining a default analysis case using Tools-=Options command, make sure you started the
Analysis & Simulation (Generative Structural Analysis or Advanced Meshing Tools) workbench at

least once.

The default starting analysis case is Static Analysis. You can decide that the new default case will
be:
Static Analysis

. Frequency Analysis

. Free Frequency Analysis
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. The cases will only be displayed if an analysis workbench has been loaded at least once

because the listed cases are linked to the Analysis workbenches last loaded.

* By default, this option is deactivated.

Specification Tree

opecification tree

&| [ Show pararmetars

(] Show relations

Show parameters

This option lets you display parameters in the specification tree.

¥ By default, this option is deactivated.

Show relations

This option lets you display relations in the specification tree.

¥ By default, this option is deactivated.
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Graphics

This page deals with the following options:
Nodes

Elements

Click here to see the parent page.

Nodes =
Modes
Q} Symbull X -
Color ([ | ~
This option lets you select the symbol and color you wish to assign to the nodes.
Elements iy

Elerments

i 10 elements shrink, L

This option lets you define the shrink of 1D elements.
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Quality

This page deals with the following options:

. Quality Criteria

. Default Standard File

. Export Default Format

Click here to see the parent page.

Quality Criteria

Cuality Crikeria

_riteria

Taper
Skewness
Diskarkion

Jacobian

Warp Fackor
Warp Angle
Sk Angle

Stretch

Mim. Length

Max, Lenigth | 10000
Shape Fackar |U-3
Length Ratio |5

|05 Zﬁ j0.7 @

|07 j0.9

|35 |45

E IC

|5 |10

| 30 |50

|60 |30

|03 jo.1

| 0.0001 | 1e-008
| 1005
j0.1
|10
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This frame lets you visualize the quality criteria that are taken into account and their limit values

between:

. @5‘ good and poor elements

. @ poor and bad elements

¥ By default, all the Quality Criteria are taken into account.

The limit values change as you define the Default Standard File option.
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Default Standard File 4

Default standard File

F @

This option lets you define the list of quality criteria that will be used by default.

¥ By default, the Default Standard File field is empty and so all the Quality Criteria are
taken into account.

Export Default Directory

Export defaulk directory

S @

This option lets you define the default directory in which the criteria configuration have been

saved.

¥ By default, the Export Default Directory field is empty.

While a default directory is not defined, you cannot use the Export Criteria option in the
Quality Analysis functionality in the Advanced Meshing Tools workbench (for more details,

please refer to the Advanced Meshing Tools User's Guide - Analyzing Element Quality)
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C

crack

constraint
sag

D

domain

G

global size

interference

intersection

M

minimum
size

P

part

sag

Glossary

4

A geometry defect that occurs when two adjacent faces, near the free edges, are not
topologically linked.

A constraint is created along the edge of a face to avoid creating elements across
this edge (the sag would be higher than the mesh size value. This does not
guarantee that the whole mesh respects the sag value but helps creating constraints.
For a given mesh size, the lower the constraint sag value, the more numerous the
constraints are created, and vice versa.

4
A sub part on a surface.

4
The target size for element edges.

1t
A standard geometrical intersection.
A given distance (or clearance) beyond which the elements generated are
positioned. This let's you take into account the real width of the geometry when
detecting interferences.

ik

The minimum size of an edge of an element. When the detail elimination option is
active, the mesher does not generate elements with edges shorter than the minimum
size.

4

A 3D entity obtained by combining different features in the Part Design workbench.
Please see Part Design User's Guide for further information.

4

The distance between the mesh elements and the geometry so that mesh refining is
optimum in curve-type geometry.
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Numerics

1D meshing method il
2D meshing method bl

3D meshing method (=)

A

Add/Remove Constraints

command ‘&0
adding

constraint (modifications) bl

constraint (specifications) hidl
Advanced Meshing Tools workbench
description il
entering bhid)
Advanced Surface Mesher

command &
advanced surface mesher =2
Analysis general settings hidl
Analysis graphical settings i)

Analysis settings bl
Analyze

contextual menu '

analyzing element quality 'El'

B

beam mesh =)
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Beam Mesher

command &
Boundary Simplifications

command & 'El' hid

C

capturing

node &0

CATAnalysis 'El'
Clean Holes

command &
cleaning

hole &1/

command

Add/Remove Constraints L

Advanced Surface Mesher 1/

Beam Mesher 12/

Boundary Simplifications & & &
Clean Holes &/

Cutting Plane il

Domain Specifications =

Edit Mesh T/

Edit Simplification il

Element Orientation =3/

Exit 'El'

Export Mesh bl

Extrude Mesher with Rotation L)
Extrude Mesher with Symmetry il
Extrude Mesher with Translation 'L
Free Edges =)

Geometry Simplification bl

Global Meshing Parameters hidl
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Import Mesh il

Imposed Elements il

Intersections / Interferences Lo

Lock Domain 'El'

Mesh Offset 14/

Mesh Part Statistics 'L

Mesh The Part '/

Octree Tetrahedron Mesher 'L

Octree Triangle Mesher hidl

Quality Analysis il

Quiality Visualization il

Remove Mesh '/

Remove Mesh by Domain bl
Remove Simplification hid)

Rotation 'L/

Seam Welding Connections &)
Split Quadrangles (=)
Split Quads hidl

Spot Welding Connections i)
Standard Visualization 'L

Symmetry &)

Tetrahedron Filler T/

Translation 'El'
Condense element

contextual menu !
Condense nodes

contextual menu &
constraint (modifications)

adding il

removing bl
constraint (specifications)

adding hidl
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removing hid)
contextual menu

Analyze bl

Condense element 'El'

Condense nodes 1/

Insert node L/

Remove edge il

Split element =)

Swap edge =)

Update Mesh il
crack

removing hid)
Cutting Plane

command =

cutting plane =

D

defining

surface mesh type bl
description

Advanced Meshing Tools workbench hidl

Surface Meshing workshop il
displaying

free edge il
distributing

node &0
domain

locking =
Domain Specifications

command 'El'
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E

Edit Mesh

command =0
Edit Simplification

command &

editing

mesh 'El' 'El'
Edition Tools

toolbar hid)

Element Orientation

command =0
entering

Advanced Meshing Tools workbench =)

Surface Meshing workshop bl
Execution

toolbar hid)
Exit

command ‘&0

toolbar 1!

exit the Surface Meshing workshop il
Export Mesh

command &

exporting mesh il
Extrude Mesher with Rotation

command =
Extrude Mesher with Symmetry

command ‘&0
Extrude Mesher with Translation

command &

F

face

removing il
Free Edges
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command ‘&0

ik
G
geometrical simplification
performing bl
removing il
Geometry Simplification
command =
Global Meshing Parameters
command =)
global parameters il
Global Specifications
toolbar =
*
H
hole
cleaning i)
removing il
ik
l
Import Mesh
command '/
Import/Export
toolbar &
importing
mesh &

Imposed Elements

command =)
imposing

node T
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Insert node

contextual menu !
interference 'L

intersection 'L’
Intersections / Interferences

command ‘&0

L

leaving the Surface Meshing workshop hid)
Local Specifications

toolbar 'L/

local specifications, modifying with knowledgeware
Lock Domain

command =

mesh
beam =
editing =) &
exporting hidl
importing il
launching il
mesh around holes =/
offsetting bl
parameters =
removing bhid)
specification &)

Mesh Analysis Tools

toolbar L/
Mesh Offset

command 'El'

@)
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Mesh Operators

toolbar "El'
Mesh Part Statistics

command ‘&0
Mesh The Part

command ‘&0
Mesh Transformations

toolbar =
meshing method

ip B

Meshing Methods
toolbar =)

modifying local specifications with knowledgeware =

¥
node
capturing i)
distributing T/
imposing il
ik
Octree Tetrahedron Mesher
command hidl
Octree Triangle Mesher
command ‘&0
offset 1/
¥
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quality bhid)
Quality Analysis

command =
quality specification

of all elements '/

of one element '/
Quality Visualization

command 'El'

ik

re-meshing a domain i i
Remove edge

contextual menu !
Remove Mesh

command ‘&0
Remove Mesh by Domain

command =
Remove Simplification

command ‘&
removing

constraint (modifications) il

constraint (specifications) bhid)

crack &

face ')

geometrical simplification il

hole hidl

mesh T/
Rotation

command ‘&0

¥
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Seam Welding Connections

command ‘&0

setting global meshing parameters 'El'

solid meshing method hidl
specification

mesh &)
Split element

contextual menu 'L/
Split Quadrangles

command &
Split Quads

command ')
Spot Welding Connections

command 'El'
Standard Visualization

command =)
surface mesh type

defining il
surface meshing method 'El'
Surface Meshing workshop

description =)

entering hidl
Swap edge

contextual menu !
Symmetry

command ‘&0

T

Tetrahedron Filler

command ‘&0
toolbar

Edition Tools '/

Execution 'L/

Exit hidl
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Global Specifications bl
Import/Export bl

Local Specifications hidl
Mesh Analysis Tools il
Mesh Operators &)

Mesh Transformations '/
Meshing Methods =)

Welding Meshing Methods hidl
Translation

command ‘&0

U

Update Mesh

contextual menu 'El'

update mesh bhid)

V

visualization mode =/

W

Welding Meshing Methods

toolbar "El'

Page 287



	Numbx: 
	R: 

	PageText: 
	R: 

	ProductName: 
	L: 

	Version: 


