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Preface

CATIA - FEM Surface Version 5 product allows you to rapidly generate a finite element model
for complex surface parts. In other words, you will generate associative meshing from complex
surface parts, with advanced control on mesh specifications.
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CATIA - FEM Surface provides users with automatic detail simplification without modifying the
reference geometry.

Using This Guide
More Information




Using This Guide

This book is intended for the user who needs to quickly become familiar with CATIA - FEM
Surface Version 5. The user should be familiar with basic CATIA Version 5 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

R0,



Conventions

Certain conventions are used in CATIA, ENOVIA & DELMIA documentation to help you
recognize and understand important concepts and specifications. The following text
conventions may be used:

@ The titles of CATIA documents appear in this manner throughout the text.

@ File -> New identifies the commands to be used.

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

Usethis
mouse button, whenever you read

5 Select (menus, commands, geometry in graphics ares, ...)
Click (icons, dialog box buttons, tabs, selection of alocation in the document window,

)

Double-click
Shift-click

Ctrl-click

Check (check boxes)

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

- o
Move

a Right-click (to select contextual menu)

Graphic conventions are denoted as follows:

1 Indicates the estimated time to accomplish a task.
L
{%} indicates atarget of atask.

indicates the prerequisites.

-

indicates the scenario of atask.

a)

indicates tips



indicates awarning.

indicates information.

indicates the end of atask.

indicates functionalities that are new or enhanced with this Release.
Enhancements can also be identified by a blue-colored background in the left-hand
margin.



What's New?

Meshing Methods

New: Meshing Spot Welds

Enhanced: Setting Global Parameters

New: Adding/Removing Constraints (Specifications) (on the geometry)

New: Adding/Removing Constraints (Modifications) (Contextual menu and Undo simplifications)
New: Removing the Geometrical Simplification

New: Removing the Mesh

Enhanced: Re-Meshing a Domain

Enhanced: Mesh Editing



file:///E|/www/ansdocr7/FmsEnglish/fmsug.doc/src/fmsugbt0507.htm

Getting Started

This tutorial will guide you step-by-step through your first 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 Workbench
Defining Surface Mesh Type
Setting Constraints/Nodes
Launching Mesh Operation
Analyzing Quality
Editing a Mesh Element
Re-meshing a Domain

-*E-"- Altogether, this scenario should take about 15 minutes to complete.



Entering the FEM Surface Workbench

~1.+ This task shows how to open a part and enter the FEM Surface Workbench.
—.‘.—

a L

-~ 1. Select File -> Open, and select the desired .CATPart file. In this particular case, open
] file called Sample01.CATPart document.

This opens a Part Design document containing the selected part.

2. Select Start -> Analysis & Simulation -> Advanced Meshing Tools from the menu bar.

&

The New Analysis Case dialog box is displayed.
New Analysis Case |

‘Static Analysis
Frequency Analysis
Free Frequency Analysis %ﬂ

[1 Keep as default starting analysis case

@ oK | @ Cancel | Help I
T -
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3. Select an Analysis Case type (Static or Frequency). In this case, select Static
Analysis.

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

4. Click OK to enter the workbench.
The Analysis1l document (CATAnalysis model and specification tree) now appears:
[%]Analysis1 _ O] x|
‘I_ﬂ Analysis Manager
=% Links Manager
""l Finite Element Model

%3 Modes aﬁd Elements
Al

ﬁ, F"rﬁer’tiesl a“\l‘
-—K Static Case »‘? F_,,;..—':-‘-"f:‘ 2N
e o -
P Festraints.] v,, \_,.,
|'ll-r ’
— @ Loads. 1 i

—53 otatic Case Solution. ] Ll NS,

@
®®




Defining the Surface Mesh Type

~1.+ This task shows how to define, on a single surface part, a mesh type and global

17/ parameters.

Click the Surface Mesher icon % .

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

The Global Parameters dialog box appears.

In the Global Parameters dialog box,
define the mesh parameters.

In this example you will:

L

¢ ¢ & ¢%

leave the Element shape to

quadrangle @l

set the Mesh size to 5 mm
set the Maximum sag value to
1 mm

set the Min holes sag value to
10 mm

activate the Geometry
simplifications option

set the Minimum size to 2 mm

Click the OK switch button in the
Global Parameters dialog box.

A new Smart Surfacic Mesh feature
Is created in the specification tree.

Mesh Parameters K E3

Element shape @I@

tesh size |5rnrn

bdEximum sag |1 -

Offset ||:| —

tdin haoles size |1 0mm

4 Geometry simplifications

bAinimun size |Ernm

bdore >»> J

@ 0K < Cancel |

|
5—4‘3 Finite Element Model
-— Modes and Elements
@ Smart Surfacic Mesh






Setting Constraints and Nodes

This task shows how to define constraints on edge nodes distributions. For this, you
can select edges, vertices (on the geometrical simplification) or curves or points
(using the geometry).

Click the Add/remove constraints icon %

Select the edge to be constrained.

This edge is now yellow colored and the Add/Remove constraints dialog box
displays the selected edge.



Add/Remove Constraints |

M* | Geometry =tatus
1 Fillet.4/Loft.1/Edge Constrained

Femowve § Remowve All § Zoom

@ OK I ﬂCanceIl

3. Click OK in the Add/Remove constraints dialog box to end the constraints definition.

At this stage, constraints are stored in the mesh definition.

Click the Nodes distributions icon g: :

LT3

5. Select the edge on which the new distribution will be set. This edge is red colored.



6. Inthe Edit node distribution dialog box that appears, define the parameters of the

new distribution. In this particular case, select the Uniform distribution type and set
the Number of nodes to 10 and click OK.

Edit Node Distribution |

ILIniform j
@ Mumber of nodes |||:|

) Size |15 P

@ 0K @ Apply | @ Cancel
o

The nodes are distributed on the selected edge. The node distribution description
now appears in the Node distributions dialog box.

Imposed Nodes |

Geometry
1 Fillet.4/Loft.1/Edge

Liescription
LLIniform, 10 nodes

Femowve | BRemowe All

@ Ok | @ Cancel




7. Click OK in the Node distributions dialog box, to end the distributions definition.

At this stage, distributions are stored in the mesh definition. You can now launch the
mesh operation.




Launching the Mesh Operation

/#1= This task shows how to generate the mesh, now that you defined the global parameters
\%17/ and the specifications.

-+~ 1. Click the Mesh The Part icon .
,-" A
kﬂ) %

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
3415 nodes created

2085 elements created

besh CE.

@ 0K

The visualization is switched to quality mode so that you can visualize the
generated mesh and the quality of each element.




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

You now enter into a kind of sub-workbench with available commands for specifying
and modifying the mesh geometrical simplification.

it

DO



Analyzing Element Quality

~1.+ This task shows how to use some basic quality analysis functionalities.
~17/ Quality Analysis functionalities are available at all steps of the meshing process.

ﬁ 1. Click the Quality Analysis icon ] -

Quality Analysis =]

Select | Options I

d Taper _] :'
d Skewness ._I
o Digtorzion _]
d Jacobian _]
4 Warp Factar _]
o Warp Angle _]
d Skew Angle _]
 Shetch _l
d Min. Length _]

M Nu:nne I
b | B[ B |4

w [K @ Apply

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 Report icon in the Quality Analysis dialog box.

The Quality Report dialog box presents the statistics corresponding to the selected
guality specifications: Good, Poor, Bad Worst and Average.

Quality Report

Cluality | tezh I

Criteriar Good Foor Bad Woorst | Average
T aper 210 [100.00% ) 0 0.00%) 0 00o0x] 04833 0073
Skewness g [ 100.00% ) 0 0.00%) 0 00o0x] 0188 0085
Diigtortion 218 [100.00% ] 0 0.00%) 0 000x] 24773 74975
Warp Factor 210 [100.00% ) 0 0.00%) 0 ooox] 4713 0EB24
W arp Angle 210 [100.00% ] 0 0.00%) 0 00o0x] 13328 2093
Skew Angle 210 [100.00% ] 0 0.00%) 0 000%) 70407 86477
Stretch g [ 100.00% ) 0 0.00%) 0 00o0%] 0746 0853
Min. Length 218 [100.00% ] 0 0.00%) 0 00o0x] 2930 4274
tax. Length 218 [100.00% ] 0 0.00%) 0 ooox]  YH12  RZ283
Shape Factor g [ 100.00% ) 0 0.00%) 0 000x] 0832 0343
Length R atic 218 [100.00% ] 0 0.00%) 0O oo0x] 16834  1.189
- Global - 218 [100.00% ] 0 0.00%) 0 000%]
LK
o

3. Select the Mesh tab page if you want to view mesh composition statistics (Number of
nodes, Number of element, Connectivity, Number of element per connectivity).

Quality Report
Qualty || Mesh
Mumber of nodes: |245 Connectraty | Nb of element
Murnber of element:l218 ub4 210 [ 96.35% )

TH3 B[ 3E/%)

w 0K




4. Click OK in the Quality Report dialog box.

Quality Specification of One Element

5. Click the Single Analysis icon @ in the Quality Analysis dialog box.

6. Select an element in the meshed part.

The Analyze Single dialog box now appears which 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

Taper [ 0.2b IZI
Distortion [ 21.85
wwarp Factar [l 1. I: D

r Ain. |_I—'rll_1ﬂl . a. |_|1 n]

hdace Length [ 5.948
Length Ratio [ 1.211

Marmalized Yalue [ 0.997




7. Click OK in the Analyze Single dialog box.

8. Click OK in the Quality Analysis dialog box to exit the Quality Analysis environment.

:;::L.‘!j
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Mesh Editing

21~ This task shows how to edit one mesh element by moving one node using auto smooth
~1~/ options and then cutting one element into two.

<=~ 1. Click the Edit Mesh icon :
(@ &

The Mesh Editing Options dialog box appears.

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

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

Mezh Editing Options |

[ ] Smoath around modifications

[ ] Combine around modifications

[ ] Swap around modifications
[] Propagate to neighbour domains

Global Optirization I

o 0K

3. Check the Smooth around modifications option from the Modify options dialog box.
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.



Mezh Editing Options |

"4 Smoath around modifications

L] Carbire araund modifications
[ ] Swap around modifications

[] Propagate to neighbour domains

lobal EIEtimizatiDn I

5. Position the cursor over one quadrangle element.

You can now cut the mesh element diagonally according to the position of the cursor.

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.

Note that as the Smooth around modifications option is still active in the Modify
options dialog box, the quality of the elements is not modified whatever the

modifications you perform.



Re-meshing a Domain

21~ This task demonstrates how to re-mesh a domain by modifying pre-defined local
~1~/ specifications such as mesh method and size.

l:‘_-lr"' 1

Click the Re-mesh A Domain icon

The Re-Mesh Domains dialog box appears.

Re-Mesh Domains |
tesh method Front quads j
bMesh size
‘d Impact neighbour domains

@ 0K I ﬁlﬁhpplyl Clase I

2. Select the domain to be re-meshed. As shown in the picture, the selected domain
appears as limited in the red color.




We will try to remove the triangles by locally altering the mesh method.

Set the parameters for the selected domain from the Re-Mesh Domains dialog
box.

Re-Mesh Domains |

hdesh methn:udl Mapped quads =

hdesh size F FFIFT

4 Impact neighbour domains

@ Ok @ Apnly | Close

To do this, you specify the:

@ Mesh method
@ Mesh size
@ Impact neighbor domains

For this example, we will specify Mapped quads (or quadrangles) and a size of 5
mm. And we let these domain specifications affect neighbor domains.

Click OK in the Re-Mesh Domains dialog box to re-mesh the domain. The mesh is
updated.

The selected domain is now meshed with quadrangles only.



Now that you have completed the tutorial, you can exit the meshing environment.
For this:
Click the Exit icon I'l'l

The final meshed part can now be
visualized and appears as shown here.




Basic Tasks

This section describes the basic tasks that allow you to complete the mesh of a part using
CATIA - FEM Surface.
These tasks include:

Before You Begin
Meshing Methods
Quality Analysis
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Before You Begin

You should be familiar with the following basic methodological approach and concepts:

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 @

5

@ 2 _,{:r «+—— Simplify the Geometry

@

+—— Open the Geometry

@ : 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.



We Advise that...

Please, follow the below described methodological approach when using the CATIA - FEM Surface Version 5
product (Advanced Meshing Tools workbench).

Consider that the CATIA - FEM Surface Version 5 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.
=& Sitill, 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.

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)

7. if needed, edit the mesh elements

G




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.

Before you define size parameters: After you defined size parameter:

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 you clean the geometry: After you cleaned the geometry:

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.

Before you specify constraints: After you specified constraints:

associative. Specify these constraints as automatically as possible and avoid modifying them manually

O Specify as many constraints BEFORE you launch the mesh operation: these constraints will be
(for example dragging a node).

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.

Avoid applying too many modifications before simplifying the geometry: launch the Geometrical
Q 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.

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:

@ modify the geometrical simplification generated by the system

@ modify the nodes distribution

@ apply local re-meshing (for example, the size or the type of the mesh elements)
@ edit mesh elements and apply manual modifications.




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

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.

Colors Used for Elements

i

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 @

Colors Used for Elements (Quality Visualization Mode)

Color Meaning

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

; I Colors Used for Edges and Vertices

Color Meaning

Green

Used for free edges and vertices, as well as holes.
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Used for edges/vertices that are shared between two constrained faces.

Blue

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

Red

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

® ®



Meshing Methods

Surface Mesher

Smart surface triangle/quadrangle Mesher:

% Mesh the Surface Part: use smart surface triangle, quadrangle mesher.

@ Offset the Mesh: apply an offset to a mesh.

@ Export the Mesh: save the mesh into a bulk data file or CATIA V4 file.

; Meshing Spot Welds: mesh spot welds that were previously defined in the Analysis
*¥ Connections workbench.

Parameters

Prior to mesh operations, you can define meshing parameters (Specification Tools
toolbar):

, Set Global Meshing Parameters: setting global meshing parameters: mesh method, size
e HD so forth.

B

R

Specifications

You can define specifications that will allow you meshing as desired (Specification
Tools toolbar):

Remove Holes: ignore holes in the geometry.

Remove Button Hole Gaps: configure the mesher so that it ignores button hole gaps.

Remove Faces: configure the mesher so that it ignores faces.

Add/Remove Constraints Automatically: add or remove constraints applied to vertices or
curves.

Distribute Nodes Automatically: distribute nodes on edges.

S RN

Automatic Meshing

Once specifications are defined, you can launch automatic meshing:

% Mesh the part: use smart surface triangle, quadrangle mesher.



=7 Re-mesh domains: re-mesh a domain using new parameters.

Removing Operations

After you launched the geometrical simplification and mesh operations, you can undo
these operations:

& Remove the Geometrical Simplification: remove the geometrical simplification you applied
“* to geometry.

ea Remove the Mesh: remove the mesh you generated on the geometry.

Modifying the Specifications
After you launched the mesh operation, you can manually modify the pre-defined
specifications (Modification Tools toolbar):

% Add/Remove Constraints (Modifications): add/remove two types of constraints:
constraints applied to vertices ; constraints applied to curves.

{" Impose Nodes (Modifications): distribute nodes on edges.

o
=

. Re-mesh domains: re-mesh a domain using new parameters.

@9 Edit the mesh: edit a mesh to provide higher quality.

DO
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Meshing the Surface Part

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, flanges for meshing. You can achieve an
accurate and smart elimination of details such as fillets. Different types of finite elements and
meshing methods are available : quadrangles and triangles or advanced front and mapped
meshers.

This task demonstrates how to mesh a part.

Open the sample08.CATAnNalysis document from the samples directory.

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.

M’
12 i
/

The constraints and nodes appear.
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ﬁ 1. Click the Mesh The Part icon % from the Specification Tools toolbar.

J&%C@%%

The mesh is generated on the part.

A little summary is provided in the Mesh The Part dialog box.

Mesh The Part |

Frontal triangle, size = 15.00 mm
1145 nodes created

212k elements created

besh OF

@ 0K

o

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
I example if you edit the mesh. In other words, each time you will apply manual modifications
(Add/Remove Constraints Manually, Distribute Nodes Manually, Re-mesh domains, Edit the

mesh), these modifications will only be saved on the condition you launch the mesh operation

again.
A




Offsetting the Mesh

21~ This task shows how to apply an offset to a 2D mesh (surface element).

— G —

e L

Open the sample05.CATAnalysis document from the samples directory.

<= 1. Click the Mesh Offset icon .
o> S

The Mesh Offset dialog box appears.

Mesh Offset EHE

Dﬁset:p mm

‘i OK. @ Cancel |
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2. Select the mesh.

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.

Mesh Offset EHE

Offset: [5 mm

‘ﬂ Ok lﬁCan:ell

The mesh is now offset relatively to its previous position:




Exporting the Mesh

—::%:;- This task shows how to store a mesh into a new directory and with a new format.

Open the Sample11.CATAnalysis document from the samples directory.

~= 1. Click the Export Mesh icon .
“ : =

The Save mesh as dialog box appears.

save mesh as EE

Save in: ‘A samples | ﬁl
_I:I_vti_n:nf

File name: New_narme| Save
oave as tvpe:  |Bulk Datal.dat) j Cancel
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2. Enter the desired options in the dialog box: File name and Save as type.

The mesh is now exported as New_name.dat in the samples directory.

::.E:L:‘.‘

QOO



& Meshing Spot Welds

1= This task shows how to mesh spot welds that were previously defined in the Analysis
“i7/ Connections workbench.

Open the Samplel7.CATAnalysis document from the samples directory.

<+ 1. Click the Spot Weld Mesher icon .
£ P 3

The Spot Welding Meshing dialog box appears.

Spot Welding Meshi.. HE |

pweldisj selected

‘i ok | @ Cancel |
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2. Select the Spot Welding Analysis Connection object from the specification tree.

= Productl

Part! (Part1.1)

ﬁ_ﬂ- E jusersicle\Stiffener (Part2.2)

-

Analysls Connection Manager

Analysm Connections

Ten welds are selected. The dialog box is updated.

Spot Welding Meshi.. HE |

|1 0 weld(s) selected

3. Click OK in the Spot Welding Meshing dialog box.

The mesh is updated and the spot welds are meshed too.






Setting Global Meshing Parameters

This task shows you how to define Meshing parameters before actually meshing the
L/ part,

Open the sample06.CATANalysis document from the samples directory.

<=~ L. Click the Mesh The Part icon % :
]

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

. In the Mesh Parameters dialog box that appears, define the desired parameters, if
needed.

Mesh Parameters Kl E3

Element shape @I@

tesh size |5rnm

bdaximum sag |1 -

Offset ||:| -

kdin holes size |1 Ormm

4 Geometry simplifications

kAinimun size IEmm

bdare »>> I

w Cancel I
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Element shape: it can be either triangle @I or quadrangle @l method.

Mesh size value: global size assigned to the mesh.

Maximum sag value: the maximum measure of how closely the element
boundaries follow the geometry they are supposed to represent.

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

Min holes size: sets the diameter for automatic hole deletion.

Strip optimization option: allows optimizing the position of the nodes in tight
zones in order to improve the quality of the elements.

Geometry simplifications option: allows managing geometrical constraints that
are too close to each others and generate elements that are too small (the
system performs them).

Minimum size

More switch button: provides default values for angles between faces and
angles between curves.

Mesh Parameters |

Element shape @I@

tesh size |5rnrn

baximum sag |1 -

Offset ||:| -

kdin holes size |1 Omm

4 Geometry simplifications

kAinimun size IEmm

Less <<« |

Angle betweenfaces [10geg

Angle between curves 10gag

[ Strip optimization

@ 0k | @ Cancel

o
Angle between faces: angle computed between the two normals corresponding

to neighbor faces.
Angle between curves: angle computed between two tangents on a contour.
Strip optimization: optimization the nodes position along the strips




4. Click OK in the Mesh Parameters dialog box once you are satisfied with the
parameters. The geometrical simplification is now launched.

A new Smart Surfacic Mesh entity is created in the tree.

|
- Finite Element Model

%Nudes and Elements
T_ @ smart Surfacic Mesh.1

You can access and modify these parameters at any time as you perform Mesh Part
operations.

For this, click the Set Global Meshing Parameters % icon to display the Mesh
Parameters dialog box.

::.::L.ej

OO



Removing Holes

21~ This task shows you how to ignore holes in the geometry which you consider as
17/ unnecessary holes.

Open the Sample03.CATAnalysis document from the samples directory.

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.

a 1. Click the Boundary Simplifications icon ~# from the Specification Tools toolbar .

'g%€@§@

The Boundary Simplifications dialog box appears:

Boundary Simplifications EE

Holes | Cracks | Faces |

Geametry lgnored

oewy all button holes | Femowe | Remowe all

Browse

[ Auto focus M_M

.



file:///E|/www/ansdocr7/FmsEnglish/fmsug.doc/src/samples/Sample03.CATAnalysis

3.

4.

@ Browse: browse the remaining holes
Auto Focus: zoom in given holes.
Diameter: display the diameter of the currently displayed hole.

The diameter parameter is used to ignore all holes that are smaller than the given
value.

The Undo command is not available.
Set the diameter value to 10 mm click Apply.

See how the ignored holes are turned blue.

Click a green hole.

It is turned blue and will then be ignored by the mesher.
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:

Boundary Simplifications i E3

Holes | Cracks | Faces |

Ne e e e ]
1 Surface 1 (*FACT 1/Edoe Mo
Z surtace. (*FALCT )/Edge es

Change | Sew all bulton holes | Femowve | Remowve all | Zoom

Browse
|7|:|Aut|:| focus {{I }}I

w Cancel I

Q




5. Click the Mesh the part icon % :

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

QOO



Removing Cracks

_:h_This task shows how to configure the mesher to ignore cracks. These cracks can be
14/ either internal or external to the part.

Open the Analysis2.CATAnNalysis document from the samples directory.

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.

Specification Tools

og CEES|

You will then click OK in the Mesh The Part dialog box.

41 Ir,
i ]
i
o

| |
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Cracks are automatically detected by the program and are displayed in magenta on
the part.

Click the Boundary Simplifications icon | ~# from the Specification Tools toolbar.

Speciication Tools

Select the crack to be ignored.

These cracks can be either internal or external to the part. For an internal crack, you
will select an edge, for an external crack, you will select a vertex.




The Boundary Simplifications dialog box displays the selected edge.

Boundary Simplifications

Geometry lgnored
1 ourface. 1 (*=KI9 ) /Edge r'es

sewy all button holes | Femowe | Remowve all

Browse
|7|:|Aut|:| focus < I > I

@ 0K w Cancel

o

3. Click OK in the Boundary Simplifications dialog box.
Now, the crack will be ignored when you will launch the mesher,

In fact, the facing edges of the crack will be merged and the result will be considered
as a standard edge.

The Undo command is not available.

Xied

OO



Removing Faces

#lm

<17 This task shows how to configure the mesher to ignore faces.

Open the Sample04.CATPart document from the samples directory.

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 efa from the Specification Tools toolbar.

specification Tools

lg & CEH&E R

You will then click OK in the Mesh The part dialog box.

& 1. Click the Boundary Simplifications icon ~# from the Specification Tools toolbar .

specification Tools

lp e CEHX A

The Clean Holes dialog box appears. You can configure the mesher to ignore faces
and holes by simply clicking on these faces and holes.

& The Undo command is not available.
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2. Select the Faces tab in the Clean Holes dialog box and then the faces to be removed
from the model.

The selected faces automatically appear in the Clean Holes dialog box.

]|

Clean Holes

Holes | Cracks | Faces |

lgnored

Yes
es

Geometry

surface 1 fFace
& Surface 1 fFace

Femowve | Remowve all




3. If needed, select the Holes tab in the Clean Holes dialog box and then the hole to be
removed from the model.

The selected hole automatically appears in the Clean Holes dialog box.

Clean Holes ]|

Holes | Cracks | Faces |

Clean diameter15 -

lgnored
'es

Geometry
ourface. 1 /Edge

Femowve | Remowe all

Yiew Holes

[ AutoFocus {{| »3 |Diameter= 0 mm

@ Apply l - Cann::ell

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




4. Click OK in the Clean Holes dialog box.

@ You can now launch the Mesh operation. For this, click the Mesh the part icon % :

DO



Adding/Removing Constraints (Specifications)

21+ This task shows how to add/remove constraints as mesh specifications either using the geometry
~17/ (curves or point) or directly on the geometrical simplification (edges or vertices).

There are two types of constraints.

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

@ 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.CATAnalysis document from the samples directory.

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.
@ Launch the Geometrical Simplification.

For this, click the Run Geometrical Simplification Initialization icon (é%{: from the Specification
Tools toolbar.

-|:lE'l:IIII ation T oalz

%?@ﬁzf%

ﬁ 1. select the Add/Remove constrains icon 5;: from the Specification Tools toolbar.

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

Edge | Werex | Curves | Faoints |

M* | Geometry otatus

@ ok | @ cancell Help |

& The Undo command is not available.

2. Select the edge which you want to constrain.

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



Add/Bemowve Constraints |

..........................

M* | Geometry otatus
1 surface. 1/Edge Constrained

FEemove | Remowe &ll | Zoom

@ 0K @ Cancel | Help |

3. Select the vertex which you want to constrain.

The dialog box now displays information on the element just selected.

Add/Remove Constraints Ed |

M* | Geometry otatus
1 “ertex Constrained

Eemove | Bemowe &All | Zoom

@ ok | @cancel| Help |

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




1ﬁr

@ Remove: you can remove one constraint you previously created using this dialog box.
@ Remove All: you can remove all the constraints you previously created using this dialog box.
@ Zoom: you can zoom in on the constraint that is currently selected in this dialog box.

. On/From The Geometry

Open the sample18.CATAnalysis document from the samples directory.

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.

Select the Add/Remove constrains icon Qg from the Specification Tools toolbar.

Specification Tools

J?%C%%%

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

Add/Remove Constraints |

Edge | Wartex | Curses | Faoints |

M* | Geometry otatus

Eemmse

L0000 I

@ oK | @cancel|] Help |
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2. Select the Curve tab in the Add/Remove Constraints dialog box and the desired geometry on the
CATAnNalysis document.

N

The dialog box now displays information on the elements just selected.

Add/Bemowve Constraints |

M* | Geometry otatus
1 Line 3/Edge Constrained

Femove | Bemowe &l | Zoom

@ oKk | @ cancel |

3. Select more geometry (the points) on the CATAnalysis document.




N

The dialog box is now as shown here:

Add/BRemove Constraints 2]

Geametry Status
1 “Werex Caonstrained
2 “ertex Constrained
3 “Werex Caonstrained
4 “ertex Constrained
g “Werex Caonstrained
3 “ertex Constrained

Eemowe I Femowve All I ol [ g I

@ oK | @ Cancel |

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



Mesh the surface.
For this, click the Mesh The Part icon % from the Specification Tools toolbar.

Specification Tools

QOO



Distributing Nodes (Specifications)

~1.+ This task shows how to distribute nodes (as mesh specifications) either on free edges or
~17/ on constrained edges.

Open the sample07.CATAnalysis document from the samples directory.

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.

a L. Click the Nodes distribution icon {" from the Specification Tools toolbar .

|:|E'|:Ihl atior T oalz

&%C%%%

The Node Distributions dialog box appears. This dialog box will display information on
the nodes you are going to distribute.

Node Distributions =]

M® | Geometry Description

Edit §| Femove | Remove All § Zoom

W Cancel I Help

& The Undo command is not available.
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2. Select the geometry on which you want to distribute nodes.

3.

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

Edit HNHode Distribution

@ Size

O Mumhber of nodes |-

|5 iy

@ 0K

@ Apply

w Cancel

Help

=]

@ ii|l

Uniform/None
Number of nodes: check this option to define the number of the nodes you
want to distribute on the currently selected geometry.

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

uniformly distributed.

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

Edit Hode Distribution

U nifarrm

B

) Size

@ MNumber of nodes |3

|5 Filig

@ O

@ Apply |

w Cancel

Help

=]

i




4. Click OK in the Edit Node Distribution dialog box

The nodes appear on the geometry.

The Node Distributions dialog box is automatically updated.

MNode Distributions |

ouface. 1 /Edoe Unifarm, 3 nodes

Edit | Remowve | Remowve All | Zoom

@ oK | @ Cancel| Help

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

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

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

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




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

5. Click OK in the Node Distributions dialog box once you are satisfied with you

operations. (%
©O®



9 Removing the Geometrical
Simplification

~1.+ This task shows how to remove the geometrical simplification you applied to geometry.
—.‘.—

"n.|.-i'
Open the sample08.CATAnalysis document from the samples directory.

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.

@ Launch the geometrical simplification.
For this, click the Run Geometrical Simplification Initialization icon (%‘ from the

Specification Tools toolbar.

-|:|E'|:Ihl' ation Toolz
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<=~ 1. Click the Remove Geometrical Simplification icon % from the Modification Tools

toolbar.

kodification Tools

The geometrical simplification is automatically removed.

& The mesh elements also are removed.

e

OO



% Removing the Mesh

21~ This task shows how to remove the mesh you generated on the geometry.

— i —

e G

Open the sample08.CATAnalysis document from the samples directory.

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.

@ Launch the Geometrical Simplification.

For this, click the Run Geometrical Simplification Initialization icon ﬁf from the

Specification Tools toolbar.

& B

Specification Tools

l g . ¢

@ Mesh the surface.
For this, click the Mesh The Part icon @ from the Specification Tools toolbar.

Specification Tools

Jc’?ﬂ’(‘%%@

You will then click OK in the Mesh The part dialog box.
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5
e

1.

Click the Remove Mesh icon % from the Modification Tools toolbar.

kodification Tools

OO



Adding/Removing Constraints (Modifications)

~1++ This task shows how to apply Manual topological modifications on existing constraints. There are two
~17/ types of constraints.

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

Open the sample05.CATAnalysis document from the samples directory.

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.
@ Launch the Geometrical Simplification.
For this, click the Run Geometrical Simplification Initialization icon (ﬁ‘%{: from the Specification

Tools toolbar.

-FIEIZIHI' ation T ools

59’(‘5%@

- 1. Select the Manual topological modifications icon gg from the Modification Tools toolbar .

kodification Taools

2 KRy CHEL N

The Edit Options dialog box appears with one option for re-meshing automatically as you modify
the geometrical simplification.

Edit Options K E

4 iAuto remesh on modification

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

For edges:
., Swap constrained state
dﬁh Callapse edge
EFZ Cutedge
= erge edges
= splita domain

% Undo simplifications

For vertices:
27 Bemove vertex
= Splita Domain
% Undo simplifications

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

<(Jr) Swap constrained state option

¥

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

“0») Split a domain option

w

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



.._"C;_.. Collapse edge option

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

-'_"{:F_n- Cut edge option

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




(T .
(<Or) Merge edges option
o

If you right-click on two collapsed edges: One after the other:

I
You get this merged edge:

~ Undo simplifications option
Irﬂ- ‘h\'- - . - . . . g . . .pe .
\#5%/ 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:




Imposing Nodes (Modifications)

21+ This task shows how to impose node distribution on geometry.

— i —

a L

Open the sample08.CATAnalysis document from the samples directory.

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.

Specification Tools

oo CE& A

You will then click OK in the Mesh Update dialog box. See Setting Global
Parameters for more information on this step.

@ Display the geometry in the Shading mode.
For this, click the Shading (SHD) icon from the View toolbar.

& L. Click the Imposed Nodes icon {" from the Modification Tools toolbar .

b odification Tools

e @y OB &

The Imposed Nodes dialog box appears.
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Imposed Nodes

Modes | Capture |

M* | Geometry Description

Edit | Eemove | Bemove Al ) Zoom

[ ] Auto remesh on modification

@ Cancel |

& The Undo command is not available.

2. Select the geometry on which you want to modify nodes distribution.

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



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

Edit Node Distribution ]|

LIniform j
@ Mumber of nodes IE

() Size 5 mim

@ 0K @ Appl w C I Hel
, I ppyl ann::el elp I

. Click OK in the Edit Node Distribution dialog box.

. In the Imposed Nodes dialog box, activate the Auto remesh on modification option
and click OK.

The new nodes appear on the geometry which is automatically re-meshed.




Re-Meshing a Domain

21.+ This task shows how to re-mesh a domain using new specifications such as mesh
17/ method and size.

Open the sample05.CATAnalysis document from the samples directory.

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.

Specification Toolz

You will then click OK in the Mesh Update dialog box. See Setting Global
Parameters for more information on this step.
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== 1 select the Re-mesh a domain icon @ from the Modification Tools toolbar.

“

bModification Toolzs

| 42 @ oy O & 0

The Re-mesh Domains dialog box appears with modifiable options on mesh method
and size.

Re-mesh Domains

kesh mEthDdl Frant quadg j
bdesh size |1 E M
4 Impact neighbour domains

w K @ Anply | - Close

@ Mesh method: select one of the available types.

Front quads

Front trias

Mapped quads

Mapped Free quads




\ Bead quads

el e

\ Half Bead quads

o) Projection

@ Mesh size:
Enter the desired size

@ Impact neighbour domains
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.

& The Undo command is not available.

2. Select the desired options in the dialog box. For example, Mapped quads.

Re-mesh Domains

4 Impact neighbour domains

W 0K & Apply Close




3. Select the desired domain on the surface.
The edge of selected domains can be either green (constrained) or yellow (free).

The domain is automatically re-meshed:




Mesh Editing

21+ This task shows how to edit elements. Thanks to the full cursor editing, you can update dynamically the

~17/ 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.

Open the sample05.CATAnalysis document from the samples directory.

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 c@ from the Specification Tools toolbar.

Specification Tools

lar CEHE D

You will then click OK in the Mesh Update dialog box. See Setting Global Parameters for more
information on this step.

ﬂ 1. Click the Edit Mesh icon % from the Modification Tools toolbar.

Modification T oolz

- Wk el A

The Mesh Editing Options dialog box appears.
Mesh Editing Options |

[] Smoath around rodifications

[ ] Combire around modifications
"[:,'. [] Swap around modifications
[] Propagate ta neighbour domains

Global Optimization J

@ 0K

@ 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 Modify options dialog box, the
surrounding elements are not modified and therefore do not enhance the quality whatever the
modifications you perform.
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Smooth around modifications option activated (the shape of the neighbor elements is
altered in order to have the best possible quality of the elements)

Smooth around modifications option de-activated (the shape of the neighbor elements is
not altered)

@ Combine around modifications: allows combining two triangles into a quadrangle of good
quality (when possible).

Combine around modifications option activated




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

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

@ Global Optimization: let's you launch again the Quality Analysis.

Dynamic update of element quality analysis (colors change, if needed)

You can split or combine elements:

2. Position the cursor over one quadrangle element.

You can now cut the mesh element diagonally according to the position of the cursor.

Before (quadrangle mesh)

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




Full mouse mesh editing

You can drag nodes on surfaces

3. 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

You can smooth elements by letting the algorithm update the mesh elements location.

4. Click on a node.

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

Contextual Menu



4. Right-click on one segment and display the contextual menu.

é?&emnve edge
:;:.gq: Condense nodes
== Insert node

@ # Bemnove edge - 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
option from the contextual menu.

edge selected deleted edge

.

P~ ondence nodas : allows condensing nodes on edges
i .

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

edge selected condensed node

. allows inserting a node on an edge

LA == |ncertnode

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

edge selected inserted node



crack

domain

global size

interference

intersection

Glossary

C

A geometry defect that occurs when two adjacent faces, near the free edges,
are not topologically linked.

A sub part on a surface.

G

The target size for element edges.

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.

minimum size The minimum size of an edge of an element. When the detail elimination option

part

Is active, the mesher does not generate elements with edges shorter than the
minimum size.

A 3D entity obtained by combining different features in the Part Design
workbench. Please see CATIA - Part Design User's Guide for further
information.
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