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Lesson 1: Introduction to Finite Element Analysis

About this Course
Introduction

CATIA is a robust application that enables you to create rich and complex designs. The goal of the course
‘CATIA V5 for Analysis’ is to teach you how to assist designer to perform preliminary Static Analysis of
parts and assemblies designed in CATIA. This course focuses on the Finite Element Analysis process for
static analysis, concepts in static analysis and performing Static analysis for parts and assemblies using
Generative Part Structural (GPS) Analysis workbench.

Course Design Philosophy

This course is designed using a process-based approach to training. Rather than focusing on individual
features and functions, this course emphasizes on the processes and procedures required to complete a
particular task. By using the case studies to illustrate these processes, you will learn the necessary
commands, options, and menus within the context of completing a design task.

Target audience
* Mechanical Designers, Structural Analysts

Prerequisites

CATIA V5 Fundamentals ‘ 16 Hours
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About the Student Guide

Using the Student Guide

This student guide is intended to be used in a classroom environment under the guidance of a certified
CATIA Instructor. The exercises and case studies are designed to be demonstrated by the instructor.

Exercises/Case Studies

This course illustrates the process-based approach in two ways: exercises and case studies. Exercises give
you the opportunity to apply and practice the material covered during the lecture/demonstration portion of
the course. They are designed to represent typical design and modeling situations. Extra exercises have
been included in this guide to accommodate those students who may wish to practice more modeling. The
case studies provide a context in which you would use particular tools and methods, and illustrate the
process flow you would typically follow for a project.
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Conventions Used in the Student Guide

The following typographic conventions are used in the student
guide:

Bold text within a sentence denotes options selected from
the CATIA menu bar.

Red text denotes the name of a tool, icon, button, or window
option.
Italic text within a sentence is used to apply emphasis on key
words.

Numerical lists are used in sequential lists, such as the steps
in a procedure.

Lower-case alphabetical sub-lists are used in sequential sub-
lists, as for steps in an exercise procedure.

identifies areas in a picture that are associated with steps
in a sequential list, such as in an exercise.

Upper-case alphabetical lists are used in non-sequential lists,
as for a list of options or definitions.

Text enclosed in < > brackets represents the names of
keyboard keys that must be pressed.

Text enclosed in [ ] brackets identifies text that must be
entered into a text field of a CATIA dialog box or prompt.

Example page:

Use the following steps to create a new
document in CATIA:

1. Click Start > Mechanical Design > Part
Design.

2. Create new part.
a.Click File > New.
b.Select Part from the New window.
c.Select OK. e

d.Press <CTRL> + <S> to save the
document.

e.Enter [my first document] as the
document name.

You can create the following profile types:
A. User Defined Profiles

B. Pre-Defined Profiles
C.Circles

Constraink E3

STUDENT GUIDE
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Case Study: Introduction to Finite Element Analysis

(FEA)

Lesson 1 will familiarize you with the Finite Element Analysis process. From lesson 2 onwards,
each lesson in this course will contain a case study, which will help to explain the skills and
concepts covered in the lesson. Models used in case studies come from the drill press assembly,
which is also your master project. In this lesson, you will learn about the types of part or surface

preparation that may be required before analysis, and how to open the GPS workbench.

Introduction
to FEA

Xercis

GPS pre-
processing

xercis!

GPS
Computation

xercis!

GPS Post-
processing

xercis!

Mesh
Refinement

Xercis

Assembly
Structural
Analysis

Xercis

(Case Study)

Master Project

Copyright DASSAULT SYSTEMES
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Design Intent

Each case study contains a set of model requirements, known as the design intent. One
interpretation of design intent is how the part model has been constructed in order to properly convey
its functional requirements. In subsequent lessons the case study will be analyzed in order to verify
these functional requirements. By the end of this lesson you should be able to :

Understand FEA process

Open GPS Workbench

Changing Default Units

Choosing Local co-ordinate System
Applying Constraints on Part of Face
Prepare Surfaces for GPS Analysis

NNRNENENENEN
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Stages in the Process Student Notes:

Each lesson explains the topics in steps. These steps outline how to pre-process, compute,

and post-process the part or assembly in the case study. Each step contains the information
needed to complete the exercise.

For Lesson 1, you will go through the following steps to start yourself with FEA in Generative
Structural Analysis Workbench:

1. What is Finite Element Analysis Process
2. Introduction to Generative Structural Analysis (GPS) Workbench
3. Preparing Parts and Surfaces for Analysis

Copyright DASSAULT SYSTEMES
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Step 1: Finite Element Analysis Process

In this section, you will understand the
general steps to be followed to perform
Finite Element Analysis for structures.

To introduce yourself to
Finite Element Analysis use
the following steps:

1. Finite Element Analysis
(FEA) Process

Copyright DASSAULT SYSTEMES
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What is Finite Element Analysis (1/4)

Finite Element Analysis (FEA) is a numerical tool used to
simulate a physical system. With this method the modeled
system is broken down into simple geometric shapes,
called finite elements, whose behavior can be described
mathematically. The elements and their interrelationships
are converted into a system of equations which are solved
numerically.

The most common Finite Element (FE) technique is
displacement-based. In this approach, displacement is
assumed to be an unknown quantity.

The problem is solved using FE methods to find out
displacements.

The overall process can be subdivided into smaller
steps as shown in the illustration.

Pre-processing
(FE Modeling)

g

Computation
(Solving FE Model)

[ —]|

U

Post-processing
(View Results)

g

Mesh Refinement
lterations

U

Create
Reports

Finite Element Analysis Process

STUDENT GUIDE
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What is Finite Element Analysis (2/4)

A. Pre-processing

In this step, the actual physical problem is
converted into equivalent Finite Element
problem.

=  The physical structure is converted
into an equivalent Finite Element (FE)
model.

" The actual material properties are
defined for FE model.

=  Actual physical Forces are converted
into equivalent FE Loads.

" The actual physical Boundary
Conditions are converted into
equivalent FE Boundary Conditions.

Copyright DASSAULT SYSTEMES

Actual part to
be analyzed

Finite Element Model
. —»
representing actual part

Applying Load on
the FE Model

Applying boundary —»
conditions to FE model
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What is Finite Element Analysis (3/4) Student Notes:

B. Computation

'
: [ STRUCTURE Computation

=  The FE problem provided by the ; : : .
e
H H b t ) ] r 1
pre-processing step is solved to =11 e
. . | Number of Contact relations ) 1 H
find out the unknown displacement | mumber oF Kinematic relations i 0| wame: Loads.t :
| :. Linear tetrahedron : 27187 i Applied load resultant : :
values. IS perogo ]

I [=28 P
: STIFFNESS COMPUTATION Berogs mm i
- - 2-007 nxm H
istiffness Computation O ER00 0N '

Istiffness Computation 10 T T T T T T T e T T T
stiffness computation 20 !

istiffness Computation 30 H

:St"l'F'Fness Computation 40 f

Sstiffrness computation 50 1

stiffness Computation &0 H

Isxiffness Computation_70

C. Post-processing

. Using these displacement values,
strains and stresses are calculated
for the complete structure.

*  You can study the deformation of
structure, variation of strains and
stresses throughout the structure.

Yon Mises Stress (nodal valles).2

Strain fll tensor component (odal vaues), 1 . MN_m2
. . 1.01e+004
8.51e-008 9,1e+003
5.81e-008 8.11e+003
5. 1e-008 7.12e+003
34e-008 £.14e+003
1.6%e-008 5,15e+003
-1.53e-010 4,16e+003
I -1.726-008 3.18e+003
-3.43e-008 2.1924+003
-5.13e-008 1.2e+003
-6.84e-008 214
-5.54e-008
GnBouncry Cn Bolndary
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What is Finite Element Analysis (4/4)

D. Mesh Refinement

=  The first solution provides initial estimation of
stress / strain values. If this is considered to be
sufficiently accurate, no further computation
will be required.

=  To get a more accurate solution, the mesh
needs to be refined and the computation is to
be done again.

" A number of mesh refinement and computation
iterations are performed till the required
solution accuracy is achieved.

%) i,
A7 D

E. Report Generation

=  Once the required accuracy level is achieved,
various plots such as Displacement, Principle
Stress, Von-Mises Stress can be obtained.

ELEMENT QUALITY:

Criterion Good Poor Bad Worst | Average

Von Mises Stress (nodal values).3
N_m2

I
I

I

I

I

I

I

L

| o L2e+004

1 M 108e+004
1 M 964e+003
I

I

I

I

I

I

I

I

I

I

Distortion | 13267 ( 64.35% ) | 5728 (2778% ) | 1623 (7.87% ) |57.220 | 31.031

8.456+003
7.26e+003

Stretch | 20589 (99.86%) | 29(014%) | 0(000%) | 0276 | 0595

6.07e+003

4,88e+003

5.882e-009T

3694003

Length Ratio | 20615 ( 99.95% ) 3(001%),’[ """"""" 'l’""

2.5e+003

I 131e+003
on

116
BoLndary

[ =l <
‘ Error m Energy.2 | 4.795e-009T

‘ Global Error Rate (%0).3 | 53809516907

Mazimum Displacement.4 | 1.442e-005mm

Mammum Von Mises. 5 | 12020585 _m2

e e 4

Copyright DASSAULT SYSTEMES

.wmn.!‘ﬂ#
1

| R

values).3

M_mz
1.2e+004

I 1.0Be+004
3.642+003
3.45e+003
7.26e+003
5.07e+003
4,88e+003
3.69e+003
2.5e+003
1,31e+003
116

On Boundary

Static Case Solution.1 - Von Mises Stress (nodal |

blution.1 - Deformed Mesh.1 |
1
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Why to Use Finite Element Analysis

FEA can be applied to practically any problem having an arbitrary shape including various
boundary and loading conditions. This flexibility is not possible with classical analytical
methods. Apart from this you have the following advantages:

=  You can validate product
modifications to meet new conditions.

*  You can verify a proposed product or structure
which is intended to meet the customer
specification, prior to manufacturing or
construction.

=  You can evaluate advantages and
effectiveness of various product design
alternatives without having any kind of
experimental test setup.

. It helps to implement the product concept ‘first
time right’ with corresponding cost savings thus
minimizes the product life cycle time
significantly.

=  With FEA software tools, you can optimize
your product for minimum weight and volume
with negligible cost, thus increasing product
life and improving product reliability.

Copyright DASSAULT SYSTEMES
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Application of Finite Element Analysis Student Notes:

The FEA is a very important tool for engineering design. It is used to solve various complex
problems.

»  Structural Analysis
»  Dynamic analysis
*  Buckling Analysis

Y axis
Real
Unknown

vaﬁr‘ip‘m(:;mup
«  Vibrations Analysis | °‘:
Acoustic Analysis -°j}
0 1

*  Shock Analysis "E;“
*  Crash Analysis

*  Flow Analysis
*  Thermal Analysis
*  Coupled Analysis
*  Mass diffusion
*  Metal Forming
»  Electrical Analysis
* Electromagnetic evaluations

Copyright DASSAULT SYSTEMES
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Step 2: Introduction to GPS workbench

In this section, you will learn:

1. How to perform FEA process
steps in Generative Part
Structural Analysis
workbench.

2. How to access the GPS
workbench

3. What is Static Analysis

e

To introduce yourself to
Finite Element Analysis use
the following steps:

v

2. Introduction to GPS

workbench

STUDENT GUIDE
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General FEA Process in GPS Workbench (1/2) Student Notes:

The GPS workbench provides tools and functionalities to perform FEA in CATIA. lllustrated
below are the FEA process steps that can be performed using GPS workbench.

1. Open the Generative Structural Analysis workbench. Apply material,
mesh the part, apply the restraints and loads. (Pre-processing)

2. Compute the Analysis. (Computation)

General FEA Process FEA Process Steps in GPS Workbench
-\ Finite Element Model.1 |
Pre-processing ET"% Nodes and Elements i
(FE Modeling) 5 propertiest
E (EF Materials.1
1 B > @ EF@ Environment.1
= M, Static Case
@ A@ Restraints.1
L Fdlloadst
Compu —— o ] 5 i Static Solution Paramete
(Solving FE Model) Ja B | [
' i) Auka
2 =

E ‘O QaUss
@ Clpreview | O radient
’m & Cancel | i “ Gauss R6
i

Copyright DASSAULT SYSTEMES
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General FEA Process in GPS Workbench (2/2) Student Notes:

3.  Visualize the results. (Post-processing)
4. Interpret the results and Mesh Refinement. (Mesh Refinement lterations)
5. Manage the results. (Report Generation)

General FEA Process FEA Process Steps in GPS Workbench

Post-processing $f#Static Case Solution.1 i

(View Results) T Deformed Mesh.1 :

= ,';,j-.-,. Translational displacement \rector.li

@ i [, von Mises Stress (nodal values).1 |

Mesh Refinement
4 Iterations

[r—
=

U

Create Sutput diectary: [l CATTemp] TempOUtpULDirectory Jro |
Title: | Hariget]
a Reports 4 add created images
E 5 Choose the analysis case(s):
& _
>
»
-
E’l @ Ok I & Cancel I
a —
<
a
£
>
g
o
o
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Finite Element Analysis Types (1/3)

FEA for structures can be broadly classified in the
following two ways:

1. According to variation of load with respect to time.
A. Static analysis

Static analysis is performed when load
vectors and boundary conditions remain
constant with respect to time.

Example: Static loading on machine frames
due to weight, static loading on trusses,
pressurized containers subjected to internal
static pressure.

A Static
>

Load
(N)

>

Time (Sec)

B. Transient Analysis

Transient analysis is performed when load
vectors and boundary conditions change with
respect to time.

Example: Load on connecting rod in piston-
cylinder assembly.

Connecting
rod

Transient
Load
(N)

Copyright DASSAULT SYSTEMES

Time (Sec)
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Finite Element Analysis Types (2/3)

C.

Harmonic Analysis

Harmonic Analysis is performed when Load
vectors change with the frequency.

Example: Analysis of crankshaft of an

automobile engine, analysis of turbine and
propellers.

Harmonic
Load
(N)

\

Frequency (w)

2. According to the way the structure reacts to the load.

A.

Linear Analysis

Linear analysis is performed when the
structural deformations due to loads are
within the elastic limit of stress-strain curve
for structure material.

Example. Static analysis of components
where deformations produced are very small.
(Static Load on bearing support)

A . .
5__Z|nearE Linear
Stress| 4°Nn€

(o)

Strain (g) >

Bearing
support

STUDENT GUIDE

Student Notes:

Copyright DASSAULT SYSTEMES



CATIA V5 Analysis

Finite Element Analysis Types (3/3)

B. Non-Linear Analysis

Non-linear analysis is performed when
structural deformations due to load do not
follow linear stress-strain relationship.

Example: Analysis of components using non-
linear materials like composites, analysis
involving non-linear phenomena like plastic
deformation (metal forming), friction, crash
analysis of automobiles, airplane structures

Non-linear

(o) on-lineat,

In CATIA, you can perform Static linear analysis,
free vibration analysis to find out mode shapes of
a structure, linear transient analysis and harmonic
analysis. SIMULIA helps you to perform non-linear
analysis.

Using the GPS workbench with a GPS license,
you can perform Static Linear analysis and free
vibration analysis.

Copyright DASSAULT SYSTEMES
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Accessing the Generative Structural Analysis Workbench

You can access Generative Structural Analysis (GPS) workbench using the
following steps.
1. From the main menu select

Start > Analysis & Simulation > Generative Structural Analysis

Pomermeme—ememeemememememmemememmememeeememmemmmemmmmmmeme e mmme e

[%]CATIA ¥5 - [arm-loads.CATPart]
File  Edi

Wieww  Insert  Jools  Window  Help '

Mechanical Design 4 E

shape

2. Select the Static Analysis.

3. Click OK. x

Skatic Analvsis
Freqguency Analysis a@w
[l keep as default starting analysis case

Free Frequency Analysis
d @ Cancel I

Copyright DASSAULT SYSTEMES
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GPS Static Analysis Tree Structure Student Notes:

Entities created during process of GPS Static Analysis get mapped in tree structure as shown.

@ Analysis Manager

E-T% Links Manager.1 Links to CATPart,

#-£ Link.1 -> D:\Part.CATPart CATAnalysisResults and
— "% Results -> C:\Analysis1_3.CATAnalysisResults CATAnalysisComputations files

== Computations -= C:\Analysisl 3.CATAnalysisComputations
=- Finite Element Model. 1
='% Nodes and Elements

J_jﬁDCTREE Tetrahedron Mesh.1 : Fartl

=7 Properties.1 Definition for Mesh,
773D Property.1 Property and Material
= Materials.1
(P Material.1

=- A Static Case

=-1=| Restraints.1

Z= Clamp.1 Definition for

=& Loads.1 Restraints and Loads
L% Bearing Load.1

= I Static Case Solution.1

&, Von Mises Stress (nodal values).1

Pl Translational displacement vector.1 Plots for

P, Estimated local error.1 Result Quantities
=—‘a:| Sensors.1
ﬂ Energy.3
Tfﬂ Global Error Rate (%).4 Sensors for

T-—ﬂ Maximum Displacement.5 Result Quantities
*«'ﬂ Maximum Yon Mises.0

Copyright DASSAULT SYSTEMES
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Exercise 1A

Recap Exercise

‘ 15 min

In this exercise, you will open a Generative Structural Analysis (GPS) workbench, study the

specification tree for analysis and see licensing information. Detailed instructions for this
exercise are provided.

By the end of this exercise you will be able to:

* View licensing information for CATIA V5
= Open the GPS workbench

= Change default units

Copyright DASSAULT SYSTEMES
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Exercise 1A (1/4) Student Notes:

1. Open a part.

companion, Load a document, to open the part.

2. View Licensing Information.
a. Select on Tools > Options.

= Open 1A_Change_Units_Start. CATPart [$]caTiA ¥5
a. Select File > Open E Start  WECEM Edit  Miew  Insert  Tool
b. Browse the folder and click on the file. | e Cerbéh
c. Click OK. V2 Mew From. . i
d. While using the companion, click the link on the m [ Cpen... o}

Tools A yie(e 5 =]

b.  Click on General in Options specification tree.
c. Select Licensing Tab. fog Formula...
d Observe the checked products in List of - Image b

Available configurations or Products. e

EiI]DispIay Target Id ; 16C206F7 4 Ackive Servers | |i|j:nisaixp|p.p|p.c|s EZ

Display Type ¢ Local

Wisualization Filters. ..

] Macro L
1
1
zeneral | Help I Shareable Products rent I Macros IPerFDF: LEIW.“

|

Licensing Information 1 :
: Customize. ..
1
1
1
1
1

1
1
1
1
1
1
1
1
|
|
|
|
i
1
E @0 Compatibility Licensing Setup
1 A I
! ?;? Parameters and Measure a few secands | a figwt mi Opkions,
! Server Time Out 1k
. 1 7:? Devices and Virtual Reality ) E gﬂﬂdﬂfdﬁ 5
i 1k Frequency (mn) [Max = < Shaw info [ oema i =
o ' T‘.Infrastructure ]
4 1 : A D Lisk of Awailable Configurations or Products E
2] 1
- ; ittt B e : Please ensure that GPS and
2 1 - 1 -
= ' t Shape Server { ip:brihaspatiplp.ds ) ] GAS licenses are checked.
1] .
< s B S At 3 GAS- CATIA - GEHERATIVE ASSEMBLY STRUCTURAL ANALYSIS 2 Prodt
'-g', ] Server [ ip:brihaspatiplp.ds ) ]
‘= I ! 1
2z 1 4 GPS - CATIA - GEMERATIVE PART STRUCTURAL AMALYSIS 2 Product |
3 L L L L L L D B ie s in ol SN e A A e o ]
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Exercise 1A (2/4)
3. Access Generative Structural Apalysis
workbench. | - [arm-loads.CATPart]
= Toaccess workbench from start menu.  EJEZGEN fle  Edt  dew Inset ook Window e 5
a. Select Start > Analysis & Simulation > 2 _.1“':“"strLIEtLIrE 4 .
Generative Structural Analysis Mechanical Design L4 |
Shape L4 i
f Lo F@ Generative Structural Analysis i
ﬁ Analysis Manager i
Tr'Ea; Links Manager .1
i "}.Finite Element Model.1 .
E *"5‘51 Modes and Elements | AnaI\.(s_ls Manager
N Wi ) . Specification tree.
: f‘%’ Properties.1 i
| *’ﬁ Materials.1 i
4. Create a Static Analysis Case. *’@ datic Caze i
=  ‘Static Analysis’ case will be default x|
selection.
a. Click OK. Frequency Analysis
b. A Static Caseis added to the G R
< specification tree.
2
Copyright DASSAULT SYSTEMES 25
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Exercise 1A (3/4)

5. Study specification tree.
. Expand various nodes in the specification tree

to observe the details. @ Analysis Manager

a. Click Links Manager.1 node on “+” sign to f"%% Links Manager .1

expand. Observe how the part is linked to . o .

Analysis Document. | 4\}‘ Finite Element Mﬂd
b.  Double-click Nodes and Elements in - ¥Eiz Nodes and Eleméres

specification tree. Click on OCTREE @ Properties.

Tetrahedron Mesh.1 : Cylinder. See which

type of mesh is applied on Part. @ Materlal

c.  Double-click Properties.1 node in +- @ﬂ. M
specification tree. Observe the Property

Type applied to Part.

d. Double-click Materials.1 node in
specification tree. Then double-click on
Material. 1. Observe the Material applied to
Part.

e. Double-click Static Case node in
specification tree. Observe the new nodes
added like Restraints, Loads, Static Case
Solution and Sensors.

Copyright DASSAULT SYSTEMES
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M Student Notes:
Exercise 1A (4/4)
Il Window  Help
6. Change Units. | a—
=  Change the unit of length to meters. | -
a. Select Tools > Options. ) =
b.  Click on Parameters and Measures in Macro 4
Options specification tree. Uty
c. Select Units Tab. :
. . . . Customize. ..
d. Click on Length in Units field. ual I
; Yisualization Filkers. ..
e. Select Meter in the dropdown box. -
f.  Click OK. Spioes: @
Standards. ..
; :111: COptions Knowledge i Lnits nowledge Enviranment I Report Generation |F‘ara:
i L8 m General Linits i
: _[iI] Display Magnitudes :
: — LH compatibilicy Angle Degree :
! Tirme Secand 5 ]
i —F;;’-': Mass Kilogram kg E
; Yolumne Zubic meter 3 '
! _Ffﬁ Devices and Yirtual Realicy Density Kilogram per m3 kg_m3 j ]
E E T-.IHFVEStrUEture IL':"'-II':IU-I j i
g i T‘ Mechanical Desian Dirnensions display i
2 o . [lvisplaytralingzeros  [SSTEMER E
a
8
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ExerCise 1 A: Recap Student Notes:

v View licensing information for CATIA V5.
v" Open the GPS workbench.

v" Change default units.

@
E&t Links Manager.1

Ir'{& Finite Element Model 1
| #&k Nodes and Elements
@4 QOCTREE Tetrahedron Mesh.1 : Cylinder
Ir-él%j Properties.1

7 3D Property.1
=-5¥ Materials.1
@ Material.1
=\ Static Case
—{_@ Restraints.1
—@ Loads.1
—53' Static Case Solution.1
i—*ﬁ] Sensars. 1

Copyright DASSAULT SYSTEMES
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Step 3: Preparing Parts and Surfaces for Analysis

¢« In this section, you will learn
which tools are used to
prepare part and surface To introduce yourself to Finite

models for Analysis. Element Analysis use the
following steps:

Preparing Parts and
Surfaces for analysis

Copyright DASSAULT SYSTEMES
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Preparing Parts and Surfaces for Analysis

Before you switch to Generative Structural Analysis workbench, you may need to make some
modifications in the existing CATIA geometry or modify some of the CATIA settings. This may
include :

Changing default units

Creating support on part of a Face

Creating Local Axis System

Handling Non-Manifold Surfaces

Handling Overlapping Surfaces

Preparing Surfaces with Gaps for Analysis

o0k wp -

In addition, having switched to the Generative Structural Analysis
workbench, you may need to take into account the following when
meshing very small models :

7. Lowest Mesh size value for Analysis

Copyright DASSAULT SYSTEMES
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. M Student Notes:
Changing Default Units
You may need to change the default CATIA units as per your requirements. [RELCRR Window - Help
This can be done in following way. fe9 Formua..
Image 3
? Infarmation
B
1. In main menu select Tools > Options. [25 Image Extrems
2.  Click on Parameters and Measure in "l External storage
options tree and click on Units Tab. [1=5 Histor of Computations
3.  Click on the unit in Units field which you Macro ;
want to change. U
. Customize. .
4.  From the drop-down list select the =
. . . Wisualization Filters. ..
required unit and click OK. 1
Standards. ..
i ;ﬁr ptiars kKnowledge i Lnit Knowledge Environment I Report Generation IPar,:
i 5 ¥ ceneral Uniks E
E [‘iﬂ Display Magnitudes E
B Compatibility ?_”E“E EEGFEE deg.
1 Ime: ECOn 5 :
E z{‘: : Mass Kilograrm ka ]
[ Yolume Zubic meter m3 i
(lé E p‘fﬁ Devices and Yirtual Reality Density Kilagram per m3 kg_m3 j E
g i Tm".Inl“rastruu:ture |L-.—'n-_:|l'.h |Meter {mj ji
5 i W= Mechanical Desian Birensians display i
8 A .. UlDsplaytrslingzeres _____ JSETHMSteriemd T :
=]
8
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Creating support on part of a Face (1/3)

Cylinder
Consider a case where you have to apply a | ;XY plane
load or constraint on part of a face as shown in | | -, jiane
the picture. In this case it is not possible to | . 2xplane
select only part of the face as shown, as a | & PartBody
support for applying a load or constraints. | #i¥ Geometrical Sct.l

Part of Face where

Load is to be applied
You will see how to create such a support

using Part Design and Generative Shape
Design tools.

The general steps to create such a support are: !

Base Face

1. Create the required surface you want to
select as support on the base face as
geometry support. You can create this by
following methods in Generative Shape
Design Workbench:

Extrack:

I A

Extracted
surface

a. Extract the Base surface

c. Create the sketch/circle directly on Circle created

the base surface with base surface
as geometry support.

Copyright DASSAULT SYSTEMES
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Creating support on part of a Face (2/3)

c. Split the extracted surface £l
with sketch. @ 73
o

oo plane
! *’J—- Axis Systems
E ff B partBody

= 5Y Geometrical Set.1
i e,g:/ Y Axls
i ﬁg'/ Z Axis

- Plane.1 Split surface
#{_Cirdle.1 |
#- « point.2
7 Plane 3
= Friract 1
%" Circle.2
Wies
You can also create such support
surface using following steps:
d. Create the sketch/circle directly on
the base surface with base surface Circle created
as geometry support. You can also 4——— directly on part
create User coordinate system to surface
create this sketch/circle.

Copyright DASSAULT SYSTEMES
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Creating support on part of a Face (3/3)

e. Fill the sketch/circle using to
create required surface.

Surfaces x|

| 2 28 R (D) Surface is
“v@ 40 @ o created
Ue) using Fill.
2. Sewing the created surface to the Part.

_In Part Design Workbench, click Sew [ % c@

icon from Surface-Based Features : :

toolbar. Select the created surface and I

click OK with options shown | g Cylinder

unchecked. | [ Xy plane

Ve Y2 plane
2 v
':'tle!Ct ko sew! i = Geometrical Set.1
Spit. 1 Y Ads

” [ Inkersect body i & 7 Axis
= ; - Plane.1
5 " Circle.1
o 3% Extract.1
5 g Dk I a Cancel I E tj\ Circle.2
1A 1
- L eies O~~~
8
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Creating Local Axis System (1/2)

The loads applied on the FE model are by
default applied with respect to Global Axis
System. Consider a case where part is not
aligned with global Axis System as shown in
the figure. In this case, you have to apply a
distributed force vertically downward on the

highlighted surface.

You can create your own user coordinate
system with one axis vertically downward and
apply a load with respect to this user
coordinate system. The general steps to
create a user coordinate system are:

1.  Switch to GSD Workbench.
2. In main toolbar select Insert > Axis-System

Copyright DASSAULT SYSTEMES

i
1 Dhject

I

| 50 Eod

| i oy

i @ Geometrical Set
|

i g Crdered Geometrical Set

i
|
i
H Sketcher
|
|

Global coordinate system
not aligned with part

n

ET"@; Links Manager .1
E“'A Finite Element Model.1
I é&e/ Nodes and Elements
: f‘@ Properties.1
i f‘@ Materials.1

| -4\ static Case

Highlighted surface where vertically downward
Load to be applied. Load with respect to global

axis is not vertically downward.

|
:lnfrastructure +
:
i

Mechanical Design L4

ihape

% Generative Shape Design® |
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Creating Local Axis System (2/2)
3. Create user-defined Axis System
using various options available. User-defined Axis System
4.  While applying the load, select the e Biodinder T e T
Type as User and select Axis
System. 1 from specification tree. i
i r;_. AX
L A systemt
= =] 3 i #- £ Geometrical Set.1
= . Finite Element Model.1
hiame | Distribubed Force. 1 !
Supparts |1 Face % :. _____________________________________________________________________
—#xis System
Type |User Load applied using user
[ pisplay lacal defined Axis ystem
Current axis = ,r----______----_ ___________________________________________________
Local orientation ICartesian j 5@1
i | In anager.
chel ;:Ictnr E-" Finite Element Model.1
oyt E % Nodes and Elements
% jom E & Properties.1
v ] i f‘ﬁ Materials.1
" TR | =\ Static Case
= ; e Restraints. 1
'Q Hanidler [Ha selection ! .
- 1
2 @ ok | o canesl | i % _
a — i [g& Static Case Solution.1
3
8
36
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Handling Non-Manifold Surfaces for Analysis (1/2)

Before you start FE modeling for a surface, ensure that it is a manifold surface as non-
manifold surfaces cannot be meshed.

However in certain situations where you have I Wanalysis Manager]
to analyze part with a non manifold surfaces, @au_nlfs Manager. 1
you can use the following process: ;'#F'"'te Element Model.1

E= Modes and Elements
1.  Switch to GSD workbench.
2. Disassemble the surfaces.

@ﬂ OCTREE Triangle Mesh.1

€ Mesh Error 1

P Meshl ) i
. . —&F Materials.1 i
Disassemble icon. ,rgm :

b. Click on the surface to be

a. InJoin-Healing toolbar, click &> Properties.1
disassembled.

c. Select All Cells option and click OK. Mesh error Non-manifold
surface
S s 20
i #i5 Surface.1 )
| e surface.2 —Disassemble mode
: &~ Surface.2
' & Surface.4
| & Surface.5
i g~ Surface 6 Input
E &~ Surface.7
® ' g3 Surface 8
% | [T surface9
& ! % Surface.10 . \
Z’ | [ surface 11 | all Cells | 0
2 Lo rgvswfaed2 T < 1c)
[ =
g @ Ok I < Cancel_l
z -
8
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Handling Non-Manifold Surfaces for Analysis (2/2)

2. Mesh each surface independently using Surface
Mesher with Automatic mesh capture option
checked. (This option is available with the
Advanced Meshing Tools Workbench).

This will help to capture the nodes of adjacent ———
surface meshes. 9 L3 qﬁ 4!

Surface Mesak|

Global Parameters 2 x|

Mesh | Geomekry |

Shape: ® I@

' pnalysis Manager

! T—i{l,fa Links Manager .1

1

1 =-_4 Finite Element Model.1

Bz Modes and Elements Type: & Linear ') Parabolic

(5 Properties.1 ] I Hl

5F Materials. ] o =
i *’ASI'I"C' . [ quads anly

@ oK l -‘Cancell

Copyright DASSAULT SYSTEMES

Copyright DASSAULT SYSTEMES 38



CATIA V5 Analysis

Handling Overlapping Surfaces for Analysis (1/5)

If there are overlapping surfaces, an error message will
be displayed while attempting to generate the mesh.

1. Check for overlapping surfaces.

a. Double-click the surface to enter in GSD
workbench.

b. In main toolbar select Insert > Analysis >
Connect Checker and select the surface
to be checked.

c. Enter Minimum Gap and Maximum gap
value. This should be greater than Max:
Value.

d. Check the overlapping option.

e. Click OK. The overlapped area will get
highlighted.

...~ ¥ plane
... ¥Z plane
' [T zx plane
—J?; PartBody

|- Free Form Analysis.1

i o
.~ Surface Connection Analysis.1
H “

Overlapped area is highlighted
using Connect Checker

Copyright DASSAULT SYSTEMES

N

@; Links Manager.1
= A\ Finite Element Model.1
Modes and Elements

rﬁ{_l OCTREE Triangle Mesh. 1

9 Mesh Error .1

@ Properties.1

&5 Materlals.l <

#- 4\ Static Case

Mesh error

Two surfaces are overlapped
at common boundary

1

i

1

! ~Elements
| Source:
1

2 elements

|| Target: [Mo selection

—Tvpe ————

@ Boundary (O Projection

Qulick. | Full |

2 surface(s)

Z Connection(z)

| 0.15mm

—Connection
‘ Minimum Gap 1 C)Maximum 5ap
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Handling Overlapping Surfaces for Analysis (2/5)

2.  Correction of the overlapping surface

a. Double-click on the surface to enter
GSD workbench.

b. In Join-Healing toolbar, click
Disassemble icon.

c. Click on the surface to be
disassembled.

d. Select All cells option and click OK.

—:}_@ PartBody
1 =-isk Geometrical Set.2
' & Surface.10

____________________________________________________________________

— Disassemble mode

all Cells ; 2

o Ok J ﬂCanceI_I
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Handling Overlapping Surfaces for Analysis (3/5)

2.  Correction of the overlapping surface

(continued). Project the edge of one x|

surface on overlapping surface. | ¢

e. In Project-combine toolbar, click @
Projection icon.

f. In Projected textbox, select edge of
larger surface to be projected on larger surtace Smaller surface
smaller surface. e '

g- Insupport select smaller surface

and click OK.

Overlapping

Highlighted edge to be projected
on overlapping surface

STUDENT GUIDE

Student Notes:
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Handling Overlapping Surfaces for Analysis (4/5)

xi
2.  Correction of the overlapping surface )

(continued). Cut the overlapped portion iy

of the surface.
larger surface Smaller surface

h.  In Trim-Split toolbar, click Spliticon. !

i.  Select smaller surface from :
specification tree (newly created using
disassemble) in Elements to cut.

j.  Select the Project. 1 just created in
Cutting Elements.

k.  Click on Preview to ensure that
overlapped portion of surface is .
removed. i

. split
; surface

f Overlapping
. removed

Surfaces after removing overlapped part
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Handling Overlapping Surfaces for Analysis (5/5)

2.  Correction of the overlapping surface
(continued). Joining the newly created
Split Surface and Non-overlapping

surface. x|

[.  InJoin-Healing toolbar, click Join
icon.

m. Select newly created split. 1 surface
and disassembled, larger surface
Surface. 11 from specification tree.
This will create new surface Join.1in
specification tree.

. Split
surface

Now the geometry can be meshed.

ffiﬂ} PartBody
l:“gi Geometrical Set.?
—%’iil':__: surface.10

i —;aj::':-’Surface.ll
' s Surface 12
— i Project.d
| e split.

B 10 I B

Joined surface

Copyright DASSAULT SYSTEMES
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Preparing Surfaces with Gaps for Analysis (1/4)

If the surfaces have gaps, the surfaces will be
meshed, but you will find that the nodes onthe

gap edges are not interconnected. ¥ Wnalysis Manager]
f—’%é Links Manager .1
:-”4& Finiile Elerment Model 1

Nodes and Elemernits
- OCTREE Trlangle Mesh.L 4
R, Mesh.1 /(
¥ Properties.1 N
&5 prop /@/AY %

&F Materials.1

#- 4\ static Case % A ,

Nodes are not interconnected in N
meshing if surfaces have gaps _
S D7 U I | ___________________________
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Preparing Surfaces with Gaps for Analysis (2/4) Student flotes:

You will see how to correct the surfaces which

have gaps.
i @Hnles
1. Find location of gaps. | [T Xy plane
bt yZ plane
a. Double-click the surface to enter in GSD | = zxplane
workbench. | 2% partBody
\ = EF Geometrical Set.3
b. In Extracts toolbar, click the Boundary &% Surface.25
icon. Select the Surface.25 by directly

?qﬁi Free Form Analysis.1

clicking on it. You can also select it
through the specification tree. If the —— |
surface has gaps the internal boundaries @

will be highlighted. Click OK.

Gap within surface is highlighted

Boundary Definition 2l x| ¢ @ Holes

I ! — . Xy plane fl”'t

|Pr|:|pagat||:un tvpe: ' [ yz plane

iSurface edge: |5urface. 25 i —_7 zx plane

D zd

|L|m|I:1 Mo seleckion ! } PartBody

| | =52 Geomelrical Set.3 "

S i Surface.25

W Cancel l Preview l ' ~ Boundary 1

3 #olFreeFormAnalysisd ]

Copyright DASSAULT SYSTEMES
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Preparing Surfaces with Gaps for Analysis (3/4)

2. Check gap value

a. Use Connect Checker tool to find gap

size. In main toolbar select Insert >
Analysis > Connect Checker.

b. Select the surface to be checked.

c. Select GO option. Enter its value as

0.04, keep the value less than GO value
of Max Deviation. Say Max Deviation Source:  Eyum—
is 0.05 mm then enter 0.04 mm in GO

field. This will help to highlight the gap.

@ Holes

— 0y plane <
~.
i oo zxplane .

—% PartBody

h N

772 Boundary.1
=" Free Form Analysis.1

Copyright DASSAULT SYSTEMES

- hlghllghted — Connection

Tools  Window  Help

-—

|
i Object

1

1

E wireframe L4
1 Surfaces »
1

1

: per ations 4
1

1

1

1

1

1

Analysis 4 G-":l Connect Checker

Advanced Replication Tools
5 [l_l[m Porcuping Analysis

5 . Curve Connect Checker @ '

—Elements
Target: o ceection %l

e ——————————

El I—ﬁ gl 5 surface(s)

9 Connectionis)
@ Boundary ) Projection

Quick. | Full I
<
él »[o0osdeg [ | 53| . [005den [

Minirunm Gap Maximum Gap
I Ornm E | 2rnm E ‘ I

—Information ———— (Discretization

gﬁi‘_ﬂ:l Ll !| !!!!!I EM

—Max Deviation

- 15100 0510 G20
Malx Gap <(_3 :0deq Gai0deg
\"/
alue @ oK I JCanceI]
.
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Preparing Surfaces with Gaps for Analysis (4/4)
3. Merging the Gaps
| - . | | . 21|
a. In Join-Healing toolbar, select Healing S
icon.
b. Select the surface to heal. ‘
c. Enter 0.1 in Merging Distance field
and click OK. (Merging distance should x| ”ddmdel [ Fomonwr |
be greater than Max ga Al 2 e
g g p) : \ éﬁl % Merging distance:
4. To ensure that gaps are merged, in the Distance objective: [0.001mm
Extracts toolbar use the Boundary —— —
icon again. Now it will show you only T
the outer boundary highlighted. (5]
iPropagation kype:
\Surface edge: ( |Healing. 1 >
__________________________________________________________ Lirnit1: [Ho selection
!  Holes Limit2: o sefection |
i [Tt XY plane ] @ cancel I Preview I
! [~ yz plane -
E ...~ Zx plane
i —i‘_‘:(?} PartBody i
P | ¥ Geometrical Set.3 -No gap
& ' & Surface.25 | present
% -7: Boundary .1 i
5 t ealing.1 4—5_0n|y Boundal‘y
8 “™ Boundary.2 | is highlighted
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Lowest Mesh size value for Analysis (1/2)

The lowest recommended value for mesh size is 0.2 mm.

Mesh size values below this may lead to error while meshing Mesh Parts SFY
due to the automatic meshing algorithm. You will try meshing | A A/’
the surface with the following mesh sizes. {12}
1. Create a mesh whose size is too small. 2 x|
Global | Local
a. In Mesh Parts toolbar, select OCTREE | | P (=
Triangle Mesher icon. i =
G N i £—F
b. Select the surface to mesh. 9 Apsolite sag: [HEECRAMD =
c. Enter 0.003in Size field. Check Absolute ~Element type
sag option and enter 0.0003. Select Otinear £ @ Parsbolic )
Element Type as Parabolic and click OK.
d. Right-click on Nodes and elements in — | @ o | & cancel|
specification tree and click on Mesh T ————————
Visualization. Finite Clement Model.1 ;
e. An error message will be displayed. Hry Nodes and Elements :
- - i—d o Center Graph
o B |
Impossible to mesh on geometry, ™ | Hideshow
Q Impossible to mesh the geometry around the red circle @ Materi :
CATFacess2 ;*_é Static =T Pronerties
° Check and modify the gearmetry around the circle or E = E Oper Sub-Tree
% kry bo remesh with a slightly different global size. '
E E Delete Del
2 i
2 ! Rearder Chidren
2 . . E % Mesh Yisualzation 1d
S Error message with 0.003 mm mesh size R
8
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Lowest Mesh size value for Analysis (2/2) o
2. Modify the mesh to an acceptable size. 2 x|
Global | Liocal I @
a. Double-click on OCTREE Triangle Mesh.1 = Gt ) =
in the specification tree. Enter 0.7 in Size G absoluts sag: [Gotmm =)
field. Enter Absolute sag as 0.07 and click e
OK ) Linear 4 @ Parabolic _,_{)

b. Double-click on Mesh.1.
c. You will get a warning message to update

|° ok | & cancel |

.
the mesh. Click OK to update.
d. The mesh will be created and displayed. @
o T —— T | f‘@;Links Manager .1
e L e Element Mol
| - A Finite Element Model 1 glodes and Elements i
Nodes and Elements T OCTREE-gjangle Mesh.1;
Qtaﬁ OCTREE Triangle Mesh.1 ‘ﬁ"gﬂuyggk‘h : n, @ '
[, Mesh.1 A‘ﬂ#ﬂ nﬁé"v‘ : 5F Properties.1
&7 Properties.1 """‘v‘v“""" i _____________________________________
&5 Materials T
#- A\ Static Case

The Mesh needs to be updated.

@ ! } This opetationmay take some time !

Continue 7

Cancel |

Mesh Image with 0.1 mm mesh size
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To Sum Up

In the following slides you will find a summary of the topics covered in this lesson.
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L Finite Element Analysis Process

Finite Element analysis (FEA) is a numerical tool
used to simulate the physical system. In this
method the modeled system is broken into smaller
geometric shapes, called finite elements, whose
behavior can be described mathematically. The
elements and their interrelationships are converted
into a system of equations which are solved
numerically. The overall process is divided into
smaller steps as follow

1. Pre-processing: Conversion of actual problem
into Finite element problem

2. Computation: Solution of the of the FE
problem provided by pre-processing to find
out unknown displacement values

3. Post-processing: Calculation of strains and
stresses using displacement values. Study of
displacements strains and stresses

4. Mesh Refinement: Refinement of the mesh
and computation to achieve the required level
of accuracy

5. Report Generation: Generation of various
plots such as displacements, strains and
stresses once the required level of accuracy
is generated

Copyright DASSAULT SYSTEMES

Pre-processing
(FE Modeling)

Computation
(Solving FE Model)

Post-processing
(View Results)

Mesh Refinement
Iterations

Create
Reports

values).3

______________

Report Generation

Mesh-Refinement

Static Case Solution.1 - Von Mises Stress (nodal |
1

Finite Element
Analysis Process

o

il
|

ol
1
1,

STIFFNESS

stiffhness computation O
cfstiffness computation 10

stiffness cComputation 20
Stiffness Computation 30
Stiffness Computation 40 -
stiffness computation S0

Stiffness computation 80
Stiffness computation 20 ____ ...

Mon Mises Stress st values 2

1o

1
HSe9a003
Bdoer00d
Taernn
B0+ 003
4,88+003
3.696+003

on Boundary

Computation

YO Mites Stress incdal valles)
L B

Postl:processing
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L Introduction to GPS workbench

The GPS workbench provides tools and
functionalities to perform FEA in CATIA. Following
are the FEA process steps that can be performed
using GPS workbench.

1. Open the Generative Structural Analysis
workbench. Apply material, mesh the part,
apply the restraints and loads

Compute the Analysis

Visualize the results

Interpret the results and Mesh Refinement
5.  Manage the results

LD

According to variation in load with respect to time,
the FEA for structures can be classified as:

= Static Analysis
= Transient Analysis
»= Harmonic Analysis

According to the way the structure reacts to the
load, the FEA for structures can be classified as:

= Linear analysis
» Non-linear Analysis

Entities created during process of GPS Static
Analysis gets mapped in the tree-structure as
shown.

Copyright DASSAULT SYSTEMES

FiJanalysis Manager
Links Manager.1
£ Link.1 -> D:\Part.CATPart
E‘b Results -= C:\Analysisl_3.CATAnalysisResults
ﬁ@ Computations ->= C:\Analysisl_ 3.CATAnalysisComputations
::r,‘}‘ Finite Element Model.1
% Nodes and Elements
ﬂOCTREE Tetrahedron Mesh.1 : Partl
=-[=% Properties.1
£71 3D Property.1
=-[=F Materials.1
@ Material.1
- A Static Case
=~ f=1Restraints.1
M= Clamp.1
F-&Loads. 1
L% Bearing Load.1
- £}# Static Case Solution.1
2, von Mises Stress (nodal values).1
Fl, Translational displacement vector.1
Pl Estimated local error.1
#'@Sensors.l
Trﬂ Energy.3
f—ﬂ Global Error Rate (%).4
ﬂ Maximum Displacement.5
trﬂ Maximum VYon Mises.6

GPS Static Analysis Tree Structure
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L Preparing Parts and Surfaces for Analysis

Before you switch to Generative Structural
Analysis workbench, you may need to make some | Y 7T T T e m oo :

modifications in the existing CATIA geometry or ;f@,u_nfs Maneger. .
modify some of the CATIA settings. This may e "
|nCI Ude | T"@ Properties.1

1 Y‘@ Materials.1
i =g\ Static Case
f=IRestraints.1

= Changing default units

= Creating support on part of a Face

= Creating Local Axis System

= Handling Non-Manifold Surfaces

» Handling Overlapping Surfaces

» Preparing Surfaces with Gaps for Analysis

i
Vo Caaf zeplane e

In addition, when meshing very small models you b@rartBody . \
may need to take into account Lowest Mesh Size | 2 Geometrical Sot.3 N
value for Analysis. €% Surface .25 \\ ;

! ¥ Bouridar y.1
1 ra@ Free Form Analysis.l

D XY plane
i .7 ¥z plane
[ zx plane
E —% Parttody
E “‘_.I@ . _ | 5 3
i -',_1.: ‘I surface 25

- Boindary 1
?‘% Healing.1

=1 Boundary .2

e b e
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L Tools Used for Preparing Parts and Surfaces for Analysis (1/2)

Bl Extract: lets you perform an extract from ExtractslEd
elements (curves, points, surfaces, solids, | =y @
volumes etc). ] — -

: . =

E Split: lets you split the surfaces. [ -

2

H Fill: lets you create fill surfaces between number E
of boundary segments. Surfaces E

| 'swpaae

n Sew Surface: lets you add or remove material by .
modifying the surface of the volume. x|

] Disassemble: lets you disassemble the multi-cell : & & IE'
bodies into mono-cell or mono-domain bodies, n !
whether curves or surfaces. x|

H

ﬂ Surface Mesher: lets you mesh the surface part %
by entering into the Surface Mesher workshop. I_I

Connect Checker: lets you analyze the ‘ﬁ i)

connection between the surfaces’ borders and
their projection on a surface. R =

Copyright DASSAULT SYSTEMES
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L Tools Used for Preparing Parts and Surfaces for Analysis (2/2)

Bl Projection: lets you create geometry by x
rojecting one more elements on : 1
projecting one more elements onto a support er@@

ﬂ Join: lets you join the multi-sections and swept n |

surfaces. x|

ElJ Healing: lets you heal the surfaces (i.e. fill any

gap that may be appearing between two -
surfaces). ExtractsiEd
BB} Boundary: lets you create the boundary curve of @ ﬁ—@‘

a surface or the boundary point of a curve.
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Exercise 1B

Recap Exercise

‘ 30 min

In this exercise, you will apply a load on a part of the face. You will use a User-defined

coordinate system to apply a Distributed load. Detailed instructions for this exercise are
provided.

By the end of this exercise you will be able to:

= Create a support to apply constraints or loads
on a part of the face

= Create a user defined Axis System
= Apply a load with a user-defined coordinate ¢
system

0
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Exercise 1B (1/8) o
1. Open a part. [$]CATIA ¥5
otart WElRM Edit i Insert  Toold
= Open 1B_Part_of Face Start.CATPart .=
a. Select File > Open. ]t e |
b. Browse the file and select the file. ] e from...
c. Click OK. ¥ O crto |
Close E
2. Extract the outer surface of shaft.
= Extract the outer surface of the shaft to
provide the base surface.
a. Access the GSD workbench.
b. In Extracts toolbar, click on the Extract
icon.
c.  Select the outer surface of shaft as Crlinder
sh.own. B plone
d. Click OK. 5 vz plane
Extract Definition 7] x % 7% plane
Fropagation type:INo propagation j h?} PartBody
% Element(s) to extract a s osl | me1a=1 == Geonmetrical Set.1
g Suppart | [l selection ef‘/ Y Axis
5 [ Complementary made & 7 Axis
g Show parameters == | /—_f' Plane.1
£ - ‘ ST @ cancel Previ Circle.1
% ~. : ance l FEViEW I t@
Copyright DASSAULT SYSTEMES 57



CATIA V5 Analysis

STUDENT GUIDE
. Student Notes:
Exercise 1B (2/8)
x|
3. Create an Axis System for geometry on support surface. r / i
. Define an Axis system by creating a plane tangent to
the surface. ;
a. In Reference Elements toolbar, click on the Point e curve |
icon. | i Curve to be
. . ! i sel
b.  Use options as shown and enter 39.554mm in the ! ; :ﬁ:::)??tt:carzate a
Length: field. Click OK. ; ; point
c. In Reference Elements toolbar, click the Plane icon. i
d. Select Plane Type as Tangent to surface. i
e. Select surface in Surface field as shown. i
f. Select Point.2 in Point field as shown. : =
g. Click OK. x| el
J Paint bype: |On curve jM
- /=
= Curve: |Extract.1'|,Edge
"""""""""""""""""""" ' Diskance to reference
E W Distance on curve
E i) Ratio of curve length
~_Surfac Length: |39.554mm =
20 :
i @ Geodesic ) Euclidean
Plane tvpe: ITangent ko surface ‘ M E Mearest extremity | Middle point |
% surface: |Pocket.1iFace i BElRI
B ! Paint: |Extremum.1 ‘,‘(__
o Poirt:  |Poink.2 ! I
5 E Reverse Direckion ]
g @ oK I & Cancel l Preview l i [ Repeat objsct after Ok
% 39\ ................................ ; ok | @ cancel | i
§ =~ Point to be selected
(8]
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CATIA V5 Analysis

STUDENT GUIDE
M Student Notes:
Exercise 1B (3/8)
Select Insert > Axis System... Tools  Window  Help
In Origin field, select the Point.2 from specification Ofiject
tree. £ Body
In X axis field, select the vertical surface of shaft as 528 Body in a Set...
shown. Keep Y axis field as it is. % o
In Z axis field, select the Plane.3 just created, from —
specification tree. Check Reverse option to make & Insert in new body
upward direction positive. e :
nnoctations
Click OK. =
Constraints L4
Sketcher L4
}. Axis System..
E_"""““"""_""“"""""““"-i Axis System Definition cd B
i - i Axis swskem bype: |Stan|:|aru:| :_l
| E Origin: (RS
i < T EE Pocket, 11Face, 3 ] Reverse
i E ¥ awis: |MNo Seleckion L] Reverse
E Z axis: |Plang.3 d Reverse
E i a Current  Right-handed Mare. ., l
% i E d Under the Axis Systems node
2 ; |
2 Il 1 o
g | - w Cancel I
§- . 1
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CATIA V5 Analysis

STUDENT GUIDE
M Student Notes:
Exercise 1B (4/8)
4. Create a geometry on support surface. x|
=  Create a circle using User-defined Axis System. O i
a. In Circle-Conic toolbar, click Circle icon. 4a, B —
b. Select Center and radius in Circle type. Cirda Delin 2] x]
c. In Center field, right-click to open the contextual , , g
. . Circle type | |Center and radius i
menu and select Create Point option. ey, [ — (g intations —
d. In Point Definition dialogue box, select Point type ' = Create Point @ |
Coordinates Suppork: il'-lo selectiol i - —*
as . - W‘ " Create Midpoink —E
e. Enterdistance 30 mmin X = field. et | ~ Create Endpoint =
f.  Click OK. Point.3 will be created in Center field. L} Goomesy on suppor| e e st
| [ 1 ais Camputation e o
fxis Direction: |Mo selec = sty
I
! HrEVEN I
W= ISDr\nm (4& E
Y= |Umm N/ =
2~ [omm g
@ Reference
,UE_J Painks Default {Origing
E Axis System: I.C\xi_s_System.l
g o | @ cancel | preview |
<
a
g
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CATIA V5 Analysis

STUDENT GUIDE

Eer‘Cise 1B (5/8) Student Notes:

g. In Circle Definition dialogue box, click in the Support

field and select Extract.1 from specification tree. S :
h.  Enter Radius as 15 mm. = WG‘?"LM
i.  Check the option Geometry on support. # Y Axis

j.  Click OK. 5 # Z Axis
f';?'Plane.l

I*- ? :Cirde.1 i
" Point.2

<7 Plane.3

7 Btiaced (40)

# () Circle.2

Circle kvpe : lCenter and radius j f@l

Certer:  [PorEd = | Circle Limitations ——

O ):

'\-\_-'.

Start: |Ddeg E

End: |lE0deq

Support:  |Extract.1

#xis Direction: W
4] @ o | @caneel | preview |

Copyright DASSAULT SYSTEMES
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CATIA V5 Analysis

STUDENT GUIDE

Student Notes:

Exercise 1B (6/8)

5. Cut the extracted surface with geometry.
=  Cut the surface with geometry to create support =

surface. [ -
a. In Trim-Split toolbar, click Split Icon. %;
b.  Select Extract.1in Element to cut field.

c. Select Circle.2in Cutting elements field.

d. Click OK.

‘o zxpla (5hH)

: _:I_. plane Element ko cuk: |Extract. 1 \5b/ @l
: AXis S5ystems

:T ’ Y —iCukting elements

: T”if?} ParlBody 7~

Circle, 2 @

= Geomelrical Set.1

REmoye I ReElace I

*‘ . iCircle.1 Stherside |
®- = point.2 Cptional parameters
: s Plane.3 [ keep bath sides
; i:} Extract.l ] intersections computation
E i-"-‘::iCircle.Z Show parameters = I
LE- ____________________________________________________________ ! W T @ Cancel | Preview |
Split surface '

Copyright DASSAULT SYSTEMES
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CATIA V5 Analysis

STUDENT GUIDE
. Student Notes:
Exercise 1B (7/8)
6. Sew the support surface to Part.
: File  Edt Wi Insert  Tools  ind Hel :
= Sew the surface created to part. ! R R e T :
: . | 3 :
a.  Switch to Part Design workbench, |ttt |
b. In Surface-Based Features J-ticchanizal Design d & ean Des'gn
toolbar, click Sew Surface icon. ! - ishape » 8 pssembly Design E
c. Click OK on the warning message. | &nalysis & Simulation b 4 Sketcher i
d.  Select Split.1 from specification : 52 Drafting i
. : : | L Exercise_P..Part = '
tree in Object to sew field. | : : .
. . ! %‘ ‘Wireframe and Surface Design !
e. Uncheck Simplify geometry et —— :
option.
f. Click OK. | % O
E@Cylindpr warning |
e i h b Ghject ke Body;
E o XY plane H _ﬁ $h: Eg::e:;“ilnfz\';irur:is]fi;ig5,Effesﬁhglast feature of the PartBody,
'L ¥Z plane |
| [ zx plane
*‘_/T—oAxis Systems
- Bvarsocy B . urace Deiniion SR TEY
E T'_'I?Shaﬂ:'l i Ohiject ko sew!
2 i t@l Pocket.1 : e
& ! ﬂ_ : [ Inkersect body
E i’@ Geometrical Set.1 i L] Simplfy geometry
R e —
% @ Cancel l
8
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CATIA V5 Analysis

STUDENT GUIDE

Eer‘Cise 1 B (8/8) Student Notes:

7. Apply Force using user-defined Axis System
=  Apply Distributed Force.

a. Select Start > Analysis & Simulation >
Generative Structural Analysis. Click OK to the ~ [fi5=s xI
warning detected.

In Forces toolbar, click Distributed Force icon. @

b.

c.  Select SewSurface.1 from the specification tree SEE
in Supports field.

d. In Axis System, select User in Type dropdown. hiame |Distributed Force. 1 |

e. Select Axis System.1 in Current axis field. Supports m B

f. In Force Vector, enter -1Nin Z field. s System N i

g. Click OK. Type lLIser @ LI

[ Display locally

Current axis

T a7 XY plane ! : ;
! Local arientation ICarI:esmn
i - ¥z plane —Force Vector
' [ zx plane
i et X P Marrm | 1M
| OM
v | 0N
8 ¥ Steel [\ 8f)
=
w
g ?'D Shaft.1 Handler {Ma seleckion
5 @ Pocket.1
% Sewsurloe | | 9
rEMessEees 0 NS -
8
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CATIA V5 Analysis

STUDENT GUIDE

Student Notes:

Exercise 1B: Recap

v Create a support to apply constraints or
loads on a part of the face.

v Create a user defined Axis System.

v Apply a load with a user-defined coordinate
system.

PN ysis Manager i

*‘Ea; Links Manager .1

. = f\ Finite Element Model.1
% MNodes and Elements

f"@ Properties 1

f"@ Materials.1

=- 4, Static Case

He] Restraints.1

% Loads.1
Distributed Force.1

5 Masses.1

é& Slalic Case Solulior.1
*-"@ Sensors.1

Copyright DASSAULT SYSTEMES
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CATIA V5 Analysis

STUDENT GUIDE

Student Notes:

Exercise 1C

Recap Exercise

‘ 60 min

In this exercise, you will mesh an overlapping surface, correct the overlapping
surfaces and re-mesh the corrected surface. Detailed instructions for new topics are
provided for this exercise.

By the end of this exercise you will be able to:

. i
= Detect overlapping surfaces | 4 R .

i ff"%} Links Manager .1
= Correct the overlapping surfaces | o A Finite Element Model.1

H =
= Mesh the corrected surface ; Nodes and Elements

[, Mesh.1

—ﬁ Properties.1
—&:F Materials.1

Copyright DASSAULT SYSTEMES
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CATIA V5 Analysis

Exercise 1C (1/8)

1. Open a part.
= Open 1C_Overlapping_Start. CATPart

2. Create a Static Analysis Case.
=  Access the Generative Structural
Analysis workbench.

. Create a Static Analysis Case. Click OK
for the warning message.

3. Mesh the surface.
=  Mesh the surface with OCTREE Triangle
Mesher.

a. In Mesh Parts toolbar, click OCTREE
Triangle Mesher icon.

b.  Click on the surface.
c. Keep default values as shown and
click OK.

Please ensure that you are set to mm.

Copyright DASSAULT SYSTEMES

[ErE—— i

&List of detected warnings

Warnings I
Part body of Ovetlap is empty or external view is not defined on studied surface

4] [+]
Q

_— @ Ok
Mesh Parts S

3a)

DOCTREE Triangle Mesh i 2| x|
Glahal | Local |
Size! | 13.92mm E|
[d Absolute sag: | 1.392mm El
—Element type
(2 Linear ﬂ-i Parabalic {;ﬁl
.

STUDENT GUIDE

Student Notes:
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CATIA V5 Analysis

STUDENT GUIDE
- Student Notes:
Exercise1C(28)
¥ W) nalysis Manager
- Links Manager .1 i
4. View the mesh. Flnlte Element Model. 1. i
= Create Mesh visualization to create Mesh image. | - ;
i . 1 Center Grap
a. Right-click on Nodes and Elements. ; v
b. Select Mesh visualization. | g Prop . .
. . ! Mal
c. Click OK for the warning message to update | A stali E" Propeties
the mesh. i [g Ctrlv
d. Double-click on the Mesh Error.1. =
F'ﬁ nalysis Manager E i e
1 Pﬂl};} i Reorder Childrzn
= L Finite Element Model.1 i_ ______________ fy Mesh visuslization
58 odes and Elemens CETTE—
Silo (i
X This oparation may taks some time |
=  Continug 7
&2 Properties.1
157 Materials.1 Cancel I
4 .
i EE;I ks Manager 1 i
| i Finite Element Model.1 i
3| ; %] Nodes and Elements ;
" e Trnpossible to mesh. i OCTREE Trianglg i
u Impossible to mesh ' i
= the | foﬁl}lgmwig%lg%n&etrlg elements to mesh are in contact ; ! |
g CATEdge 1 |
o CATEdgel17789 0K i @ Properties.l :
2' Madify the highlighted geometry or mesh separathy. i @ Materials 1 i
[} 1 - 1
g i @A Static Case i
g
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CATIA V5 Analysis

STUDENT GUIDE
M Student Notes:
Exercise 1C (3/8)
5. Correct overlapping surfaces. x|
=  Double-click on the surface to switch to GSD J

éh & (5a

Dlsassemhle

workbench.

. Disassemble the surfaces.

a. InJoin-Healing toolbar , click Disassemble
icon.
Select the surface to be disassembled.

c.  Select All cells option and click OK to create v
the two new surfaces. Input elements : 1

d. Hide the original surface Surface.10in order to
see only the new surfaces. The different colors
shown below are only to simplify identification. G @

— Disassemble mode

all Cells ;2

7 Surface.10 (::)__..._I“ ok | @ cancel |
7 -

f'} Surface .11
3:'}' Surface.12

- 2" Finite Element Model 1

Copyright DASSAULT SYSTEMES
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CATIA V5 Analysis

Exercise 1C (4/8)

. Use Connect Checker tool to highlight gap.

e.

Copyright DASSAULT SYSTEMES

Select Insert > Analysis > Connect
Checker.

Select the Surface.11 and surface.12.

Select the Surface-Surface
connection as type.

In the Quick tab select overlap Defect
option.

Enter 0.75 mm in Maximum gap and
click OK. The overlapped area will get
highlighted.

Q Surface. 10 i
¢/ Surface 11
¢/ Surface 12 @

= £, Finite Element Model.1

—Elements
e M &

Target: e = @.

&

— Type

3 [B] =

® Boundary ) Projeckion

2 surfaceis)

2 Connection(s)

Cuick, ull |

i

>
= > [0.1mm @ill;]m =

El ;=_||:|.|:|5c|eg E El ;:.IEI.EIS::IEQ E

—i_onnection

Minimum Gap Mazxirmum Sap
| mm = [0.15mm = 5i I

—Infarmation

l?:?‘[

Discretization ———
’7|| | ||||| !I|!!! |||||I||||

ol

—Max Deviation

GO0, L G20
G1:180deq G3:0deg
& oK I iCanu:eIl
=

STUDENT GUIDE

Student Notes:
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CATIA V5 Analysis

Exercise 1C (5/8)

J

=  Split an overlapping surface.
- In Project -Combine toolbar, click
Projection icon.

k. In Projected field, select edge of large
surface to be projected on overlapping
surface.

In Support field, select small surface and
click OK.

Projection Definition

28

x|

Projection bvpe INDrmal

Projected: |Surface.14\Edge

2 E
B

7\
Support:  |Surface. 12 (5')

I3 Mearest solution

Smoothing

& cancel |

@ flone O Tamgency (0) Curvature

Frewigin l

Copyright DASSAULT SYSTEMES

Overlapping

STUDENT GUIDE

Student Notes:
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CATIA V5 Analysis

Exercise 1C

(6/8)

m. In Trim-Split toolbar, click Split icon.

n. Select the small surface surface.12in
Elements to cut field.

0. Select the projected edge Project.1 in Cutting

elements field.
p. Click OK.

The different colors shown below are only to
simplify identification of the new split surface.

T T T e P

— . 7% plane

Copyright DASSAULT SYSTEMES

—5?3} FartBody
#-EF Geometrical Set 2
—5 2 Surface.10
—g~ Surface.14
' Surface.12
— .+ Project.1

=

frﬁ Free Form Analysis.1

Trim-Spakd

split Definition i

21

Element to cut: |Surface.12 \5“} @l

— Cukting el;mqﬂ:s

Project.1{ 5O

R emye I ReElace I

CEher side

Optional parameters
[ keep both sides

[ Intersections camputation

Hide parameters << l

Suppott: |Defaulk (Mone)

Elemenits ko remove: |Defaulk (None)

Elements to keep:  |Default (Mone)

I3 automatic extrapolation

] Ignore nointersecting elements

[ keep elements in half space

@m < Canu:el-l Preview I

STUDENT GUIDE

Student Notes:
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CATIA V5 Analysis

STUDENT GUIDE

Student Notes:

Exercise 1C (7/8)
x|

6. Create a single surface element.
=  Join the two surfaces.
a. InJoin-Healing toolbar, click Join icon. Join Definition 2l x|

b. Select newly created Split.4 surface and [ Elements Ta Join
disassembled, larger surface Surface14.

c. Click OK. This will create new surface Join.1
in specification tree.

Add Mode | Remove Mode

Pararneters Sub-Elements To Remove |

[] check tangency & Check connexity ] check manifald
[ SimpliFy the result

[ 1gnore erraneous elemerits

_______________________________________________________________

Merging distance IU-DDII‘nm Q
[ angular Threshold |aisdeg
‘ 6¢Cc ’ @ oK i @ cancel | Preview |
TR o : -
: I‘s:?} PartBody :
| =) Geometrical Set.2 ; e
: 2% surface.L0 : | 7.2 zx plane
E Lrtace. E E —: % partBody
i Surface.1 E 1 -7 Geometrical Set.2
@ : o SlfAce.17 ! E < Surface 10
w 1 | H
= ! ' 1
2 i | e Budaceita
o | : ¢/ Surface .12
- ' I 1 3
§ : ' ' 4 Project.1
» 1 1 1
g : B |
g !
8
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CATIA V5 Analysis

STUDENT GUIDE

Student Notes:

Exercise 1C (8/8)

7. Create and view the Mesh Image. e
= Switch to GPS workbench. I Wnalysis Manager

a. Double-click on Nodes and Elements to switch T@? Links Manager. 1

to GPS workbench. | r%j;%nite Element Model.l. |

] Create new Mesh.

) , , # g\ OCTREE Triangle Mesh..
b.  Right-click on OCTREE Triangle Mesh.1 and 5 &5 Proportics 1 !
select Delete. |

5F Materials.1 !
c. InMesh Parts toolbar, select OCTREE #- A, static C ;
Triangle Mesher icon.
d. Click the surface. Mesh Parts  EY
e. Keep default values as shown and click OK. | 4‘/ /'
=  Create Mesh visualization to create Mesh image. é\7c
 airsis Vanaga - 2
E T”%{;\’; Links Manager.1 i — | g |
i =- §\ Finite Element Model 1 i
. 3l Nodes and Elements | e = =
i £}, OCTREE Triangle Mesh.1 : S Absolute sag:  |1.392mm =
E E- i —Element type
% E _ﬁ Properties.1 i i) Linear ,{_ﬁ @ Parabolic “_.;i\}l
o i _g; Malerials.1 |
5 | # A static Case
g = -
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CATIA V5 Analysis

Exercise 1C: Recap

v Detect overlapping surfaces.
v Correct the overlapping surfaces.

v Mesh the corrected surface.

ir I—J} PartBody
i ar@ Geomelrical Set.2
: — Surface.10

—%';1 % Surface.14
—%’;11'{.-‘ Surface.12
— % Project.1

Copyright DASSAULT SYSTEMES

i\:l Analysis Manager
| #-2 [ inks Manager .1

: =—,¢ Finite Clement Model.1

| Modes and Elements
= %ﬂ OCTREE Triangle Mesh.1
[, Mesh.1
@ Properties.1
5F Materials.1

STUDENT GUIDE

Student Notes:
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CATIA V5 Analysis

STUDENT GUIDE
E . 1 D Student Notes:
Recap Exercise
. 15 min
In this exercise, you will mesh the surface having gaps, check for the gaps, merge the gaps
and mesh the corrected surface. Detailed instructions for new topics are provided for this
exercise.
By the end of this exercise you will be able to:
= Check the gaps in surface i @Q
_ *-ag; Links Manager.1 i
" Merge the gaps in surface | = A\ Finite Element Model.1
= Mesh the corrected surface i T g Nodes and Elements
5 £} OCTREE Triangle Mesh.1 ;
| - e s
i —ﬁ Properties.1
P i —ﬁ Materials.1
E r‘_& Static Case
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CATIA V5 Analysis

Exercise 1D (1/4)

1. Open a part.
» Open 1D_Gaps_Start. CATPart

2. Create a Static Analysis Case.

=  Access Generative Structural Analysis
workbench.

. Create a Static Analysis Case.
3. Mesh the surface.

" Mesh the surface with OCTREE Triangle Mesher
with mesh Size 20 mm and Absolute sag 2 mm. |

= Visualize the mesh.

Nodes are not interconnected in \

meshing if surfaces have gaps

Copyright DASSAULT SYSTEMES

I N S e

&F Materials.1
#- 4\ static Case

E E Analysis Manager !
I*‘ﬁ“} Links Manager .1 sy !
:-'_AIIIILE Elemenl Model .1 /}« E
©tm Nodes and Elements Z 4 |

% OCTREE Triangle Mesh.L AL

[, Mesh. ” KT s -

&F Properties 1 v LT )é— Tg;}?‘):

7o

STUDENT GUIDE

Student Notes:
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CATIA V5 Analysis

STUDENT GUIDE
M Student Notes:
Exercise 1D (2/4)
4. Check if there are gaps. ExtractlT
=  Switch to GSD workbench. @ @
i
=  Check the Boundary. .
a. In Extracts toolbar click Boundary :
icon. _ ' @3 Holes
b. Sglept the Surface.25 by directly . £y plane
clicking on |t..\.(ou.can also select it | | yz plane |
through .spe.0|f|c.:at|on tree. The | . ax plane 5
surface is highlighted with gap. | <% partBody
c. Click OK. . = Geomerical Sef 3 i
d.  In Multi-Result Management window | Surface.25 i
select the option keep all the sub- 5 "> Boundary 1 i
elements. | Fo@FreeFormAnalsisd ]
e. Click OK
Multi-Result Management" =0 =] ﬂﬂ
Lot i propsaeiniyos
Paointing elements | Extracts and Mears I iSurface edge: ISurFace.ES
Mo pointing slement Lirmit1: s B
Lirnit:2 |rselection
% Do wou wank Lo .
g ) keep only one sub-element using a Mear, . - o Cancel I Prewview I
'::, () keep only one sub-slsment using an Extract,
§ @ keep all the sub-slements, @
§ \ y 4
S -
(8]
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CATIA V5 Analysis

STUDENT GUIDE
. Student Notes:
Exercise 1D (3/4)
5. Merging the gap.
=  Use Healing to merge the gaps.
a. InJoin-Healing toolbar, click Healing
icon. |
Select the surface to heal. T —
c. Enter 0.7 in Merging Distance field ' . yz plane
and click OK. Merging distance i [T 2% plane
should be greater than gap | <& partBody
. : Geometrical Set.3
=  Ensure the merging of gaps. TR
. ! g7 Surface.25
d. !n Extragts toolb.ar, pllck Boundary - “, Boundary 1
icon again. Now it will show you only | Healing.1
Outer boundary highlighted. I x| | =B recFormanalysisa :
Elements To Heal:
E@Holes
i —. xy plane
E ...~ ¥Z plane
E _“}’/ zx plane Add Mode | Remove Mode |
! 4% partBody
i ==L Geomedrical Set.3 "No gap Farameters |
% E gil'\‘__: Surface.25 E present Merging distance: ‘ @ =
7 i - 7: Boundary.1 : IvB
s i Healing.1 <—E_0n y qundary Diskance objective: |D-Dﬂlmm @
3 : ' ris highlighted
e ' “™ Boundary.2 !
7] e
_Ef & Cancel I Preview |
8
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CATIA V5 Analysis

STUDENT GUIDE
- Student Notes:
Exercise 1D (4/4)
L Finite Flement Model1 |
6. Mesh the corrected surface. T 50‘3"35 and Elements |
= Mesh the surface using OCTREE | Uy mesn, =
Triangle Mesher. N " Reframeor i
. . | -5 Propertie 5] el :
a. Delete existing OCTREE Triangle. oL 55 Materlals 5| tefshow i
Mesh.1 using Delete in contextual L U Y Praperties i
menu :*_a 2lalic Ca |E| Zipen Sub-Tree i
- i uk ol ]
b.  Create new mesh OCTREE Triangle : - = |
Mesher i i copy e
. ) i @ Paste o4y E
c. Activate the Mesh.1 Image. | . i
i Delete Del i
E OCTREE Triangle Mesh. 1 ohjet 3 :
E Analysis Manager
?Ea; Links Manager .1
.= fi\ Finite Element Model.1 5
543 Nodes and Elements i
! £} OCTREE Triangle Mesh.1
g | [, Mesh.1
E —ﬁ Properties.1
2 i —ﬁ Materials.1
2 i #-\ static Case
2 !
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CATIA V5 Analysis

STUDENT GUIDE

Student Notes:

Exercise 1D: Recap

v' Check the gaps in surface.
v" Merge the gaps in surface.

v Mesh the corrected surface.

Iy

r’i%“é Links Manager.1

I"‘}_ Finite Flement Mndel 1

T~ g Nodes and Elements

£} OCTREE Triangle Mesh.1

[, Mesh.1

. |-5F Properties.1

—&5F Materlals.1
#- A\ Static Casc

Copyright DASSAULT SYSTEMES
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CATIA V5 Analysis

STUDENT GUIDE

Student Notes:

Exercise 1E

Recap Exercise

‘ 5 min

In this exercise, you will mesh the surface with value less than 0.2 mm and then with higher
values. Detailed instructions for new topics are provided for this exercise.

By the end of this exercise you will be able to:

ﬁ Analysis Manager !

= Mesh the surface with recommended mesh size ?a% Links Manager.1
' PA [Mnite Clement Model .1
% Nodes and Clements

£l OCTREE Triangle Mesh.1 , AVAVA
; U ~ L7

[, Mesh.1 by
§ Properties.1 Fsgh i
: &% Materials 1 A ;
i t-(-,A Static Case VA '

Copyright DASSAULT SYSTEMES
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CATIA V5 Analysis

Exercise 1E (1/2)

1. Open a part.
» Open 1E_Mesh_Size Start.CATPart

2. Create a Static Analysis Case.

=  Access Generative Structural Analysis
workbench.

. Create a Static Analysis Case.

3. Mesh the surface.
=  Mesh the surface with OCTREE Triangle Mesher.
a. Enter 0.003in Size field.
b. Check Absolute sag option and enter 0.0003.
c. Select Element Type as Parabolic and click OK.

4. View Mesh.

=  Generate Mesh Image. The following warning
message will be displayed. When you select OK,
following four mesh errors are seen in the
specification tree.

] R frraming
| lr.gﬂ OCTREE Triangle Mesh.1! X
2 | : Ij The Mesh needs ta be updated.
E @ Mesh Eiror.1 E ! This operation may Eake same time |
o — € Mesh Error 2 : f-onkinue: ?
2 = i
% 9 Mesh Error.3 | ITI =
£ —€2¥ Mesh Error 4 :
g

Circular_section
<= xy plane
£~ yZ plane
| [T zx plane
' i
i *‘??} PartBody
| #-E7 Geometrical Set.]

OCTREE Triangle Mesh 1 i

Global | Local I

e ( Icr.nuamm ) _@
&=

I3 Absolute sag: | 3e-D04mm

—Element type

) Linear A-‘ Parabolic 4:{;]

|a ok | @ cancal |
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Exercise 1E (2/2)
. Global | Local I
5. Change the mesh size. — =
. Size: (-W i
=  Change the mesh size to 0.1 mm e gl
a. Double-click on OCTREE Triangle Mesh.1 in ERPTTR
specification tree. Enter 0.7 in Size field. O tinsar £} @ parsbolic 2
Enter Absolute sag as 0.017 and click OK.
b.  Generate the Mesh Image. Once again you — @ ok | S|
will get the same warning message to
update the mesh. When you select OK,
Mesh.1 will appear in the specification tree.
¥ vanaoo SN Bl vorning: x|
i ’i‘i“\?g Links Manager.1 he Mesh needs to be updated.
E r Finite Element Model.1 ‘B 1his nperaéiont!'nay I;akepsnma tirnie |
' % Nodes and Elements T ETETLE
£} OCTREE Triangle Mesh .1 ‘ﬁ‘p\ﬂ"v%‘ 1 cancel
[, s SR ] o |

@ Properties.1
@ Materials.1
#- 4\, Static Case

Mesh Image with 0.1 mm mesh size

The minimum mesh size value 0.2 mm is a purely theoretical limit above
which you are sure to be able to create a mesh. If you have less than this
value, may or may not be able to create a mesh. This will be indeterminate
because will depend upon the geometry.
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Exercise 1E: Recap

v" Mesh the surface with value above
recommended mesh size.

E] Analysis Manager

f—‘ig Links Manager.1
|

Copyright DASSAULT SYSTEMES

4\_\ Finite Element Model .1

""% Nodes and Elements

_f.l, OCTREE Triangle Mesh.1 ‘ 3 S

, <SS,

el SEERAAIION

_ﬁ Maiirials.l. ‘Eﬁ% "’v :
-4\, Static Case VAV -
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Exercise 1F

Recap exercise

. 5 min

In this exercise, you will mesh the non-manifold surface. High-level instructions are provided
for this exercise.

By the end of this exercise you will be able to: 5 @

ET@; Links Manager.1

= Verify that non-manifold surfaces can not be = fl. Finite Element Model.1

meshed with the GPS workbench ! w@a Nodes and Elements
OCTREE Triangle Mesh.1

| Tomenmms

P Mesh.1
—§ Properties.1
—§ Materials.1

- J\ Static Case

o
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Exercise 1F
1. Open a part.
= Open 1F_NonManifold_Start. CATPart.
2. Create a Static Analysis Case. @~
= Access Generative Structural Analysis I Nhnalysis Manage|
workbench. i %% Links Manager 1
. . 1=~ 4. Finite El t Model .1
=  Create a Static Analysis Case. % b Finite Element Mode
v === Nodes and Elements :
3. Mesh the surface. 5 OCTREE Triangle Mesh.1 5
= Mesh the surface with OCTREE Triangle | [ < EEEN |
Mesher with default values. ! Ty Mesh.1 5
i —ﬁ Properties .1 !
4. View Mesh. i [FEF Materials.1
. | &=\ Static Case :
=  Generate Mesh Image. The following error A |
message will be displayed. 5
= In order to mesh such a part, Advanced Meshing
]
Tools workbench has to be used.
@ Invvalid topolagy.
Invalid topology
geometric elements topologically unlinked are’in contack
@ CATVertex167243352
s CATVertex 150385333
E Madify the highlighted geametry or
> iy ko remesh with a s'IightI\_f different global size,
5
2
2
S
8
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Exercise 1F: Recap

v" Understand that non-manifold surfaces can
not be meshed.

Etf{!; Links Manager .1

=~ & Finite Hement Model .1

= Modes and Elements

[ OCTREE Triangle Mesh.1

€ MeshError.1

P Mesh.l
— & Properties.1
—5F Materials.1
# A\ Static Case
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