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Master Exercise

1. Meshing of a Crossmember

You will use :

Mesh definition

& Mesh specifications
& Mesh modifications
¢ Mesh quality

Copyright DASSAULT SYSTEMES
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Fundamental steps

& Creating a mesh according to specifications
Create a new surface mesh object.
Remove holes and gaps.

& & @

Define Domain specifications
Create the mesh.

¢ Modify and update an existing mesh
# Modify the geometry.
# Update the geometry and the mesh.
# Re-mesh a domain.

&« Analyze Mesh Quality
# Analyse the mesh quality.
# Edit an analysis report.
# Modify the mesh to increase quality.

.4

¥ Static Analysis Performance
# Perform a torsional stiffness analysis.
# Compute and display the displacements.

Copyright DASSAULT SYSTEMES

Define edge constraints and node distributions.
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Design Intent : Meshing of a Cross-member

& Mesh around holes with elements heights specifications
& Impose elements around filled hole

¥ Define mapped mesh on a domain

¥ Constrain an edge over a hole

¢ Edit a mesh-part

& Clean holes

« Dynamic mesh statistics
¥ “Quad to tria” conversion
« Lock a domain

& Interference check

¢} Load : Crossmember.CATPart

Copyright DASSAULT SYSTEMES
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EXERCISE BOO

Student Notes:

Design Process : Meshing of a Cross-member

Mesh
specifications :
Mesh around
holes, mapped
mesh on-a domain

Constrain edges
and mesh the
cross-member

Mesh modifications :
. Clean holes;lock a
domain, dynamic
mesh statistics’

Mesh quality :
interference check
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Master Exercise

Meshing of a Cross-member : Mesh specifications

In this step you will :

# Define mesh specifications.

© Impose elements around filled hole.

@ Mesh around holes with elements heights specifications.
@ Define a Mapped mesh on a specific domain

Copyright DASSAULT SYSTEMES
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Do It Yourself (1/4)

Go to Advanced meshing tools
workbench

Select the Advanced Surface Mesher
icon
¥ Select the part and enter a 8mm global
size and a 0.8mm sag, and 20mm as
min holes size.

# Uncheck Merge during simplification
option, click OK and select Geometry
simplification.

Visualize constrained edges.

¥ Go back in specifications toolbar with
Remove simplification icon. Click on
Global meshing parameters and enter
5mm as min size for Merge... option.
Check constrained edges : what are
the differences ?

¥ Go back in specifications toolbar with
Remove simplification icon.

EXERCISE BOG
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Do It Yourself (2/4)

Select Imposed elements icon.

Click on Elements tab and multi-select the one of the central hole edges (12

edges).

To multi select: click on first edge with SHIFT key on, then select a highlighted
edge to end the path

Enter 30 as number of elements.

:iUniform — ] hats
Idem for second central hole [ Temman T
1 EdgefSurface.d \*‘SKIQ )IGeometncal
2 Edgefsurface.1 { *SKI9 }/Geometrical ...
3 Edgefsurface.1 { *SKI9 )jGeometrical ...

El,er'n‘ehktsv 1 v‘ptyur,

He L Geometry | Description: 0
1 10 edges Uniform,-30 Elements
2 10 edges Uniform, 30 Elements
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Do It Yourself (3/4)

Select Imposed elements icon

Select Mesh around holes and click on the bigger hole, on the left side of the
part. Enter 20 as number of elements with 2 rows :

Click on Specify heights of elements and enter 5mm for Height of row 1 and
10mm for Height of row 2,

HMesh Around Heles:

- Choose Specify hezghfs
of elements and enter
heights values.

Select a small hole, close to the left edge of the part,
and enter 16 number of elements with only one row. ] _
Repeat for the 2 others holes b Al ol

mposed Elements

étows_’ 20 Elements

Edge;'Sur acel { p

Edge/Surface.l {*5KIS ]/Dpen budy1 1-1ows, 16 Elements
Edge/Surface.1-{ *SKIS )/Open_bady. 1 1ows; 16 Elements
.Edge/Surface, { *5KI31/0pen_bady.] Tiows; 15 Elements
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Do It Yourself (4/4)

« Select Domain Specifications icon

¥ Select 6 side faces as shown.

& Choose Mapped as meshing method. Enter 8 mm as mesh size

FarefSurface: 1 { *SKIZ }/Open_body.1
FacefSurface: 1 {-*5KI3 }/Oper_body.1
FacefSurface.t {*SKIS WiDpen_body. 1

1

FacefSurface. 1.4 “5KI3 /Open_bady. 2
FacefSurface: 1 { 7SKI9 3/Open_body,
Fare/Surface. 1 { “5KI2 }/Open_bo:

Sy Al

OV en b G pape s

Meshing method list

Domain specifications are stored
in the tree, will be applied for each
mesh update.

They can be edited, modiﬁec%,
removed.

EXERCISE BOOI

Student Noles:
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EXERCISE BOO

Student Notes:

Master Exercise
Meshing of a Cross-member : Constrain edges and Mesh

A

In this step you will :

@ Constrain an edge over an ignored hole.

# Mesh the part and see elements distributions around holes.
@ Check mesh statistics. |
@ Edit a mesh-part.

Copyright DASSAULT SYSTEMES
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Student Notes:

Do It Yourself (1/4)

Select the Geometry simplification icon

%

Edit simplifications :
& Deactivate Auto Remesh on modification
Constrain all the middle edges.

Select a vertex of the middle ignored hole : contextual menu, choose Split a
Domain. Select the other vertex : left click. The constrained edge is created over
he hole.

I discontinuous edge paths can be constrained like this.

1. Right click on
the first veriex.

2. Left click on the
second vertex. The
constrained edge
is created.

Constrain all the
middie edges.

Copyright DASSAULT SYSTEMES
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Do It Yourself (2/4)

Edit simplifications :
Click on the Edit simplifications icon.

On green vertex, choose Orthogonal Split on Domain
Click on this green vertex

¥ Click on green edge: Split will be orthogonal
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EXERCISE BOO!I
Student Notes:
Do It Yourself (3/4)
Exit . :
One single row
" 5mm height row
e kFroptal'duadraﬁglé; sfz’e
{8402 nodes created
{8078 elements created:
| Ko :
J‘ 1.0’ il
e
g One single row
8
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Do It Yourself (4/4)

Edit the created mesh-part :

& Double click on the mesh-part in the tree.
Click OK to close Global Parameters panel

Choose Yes. What happens about the mesh and the specifications ?

Exit, and edit the mesh-part again.
Click OK to close Global Parameters panel and Click No

And click on Geometry simplification icon to visualise constrained and
unconstrained edges.

What happens ? What is the difference with the first case.
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EXERCISE BOOI

Student Notes:

Master Exercise

Meshing of a Cross-member : Mesh modifications

In this step you will :

# Clean holes.

% Modify mesh manually.

% Do dynamic mesh statistics.
% Lock a domain.

% Quad to tria conversion.

Copyright DASSAULT SYSTEMES
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EXERCISE BOO

Student Noles:

Do It Yourself (1/5)

Re-mesh the part.

Select the Clean holes icon
Select hole to ignore. Auto-remesh on modification option is activated.

Selectthe hole io
“ignore. ,
g ; —

Click OKto close the panel

Copyright DASSAULT SYSTEMES
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Student Notes:

Do It Yourself (2/5)
Highlighted

Select the Edit Mesh icon.
element to
¥ Split a quad with Smooth option on be splif

Combine/arourd mpdiﬁ:ﬁatians' L

wap around modifications ¢
ropagate to neighbpur,domains

K

Click OK to close the panel

Modify manually a complex area :

& We want to only have 2 rows of quads
elements in this domain.

¢ Activate Smooth around modifications
option to have a better mesh after
modifications.

¥ Right click on quads edges selecting
Condense nodes option.

Or right click inside quads elements
selecting Condense element option.

# Use undo function if necessary.
#« See methodology example next page.

Copyright DASSAULT SYSTEMES
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Do It Yourself (3/5)

Condense
nodes sc asto
have'two rows -

of elements - r—————-——
. o Put the

mouse
7 . _pointer
Condense nodes: . ‘ _ ‘  between
toreplace . . | the two
triangles by e : e v - - v nodes to
(. ’ condense

Move nodes :
~manually to have =
better quads shape

~ Use Global
Optimization: option.

Copyright DASSAULT SYSTEMES

t DATTAULT ™STE™"S




ﬁ FE M -»Sur-l“é'ée

Do It Yourself (4/5)

¢ Select the Lock Domain icon &£F
¢ Choose Select objects by an intersection polygon trap

& Define your trap as the following captured image.

€ Try to modify the locked mesh with Re-mesh Domain and Edit Mesh : verify you

are not able to do it.

Polygon trap

Copyright DASSAULT SYSTEMES

Locked domain
(in blue)

EXERCISE BOOI

Siudent Notes:
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EXERCISE BOO

Do It Yourself (5/5) Student Notes:

Select the Split quads icon
& Select the mesh.

Choose the Best Quality option.

oy
B

Split Quads

Copyright DASSAULT SYSTEMES
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 FEM Surface

Master Exercise

Meshing of a Cross-member : Mesh Quality

In this step you will check intersections and interferences.

Copyright DASSAULT SYSTEMES
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Do It Yourself

& Select the Intersections/interferences icon

& Enter a clearance value (it must be less than the smallest edge element length).
Notice that there is no elements intersection and interference in that case.

¥ Select the Dynamic Check option and edit the mesh : verify that interferences
check results are updated in real time.

teiferenice Check:

| Biue elements : no
| intersections/interferences

| Pink elements : interferences

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI

Student Notes:

Fundamental steps

P

¢ Mesh specifications

# Define global mesh specifications.

4 Elements distribution around filled holes.

4 Mesh around holes with elements heights specifications.
# Define mapped mesh on a domain

& Constraln edges and Mesh

Constrain an edge over an ignored hole.

% Collapse, split and merge constrained edges.
% Mesh and check mesh statistics.

% Edit a mesh-part and recover data.

& Mesh modifications

% Clean holes.

% Edit mesh and mesh statistics.
# Lock a domain.

4 Quad to tria conversion.

¥ Mesh Quality
@ Interferences check.

Copyright DASSAULT SYSTEMES
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Additional Exercise
2. Floor Mesh

In this exercise, you will create a surface mesh on a part.

Copyright DASSAULT SYSTEMES
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Student Notes:

Design Intent: Floor Mesh

1

and minimum holes size of 10 mm.

Boundary simplifications :
ignore Pink holes (geometrical default)

Apply Domain Specifications on indicated domain:
Mapped quads mesh method and with a mesh size

{51 parts) e
(*5K3t_partial Mises
L YSKIL_partial fGeom, ..

Domain specifications on
this domain: 11 faces

Method
Mesh Size

Geoniel . L : tan
FacefSurface. 1 { *SKI1 _partial }/Geom.
FacefSurface, L (*SKI1 _partial }/Geom,, .
FacefSurface: 1 { *SKIi_partial }/Geom,.: -
FacefSurface.l {*SKI1_partial }{Gedm.,,
Face{Surface.1 { *5KI1_partial JfGeom.:,
FacefSurface.  { *SKI1-partial )iGeam.

Load: FMS_AddEx_ 1.CATPart
7 Load: FMS_AddEx_1_end.CATAnalysis

Copyright DASSAULT SYSTEMES
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EXERCISE BOO.

Student Notes:

Additional Exercise

3. Fuselage door Static Analysis |

In this exercise, you will create a mapped surface mesh on the fuselage and create a static
analysis.

Copyright DASSAULT SYSTEMES
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Design Intent: Fuselage Door Static Analysis

i

¢ Create the Surface mesh,
mesh size of 35 mm, constraint sag of 2 mm.

& Modify the mesh around the door.
= Click on Domain Specifications icon.
» Select 4 areas around the door
= Frontal method and 10mm size.
= |dem for each circular faces
¢ Enter Generative Structural Analysis
workbench. Apply Clamps all around the
part, apply a pressure of 5000 N/m2, only on
the door, apply a thickness property of 2 mm
and then compute all the structure.

¥ Compute and display the Von Mises
constraints.

¥ Change the thickness of the part from 2 mm
to 5 mm and display Von Mises constraints.

Load: FMiS_AddEx_2.CATPart
Load: FMS_AddEx 2 end.CATAnalysis

Copyright DASSAULT SYSTEMES

Facef3oin. 1 /Geometrical Setil
Face{3oin.{/Geometrical Set.1
Facef3oin. 1}Geometrical Set. 1
Face/3oin. 1/Geometrical Set. 1

Part Thickness
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EXERCISE BOO.

Siudent Notes:

Design Intent: Fuselage Door Static Analysis

Create the Surface mesh,
mesh size of 35 mm, constraint sag of 2 mm.
"Fatefoin.1/Geometrical Set.L

¢ Modify the mesh around the door. W PR et
= Click on Domain Specifications icon. :
= Select 4 areas around the door
= Frontal method and 10mm size.
= |dem for each circular faces

Enter Generative Structural Analysis
workbench. Apply Clamps all around the
part, apply a pressure of 5000 N/m2, only on :
the door, apply a thickness property of 2 mm Part Thickness
and then compute all the structure. '

Compute and display the Von Mises
constraints.

§ Change the thickness of the part from 2 mm
to 5 mm and display Von Mises constraints.

Load: FMS_AddEx_2.CATPart
Load: FMS AddEx 2 end.CATAnalysis

Copyright DBASSAULT SYSTEMES
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Additional Exercise
4. Spot Welding Analysis

In this exercise you will perform a Spot Welding meshing and static analysis.

You will use :

% Analysis connections
% Mesh Definition Tools
# Static Analysis

% Post-processing

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI

Student Notes:

Design Intent: Spot Welding Analysis

Create analysis welding points connections.
Mesh all the structure with FMS tools.

Apply boundary conditions and spot welding connections.
Perform a static analysis.
Post-processing : point force vectors.

7 Load: Soudure.CATProduct

Copyright DASSAULT SYSTEMES
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Design Process : Spot Welding Analysis

1

Apply analysis
connections on the
assembly

Pre-processing in
GAS

Post-Processing

Copyright DASSAULT SYSTEMES
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‘ EXERCISE BOOI

Student Notes:

Additional Exercise
Spot Welding Analysis : Spot welding Analysis connections

In this step you will :

& Apply analysis welding point connections
@ Save the product document

Copyright DASSAULT SYSTEMES
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FEM Surface

Do It Yourself

¢ Enter the Advanced Meshing Tools workbench : Static analysis
& Choose Point Analysis Connection icon. ’
¥ Select Stiffener geometry as first component.
¢ Select Panel geometry as second component.

i Select Geometrical Set.2 points as welding spots (contained in Stiffener
CATPart).

Or select one point >geometrical set is automatically selected
« Repeat the same sequence replacing Geometrical Set.2 by Geometrical Set.3

Load: Soudure.CATProduct

Copyright DASSAULT SYSTEMES
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Additional Exercise
Spot Welding Analysis : Surfacic meshing

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI

Student Notes:

Do It Yourself (1/3)

& Mesh Stiffener :
¥ Select Surface Mesher icon.
& Choose the Stiffener part \
¢ Enter a 150 mm Mesh size and a 20 mm Constraint sag
¢ As default method choose Mapped free mesh
¢ Select Project External point
& Select all 16 points
¢ And Enter a 5 mm tolerance

¢ Create a Mapped mesh, size = 75mm
& Select 2 sides of the stiffner

¥ Select Mesh the particon and exit.

Copyright DASSAULT SYSTEMES
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EXERCISE BOO

Student Notes:

Do It Yourself (2/3)
Mesh Panel :

Repeat the sequence for the Panel,
»  Enter 150 mm as Mesh size, 10 mm as sag
# Mapped free as meshing method

Contrain same 16 points, tolerance = 30 mm

Select Mesh the part icon and Exit

et e
> (T vﬁ&,#.?w
S
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Do It Yourself (3/3)

Spot Welding connections :

¢ Click on the Spot Welding connection icon, select Analysis connection.1 branch in the
tree: both point connection are selected

& Choose Rigidtype
¥ And Compatible connectivity

¢ Click on Mesh

~1“Connectisnriame. o
- | Paint &nalysis Connection. 1
1 Point-analysis Connection. 2

“ Mesh Compatibility

) hon compatitle]

: Additinnal Inforrst

Copyright DASSAULT SYSTEMES
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EXERCISE BOO

Student Notes:

Additional Exercise
Spot Welding Analysis : Pre-processing in GAS

In this step you will :

% Apply clamp and distributed load.

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI
Student Notes:
Do It Yourself Stucentfiotes:
¢ Enter the Generative Structural Analysis workbench. |
¥ Create Shell properties for the 2 parts (thickness of 3mm).
¥ Check the consistency of your model.
sodel Checker
. éTh fole medelis gﬁds(s@ :
E Dsetalls ;:n status of th é!:;chad e
& Apply clamp on a Panel side.
« Apply a 500 N distributed force on the opposite middle edge side along Z
axis.
g ﬁlsaow
Copyright DASSAULT SYSTEMES 4
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EXERCISE BOO

Student Noles:

Additional Exercise
Spot Welding Analysis : Analysis and Post-Processing

In this step you will :

% Compute a static analysis.
% Visualize Von Mises Stresses.
4 Show Point force vectors.

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI|
Student Notes:
Do It Yourself S
Launch a static analysis.
¥ Visualize Von Mises stresses,
¥ then de-activate this image.
Iingice e
¢ Create a Point Force vector image: | serericinese
¢ Using Static case Solution contextual menu, select Generate Image.  |ciismmmm
¢ Choose Point force vector. L2 e
¢ Edit Point force vectorimage by double clicking .
& In Visu Panel, Choose Symbol as Types, adjust the vectors size using Optlons...
# In Selections panel, choose Weld Spot Connection Mesh 1&2 as Activated Groups
& Click on More ..., as Values Position Node of element.
—% Load: spot welding before compute.CATAnalysis

Copyright DASSAULT SYSTEMES
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Fundamental steps

¢ Analysis connections
#. Apply analysis welding point connections.

¥ Surfacic meshing
# Use of FMS mesh definition tools.

¥ Boundary conditions and Spot Welding connections
# Apply clamp and distributed load.

¥ Analysis and Post-Processing
# Launch a static analysis.
# Visualize Von Mises Stresses.
# Visualize Point force vectors.

Copyright DASSAULT SYSTEMES
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EXERCISE BOO:

Student Notes:

Additional Exercise
5. Seam Welding Analysis

In this exercise you will perform a Seam Welding meshing and static analysis.

®You will use :

@Analysis connections
#®Mesh Definition Tools
®Mesh Seam welds

Copyright DASSAULT SYSTEMES
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EXERCISE BOO

Student Notes:

Design Intent: Seam Welding Analysis

Create analysis welding line connections.
Mesh all the structure with FMS tools.
Mesh seam welding connections.

G
e

Copyright DASSAULT SYSTEMES
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i
_
]

i
|

IS

Analys

ing

]

Welds

Seam Weld

Meshing Seam

Apply analysis
connections on
the assembly

Design Process

FEM Surface

SINTLSAS LINVSSVa 1uBuAdog
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EXERCISE BOO

Student Notes:

Additional Exercise

Seam Welding Analysis : Seam welding Analysis connections

In this step you will :

Apply analysis welding line connections

Copyright DASSAULT SYSTEMES
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Do It Yourself

¢ Enter in Advanced Meshing Tools workbench : Statlc analySIs

& Choose Line Analysis Connection icon.
¢ Select Stiffener geometry as first component.
@ Select Panel geometry as second component.
¥ Select welded edge as shown

Idem to define line connection on the second welded edge

second seam

First seam welded edge

welded edge

Load: Seam_Welding.CATProduct

Copyright DASSAULT SYSTEMES
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EXERCISE BOO.

Student Notes:

Additional Exercise

Seam Welding Analysis : Surfacic meshin

In this step you will Mesh the assembly surfaces

Copyright DASSAULT SYSTEMES
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Do It Yourself’

Mesh Stiffener :

- Siria patmization 5

Select Advanced Surface Mesher icon.

) a

Select the Stiffener geometry, quadrangle element shape.
Enter a 150 mm Mesh size and a 20 mm Constraint sag. Validate.
¥ Select mesh icon and exit.

Mesh Panel :

Copyright DASSAULT SYSTEMES

Repeat the sequence for the Panel geometry, but enter a 250 mm Mesh size.

EXERCISE BOOI

Student Notes:
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EXERCISE BOO

. Student Notes

Additional Exercise
Seam Welding Analysis : Seam welds meshing

In this step
you will Mesh the seam Welds Connection

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI

Student Notes:

Do It Yourself

Mesh Seam welds:

¢ Click on the Seam Welding connection icon, and select Apalysis connection.1
branch in the tree: both line connections are selected N ;
& Choose Hexahedron type

& Enter parameters:
300 mm as maximal gap for connection
100 mm as step between elements,
100 mm as seam width

Activate ‘Failed if at least one seam is not connected’ to detect any error

Click on Mesh Notice that
incompatible
‘meshes are
handle thanks
| to join type
| e oloments

Copyright DASSAULT SYSTEMES
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EXERCISE BOO

Student Notes:

Fundamental steps

¢ Analysis connections
# Apply Seam Welding Analysis connections.

& Surfacic meshing
# Use of FMS mesh definition tools.

¥ Mesh Seam Welding connections
# Use of Line analysis connection
# Define type of elements and mesh parameter.

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI

Student Notes:

Additional Exercise
6. Surface Welding Analysis

In this exercise you will perform a Surface Welding meshing and static analysis.

®You will use :

@®Analysis connections
#Mesh Definition Tools
#Mesh Surface welds

Copyright DASSAULT SYSTEMES
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FEM Surface

Design Intent: Surface Welding Analysis

¢ Create analysis welding surface connections.
& Mesh all the structure with FMS tools.
« Mesh surface welding connections.

4sy Load: Surface Welding.CATProduct

Copyright DASSAULT SYSTEMES

EXERCISE BOO

Student Noies:
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 FEM Surface

Design Process : Surface Welding Analysis

Apply analysis
connections on
the assembly

Surface
meshing

Meshing Surface
Welds

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Additional Exercise

Surface Welding Analysis : Surface welding Analysis connections

In this step you will :

« Apply analysis welding Surface connections

Copyright DASSAULT SYSTEMES
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\FEM Surface

Do It Yourself

F

¢ Enter in Advanced Meshing Tools workbench : Static analysis

& Choose Surface Analysis Connection icon.
¢ Select Stiffener geometry as first component.
¥ Select Panel geometry as second component.
¥ Select connecting surface: blue face as shown: Extract.1 in the tree

Idem to define surface connections on the 3 others surfaces

i

First Component

Surface
connection

-8 Iron
‘anel (Pertl.1)
nalvsis Connection Manaaer

{87 Load: Surface_Welding.CATProduct

Copyright DASSAULT SYSTEMES

nd Component

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOGQ

Student Notes:

Additional Exercise
Surface Welding Analysis : Surfacic meshing

In this step you will Mesh the assembly surfaces

Copyright DASSAULT SYSTEMES
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Do It Yourself

& Hide Geometrical Set.2

¢ Mesh Panel :
& Select Advanced Surface Mesher icon.

¥ Select the Panel geometry, quadrangle element shape.
¢ Enter a 250 mm Mesh size and a 20 mm Constraint sag. Validate.

¢ Constrain area of the 4 connecting surfaces from stiffner geometry: use Add/Remove
Constraint+Curves and select the 4 face

FacnISplk ll-" eometrlral Set.i
Face(Split: 1 JGeometrical Set.
Face(Split. | /Geometrical Set.1

¢ Select mesh icon and exit

& Mesh Stiffner :

¢ Repeat the sequence for the Stiffener geometry, but enter a 150 mm Mesh size. -

S i

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Additional Exercise
Surface Welding Analysis : Surface welds meshing

In this step
you will Mesh the surface Welds Connection

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOOI
Student Notes:
Do It Yourself Stucent Rotes:
Mesh Surface welds: .
Click on the Surface Welding connection icon, and select Analysis
connections.1 branch in the tree: 4 surface connections are selected
& Enter parameters: L
300 mm as maximal gap for connection T TS Conechor Herager !
100 mm as step between elements, Surface Analysis Connection. 2
- ~z Surface Analysis Connection, 3
& C"Ck on MeSh <% Surface Analysis Connection.4
£ Surface Analysis Connection.5
Notice that
| incompatible
| surface Analysis Connection: ‘ .-
;i guiface Qn:!isg Eonnec:ion.z meshes are
1 Surface Analysis Connection.5 - handie thanks
o to join type
e e elements
‘Mesh:step:
Stap i.!pdqt'e iterr
2 Thanks to Nodes and Elements contextual menu, color all meshparts
Copyright DASSAULT SYSTEMES 6



FEM Surface

EXERCISE BOO

Student Notes:

Fundamental steps

¥ Analysis connections
# Apply Surface Welding Analysis connections.

&« Surfacic meshing
# Use of FMS mesh definition tools.

# Mesh Surface Welding connections
#& Use of Surface analysis connection
# Define type of elements and mesh parameter.

Copyright DASSAULT SYSTEMES
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FEM Surface

Additional Exercise
7. Compatible Seam Welds

You will use :

@ Line Analysis Connection in FMS
¢ Add/Remove Constraint Tool in FMS
<« Compatible Seam Welding Connections

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOG

Student Noles:

Design Intent: Compatible Seam Welds
Create Lines Analysis Connection in Advanced Meshing Tools workbench .

Constraint These Lines

Create Compatible Seam Weld Mesh

Copyright DASSAULT SYSTEMES
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EXERCISE BOOI
. . . Student Notes:
Design Process : Com
1
Create Lines Analysis
Connection in FMS
: Const,rain' Lines in
” -FMS :
3
Create Compatible Seam
Weld Mesh :
&
&
o
2 e e
2 -
8
Copyright DASSAULT SYSTEMES p



FEM Surface

: EXERCISE BOO

Student Notes:

Do It Yourself (1/3)

Choose Line Analysis Connection icon.

¢ Select the Face of Part1 as first component.

¢ Select the Face of Part2 as second component.

L

Select an Edge to be welded as shown

idem to define 4 others Lines Connection,

You obtain :

First seam
‘welded edge

Copyright DASSAULT SYSTEMES

Load: seam welds Compatible.CATProduct
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FEM Sur;aée

Do It Yourself (2/3)

o

& Mesh each parts: size=6mm, sag=0.6mm

2o,

¢ Using Add/remove Constraint icon, Curves tab,

¢ Select the 5 top part edges
(same edges selected in Lines Connection definition)

Copyright DASSAULT SYSTEMES

« Bottom part mesh: Constrain external welded edges :

Edge/Offset. 1/Geometrical Set. 1
Edge/Offset:1/Geometrical Set.1
Edge/Offset.1/Geometrical Set.1
EdagefOffset:1/Geometrical Set. 1
EdgefOffset.1/Geometrical Set.1

i Statis:

Constrained
Constrained
Constrained
Constrained
Constrained

[ Capture mesd dges::

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Do It Yourself (3/3)

Seam welding connections mesh: e
- - - . i Lfne Analysis Connectfun,z
¢ Select Analysis connection to select all 5 line connections =i cr=n:

“{ Line &inglysis Connection,5-

Choose Rigid as welds modelling.
Choose Compatible as compatibility

Color meshparts:

Meshes

« In Meshpart list, choose 2D, activate Variable color and
choose 2 colors, click on Apply

¢ In Meshpart list, choose Connection, activate Fixed color and
choose one color, click on OK

Conriection

Copyright DASSAULT SYSTEMES
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FEM Surface

Additional Exercise
8. Spot Welding With Hemming

In this exercise you will Create Spot Weld Mesh in a Hemming area.

You will use :

® Hemming option in ABF
@ Mesh Definition Tools

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

Design Intent: Spot Welding With Hemming

Define Hemming in ABF Product.
Mesh all the structure with FMS tools.
Create Spot Welds in Hemming Zone, using Non-Compatible Elements.

S
.

Load: Hemming.CATProduct

Copyright DASSAULT SYSTEMES

EXERCISE BOO

Student Noles:
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V FEM '»Sur\face

Design Process : Spot Welding With Hemming

Define Hemming in ~‘
ABF Product .

Create Spot Welds in FMS
using Non-Compatibie -
Elements

Copyright DASSAULT SYSTEMES

- ‘Surface Meshing

EXERCISE BOOI

Student Notes:

Copyright DASSAULT SYSTEMES



FEM Surface

Copyright DASSAULT SYSTEMES

Do It Yourself (1/2) OPTIONNAL STEP

« Enter in Automotive BiW Fastening workbench.

& Double Click, in thé Specification Tree, on Joint
Body.1_BiW (under Assembly Joints).

¢ Define Hemming, in BiW Joint Body Definition
Dialog Box (Yes/No), using Stacking option.

& Update Your Product

PAtLLTOff ek 4
Partz.l[voffset.vl'-

Spot Welds will be defined in

EXERCISE BOO

Student Notes:




FEM Surface

Do It Yourself (2/2)

¢ Enter in Advanced Meshing Tools workbench.

Surfacic Meshes Part1 and Part2

g Mesh size=6mm
¢ Mesh Sag=0.6mm

¢ Select Mesh the Part icon and exit. ‘

¢ Color the 2 meshes

¢ Spot Welding Connections.
¢ Select Joint Body.1 in Assembly Joint
¢ Choose Rigid-Spring-Rigid as modeling ,
¢ Choose Non Compatible and a maximal gap = 10mm

Conpection:name A
-1 Joint Body.1 15

1~ Mlesh Compatibily, ~—

ii‘é'bbn compatible o ,Cémpatibia’:’ e
Adional Tecrmatian

i ;Iwmm )

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOGO

Student Notes:

Additional Exercise
9. Wing Structure Analysis

3
i b .
f-.4 -1 60 min.
L5, s

In this exercise you will perform a Wing Structure meshing and a static analysis.

®You will use :

#®Mesh definition

@ Mesh specifications

@ Pressure with Data Mapping
@ Local thickness

& Static Analysis

¢ Post-processing

Copyright DASSAULT SYSTEMES
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FEM ".Sur»feﬂa'ce

Copyright DASSAULT SYSTEMES

Design Intent: Wing Structure Analysis

Ribs meshing.

Spars and central box meshing.
Skins meshing.

Local thickness.

Apply Pressure with Data mapping.
Static Analysis and Post-Processing.

Load: Wing_structure.CATPart

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Design Process : Wing Structure Analysis

Ribs
meshing:

' Sparsand
central box
meshing’

‘Pressure with
Data Mapping

Prreaune

Static Analysis &
Post-processing

Copyright DASSAULT SYSTEMES
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Additional Exercise
Wing Structure Analysis : Ribs Meshing

In this step you will mesh the ribs parts.

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

Do It Yourself (1/3)

Enter the Advanced Meshing Tools workbench: Static Analysis
Put the Skin in No Show mode.

Select Surface Meshericon :
Select the ribs surfaces and choose quadrangle elements shape.

Enter a 150mm Mesh size, and a 15mm Constraint sag.
Define Mapped Free mesh as Default Method

‘Linear. .} Parabolic

\ I‘fbsh size 2 1150mm

Defaultmethiod” |Mapped free.mesh

Copyright DASSAULT SYSTEMES

EXERCISE BOO

Student Notes:
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FEM Sur}é&e

Do It Yourself (2/3)

Select Project External Curve icon
Select the connected edge spar.

Copyright DASSAULT SYSTEMES

There are edges
elements on the
spar edge. ‘

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO.

Siudent Notes:

Do It Yourself (3/3)

¢ Select Remesh domain with mapped method icon
Select the not mapped mesh.
Mesh size = 150 mm

Copyright DASSAULT SYSTEMES
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" FEM Surface

Additional Exercise

In this step you will :

¢ Mesh the spars surfaces.
© Remove constraints.
@ Apply imposed nodes.

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Noles:
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FEM Surface

Do It Yourself (1/3)

§Select Surface Meshericon

¢ Select the spars surfaces and choose
quadrangle elements shape.

¢ Enter a 150mm Mesh and 15mm as constraint

Copyright DASSAULT SYSTEMES

sag

% Activate Automatic mesh capture option, with

a 2mm tolerance.

& Activate Automatic curve capture option,
with a 2mm tolerance

| e | Geomety |

Shap?&:j;@@‘ o :

L qyper »@vvtineakr,"b Parabolic S

Meshisipe i =1 §{150mm

g DeFéuItymetHo& “iMapped free mesh

4

Curves are projected and
Nodes are captured

EXERCISE BOO.

Student Notes:

—opy
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FEM Surface

EXERCISE BOOI
Do It Yourself (2/3) Sludent fotes:

¥ Remesh locally using Mapped method

v Exit

v Edit Surface Mesh 2

¥'Notice that remeshed domain is kept

#Remesh this spar using mapped method

& EXit
Copyright DASSAULT SYSTEMES .



FEM Surface

EXERCISE BOO

Student Notes:

Do It Yourself (3/3)

Check complete mesh compatibility

with Free edges visualization tool.
#Click Free edges icon.

You can see that mesh is consistent

The connected
edges are
constrained

Good mesh compatibility

Copyright DASSAULT SYSTEMES
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Additional Exercise
Wing Structure Analysis : Skins Mesh

In this step you will :

@ Mesh the skins surfaces.

¢ Add constraints.

# Capture and condense nodes.
@ Mesh quality Algorithms
@ Mesh quality Analysis
@ Apply properties.

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

Copyright DASSAULT SYSTEMES

Do It Yourself (1/3)

¢ Put Skin in Show mode
Skin Meshing

& Click on Advanced Surface Mesher
Select the Skin

#Frontal quadrangle method

«Enter 150 mm Mesh size, and 15 mm
constraint sag

#Put Automatic Mesh Capture Option on, with
a 2 mm tolerance

¥Put Automatic Curve Capture on, with a 2
mm tolerance

i i R
£dge/Join.3fSkin Constrained
Edge/Join.3{Skin Constralned

Join, 3{Skin ined

*Constrain the skin edges
¥ Add Remove Constraints/ Edges
& Select 4 edges as shown

EXERCISE BOO.

Student Notes:
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" FEM Surface

Do It Yourself (2/3)

«Mesh and Exit

#'Check complete mesh compatibility with Free
edges visualization tool.

¢Click Free edges icon.
You can see that mesh is consistent

v Decrease 2D elements shrink coefficient to 0.8

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Mesh Quality Enhancement

«During the Mesh operation, you can choose between
several combination of mesh algorithms
4 produce more regular mesh flow patterns

Nodes degree optimization in order to reduce nodes
connected to 3 quads

Enhanced optimization tools to reduce number of
poor/bad elements

e

v

&

" =Minimize triangles
Directional Mesh

mMinimize triangles
mDirectional Mesh

ks

“Minimize triangles
Direc_:tional Mesh

Copyright DASSAULT SYSTEMES
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EXERCISE BOO!
Do It Yourself (3/3) Student lotes:
Let see in the tree : there are one single part and three
mesh-parts
Enter Generative Structural Analysis
Apply properties :
¢ Select each mesh-part and enter a thickness of 3mm.
el
2 Check the consistency of the model T e
Copyright DASSAULT SYSTEMES 9



FEM Surface

Additional Exercise

Wing Structure Analysis : Pressure with Data Mapping

In this step you will :

@ Apply clamps.
# Apply pressure with Data Mapping.
4 Visualize pressure on skins.

Copyright DASSAULT SYSTEMES

o000 o0 0o oD

405085
440,631

-401.662

343092
325175
45,231
20,054
35,988

-68.909
-36.708
44.223

17.006

~3117.678

“711.24

1582.728
12456512
.3327.552

4200.756

773071
1559148

-2337.825

-3896.834° 0.3
‘636451 06

-1373.859

EXERCISE BOO.

Student Notes:
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” WFEMr Surface

Do It Yourself

& Put clamps on fuselage connection edges.

¢ Apply and visualize a 100 Pa pressure on the skin with Data mapping.
¢ Choose the Cp.xlIs file.

¢ After computation, Select Pressure Visualization on mesh with contextual menu on
Pressure.1 icon. s

¢ Apply an opposite 35 Pa pressure on the second skin.

-4947.04 - 102653 3176732924

103831 -5662.36° -1029.07 2916643108

107864 - 63781 103264 2625655344 Space coordinates of
_ iz e dmn St pressure experimentl
With Data Mapping, 113386 746324 103855, 763 points.

118317 78236 104egTT 1.988315008

we are able to apply

11171768
B9 051472

an un-uniform S L | Ampilification coefficient :
ioading,‘c!qser 20 | 10737.3 B4A154 916294 at this point, the pressure

reality. value is 0.3"100 Pa.

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Additional Exercise
Wing Structure Analysis : Static Analysis and Post-Processing

In this step you will :

& Compute a static analysis,
4 Visualize displacements and Von Mises stresses.
© Animate results.

Copyright DASSAULT SYSTEMES
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FEM Surface

Do It Yourself

Compute a static analysis. :

Animate deformations : check that ribs, spars and skins meshes are well
connected.

Show displacements results.
Show Von Mises stresses.
Animate results.

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Siudent Notes:
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FEM Surface

EXERCISE BO(

Student Notes:

Fundamental steps

¥ Meshing

& Surface mesh.

Automatic capture with Add/Remove constraint tool.
Mesh a part.

Free edges visualization.

Mesh analysis.

Mesh-part statistics.

Apply shell properties and check model.

® @ @

« Apply Pressure with Data Mapping
% Apply clamps.
4 Apply a pressure.
# Enter Data Mapping.

¢ Static Analysis and Post-Processing
# Compute a static analysis.
% Visualize displacements and animation.
# Visualize Von Mises stresses.

Copyright DASSAULT SYSTEMES
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 FEM Surface

EXERCISE BOOI

Student Notes:

Additional Exercise

10. Meshing of Parametric Conceptual Body

In this exercise you will perform a shell meshing on a conceptual body, update it after design
modification and realize a quality analysis.

You will use :

# Mesh Definition Tools

# Mesh Specification Tools
% Mesh Modification Tools
@ Quality Analysis Tools

# Pre-processing Analysis

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOO

Student Noftes:

Design Intent: Meshing of Parametric Conceptual Body

Visualize Static Pre-Processing Elements on Mesh
Create and Name Static Analysis

Define meshing specifications

» Mesh the part

Perform geometric modifications and update the mesh
Analyse elements quality

Modify the mesh

¥ Perform a torsional stiffness analysis

Copyright DASSAULT SYSTEMES
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FEM 'Sur}éce

EXERCISE BOOI
- . M = Student Noies:
Design Process : Meshing of Parametric Conceptual Body —
1
Create a mesh
according to global
parameters and Modify the
specifications geometry and
update the mesh
’Perform a mesh
 modification
Quality Analysis
Torsionnal
ﬁ Stifness: Analysis
g e :
g
Copyright DASSAULT SYSTEMES 10



FEM Surface

EXERCISE BOO

Situdent Noles:

Additional Exercise

Meshing of Parametric Conceptual Body: Creating a mesh
acording to specifications

In this step you will :

@ create a new surface mesh object
4 save the analysis document

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOOI

Student Noies:

Do It Yourself

Visualize how the restraints defined on the assembly are translated onto the
mesh

Creating a mesh according to specifications :

# Enter in the “Advanced Meshing Tools” workbench. Create a new static case

ra

® Create a new surface mesh (use quadrangle frontal method, mesh size = 20mm,
maximum sag = 1.5mm and minimum holes size = 5mm)

#® Remove the two smallest holes and the two gaps
# See topology with geometry simplification, and go back\to previous toolbar.

# Define edge constraints and node distributions
arithmetic distrib, 15 as nbs of edge, 10mm size at

Create the mesh

g\;EMes'hType @ ®

 Cancel %

Load: CATFMSParamet

»%g\ i

ric_Pillar.C

ATPart

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOO

Student Notes:

Additional Exercise

Meshing of Parametric Conceptual Body: Modify and update an
existing mesh

In this step you will :

® modify the geometry
% update the mesh
# directly modify it again.

Copyright DASSAULT SYSTEMES
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Do It Yourself (1/2)

Modify and update an existing mesh :
Double click on BiW in the tree.

Modify a pillar section (BiW / Detailed / B_Pillar / Section / Sketch.2) : replace
dimension 17 mm by 19 mm (put sketch in Show).

# Double click on Finite Element Model to go back to Advanced Meshing Tools
workbench

Using its contextual menu, update the mesh

Load: CATFMSParametric_Pillar.CATAnalysis

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

Do It Yourself (2/2)

Edit Advanced Surface Mesh.1 and answer YES
Define a Mapped Mesh domain:

@
>
Q.
Q.
(2]
o
=]
w
-
=
o
-
—-
—
o
©
-
®
Q
e
o
oV
-
Qo
—
3
Q
©
©
o
Q.
o
(=}
3
-
-
=3
[
-
¥~
®
Q
Q
o
172

# Click on the Re-mesh a domain icon
# select this domain. '

@& Choose Mapped quads method.

# And 20 mm as size

Copyright DASSAULT SYSTEMES

omety and mesh 7

EXERCISE BOO

Student Notes:
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Additional Exercise

Meshing of Parametric Conceptual Body : Analyse Mesh Quality

In this step you will :

% analyse the mesh quality
« edit an analysis report.
+ modify the mesh to improve quality

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Noies:
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FEM Surface

Do It Yourself

Analyse Mesh Quality : | I
# Click on the Quality visualization icon. | |
# Hide geometry.

# Edit an analysis report : click right on the
mesh-part and select Analyse.
= There are some bad elements to correct.
=  There are few triangle elements (5-10 % max in

10434 { 99292

B sk Pt Sriast Sintace Mesh:1- ] =i

<]
+{ dacobian 10375 [ 92.96% )
: 1%

theory).

# Modify the mesh in order to increase its

quality :

= First, check free edges (change your visualization
before).

= Then, click the Quality analysis icon.
=  Choose Worst Elements Browser function.

» Double click on the mesh-part : choose YES to
keep specifications and mesh.

= Click on the icon Edit Simplification
Select the yellow constrained curve.

Repeat for the other side.
Correct the last one with Edit Mesh.
# Check for intersections. .
= [Enter a 3,5 mm tolerance.

Copyright DASSAULT SYSTEMES

EXERCISE BOG

Student Notes:
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EXERCISE BOOI

Student Notes:

Additional Exercise

Meshing of Parametric Conceptual Body : Static Analysis
performance

In this step you will perform a torsional stiffness analysis.

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOGC

Student Notes:

Do It Yourself

¢ Static Analysis Performance :

# Perform a torsional stiffness analysis by applying Clamps, rigid virtual Part and
a moment of 500 N.m around X axis on the rigid virtual Part. Enter a thickness of
2 mm for shell elements.

# Compute and display the displacements.

Copyright DASSAULT SYSTEMES
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 FEM Surface

EXERCISE BOOI

Student Notes:

Fundamental steps

¢ Creating a mesh according to specifications
Create a new surface mesh object.

Remove holes and gaps.

Define edge constraints and node distributions.
Create the mesh.

& Modify and update an existing mesh
#® Modify the geometry.
# Update the geometry and the mesh.
# Re-mesh a domain.

¢ Analyze Mesh Quality
# Analyse the mesh quality.
# Edit an analysis report.
# Modify the mesh to increase quality.

¢ Static Analysis Performance
# Perform a torsional stiffness analysis.
# Compute and display the displacements.

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOO

Student Notes:

Additional Exercise

11. Meshing of a Fuselage

In this exercise you will learn to mesh a cross-member with FEM Surface tools.

You will use :

Mesh definition

@ Mesh specifications
® Mesh modifications
¢ Mesh quality

Copyright DASSAULT SYSTEMES
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| FEM Sur;‘éée

Fundamental steps
¥ Create first fuselage mesh using minimal method

# Define global parameters
# Project external curves

« Extract 1D Coating Elements
# Choose extraction type

¢ Change elements visualisation
# Color Meshparts
# Shrink elements

¥ Create second fuselage mesh using mapped free method
# Define global parameters.
# Capture neighbourhood mesh .
@ Propagate nodes distribution.

¢ Extract 1D Coating Elements

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Siudent Notes:

Design Intent : Meshing of a Fuselage

Surface mesh using minimal and mapped free method
Distribution propagation

Extract coating elements

Color Meshparts

Shrink elements

Rt 4 CHEY it e Sy

¢s7 Load : Fuselage.CATPart

Copyright DASSAULT SYSTEMES
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FEM Surface

Design Process : Meshing of a Fuselage

surface

Mesh and define
specifications:
Minimal mesh on
first fuselage

Extract 1D
Coating Elements

Extract 1D Coating
Elements

Copyright DASSAULT SYSTEMES

Mesh and define \

specifications:
capture and
distribution
propagation: Mapped
mesh on second
fuselage surface )

- Mesh.visualisation

Mesh visualisation

ol Pasamictars

EXERCISE BOOI

Siudent Notes:

Copyright DASSAULT SYSTEMES
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FEM Surface

Do It Yourself (1/7)

Go to Advanced meshing tools
workbench

Mesh Fuselage surface

&« Select the Surface Mesher icon
Select the WP_03S Fuselage surface
Mesh size= 300mm

Default method: Minimal Mesh

Mesh sag=30mm

& Constrain external curves
& Click on Project external curves

¥ Select all grey lines and light blue -
lines (total=51 edges

Tolerance = 15mm

%

Copyright DASSAULT SYSTEMES

Defallt method. 1

ST Automatic mesk captire”

EXERCISE BOC

Student Notes:




FEIVI Surface

EXERCISE BOOI

Do It Yourself (2/7) Student Notes:

Mesh the part

& One element is generated inside each rectangular domain (limited by
contrained projected curves).

If a domain contains one intermediate pomts mesher generates one
quadrangle and a triangle ‘

This is the minimal meshing method

Exit

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOO.
Do It Yourself (3/7) Sludentfotes:
§¢ Extract 1D coating elements “[,ij’:j,;‘:f;i“m’"
¢ Select Surface Mesh.1 as meshpart e
s Extraction type is constrained edges
& Click Apply to generate the mesh
% Click OK to close the panel 2 o | e | Bo
You have extracted 1D elements from 2D mesh on external
curves |
« Modify 2D elements shrink factor to 0.9
¥ Color Meshparts 7
- 1

~—opy” "tDACTRULTUSTE™™3 I - — e




| FEM »Sur\i«’ace

EXERCISE BOOI

Do It Yourself (4/7) Stugent Notes:

Create a surface mesh on yellow surface, Join.1
Choose Mapped free as meshing method
Size=500 mm

Sag=30mm

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOO

Student Noles:

Do It Yourself (5/7)

Define coincident nodes on the 2 mesh parts common edge but
no condensation

Select this common edge as support
Tolerance = 20mm
Coincidence is activated
Condensation is not activated

Copyright DASSAULT SYSTEMES
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| FEM Surf;ée

Do It Yourself (6/7)

Constrain intermediate edge

Propagate nodes distribution to intermediate edge then to opposite edge
Select this intermediate edge as Support

“iPrapariaral

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Noies:

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOO
Do It Yourself (7/7) Student Notes:
Mesh the Part
Exit
Extract 1D coating element from this 2D meshpart ;
Select Surface Mesh.2 as meshpart e
Extraction type is All edges R
Click Apply to generate the mesh _r
Click OK to close the panel e
Apply a 2D element shrink of 0.9
Color Meshparts
e —— e — —

—opy:”




| WFEM‘Sur\fé‘ée

Additional Exercise

12. Fuselage Connection

In this exercise you will learn to connect a fuselage using Points to Points connection and point
interface.

You will use :

Connection

@ Points to Points Analysis Connection
# Point Analysis Interface

#®Nodes to Nodes Connection Mesh

% Node Interface Mesh

Caopyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Noles:

Copyright DASSAULT SYSTEMES



FEM Surface

Fundamental steps

¢ Create a Points to Points connection between 2 components
€ Connect meshes
#® On arow of points

& Create a Point Interface
¢ Interface of a mesh along a row of points.

& Mesh connections.

# Generate a Nodes to Nodes mesh based on a points to points analysis
connection

@ Generate a Node Interface mesh based on a points analysis interface

¥« Modify connection property
@ [Edit Nodes to Nodes property
# Inactive some degrees of freedom

Copyright DASSAULT SYSTEMES

EXERCISE BO!(

Student Notes:
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FEM Surface

EXERCISE BOOI

Student Notes:

Design Intent : Connecting of a Fuselage

¥ Points to Points connection creation based on meshes and geometry
¥ Point analysis Interface based on a mesh and geometry

¥ Mesh connections as nodes to hodes mesh and node interface mesh
& Modify connection property

¢€s7 Load : Fuselage connection_START.CATAnalysis

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOO

Student Notes:

Design Process : Connecting of a Fuselage

Points to Points
Connection

Frsk compinent {1 Geormetrical set
“iMash Parts {1 Mosh part. i
‘Second compnent |1 Gaometrical st

Point Interface

-Edit connection
~‘property -

Copyright DASSAULT SYSTEMES
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” FEM ;Sur\f;:e

EXERCISE BOOI

Do It Yourself (1/4) _ T Student Notes:

Surface meshes are already created

==

Select Points to Points Analysis
connection icon

& As first component select one row of
points (click on Points geometrical set
in the tree) —
Select corresponding meshpart S ith,:et,w;tt
(Surface Mesh.1) Mesh P
& As second component select all points
contained in geometrical set 8
¢ Select corresponding meshpart
(Surface Mesh.2)

¥ Click OK to close the panel

e

 Second cormponent Mo selection

‘Mesh Parts {No selection

Points to;Points Analysis Connecti

mporisnt |1 Geomekrica) sek -

Copyright DASSAULT SYSTEMES

Copyright DASSAULT SYSTEMES -



FEM Surface ‘

Do It Yourself (2/4)

¢ Select Points Analysis Interface icon
¢ As component select all points contained in geometrical set 7
& Select corresponding meshpart (Surface Mesh.1)

& Click OK to close the panel

Copyright DASSAULT SYSTEMES

EXERCISE BOO.

Student Notes:

~Sopy "t DA-~“ULT ~STE ™3 — - - I I —




FEMSurface a

EXERCISE BOOI

Do It Yourself (3/4) \ Student Notes:

¥ Mesh connections

¥ Select Nodes to Nodes Connection Mesh icon
& Select points to points analysis connection
& Connection modeling: DOF equals
¢ Tolerance= 20 mm
¥ Select Apply to generate the mesh

onneckion name Gl
Point Analysis Interface: 1

& Select Node Interface Mesh icon
¥ Select points analysis Interface
¥ Connection modeling: Spring
# Tolerance= 20 mm
« Select Apply to generate the mesh
§ Click OK to close the panel

Copyright DASSAULT SYSTEMES
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FEM Surface

Do It Yourself (4/4)

¢ Switch to Generative Structural
analysis wb

¢ Edit nodes to nodes connection
Property.1

¢ Click on Component Edition
¢ Inactivate Rotation.1

Copyright DASSAULT SYSTEMES

B Name f?&;s to Nodes Connection

Rotation3

EXERCISE BOO

Student Notes:
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ﬂ FEMwSurfac

EXERCISE BOOI

Student Notes:

Additional Exercise
13. Pan Frt Floor Mesh

In this exercise you will use advanced meshing tools to generate a good quality surfacic mesh of
the floor part.

You will use :

& Advanced surfacic mesh

®Remove geometrical defaults

#®Mesh around holes

#Non uniform Nodes distribution
«Analyse and improve Element Quality

Copyright DASSAULT SYSTEMES

Copyright DASSAULT SYSTEMES 13



FEM Surface

EXERCISE BOO

Student Notes:

Design Process : Pan Frt Floor Mesh

Ignore small
geometrical defaults

Create a surfacic
mesh

Impose nodes
distribution

_Improve geometry
simplification

Mesh the part

Mesh Offset
Improve quality

Copyright DASSAULT SYSTEMES
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Do It Yourself (1/6)

Create a 2D mesh on the surface
Size=15 mm

€ Sag=1mm

Merge During simplification, min size = 2mm

Remove geometrical defaults :
»  Click Boundary Simplification icon
In Holes Tab click on Sew all Button Holes

o
it
¥

Load: Pan Frt Floor.CATPart

Copyright DASSAULT SYSTEMES

Enter in Advanced Meshing Tools workbench

b b}f_:ysh__)x! Geamatry.

; Mesh sge{ 15mm .

Using Auto Focus, remove the 4 last geometrical defaults

EXERCISE BOOI

Student Notes:

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOC
Student Notes:
Do It Yourself (2/6) R
¢ Imposed Element around this hole:
¢ 6 elements and 2 rows of elements
¢ Define a nodes distribution along this edge
¢ Impose Elements ‘ (A
¢ Geometric distribution e
¥ Size at node1= 5mm '
& Size atnode 2 = 15mm
. ":* 5";'"“_“— = Nota: to propagate the selection use
Fewy Shift key: Shift key pressed, highlight
o) e | s first edge, check that the arrow has
the right direction, select first edge,
and click on last edge
J

~opy "t DATTAULT ~STE™3 — e .




FEM Sur;a;:e

Do It Yourself (3/6)

Add/Remove Constrain:
By splitting

¢ Modifying simplification

o
i

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

Do It Yourself (4/6)
Mesh:

6115:(.99.11%)

300 {94.34%)
1 Distortion 6242 (-96.21% )
:# Nodes Jacobiary 6160 (. 99.84% )
Warp Factor 6098 (.98,83%}
A Warp Angle 6157 (-99.79% }
1 Skew Angle '6130.(.99.35% )
3 Streteh ¢ 312°{ 98.11%))

Max, Length 5489 ( 100,00%)
Gauss Jacobian 6170 (100.00% )
Shape Factor 315 { 99.06% )
6431 ( 99.12%)

35:07% )

Analyse Elements Quality

Min, Length 6488 (100.00%) -

Poor:

18 { 5.:66% )
218 3,36%.)
10.{ 0.16%)
69 1.12%)
12:{ 0.19%)
40:{ 0.65% )
16 {1:89% )
‘0 (0,00% )
0 { 0.00%)
10 {10.00%)
‘3 0.94%)
54 ( 0.83%)
288{ 4

50 (4 D,BI°)'°)

4%

.0 (:0,00%)

284 0:43%)

0 (0.00%)
3( 0.05%)
1(.0.02%)
0.(:0.00%)
0 0.00%)
‘0(10.00%)
0 (0.060%)
0 (:0.00%)
0( 0.00%)
3.(70.05%)
32°( 0:49%)

5 0.08%)

171.951
139.566
42,074
0.132
0130
39.997
0.279
0.139
12,278

Improve Quality
Check all bad element

Copyright DASSAULT SYSTEMES

- EXERCISE BOO

Student Notes:
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EXERCISE BOOI

Do It Yourself (5/6) Student Notes:

Improve Quality

Improve them by editing simplification (auto remesh is activated) or by editing mesh
Edy 2

o modification

Taper 6099 (:99.53% ) 29:( 0.47% '8 (7 0,00%) 128"

| Skewness 343.( . 97.44% ) . 9.(2.56% 0{ 0.00%)§ 0:871 0.236

‘| Distortion 6276:( 96.85% ) 204 { 3:15% B ("0.00%) § 44.343 14,554,
- “INodes Jacobian” 6127 (;99,98% ) 1 (-0,02% 0 ( 0,00%)§ 6,197 0,795
+{ Warp Factor. 6072 99,09% ) 56.( 0.91% 0 (. 0.00%) % 9977 039
| warp angle 6118°(.99.84% ) 10.( 0.16% 0 ( 0.00%) § 40,393 1174
] Skew Angle 6094 {99.:45%) 34 ( 0.55% 0 (° 0.00%) § 49,211 “83.646
Stretch 352 (100.00% ) 0 { 0.00% 0 {70.00% ) § 0,305 0.732

i min, Length 6480 ('100.06%.) 0 { 0.00% ) 0{ 0.00%)§ 1.254° 9,967
Max; Length 6480 100:00% } 0 { 0.00% 0 (.0.00%) §39.997 14,748
Gauss Jacobian 6128°(100.00% ) .0 (- 0:00% ) ‘0 (°0,00%).§ 0.441. 0871
Shape Factor 1352 {1100.00% ) 0 (0.00% 0 (. 0.00%) § 0393  0.835

| Length Ratio 6429 { 99.21%) S1 ( 0.79% ‘0 { 0.00%) § 7.464° 1.488

Gobal— 6208 (9580%)  272( .00 000%)

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BO(

Student Notes:

Do It Yourself (6/6)

¥ Offset this Surface Mesh: distance = 1 mm
Offset operator is stored in the tree

Copyright DASSAULT SYSTEMES
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FEM Surféce

EXERCISE BOOI

Student Notes:

Additional Exercise

14. Octree mesh on Block cylinder

In this exercise you will use advanced meshing tools to generate a good quality octree mesh of a
block cylinder

You will use :

@ Octree mesher
#Global specification\
¢Local specification
#Quality improvement
#O0ther specification

Copyright DASSAULT SYSTEMES
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FEM Surface

Design Process : Octree mesh on Block cylinder

Create on Octree
Mesh on.a skin

Criterion ...

4 Good

i

| Skewness
Distortion
Nodes Jacoblan
Streteh

Min. Length

-} Shape Factor
+{ Length Ratio®
- Global -

57952 ( 99.83% )
54005. ( 93.03% )

58050 ( 100.00% ) 0.( 0.00%}

57995 ( 99.91%)

g

58050 ( 100.00% ) 0 ( 0.00%) 0
56050 ( 100.00% ) 0°{ 0.00%) 9
56050.(:100.00% ) 0.( 0.00%) 0
0

1

1

58024 (- 99.96% )
57988 ( 99.89% )

54004 ( 93.03%)

i dBadi
98 { 0.17%) 6 ( 0.00%) 0.888 f
3828 ( 6.59%) 217 ( 0.37%) 54653 21,160: 7
0 (.0,00%) 0275 0.960 |
S5 ( 0.09%) ( 0.00%) 0.154
(0.00%) 6.114
( B.00%) 20,604 4,624
(.0.00%) 0.551  0.980
{0.00%) 0.161  .0.838
(' 0.00%)

26 (. 6.04%)
61 ( 0.11%)
3829 ( 6.60%)

18,721

Qué

| connectivites |

| icriterion
Skewness
Distortion
Nodes Jacoblary
Stretch
1 Min. Length
Max: Length
1 Gauss Jacobian
Shape Factor
Length Ratio.
~~Global -~

| :Good: :

59144 ( 100.00% ) 0.( 0.00%)
‘59144 (100,00%).  0i( 0.00%)

56998 ( 99.75% )
57616 (:97,42%) 1490 { 2.52%)
59144 -(-100.00% ) 0 0.00%)
59127 { 99.97%) 17 (. 0:03% )
59144 (100.00% ) (0 ( D.00%)

59140:( 99.99%) 4°( D.01%)
59133 {° 99.98%) 11 0.92%)
57568 97.34%.} 1538 { 2.60%)

Improve Quality

Copyright DASSAULT SYSTEMES

Mesh the Part

Apply Global,=
Local:and-Quality
Parameters

Clearance: {0mm

[ Dynamic chieck

Nuinber, of elementsy
in

EXERCISE BOO

Siudent Notes:
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FEM V'Sur;f;be -

Do It Yourself (1/7)
& Enter in Advanced Meshing Tools workbench

¢ Create an Octree mesh on the skin surface of the part
& Click on Octree Mesher icon
¢ Select the cylinder block

The skin is selected and will be meshed

¥ Enter Global parameters :
¥ Size =15mm
& Absolute sag is deactivated
¢ Proportional sag is activated and equals 0.2
& Choose Parabolic as element Type

{87 Load Slice_Cylinder_Block Half.CATPart

(g

Copyright DASSAULT SYSTEMES

EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOG

Student Notes:

Do It Yourself (2/7)

Create Local Parameters

Apply elements distribution
¥ Select Local Tab

Select Edges distribution

Click on Add

& Select these four edges

Enter 25 as number of edges

A A N O

Apply local size
Inside cylinder and the two half cylinder apply a 10mm elements size
» Select Local size

» Click on Add

» Select the 6 facesxs
»  Enter 10mm as size

Local sag
Edges distribution
Imposed points

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOOI
Stud Ni H
Do It Yourself (3/7) Student Notes:
¢ Create Quality parameter:
¢ Select Quality Tab
¢ Choose Skewness as criteria
¥ Check Others parameter
You should have these default values
=l e
n?orvn‘etry""sizve:].ltp!t‘: : [ET:TT—‘@
v'sh' edges. supprﬁs@p ;U.l E
i | Dfsawesmwf@ﬂ :
§ §oipax; nmnberoﬁattempts:;;_‘f__g‘f“ RS
Copyright DASSAULT SYSTEMES ”



FEM Surface

EXERCISE BOC

Student Notes:

Do It Yourself (4/7)

Mesh the Part:

&« Click on Apply to mesh the skin
& Click OK to close the panel

Check elements distribution And local size

Proportional sag:
elements sizes are
different regarding to
the shape of the
geometry

Copyright BASSAULT SYSTEMES
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'FEM Surface

EXERCISE BOOI
Do It Yourself (5/7) Siudent Notes:
Analyse Elements Quality
¢ Edit a Report
Good {Poor o lpad 1wors
Skewness (57952 (-99.83% ) o8 { 0.17%) 0 D;BU%) 0,888 0.227
Distortion 54005 (" 93.03% ) 3828°( 6.59% ) 217 { D.37% ) 54653 21,160
Jodes Jacobian’ 58050 {:100,00% 0.{ 0.00%) 0 ( 0.00%) 0,275 0,960
Stretch 57995. { 99,91%.) 551 D.D‘B%): o (.__VD.UB%,} 0,154 0730
Min. Length * 58050 (lﬂﬂ;ﬁﬂ?fo} B D.DU"/’g) 0 { 0:00%) 0.114 .371;{80
Max, Length 58050 .100,00%.) 0{ 8,00%) Dv( 0.00%.) 20,604 4.824
| Gauss Jacobian 58050, (*100,00% ). 0¢ 0.,00%) 0{ 0.00% 0.551  0.980
<1 Shape Factor 58024 99,96% ) 26 (..0,04%) 0.( 0.00%) 0,161 0,838
.| Length Ratic 57988 (1 99,89% 61-( 0,11%7 L0000 0721 1.662
|~ Global - % D_%} ;21? { 0.37%)
2
=
w
=
(]
>
w
g
<
w
[}
D=4
o
5
)
o
[$]
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FEM Surface

EXERCISE BOC
Student Notes:

Do It Yourself (6/7)

Improve Quality

Edit Octree Triangle mesh by double clicking on it in the tree
% In Quality Tab, change criteria to Shape
¥ Click on Apply to Mesh the Part

& Check Mesh Quality Report

: s $ Worst
59058: (. 99. 55“/0) 264 (- 0.44%) 4.{ 0:01%) 0.937
57119°:96,26%) 2126'( 3.58%) 81:( :0.14% ) 52.943
:59326.(°100,00% ) 0.{ 0.00%) 0(.0.00%) 0.222
59303.(. 99.96% ) 23.( .0.04% ) 0:(: 0.00%): 0.176
59326-('100.00% ) 0 { 0.00%) 0{ D.00%) 0.t21
52326, 100.00% ) 0°( 0.00%) 0.( 0,00%) -21.421
59326.(-100.00% ) -0 ( 0.00%) 0 (:0.00%): 0511
59320:("93,99% ) 6 ( 0.01%) 0.( 0.00%) 0.205

59310 ( '99:97% ) 16 { 0.03%) st 7,527
57038.('96,14% ) 2206 ( 3.72%) 82 ( 0.14%)

& Edit Octree Triangle mesh by double clicking on it in the tree

In Others Tab, change mesh edge suppression to 0.2 : ol
¥ Click on Apply to Mesh the Part | = el
& Check Mesh Quality Report o

Criterion:: “3/Poor, Bad :
0 Skewness 58998 ( 99.75% ) 146 (- 0: 25%) 0.( 0:00%}) 0,868
g 14 Distortion 57616 { 97.42% ) 1490 ( 2.52%) 38 (°0.06%) 53,257 20.283
o e Nndes Jacobian 59144 (-100,00% ) 0( 0.00%) 0 ( 0.00%) 0.292 0,962
5 23 Stretch 59127 (99:97% ) 17.( .0.03%) 0(:0.00%:) 0.191 0739
5 “{ Min: Length 59144 (100.00% ) 0 ( 0.00%) 0:{ 0.00%) 0.135 3.095
- -{ Max, Length 59144 {100,00% ) 0.( 0.00% ) 0:{.0.00%) 25320 4,742
5‘ Gauss Jacobian 59144 {100.00% ) 8 ( 0.00%) 0°(0.00%). 0.831 0.980
= shape Factor 59140: { 99.99% ) 4( 0.01%) 0. 000%) _0.202. 0.849
e 3 Length Ratio 50133 {-99.98%) 11°¢ 0:02% ) 00%)  EB. 1,595
b |- Global - 57568'( 97.34%) 1538 { 2.60%) § 38 ( .0.06%) |
) PO
= AR
T ?
Q
o
Q
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FEM Surface

EXERCISE BOOI
Student Notes:
Do It Yourself (7/7) S
¥ Check Interference
¥ Clearance =0mm
& Click on Apply to launch the check
No interference or intersection are detected, this skin mesh is ready for tetrafiller 3D
mesher (available in FMD)
(Clearance:. {omm B
E;}[kjbynamic check i L
iMumber of elemeits:
intersection: 0
xininterferericor
GCopyright DASSAULT SYSTEMES 1y



FEM Surface

EXERCISE BOO

Student Notes:

Additional Exercise
15. Hybrid Mesh: 1D and 2D

In this step you will :

@ generate a 1D mesh

# Use capture nodes between 1D meshes and
1D-2D meshes

@ Create and analyse a static case
¢Modify/add and connect 1D meshes

-----

Copyright DASSAULT SYSTEMES
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FEM ﬁSurface

EXERCISE BOOI

Student Noies:

Design Process : 1D Mesh and hybrid mesh

Frcmlan hybrid geometry, define 1D and 2D meshes,
connections are coincident and condensed nodes

Add beams to minimize
displacements and modify the
whole structure behavior

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BO(

Do It Yourself (1/6) Sudentflotes:
¥ Tools+Options, General +Parameters and Measures/ Units: Change Length unit to
meter
¥Go to Advanced Meshing Tools wb
¥'Generate the 1D Meshes

©Select Beam Meshericon

¥ Select the support lines
% 10m as size, no sag
@ Click Apply to mesh and OK to close

Copyright DASSAULT SYSTEMES
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“ FEIVI Surface

Do It Yourself (2/6)

4 Select Beam Mesher icon

¥ Select the top structure

@

4 Activate automatic mesh capture, Tolerance = 0.1m

¢ Imposed points: each middle poir
¢ Tolerance '

@
@
%
@

Copyright DASSAULT SYSTEMES

10m as size

0.1 mm

Geometric distribution

Nb of elements= 6

Size 2/ Size 1 = 2 for left edges
Size 2/ Size 1 = 0.5 for right edges

& Click Apply to mesh

EXERCISE BOOI

Student Notes:

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BOQ
Stud :
Do It Yourself (3/6) Sludenttiotes:
« Generate a Surface Mesh
¥ Select the surface s
& 5m as size and 1m as sag e
& Automatic mesh capture activated o g
Tolerance = 0.1m
«&OK Pl
Nota: Nodes from 1D meshes are automatically detected and captured
«Mesh and Exit
¢Color All Meshparts
,,,,,, Sy I DA ULT ~STE 3 - - —




FEM Surféce N — S e S o . N . e I R — S : S

EXERCISE BOOI

Student Notes:

Do It Yourself (4/6)

¥Go To Generative Structural analysis
¢ Apply properties
v'Beam properties
# Click on 1D Property icon
¢ Select 1D Mesh.1 (or geometry)
& Choose Cynlindrical beam as type
@ Click on Component Edition
¢ Enter 0.5m as radius
@ ldem 1D Mesh.2 o

¢Surfacic properties L
#® Thickness = 0.05m

¢ Defining the case |
¢Clamp the 4 bottom points | S—
¢Pressure inside Sillo

4 Value = -300N/m2
vCompute
5 Visualise Displacements image
# Average Iso visualisation

{1 User-defined material

ME!

o

Copyright DASSAULT SY!
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FEM Surface

EXERCISE BO(
Student Notes:

Do It Yourself (5/6)

To decrease Displacements and the deformation,
we add beams to the structure: add 1D meshes

¢ In sillo.catpart, show Geometrical set.3

«In analysis document, go to Advanced Meshing
Tools workbench

v Edit 1D mesh.1, and add imposed points:4
intermediate points

«Click Apply to update this mesh

#Mesh one group of new beams (select j 1om 3 Or
one beam) " v
¢ Size=10m
< Automatic capture activated
® Imposed 4 middle points
# Click apply to mesh

¢Mesh the 2" group: select join.4 or the 2"d part
of the new beams

4 Size=10m

4 Automatic capture activated

Nota: capture detects the intersection point

4 Click apply to mesh

Copyright DASSAULT SYSTEMES
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, FEM%Suer ace e e L . . U L

EXERCISE BOOi

Do It Yourself (6/6) Student Notes:

¥ Go to Generative Structural Analysis
workbench

«Apply properties to 2 new 1D Meshes

Yariable Beam Factars:

¥Re launch computation

¥Visualise new displacements results

Copyright DASSAULT SYSTEMES
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FEM Surface

EXERCISE BO(

Student Notes:

Additional Exercise
16. Extrude 1D element into 2D Mesh

In this exercise you will generate 2D mesh from 1D elements

v You will use :

@ 1D Mesh

# Elements Extrusion

@ Mesh Part deactivation

Copyright DASSAULT SYSTEMES
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" FEM Surface

EXERCISE BOOI

Student Notes:

Design Process : Extrude 1D elements into 2D Mesh

From a Profile

Generatea 1D
Mesh =

N
1D:Extrusion with

rotation int_o‘2D _ '_
mesh =

o

J

10 Mesh. 1
i 1D Mesh:2
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FEM Surface

Do It Yourself (1/4)

Copyright DASSAULT SYSTEMES

Create profile meshes:

Enter Advanced Meshing Tools workbench: Static Analysis

Click on Beam Mesher icon

select Join.1 as geometry to be meshed
Size=15mm

Imposed Points: 2 intersection points
Click Apply and OK

Idem for Line.11 and capture 1D mesh.1 nodes

Load: 1D Extrusion.CATPart

EXERCISE BOQO

Student Notes:
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 FEM Surface

Do It Yourself (2/4)

& Select the Extrude Mesher with Rotation icon
Multi select 1D Mesh.1 and 1DMesh.2

Intersect.1 as axis,
180deg as angle,

e
&

Load: 1D Exirusion.CATAnalysis
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Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Do It Yourself (3/4)

Choose Geometric Distribution type i iy
20 as numbers of layers .
- 3 as size ratio

Activate Symmetry to get a symmetrical distribution
Click Mesh

ntersect, 1{Geometrical Set, 1/t o i L

& m
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FEM Sur;;ée

EXERCISE BOOI

Do It Yourself (4/4) Student Notes:

Deactivate 1D meshes using their contextual menu.

Check Free Edges

&

Check Elements Quality

Load: 1D Extrusion End.CATAnalysis
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FEM Surface

EXERCISE BOO

Student Notes:

Additional Exercise
17. Mesh Parameters Exposition to Knowledge 1

. 1S exercise you will create a Parameterisation of a FEM Model using rules and formulas and
see how the Mesh will be modified, according to the geometry modifications.

You will use :

4 Knowledge tools:
Formula
Rule

urface Me%h lu‘deshCaptureAutoTol :
¢ t Stirface Mesh: 11CurveCaptureAutoToI'
Jefrents\Smatt Surface Meshi1)Absolatese) Eabi
ents\Sm urFace Mesh. 1\MinSizeFor
Hi 1116 5

Urface Mesh 1'5.Meshsize'” ],
embers of Paramieters

Renamed parameters
Boolean
CstattriMode
'Stnng
Angle
JLength’

{Circle: Constrictors:
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EXERCISE BOOI

Do It Yourself (1/6) | | Student Notes:

N

& Go to Advanced Meshing Tools workbench

¢ Define a mesh on the surface
¢ In Mesh Size field, display the contextual menu
¥ Choose Edit Formulaicon

¢ Enter the following formula in the editor (click part1 / PartBody in the tree to fllter the
parameters)

Aembers of AllL

4 |- Part1iPartBody\wall On Edge.! B\Ltrnlt 1
*PartliPartBody\wall On Edge.8iLimiE 2°
i 'P.:rtl\PartBody\Wa!l On Edge. E\Anule
o ne. B

N Renamedparameters
A iLength

+; {Point Constructors.

Angle |
law -~ | {Boolean : i {length:
“{Line Constructors i i1salid i ‘Partl‘v,sheer Metal Parameter, HThickness®
.. {Circle Constructors

T {cuive: || "Part1\PartBody\wall Ori Edge.8\Sketch.S{Activity” f d

o {7 Part1\PartBady\tvall On Edge.8\Sketch. 9l AbsoluteAxisia—i .
i1 Part1iPartBody\wal On Edge.8¥all. 9\Activity*
: :Partl'LPartBody‘g\'\?all on Edge.ﬂkActivltyf

String i

: IDirection Constructors
List i
feasures B
Surface Constructors .I.l

ZE] Stnp optlmlzan

Constraint sag = 0.6mm
& Minimum holes size=1mm
& Activate Merge during simplification
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Load: FMS knowledge 1_1.CATPart
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FEM Surface

Do It Yourself (2/6)

& Define Domain Specifications on main surface
& Using Mesh Size field contextual menu, click on Edit formula icon.

& Enter the following formula and validate (click part1 / PartBody in the tree to filter the

parameters)

& Mesh and Exit
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Student Notes:
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FEM Surface

EXERCISE BOOI
Student Notes:
Do It Yourself (3/6) SR
¥ Go to the Knowledge Advisor workbench
¢ Click on the Rule icon and name it Rule on merge simplification .
&« Enter the following Rule in the Rule Editor and validate : |
if ‘Nodes and Elements\Advanced Surface Mesh.1\Mesh Size’ <=10mm
‘Nodes and Elements\Advanced Surface Mesh.1\Min Size = 1mm
else ‘Nodes and Elements\Advanced Surface Mesh.1 \Mln k$l"ze‘ = 8mm
&5 and Elements\Advanced Surfac
| "Modes and Elementstadvanced Surface Mesh, 13Min Size” = 1mm
else "Modes and Elements\ddvanced Surface Mesh, 1YMin Size® = Smm
& Update in the Specification Tree the Smart Surface Mesh.1 : Right click on it
in the tree and select Update Mesh. —
et e @ Y
ﬁémens.t}fpe:"@-L!nea} '_O Par
e | Geomerny |
izgsﬁ;ﬁf"“” l‘ i;’des o
b bevsn cirves [y
:  Nota: Tools+Options/Analysis and Simulation, General, activate Show Relations
S to visualise the rule in the tree
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FEM Surface

EXERCISE BOO

Student Notes:

Do It Yourself (4/6)

& Go to the FMS knowlledge 1_1. CATPart
¢ Put the PartBody in the show mode and edit the Wall On Edge.8 definition
& Modify the value to 35 mm . | i

fLd e
& Validate, update the Part if necessary.

« Return to the Analysis document by selecting the Advanced Meshing Tools
workbench in the Start menu (or by double clicking on the Finite Element
Model.1 in the Tree).

« Right click on Nodes and Elements and select the Update all meshes option.

There is a formula and a rule between the
length of Wall on Edge.8 and the MeshSize.
When the value of this length is modified, the
Mesh will be updated consequently.

Edit the Global Parameters on the Smart
surface Mesh.2 and note that you have the
MinSize value defined in the Rule.
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FEM Surfé&e

EXERCISE BOOI

Do It Yourself (5/6) Student Notes:

Return to the FMS knowledge 1_1. CATPart

Modify the parameters of the Rectangular Pattern.1
Number of instances : 4, Spacing : 25 mm.

Hide the PartBody and return to the Analysis file.
Right click on Nodes and Elements and select the Update all meshes option.

There is a formula between the step1 of
the Rectangular Pattern.1 and the Size od
the MeshDomain.1. When the value of this
step is modified, the Size will be updated
consequently.

You can edit the Domain Specifications.1
parameters to check that the value is
8,333 mm
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FEM Surface

Do It Yourself (6/6)

¢ In FMS knowledge 1_1. CATPart and enter the initial values of modified
parameters
¥ 20 mm in the Wall On Edge.8 definition
& 6 instances and 15 mm spacing in the Rectangular Pattern.1 definition.

¢ Return to the Analysis file, update all the meshes and check that all the
values are updated according to the formulas and the Rule.

This operation is totally reversible, the
communication between the part and the
analysis file is permanent.
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EXERCISE BOO

Student Notes:
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FEM\Surfac

Additional Exercise

18. Mesh Parameters Exposition to Knowledge 2

In this exercise you will see how the Mesh will be modified, according to the geometry
modifications according to the values set in a Design Table.

You will use :

# Rules, design table
Mesh parameters ruled
by geometrical parameters
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EXERCISE BOOI

Student Notes:
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FEM Surface

EXERCISE BOO

Student Notes:

Do It Yourself (1/3)

¥ In the Front Shell.CATPart, note the two configurations available in the
Design Table. To do that, edit the Design Table under the relations node and
apply the second configuration
modified Desi figur

v Keep the first configuration and go to the Analysis file.

¢ Put the part in the show mode to see the selected configuration on the
mobile.

Nota: Tools+Options/Infrastructure and Part Infrastructure, Display, activate Relations

Load : FMS knowledge Mobile.CATAnalysis
Load : Front Shell.CATPart
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H FEM Suff;ée
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Do It Yourself (2/3)

¥ In FMS knowledge Mobile.CATAnalysis, edit the Rule on holes simplification
located under the Relations node and check that the minimum hole size
depends on the se fi i

Rule created by sha 12716{2003%]

“Fronkt ShelliRelationsiDesignTable; 11Configuration .
dndes and Elementsiadvanced.Surface Mesh, 11Min Hole Size” =3mm €= __,
;;;-alse "Modes and Elementsiadvaniced Surface Meshi1iMin Hole Size™ = Omn®

If a hole is lower than min hole size parameter(3mm or 1mm), this hole is ignored in the mesh.

€ You can see in the rule that in the configuration 1, the minimum hole size parameter
is 3 mm. In Front Shell CATPart, measure the size of one hole, its diameter is 1 mm.

¢ Referring to the rule:
The holes are ignored in the mesh.

Nota: Tools+Options/Analysis and Simulation,
General, activate Show Relations

EXERCISE BOOI

Student Notes:
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FEM Surface

Copyright DASSAULT SYSTEMES

Do It Yourself (3/3)

¢ Change the configuration in the design table : In the Front Shell.CATPart,
double-click on the design Table located under the Relations node, choose
the configuration 2 and validate.

nent 4 This desigri table was created by slu.on 12f16/2003

ons |

“Tnrer ShapeiRectPattern, 1 |
Odeg fii
Sq5HEr ‘i?

¢ In the analysis file, right click on Nodes and Elements and select the Update
all meshes option.

According to the rule, the value of min
size hole is now Omm. All the holes are
taken into account while meshing.
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Student Notes:




FEM Sur\fgc‘:e \

EXERCISE BOOI

Student Noles:

Additional Exercise

19. Mesh Parameters Exposition to Knowledge 3

In this exercise you will create a Parameterisation of a FEM Model using Design table in the
Analysis file.

You will use :

& Design Table

e R shomm G B G B e e G R e D B
MeshMethod ElementOrder i MeshRelativeSag :MinSize (mmiOptimizeRegula:MinimizeT:
Frontal triangle Linear 6 . 0.1 2 FALSE false
Frontal quadrangle :Parabolic o . 0.1 0.5itrue TRUE
Frontal quadrang : 0.2 2itrue TRUE
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FEM Surface

Do It Yourself (1/4)

& In the FMS knowledge Mobile DT.CATAnalysis, edit the Design Table located
under the Relations node.

= le Properties -
ame DesignTable.2

omment | This design table was created by.slu on 12/16/2003

Thanks to the design table, we can define
for example several meshes usable at any
time :

-A coarse mesh for quick analysis using

1 linear triangle elements

ype | Hode..

Coarse G Frontal triangle
L Predise Cgm Froftalquadrangte:
Smm Frontal quadrangle

“Hodes ard Elements).,.

hodssisl, | ed: .
Linear

« Parablie:

Lirear.

falss.. - False
Ahge rus
true itrue

d.o. | Thode,

. -A thin mesh for a precise analysis using
| parabolic elements

Oram ' :0.6mim ‘U. lmmt

J ‘ 2mm
e ach e G A

0:5mm. O5mm.02em 2om | -A « midplane » mesh to respect the finite
element method hypothesis using the

midplane surface to support the mesh

14 iodel

« Click on the edit table... button to see all the specifications.

Design Table

Copyright DASSAULT SYSTEMES

Nota: Tools+Options/Analysis and Simulation, General, activate Show Relations to visualise the

Load : FMS knowledge Mobile DT.CATAnalysis

EXERCISE BOO

Student Notes:
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FE IVI | Surféée

EXERCISE BOOI

Do It Yourself (2/4) Student Notes:

& An Excel document is loaded and you can see that for all configurations,
you have the mesh parameters defined.

B LG ]
MeshMethod ElementOrder MeshSize (mm] MeshSag (mm) MeshRelativeSag MinSize {mm OptimizeRegula MinimizeTL
Frontal triangle Linear B 0.6 0.1 2 FALSE false
| 3 Precise  Frontal quadrangle Parabolic 2 0.2 0.1 0.5itrue TRUE
4 midplane Frontal quadrangle 'Linear 5 0.5 0.2 2'true TRUE

¥ Close without save the excel file and choose the Coarse configuration.
Validate and update the mesh (right click on the Advanced Surface Mesh.1
in the specification tree and choose the Update Mesh)

The mesh is modified according
to the new mesh parameters.

For the coarse mesh, the
chosen elements are linear
triangles.
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FEM Surface

EXERCISE BOG

Student Notes:

Do It Yourself (3/4)

In Advanced Surface Mesh.1 contextual menu, select Analyse |l=]

In the Connectivities Tab, you can see that all the elements are linear
triangles TR3

You will now check, thanks to
the Quality analysis tool that all
elements are triangle elements.
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FEM Sur}éée

EXERCISE BOOI
Student Notes:
Do It Yourself (4/4) S
¢ Edit the Design Table located under the Relations node
and choose the second configuration : Precise.
oo | Modes and Elementst,.. [ ° “Hod.. | . i
Frontal triangle Linear false false Omm D 6rnm
500 Prontaliqliadeanales 0 Parabolic K
<3> midplane Smm Frontal quadrangle Linear true true -0.5mm U.Srnm 0.2mm 2mm
& Validate and Update the mesh.
¢ Edit the Quality Analysis : right click on the Advanced
Surface Mesh.1 in the specification tree and choose
Analyze.
onﬁectivifies: ;
umber of nodes: {5530
umber of element-; ?1‘2 . Igéliﬁ(?;glfz’:ooi)
g The type of elements is
5 modified according to the
o mesh parameters located in
2 the Design Table. The mesh
3 is precise : the quadrangle
g elements are thiner and all
3 elements are parabolic.
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FEM Surface

EXERCISE BOOI

Student Notes:

Hints and Tips

&« Select “applies customized view” to visualize elements edges.
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