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About this course

Objectives of the course

Upon completion of this course you will be able to:

- Understand the use of Finite Element Analysis

- Mesh a part with different element types and shapes, and define
part properties

- Apply clamp, slider, and iso-static restraints; and force, moment
and displacement loads

- Compute a static analysis for a single part

- Visualize images of the analysis results, and produce analysis
reports

- Refine existing meshes in order to produce more accurate results

Targeted audience
Mechanical Designers

Prerequisites

Students attending this course should have knowledge of CATIA V5
Fundamentals

‘ 1 Day
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Introduction to Finite Element Analysis

In this chapter, you will learn the basic steps in Finite Element Analysis
process.

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

Finite Element Analysis (FEA) is a numerical tool used for
solving problems defined by ordinary or partial differential
equations.

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

The problem is solved using FE methods to . Pre-processing
find out displacements.
. Computation

The overall process can be subdivided into . Post-processing
smaller steps shown on the pad:

. Mesh Refinement Iterations

. Report Generation

Copyright DASSAULT SYSTEMES
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What is Finite Element Analysis (2/4)

Pre-processing
In this step, the actual physical problem is E
converted into equivalent Finite Element problem.

Actual part to
¢ be analyzed

# The complex physical structure is converted into
an equivalent Finite Element (FE) model. Finite Element —»
Model representing
actual part

® The actual material properties are defined for FE
model.

w Actual physical Forces are converted
into equivalent FE Loads.

£ & Theactual physical Boundary Conditions are .
2 converted into equivalent FE Boundary Conditions Applying boundary
@ q y * conditions to FE—»
é model
Instructor Notes:
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What is Finite Element Analysis (3/4)

Computation
@ Standard FE solution procedures use the

Mumber of nodes
Mumber of elements
Mumber of D.O.F

data provided by the pre-processing step. | jmer of comece relztions ¢
i Linear tetrahedron : 27187

;7008 —
12718 LOAD Computation)
o 21024

De4000 N

3e+000 N

STIFFNESS COMPUTATION falggs

®  The FE model is solved to find out StiZfness Computation 0
the unknown displacement values. e ST o

stiffness Computation 20
=tiffness Computation 30
stiffness Computation 40
istiffhness computation 50
5tiffness Computation &0
stiffness_Computation 70

Post-processing
w Using these displacement values, strains and
stresses are calculated for the whole structure.

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

strain fuil tensor conporent (oda vales). L

3.51e-008
I £Ala-10R
516008
146000
165208
1536010
I 1726008
436008
5136008
I -C,04e-000
-8.5<e-008
On Boundary
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What is Finite Element Analysis (4/4)

Mesh Refinement

w The first solution provides initial estimation of
stress / strain values. In order to get a more
accurate solution, the mesh needs to be refined
and the computation is to be done again. Because
when the mesh is refined, the computation is
always invalidated.

® A number of mesh refinement and computation

Won Mises STess (nodal values).2

iterations are performed till the required solution SR N e
accuracy is achieved. | L0her00d
Report Generation Bt
. . . 6.072+003
®  Once the required accuracy level is achieved, I 4550003
various plots such as Displacement, Principal N
Stress, Von-Mises Stress can be obtained. g e
,,,,,,,,,,,,,,,,,,,, 1 ELEMENT QUALITY: 3 onBanay
i MESH : :
i — = ! enE Good Poor Bad Worst |Average 3
H Entity | Size ] e L
3 Nodes | 5584 i Distertion | 13267 (64.35% ) | 5728 (27.78% ) | 1623 (7.87% ) | 57 229 Static Case Solution.1 - Von Mises Stress (nodal H
{ o |meess[mee| [ st [20S{atic Case Solution. - Deformed Mesh! O TR .
' ' Leoagh Fotio | 20 ! ' Energy 5.882e-0097 i
g ELEMENT TYPE: — i e | ErvorinBrersy 47950097 | |
"'é [ — | égzggég V| Global Brvor Rate 04).3 | 532809516907
» { i i i o+ i H
5 I I O) LI ebrerons t | Masion Displacersent 4 | 1.4420-005mm | |
3 i !
3 ' L )
H i
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Why to Use Finite Element Analysis

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

w |t 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 product for
minimum weight, minimum volume with negligible cost to
improve product reliability and life.

Copyright DASSAULT SYSTEMES
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Application of Finite Element Analysis

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

@ Structural Analysis
» Dynamic analysis
Buckling Analysis

# Vibrations Analysis TP (G
4 # Acoustic Analysis '
NASES ) .
0ES # Shock Analysis

w

Crash Analysis

Flow Analysis
Thermal Analysis
Coupled Analysis
Mass diffusion
Metal Forming
Electrical Analysis

f § € © € © @

Copyright DASSAULT SYSTEMES

Electromagnetic evaluations
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Introduction to GPS Analysis

In this lesson, you will learn about the GPS Analysis Workbench and general
FEA process in GPS.

= General FEA Process in GPS
= Accessing the GPS Analysis Workbench
= GPS Analysis Tree Structure

Copyright DASSAULT SYSTEMES
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General FEA Process in GPS

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.

Open the Generative b
Structural Analysis @ Apply material, mesh
workbench the part, apply the
restraints and loads
3
Compute
the Analysis ]
4 =10)xj
Visualize
the results ] la K

Yon Mises Stress (nodal value)

i Pa
4.232+007
3.81e+C07

I 3.3%e+C07
2.972+C07
2.54e+C07
2.12e+C07
1.7e+0C7

I 1.28e+C07
8.55e+C06
4,33e+C086

1.13e+005
Manage the results  |onsondary

o Cancel |

Interpret the results
and Mesh Refinement
iterations

(Report Generation)

Copyright DASSAULT SYSTEMES
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Accessing the GPS Analysis Workbench

@ From the MENU BAR: click on
Start > ‘Analysis & Simulation’ >Generative Structural Analysis

i[%|CATIA ¥5 - [Product2]

in File  Edit  Wiew Insert  Tools  Analyze  Window  Help ;

I}( v”NDne VIQ ]
; . Infrastructure L4 ,
A 1

3 I I&: DMU Engineering Analysis Review

Mechanical Design ¢ i

. shape L ;

-
4 &i Tolerance Analysis of Deformable Assembly
BEC Plant ¢ @, Advanced Meshing Tools

D@- Generative Structural Analysis

@ Select Static Analysis as a new Analysis case and click OK

New Analysis Case x|

Freguency Analysis
Free Frequency Analysis

[ keep as default starting analysis case

A @ cancel I

Instructor Notes:
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GPS Analysis Tree Structure
Entities created during process of FEA get mapped in tree structure as shown.
E]
Links Manager.1
£ Link.1 -> D:\Part.CATPart Links to CATpart,
& Results -> C:\Analysis1_3.CATAnalysisResults CATAnaIys!sResuIts ar_ld )
& Computations -> C:\Analysis1_3.CATAnalysisComputations CATAnalysisComputations files

=- @ Finite Element Model.1
% Modes and Elements
QOCTREE Tetrahedron Mesh.1 : Partl
=-[ZF Properties.1
| l‘ff] 3D Property.1
=-[% Materials.1
@ Material.1
=- M\ Static Case
Restraints.1
B Clamp.1 Definition for
énlloads.1 Restraints
L% Bearing Load.1 and Loads
¥ Static Case Solution.1
2, von Mises Stress (nodal values).1 Plots for
Pl Translational displacement vector.1 Result Quantities
Fig Estimated local error.1
=- Sensors. 1
ﬂ Energy.3
‘ﬂ Global Error Rate {(%).4 Sensors for
‘ﬂ Maximum Displacement.5 Result Quantities
#ﬂ Maximum Yon Mises.6

Definition for Mesh,
Property and
Material

Copyright DASSAULT SYSTEMES
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GPS Pre-Processing

In this lesson, you will learn about the pre-processing steps in Static Analysis.

&= What is Pre-processing

= GPS Pre-processing Tools

= Applying Material

= Managing Mesh-Part

& Applying Physical Property

= Defining Restraints

= Defining Loads

& Pre-Processing Recap Exercise
= Model Checker

Copyright DASSAULT SYSTEMES
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What is Pre-processing

Pre-processing involves performing the steps required to convert a
given physical problem into an equivalent Finite Element problem.

1. Applying Material Structural Property, which
is required to calculate deformation, strains
and stresses

2. Meshing to create Finite Element model using Finite Element Analysis
Elements and Nodes Process

3. Applying Physical Property to associate the v" Pre-processing
physical properties and material to the Finite
Element Model

4. Applying Restraints on the FE Model, which
represents the actual Physical Boundary
Conditions

5. Applying Loads on the FE model, which
represents the actual Physical Forces acting on
structure

6. Model Checking to validate if all the pre-

processing steps have been performed correctly
and nothing is missed out

Copyright DASSAULT SYSTEMES
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GPS Pre-processing Tools
Following is the list of tools available in the ‘Generative Structural Analysis’ workbench.
These tools are used for performing the pre-processing steps as illustrated below:
"""""""""""""""""""" . Mod-:l Manager I | ﬂ k|
Apply 3 2 | oy I
. Material y | =l <= 52 B or = Apply Material icon
........ V User Material i
....... P =] m Al ser Naterial icon
.. structure . | b WA | 5 T
A
"""" apply i
.., Property . - &P <= 1D, 2D and 3D
........................ il B A == Property icons
...
"""" ppply ., NN 5 g
.. Restraints . |g]- 2 b | LA F |,§*'$
------------------------ A i) Wl rorces S W ody Mokl
" . Apply . - — - a5 -
g Loads ” J@%'gvy_% J?@‘@N J%ﬂ a8 @‘%‘
Y
é < Checkthe ™. 4 Hodel Checker
£ Model \€ odel Checker icon
;o ) Mol s |laca(0)0
Instructor Notes:
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Applying Material

You will learn how to apply material properties to components.

Apply Material

----------
,,,,,,

0 0

o o

.....
______
..................

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

+ 0
Od .

.........
""""

0 .

o o

.
e

ot
o
-----

----------
,,,,,,
0 0
o o

.....
______
..................

-----------
. .
o e,
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Material Property

Structural properties of material are required to calculate deformation, strains and stresses.
These include:

#» Young Modulus | ateriafociropic Mrateril g

® Poisson Ratio ! —Structural Properties

® Density ! | Young Modulus| 7e+010M_mz2

® Thermal Expansion | | Paissan Ratio0.346

@ Yield Strength | | Density[2710kg_m3 ]
oo . ‘ Thermal Expansionl 0,0000236 :

You can apply material in following two ways: : 3

; Yield Strengthl 9,5e+007N_mz

A. Select the material from the
default Material catalog.

Library (ReadOnly) = =] B |
m = [pefault Materil Catalog Sles 3
J ¥y Construction | Fabrics | Metal | Other | painting | ShepeReview | Stone | wood |
B. Create your own material with % O ’ 0
required properties.
Aluminium Brass Bronze Brushed metal 1
Model Manager |
s 4|28 0(a) e & & O
S o<eb (o
ﬁ Chroma Copper Eroded metal 1 Eroded metal 2
w
o
@ :
;& @& e M-
3. el | »
2 ClLink to file
2 D o Al Miateria | Close |
) —
g
8

Instructor Notes:
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Assigning Material
@ Click on the “Apply Material” icon
[3|CATIA ¥5 - [catops hanger.CATRart]. =1al x|
EJ ztart  Ele  Edit  View Insert JIools  Window  Help == x|
@ Select a Material Library (ReadOniy) E —icix| @
|DeFau\t e — ﬂ [{'
Construction | Fabrics |Metal Other | Painting I Shape Review ISa ﬂ_> g
@ Select the Part & J.;
(2) ..
v
@ Click ‘App|y AlLiminiuim Brass Bronze gk“:
Material’ and then =1
click OK to confirm % . ° - @-i
the operation @ |
Chroma Copper Eroded metal 1 @s‘g
e O & &
«| &l
! | A~ L ',n
@ [ Link ko file 4 @ '
E =) Of | | cormetenal | Close : @
2 [ gy =
Ngaypeavey LesB el '
% Select an object or a command |

Instructor Notes:
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Managing Mesh Parts

Copyright DASSAULT SYSTEMES

You will learn how to use the tools for meshing parts.

peLs ",
. .

. .
X .

o

.......

the
Structure

-------
. .
o e,

‘e .
. o
___________

------------
. .
O *e,

. 04
. .
---------

peLs ,
. .

. .
X .

.
.....
__________

.,
.
.,

s
o

.
.....
__________
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Meshing Part (1/2)

Meshing involves approximating the actual physical structure using several simple geometric
shapes called Elements. These elements are interconnected to each other at points called
Nodes. The mesh is a representation of the mathematical idealization of the structure.

On the basis of dimensionality, the elements can be classified as :

o——>

# 1D Elements: These elements must be used to Linear Beam Element

represent structures where one of the dimensions
is significantly greater than the other two.

. 2D Elements : These elements must be used to
N°des_’ represent structures where two dimensions are
Linear significantly greater than the third dimension.
Quadrilateral
Element

Linear Triangular
Element

w 3D Elements : These elements must be
used to represents structures where all the
three dimensions are approximately of the

same order of length. Linear Tetrahedron Linear Brick
Element Element

Linear Wedge
Element

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 24



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

Meshing Part (2/2)

Within each element, displacement of nodes is determined by a polynomial equation called
Displacement Equation. Elements can also be classified according to the order of the
Displacement Equation as:

# Linear Elements: Linear Elements have linear displacement interpolation between the nodes.
Thus, when linear elements are subjected to loads their shapes follow linear deformation
between the nodes. All elements described on the previous page are linear elements.

# Higher Order Elements: They use displacement interpolation such as parabolic, cubic or higher
order between the nodes. Thus when parabolic elements are subjected to loads their shapes follow
parabolic deformation equation. These elements have additional nodes on the edges joining the
primary nodes. They are used to improve accuracy of the solution, however they increase the
computation time. Higher order elements can be further classified according to dimensionality.

@ 1D Element: Pargg::;:f a.m/l'—' Primary nodes

Parabolic Parabolic
) Secondary nodes
® 2D Elements: Triangular quadrilateral y
Element Element

Parabolic
3D Elements: Tetrahedron

Element

Parabolic
Brick
Element

1]

Parabolic
Wedge
Element

(cso')
)
Element parameters such as element shape and displacement equation control the accuracy of the solution.

Copyright DASSAULT SYSTEMES
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Mesh Definition (1/3)

Once the material is applied, you have to mesh the part. When you select the GPS workbench,
some model meshes and model properties are automatically defined. The number of meshes
and properties created will be equal to the number of bodies in the model. The meshes and
properties are displayed in the Specification Tree along with their corresponding symbols.

ﬁ\_ Finite Clement Model.1
£l OCTREE Totrahedron Mesh 1. |
£\ OCTREE Triangle Mesh.1
7 1D Mesh 1

Model Mesh symbol

Part with only material applied Meshed part

(cso')
2
A double-click on the Mesh symbol will allow you to edit them for possible customization.

Copyright DASSAULT SYSTEMES
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T Mesh Creationi:|
Mesh Definition (2/3) =%,
I Y
According to the part geometry, you will define different kinds of meshes.
global | Loral |
You can use OCTREE EREEY v e 5 =
Tetrahedron mesh for a solid 4 ;|||[Eite e et =
_______ 1 Element typg ———————————————————
geometry. oG g d |
_— @ concl |
OCTREE Triangle Mesh®™ x|
You can use OCTREE Triangle Goba | Lecal |
mesh for a surface geometry. e [DEEEN &)
You can apply a Surface mesh & sag; [2.086mm =) OCTREE
on a surface or on a solid if W ||[rEEnE ———— A ] Triangle
. Blica 4 A Mesh
you want to take into account oot Mo
its shell only
4] Element kype: l'_J /
5 . — = Beam
& You can use the Beam Meshing - I T Meshi
] . ! : eshing
5 tool for a Wireframe geometry. | /7 Dssan e /
P i H [ ] Sag 0.5mm i
g You can define the Element size. - — =

Instructor Notes:
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Mesh Definition (3/3) i
GR) Tear
Parameters:
Size: The average size of each element (tetrahedron or
triangle). The smaller the size, more accurate will be
the analysis.
OCTREE Triangle Mesh® x|
. . Global | Local I
Sag: The maximum distance allowed between the mesh —
and the geometry. This parameter is useful when you Sl 0.6 Lo =]
are meshing curved shapes but not simple geometry Sag; [2.086mm @
like square, etc. The smaller is the SAG, the better is the —Elementtype ——————————
match between the mesh and the geometry. @ lnexr A
) Parahalic 4{)

@ oK l dCanceI]

Element Type: Parabolic elements will provide you =
a more accurate analysis than Linear elements
however computation time will be more.

Copyright DASSAULT SYSTEMES
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How to Mesh a Part

According to the geometry, choose the mesh type you need.

Switch to ‘Generative Structural
Analysis’ workbench and select

the geometry to mesh

Choose the most appropriate
mesh for your analysis.

E

‘94
Specify the mesh parameters: For 3D Parts use OCTREE
Size, Sag, Element type Tetrahedron Mesher. For 2D parts
use OCTREE Triangle Mesher
2l and for 1D use Beam Mesher
Tal \| tocal |
Size: 14.02rmm EI
d Absolute sag: | L.402mm EI
Element type
’; Linear 40 Parabolic A ‘
@ Ok l & Cancel I

Click OK to
confirm

Copyright DASSAULT SYSTEMES
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Applying Physical Property

You will learn how to associate physical properties to mesh parts.

Apply

Instructor Notes:
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What is Physical Property (1/2)

Physical Property associates various geometrical properties along with material to the
generated mesh. It uses geometry as support. The type of physical property that needs
to be attached depends on the dimensions of the geometry that is meshed.

—la(=] \\
e [3D Property. | 1D Propertyto ™.
supports Ba

provide cross-section

Material [User Material, 1 d ial
3 User-defined material an materla
il Tubulr be oty Beam Definition _ =]

Orientation geometry [1 Face

5 Qutsids radius [ 20mm
Offset [None

s Tnside radius | LOmm
Actual 3D 1D Geometry okt

component model _— o o |

™
T

FE Model for ™
component

=l e
s T 1D Property to e

e By provide cross-

G=rmeds || | Section and material
e o Dcrinition ST
Type |Thin [-beam e [f)

m Global length (v) | 20mrm
iciset [FERe | iated thickness |
Actual 3D 1D Geometry Releoserpor [ier ] | (S heighe ) o FE Model for
component model W ssoriated thickness [Smm component
- @ ok | Scar Fioe

&

In CATIA physical property does not mean only the mechanical properties of structure.
Material properties for the structure are defined separately. The physical property lets you
define geometrical properties for the mesh such as different cross-section parameters,
thickness, etc. and associate already defined material to the mesh.

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 31



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

What is Physical Property (2/2)

Using 2D property, you can provide thickness and material to the surface mesh parts.

, oo property SRS
a i

Name |20 Property.2
Supports %
Actual 3D component 2D surface Geometry 2D Property provides FE Model for
having thickness model thickness and material component

Material | Aluminium

[ user-defined material

Thickness l 10mm

[] Data Mapping

@ oK I JCanca\I

3D Property assigns only material to the 3D mesh parts.
5 [

Marmne |ED Property.1

Eha

Supports SRl

Watetial [Steel

[ user-defined material

Crientation |Mops 'I
@ oK I éCanceII

Copyright DASSAULT SYSTEMES

Actual 3D 3D Geometry model 3D Property FE Model for
component provides material component
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Defining Property DMQE @I 8| ;
<

For each Mesh you must specify a physical property. According to the geometry and
the type of mesh you have defined, you can assign three different types of physical
properties:

@ 3D Property

# 2D Property

# 1D Property

Finite Element Model.1

i
'
; @E Nodes and Elements :
i i
' T4
L roperties
i
i
:
‘ [fffl 3D Property.1
<= 2D Property.1 ;
'
! -
1D P t = |0 2]
#B1D Property 1 | e
Marme | 1D Property. 1 |
Supports [laeE Elaels]
e Iz aten [
[ user-defined material
Marmne |SD Propetty.1 Mame |2D Propetty.1
Type Icylindrica\ beam -rI %
el el Mo selsction @E
Orientation geometry W
@ Material [ro selection
E [ User-defined material Offset INone VI
1
4
2 Crientation |None "l Th\[kness!l.me Released DOF [None o |
rt
El
& - [ Data Mapping
§ @ oK I & Cancel I [ Variable beam Factors
£ -~ 9 ck @ i o Cancel
2 -
e
o

Instructor Notes:
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Defining 3D Property

Model Manager

‘s 4l0® 8o

A 3D Property is a physical property assigned to a 3D
part and is associative to the geometry. When defining

a tetrahedron mesh, 3D property is assigned.

\Ii'-%% Nedes and Elements
1II" Properties. 1

<2 20 Property.1

You can select User-defined material
option for material assigned using
‘User Material’ icon.

il"ﬁ Properties.1

‘ ¥ Materials.1
(D Material 4
(D Material 5
(@ Material 6

3D Propetky [

=100 x|

Mame |BD Properky. 1

Mesh Part Filter

Supporks @

Material | Aluminium

[ user-defined material
(Crientation |N-:-I’IE ar I

@ ox | @cancell

3D Property 1

¢

=100

Mame |3D Properky. 1

Supports STy

B

Material {User Material, 1

3 UserMefined material

Crientation |N-:.r|-5 ¥ I

@ ok ] éCanceI]
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Defining 2D Property Wit 2
S ¢ ]
A 2D Property is a physical property assigned to a surface
part. It references a material assigned to the surface Part
and describes its thickness.
=l
Mame |2D Property. 1
T"éa Modes and Elemenbsi WLl | Body (Published) B2
‘ L g Properties.1 : Material {Alminium
@ aD Property. i § [ user-defined material
_ 3 Thickness | 10mm
7777777777777777777777777777777777777 O pata Mapping

@ oK I JCanceII

Please note that the thickness you specify should correspond to the
thickness that was previously defined in Generative Shape Design
workbench.

(€5
S
Associativity exists between the thickness of the part and the corresponding CATAnalysis 2D
property in case thickness is defined to surface in GSD workbench using Tools>Thin Parts Attribute

Copyright DASSAULT SYSTEMES
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Definin 1D Pro ert Model Manager x|
’ Pery 14,4,@@|@7|.|3

A 1D property is a physical property assigned to a section of a part.

Before assigning the property ensure that a material was applied to
the geometry and a 1D mesh was assigned to the beam. D =101

Mame | 1D Properky. 1 |

D T | liEdge |
@ Properties.1 3 ‘ Bupports BEE %l

%+ 20 Property.1
<= 2D Property .2 |

Material | Aluminium

[ user-defined materisl

D PI‘ODEI‘W 3 3 Type |Cylindrical beam ﬂ ﬁ
@ _ i |Orientati0n geamekry |N0 selection
bedeesmnnoo o -Z-FFseI:INc-nE j ‘
Type option allows you to select cross-section areas for the -
beam Released DOF |NrJnr-: r|

4 Yariable beam fackors
—Multiplication Factors on Extremities

Variable beam factors checkbox allows you to compute a linear
approximation of variable cross-section beams.

Starting Fackar I 0

Multiplication Factors on Extremities allows you to specify
scaling factor on each side of the section. Then, the beam will

Erding Factor | 0

be modeled as a sequence of constant section beams with @i | @]
g linearly decreasing dimensions. -
. @
g To apply 1D properties and beam mesh on
3 ; : B
¢ geometry included in a sketch, you need to — )
£ declare the geometry as output geometry | Y. 2 @ == Output feature icon
H using Tools > Output feature in sketcher —

Instructor Notes:
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How to Define a Part Property | g < @|
Once you have meshed a Part, you have to define its property. According
to the mesh part, you will apply either a Solid, Shell or a Beam property.
{0
. . i Marne |3D Property. 1 |
Click on the appropriate property type icon. — 0
el tdel 1 Eody (Published) %
Material {Steel
@ Select the part geometry entity [ user-defined material
(Part Body or Open Body) in the J5 [
specification tree. | & Cancel | o PETTIW

Bl

e Cll | Fody (Fublished)

Material [Stzel
[ User-defined material

Thickness ! 2rmm

[ bata Mapping

' = @ Ok o Cancel
Z | CorE— e 2] Sew]

@ Specify the additional
information if required.

@ Click OK to confirm the
property definition.

ul Mame | 1D Property. 1 |
supports [T @zl
@ Material [rio selection
The mesh part must have one single [ ser-defined material
property. As for mgsh parts, you can Type [Cndrcaean 3]
also delete properties. —— -
Crientation Point Mo selection

[ Variable Beam Factors

= e | i

Copyright DASSAULT SYSTEMES
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Defining Restraints

You will learn how to apply restraints to a part.

......
....

Copyright DASSAULT SYSTEMES
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Copyright DASSAULT SYSTEMES

What are Restraints

Restraints are used to specify the support or boundary conditions for the FE model.
Restraints restrict the displacement of supports of a structure in the desired direction.
This is done by providing zero displacement values for specific Degrees Of Freedom
(DOFs) of the nodes in FE model.

The restraints are directly applied onto the geometry (groups, surfaces, lines, points) as
shown on the example: This restraint is applied

onto the yellow surface

CATIA provides following types of restraints :

K

Gor T

Mechanical Reskra |

@ Clamp

This restraint is applied
onto the circle

# Mechanical Restraints J* PPN 0

=~ While applying restraints, it is necessary
to mesh the part, even if you are working
with the geometry. As restraints are finally
transferred to mesh through geometry.

Advane KT

@ Advanced Restraints | -

€
' It is necessary to apply a restraint in order to get a unique solution to the FE model
computation, otherwise a singularity error will be detected during the computation. In
case you get a singularity error, you can generate a displacement image to visualize
the singularity displacement. This helps you to correct the FE model.

Instructor Notes:
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Restraints
Clamps DL T

hame AT | :r- 4& Static Case
Supports e =T alsle) @@ @RESUamt& 1
%l- Clamp.1

= OK_I ﬂCanceI_] Lo EOREEEE :

A clamp restraint fixes all DOFs for selected support.

Group by Neighborhood and Group by Boundary.

Copyright DASSAULT SYSTEMES

Clamps are restraints applied to a surface or curve geometry, for which all DOFs are
blocked in the subsequent analysis. Consequently, clamps have zero DOF, which
means that no translational or rotational movement is allowed.

Clamp Restraint Symbol

Supports: Clamps can be applied to Points or Vertices, Curves
or Edges, Faces or Surfaces, Virtual Parts, Geometrical Groups,

Instructor Notes:
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How to Apply a Clamp Restraint

Clamp is used to restraint all DOFs of the mesh nodes corresponding to a selected
support.

@ Switch to the ‘Generative Structural % @ Select the geometry support. You
Analysis’ workbench and click on the &7 can select multiple supports.

‘Clamp’ icon in the ‘Restraints’ Toolbar.

=10l
Symbols associated to a
Name [ SR null translation and
Supports (N eRaleE e % rotation in all directions

of the selected geometry

@ or | @] are displayed.

.
@ Click OK to confirm.

Mo et o #Static Case | A Clamp object appears
e ! b Resiraints.1 | [N the Specification Tree
supports S B | T’@ esrants.l :  ynder the active

— [ Dhrammn R

2 ancel

5 -

Instructor Notes:
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Surface Slider E
QTARY.

A Surface Slider is a virtual rigid surface along which the points of a deformable
surface can slide. It can be applied to surface geometries.

At each point of the deformable surface, the system automatically generates a
constraint which fixes the translational degree of freedom in the direction normal
to the surface at that point.

=l
PR face Sider. I

@ o | @cancer]

Surface Slider
Symbol

s el o selection

Type of Supports: Surface Slider can be applied to Faces or Surfaces.

Copyright DASSAULT SYSTEMES
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How to Apply a Surface Slider

A Surface Slider fixes translational DOF normal to the surface of the mesh nodes
corresponding to the selected support.

Switch to the ‘Generative Structural | p ; .
! ] Select th d t.
@ Analysis’ workbench and click on the | * : @ elect the required suppor

‘Surface Slider’ icon in the ‘Restraints’
Toolbar.

i
I furface Slider. 1

@ ok I ﬂCanceI]

Supports e =T alsle)

@ Click OK to confirm.

=15 x| | =g\ Static Case
‘ ! A Surface Slider object

Marne | Surface Slider.1 | i he | Restraints .1 ' appears in the

SRR %I %}- Clamp.1 ! Specification Tree under

r _ the active Restraints set.
& oK I & Cancel l :

Copyright DASSAULT SYSTEMES
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Slider z

Z DAY

Sliders are prismatic join restraints applied to handle points of virtual parts, which result
in constraining the point to slide along a given axis. For the fixed point, handle of the
virtual part is selected as support.

You will define the sliding direction, and as a result the virtual part as a whole is allowed
to slide along an axis parallel to the sliding direction and passing through the fixed point.

Slider Restraint
sider el it g .
— = Symbol <4—— Handle Point
Mame i
— _ Virtual part
leaelael o selection
— Axis System

Type IGIobaI j
[ Display locally

—Released Direction

%0

v|o

z|0

: @ ok I JCanceII

A Slider has 1 Translational DOF.
Supports: It needs a ‘Virtual Part’ as support.

Copyright DASSAULT SYSTEMES
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How to Apply a Slider Restraint

@ Click on the ‘Slider’ icon in | &
the ‘Restrain’ Toolbar.
sider S

Hame | Slider.1

Supports (N

—Ads Systern ———————————————
Type |Global -

[ pisplay locally

[~ Released Direction

[

v[o

zjo
@ ok | [t
@ Define the axis-system:

i ‘Supports |1\-'irtua| part %I 1
]

Axis Syskem

v Type IUser -

]
[ pisplay locally 1
ocrentsis I |
i analﬂrientat\nnlCartes\an 'I !
! ]
i o
i

Global: if you want the components of the
sliding direction to be interpreted relative to the
Global Coordinate System.

User: if you want the components of the sliding
direction to be interpreted relative to the
specified User Coordinate System.

Copyright DASSAULT SYSTEMES

@ Click the pre-defined ‘virtual part’ as support.

Virtual part

@ Enter the released direction (sliding direction)
and click on ‘OK’

-—@ Static Case

T@ Restraints.1 |

(2

+ To select a user-defined axis-system, you must
activate an existing axis by clicking on it in the
feature tree. Ilts name will then be automatically
displayed in the ‘Current axis’ field.

Instructor Notes:

Copyright DASSAULT SYSTEMES

45



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

Advanc.Fe

User-defined Restraint _|=)x]
tame |User-defined Restrairt. 1

Supports B

—#xis Syskern

Twpe IGIobaI LI
[ pisplay locally

3 Restrain Translation 1
3 Restrain Translation 2
2 Restrain Translation 3
[1 Restrain Rakation 1
[ Reestrain Rotation 2

3 Restrain Rotation 3

@ cancel I

Copyright DASSAULT SYSTEMES

User-defined Restraints @m

User-defined Restraints are generic restraints allowing you to fix any combination of
available nodal DOFs on arbitrary geometries. Three Translational DOFs per node for
continuum element meshes, and three Translational and three Rotational DOFs per node
for structural element meshes.

3 -—@ Static Case

fr{ﬁha'”tﬁ 1
77777 T o+ User-defined Restiaint. 2

_____,, means translation DOF
restrained in that direction

means Rotation DOF
restrained in that direction

Advanced
Restraint Symbol

Types of Supports: Points or Vertex, Curves or Edges, Faces or Surfaces,
Virtual Parts, Groups, Groups by Neighborhood, Groups by Boundary.

Instructor Notes:
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Iso-static Restraint r.]mm S

Iso-static Restraints define boundary conditions which represent a simply supported body.
The resulting boundary condition prevents the body from rigid-body translations and
rotations, without over-constraining it.

It chooses three points and restrains some of their DOFs according to the 3-2-1 principle.

Isostatic Restraelis s x| (rmyr-mzeennmeemneeaneenneeennes ‘
' 3 -—Q& Static Case | ‘

Mamne | Isostatic. 1 | 41 Restraints. 1 3 3
| @ cancel | 77777 T_ ;F - ¥ il ¥ Iso-statici

””””””””””” Restraint:

Types of Supports: Points or Vertex, Curves or
Edges, Faces or Surfaces and Virtual Parts.

Two locators supporting
x  side surface restricts Y
and Z rotation

®

@ 3-2-1 principle is a commonly used
principle to locate work piece for
restricting its rigid DOF. Consider the
block in space having six rigid DOFs,
three translational and three rotational. One locator
Then, three locators at bottom of block supporting side
restricts translation in Z-direction and surface restricts
rotation about X and Y axis. Next two X translation
locators restrict translation about Y axis
and rotation about Z axis. The final
locator restricts translation about X axis. Three locators supporting bottom surface
restricts Z translation, X and Y rotation

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 47



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

How to Apply an Iso-static Restraint

An Iso-static Restraint simply supports the body by choosing three points and
restraining some of their DOFs according to the 3-2-1 rule.

@ Click on the ‘Iso-static Restraints’ $ @ Click OK to confirm.

icon in the ‘Restraint’ Toolbar.

Isostatic J':'_f e |EI|EI
Marne | [s0static, 1
& Cancel I

| - i

; r@ Static Case i Alsostatic restraint

: . . ! appears in the

r Restraints.1 ! Specification Tree under

m - the active Restraints set.

Copyright DASSAULT SYSTEMES
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Defining Loads

You will learn how to apply loads to a part.

------
. .
o e

. o
-------

-----------
o .

Mesh the
structure ;

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

.........
. .
o 0

X Property ”
v
Apply ’

O
Yeus

ot
-----

[}
& 4
O e maa,,
S et T
3 " Check the
3 . Model R
8
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Introduction

Loads are inputs to the FE model. The purpose of FEA is to study the behavior of the
structure when a load is applied to it. The loads can be in the forms of forces, moments,
pressures, temperature, or accelerations.

You can apply the restraints and loads directly on the geometry as Face is selected as support

support (surfaces, lines, points) as shown in the example below: for Pressure load shown
with down arrows.

CATIA provides following types of loads which

can be applied on structures. ol x|
£ o e
w Pressure . ~ f Supportm EE
‘ @ % x :37 k' % PressureIZDN_mZ
[ biaka Mappi
. m il ata Mapping
w BOdy Motion J 9 @ & Cancel I
[Forces SR
® Forces | & f

ES
“ Force Densities | g 39 .4 xa

8

parts. Therefore it is necessary to mesh the parts

o

Computation process will transfer the Restraints and

Loads applied on Geometry onto corresponding mesh
before applying Restraints and Loads.

@ Enforced

S
Displacements J@ 5 Q t:

Copyright DASSAULT SYSTEMES
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Force Density

You will learn how to apply force density to a part .

B
e X N

Copyright DASSAULT SYSTEMES
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About Line Force Density :

Line Force Densities are intensive loads representing line traction fields of uniform
maghnitude applied to curve geometries.

The user specifies three components for the direction of the field, along with a magnitude
information. Upon modification of any of these four values, the vector components and
magnitude are updated based on the last data entry. The vector remains constant independently
of the geometry selection

Line Force density: Units are line traction units (typically N/m in Sl)

Supports: Line Force density can be applied on Curves and Edges

e Mo seleckion

—dxis Syskem

Twpe IGIDbaI ;i Axis System:
[ isplay locally

Global: The components of the sliding direction will be
interpreted as relative to the fixed global rectangular coordinate

system.

—Farce Yector

Harre [OM_m User: The components of the sliding direction will be interpreted

o as relative to the specified rectangular coordinate system.

_m
g Y| ON_m
g
] z|on_m
2 [ pata Mapping To select a User axis-system, you must activate an existing axis by
g - | 1 clicking it in the feature tree. Its name will then be automatically
g ok & Cancel displayed in the Current Axis field.
S - B
8
Instructor Notes:

Copyright DASSAULT SYSTEMES 52



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

Before You Begin:
Go to View -> Render Style -> Customize View and make sure the Shading, Outlines and
Materials options are active in the Custom View Modes dialog box

@ IClick on the ‘Line Force Density’ ; §> @ Select the geometry support(s): Curves or Edges
con i

Line Force Density. = ]

WEGTERE ine Force Density,

i=iulelel (el Mo selection

—Axis Syskemn

Twpe IGIDbaI ;i
[ isplay localky

Choose the axis-system

—Farce Yector

Morm | ar_m

[T Enter a Force Vector (X,Y,2)

Y| 0r_m
Click on OK

©J010

z|on_m

[ ata Mapping

@ ok I)aCanceII

Copyright DASSAULT SYSTEMES
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Surface Force Densities are intensive loads representing surface traction fields of
uniform magnitude applied to surface geometries.

The user specifies three components for the direction of the field, along with a magnitude
information. Upon modification of any of these four values, the vector components and
maghnitude are updated based on the last data entry. The vector remains constant independently

of the geometry selection.

Surface Force Density = =] |

Surface Force Density, 1

eyl Mo seleckion

Axis Syskem

Type IGInI:-aI j
[ misplay locally

— Farce Yectar

Marm i aM_mz2

w | OM_m2

v | ON_m2

7| on_mz

[ pata Mapping

@ 0K I aCanceII

Surface Force density: Units are surface traction units (typically N/m2
in SI)

Supports: Surface Force Density can be applied on Surfaces and
Faces

Axis System: The Axis System Type combo box allows you to choose
between Global and User axis-systems, for entering components of
the resultant force vector.

Global: The components of the force vector (in a file) will be
interpreted as relative to the fixed global rectangular coordinate
system.

User: The components of the force vector (in a file) will be
interpreted as relative to the specified rectangular coordinate
system.

To select a User axis-system, you must activate an existing
axis by clicking it in the specification tree. Its name will then be
automatically displayed in the Current Axis field.

Instructor Notes:
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Icon

Before You Begin:
Go to View -> Render Style -> Customize View and make sure the Shading, Outlines and
Materials options are active in the Custom View Modes dialog box

@ Click on the ‘Surface Force Density’ :

; § Select the geometry support(s): Surfaces or Faces

Surface Force Density

WERINE urf ace Force Density, 1

W alela gt Mo selection

—fxis Syskem

Type IGInbaI LI
[ pisplary lacalky

— Faorce Meckor

Marm | OM_m2

% ON_mz

¥ | ON_m?

z|oM_mz

[ pata Mapping

Choose the axis-system

Enter a Force Vector (X,Y,2)

OX0J0,

G—C‘Da Cancel I

Copyright DASSAULT SYSTEMES
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Forces

You will learn how to apply forces to a part.

Copyright DASSAULT SYSTEMES
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i [l
TS istributed Force. |

Supports el T

—hxis Syskem
Type iGIDbaI

L

[ misplay lacally

—Faorce Yeckor

Hardler {Mo selection

@ Ok I ﬂCanceIl

Copyright DASSAULT SYSTEMES

Distributed Forces are force systems statically equivalent to a given pure force at a
given point, distributed on a virtual part or on a geometric selection.

The user specifies three components for the direction of the resultant force, along with a magnitude
information. Upon modification of any of these four values, the resultant force vector components and
maghnitude are updated based on the last data entry. The resultant force vector remains constant
independently of the geometry selection.

Distributed Forces : Units are force units (typically N in SI).

Supports: Distributed Forces can be applied on Points or Vertex,
Surfaces or Faces, virtual parts.

Axis System: The Axis System Type combo box allows you to choose
between Global and User axis-systems, for entering components of
the resultant force vector.

Global: The components of the force vector (in a file) will be

interpreted as relative to the fixed global rectangular coordinate
system.

Morr | 500N User: The components of the force vector (in a file) will be
<o interpreted as relative to the specified rectangular coordinate system.
v[on To select a User axis-system, you must activate an existing Axis by
I clicking it in the specification tree. Its name will then be
Z1-500N

automatically displayed in the Current Axis field.

Handler: Point of application of the force resultant for virtual parts,
this point is the handler of the virtual part. For extended geometries,
this point is the centroid of the geometry.

Instructor Notes:
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Applying a Distributed Force =

Distributed Forces are force systems statically equivalent to a given pure force at a
given point, distributed on a virtual part or on a geometric selection.

@ Click on the “Distributed Force” %. @Select support(s) :
Icon e

Surfaces : Forces are extrapolated on the nodes of
the closest element.

o
Points : Forces are directly applied to the associated
e bistributed Force. | node
Eiesaly el Mo selection % |
—Axis Syskem
Tvpe IGIDbaI j

[ Display locally

Specify force

—Farce Yector

Horm [ 500N /1 il ;
| /| =~ 4 Finite Element Model.1 ;
%[ on : ;
/ A Distributed Force feature | 3-8 Nodes and Elements 3

| on / appears in the features tree Tﬁ Properties.1 i
2 [Soon r'é under the active Loads -\ static case 1

objects set. ;

Restraints.1 :
—@ Click on OK

Haridler {Mo selection

< W Cancel I

$ Isostatic.1

Copyright DASSAULT SYSTEMES
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Moment g

Moments are force systems statically equivalent to a given pure couple (single
moment resultant), distributed on a virtual part or on a geometric selection

The resultant moment vector remains constant independently of the geometry selection. The point of
application of the couple is arbitrary.

The given pure couple system is processed by the program as follows:
© In the case of extended geometries, it is transformed into an equivalent force system distributed

over the selected support

« In the case of virtual parts connected to deformable bodies, it is transmitted as a force system
collectively to the entire connected geometry

Moment : Units are moment units (typically Nm in Sl).

Moment =151 supports: Moments can be applied to Points or Vertex, Surfaces or Faces,
ame [ TERRY virtual parts.

Supporks {8l

Axis System: The Axis System Type combo box allows you to choose
] between Global and User axis-systems, for entering components of the
resultant force vector.

—hxis System
Type IGIobaI
[ pisplay locally

Global: The components of the force vector (in a file) will be interpreted as
relative to the fixed global rectangular coordinate system.

— Moment Yectar

: clicking it in the specification tree. Its name will then be automatically
W 2o | 8cdl|  displayed in the Current Axis field

% Horrn | 100K User: The components of the force vector (in a file) will be interpreted as
2 | Ohbern relative to the specified rectangular coordinate system.

5 | -100k:xm

g 2 [ To select a User Axis system, you must activate an existing Axis by

3

Instructor Notes:
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Moments are force systems statically equivalent to a given pure couple (single moment
resultant), distributed on a virtual part or on a geometric selection

@ Click on the ‘Moment’ Icon | @ Select support(s) :

Surfaces : Forces are extrapolated on the nodes of
the closest element.

Points : Forces are directly applied to the associated
Moment el E node 1 ;
home ANl ‘ |
el wfs/al gl Mo selection
—Axis System
Type IGIUbaI j

[ pisplay locally
@ Specify the moment

—Mament Yectar

.I.- Finite Element Model.1 |

Norml 100M:m !
s [t A Moment feature appears in &k Nodes and Elements
the features tree under the ; ¥ Properties, 1

v|-100xm active Loads objects set. 3 T-ﬁ p

g ZIUNXI‘H = Static Case

=

% m' & Cancel

2 —@ Click on OK

Instructor Notes:
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Enforced Displacements

You will learn how to apply an Enforced Displacement.

Copyright DASSAULT SYSTEMES
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Enforced Displacements are loads applied to support geometries, resulting for the
subsequent analysis in assighing non-zero values to displacements in previously
restrained directions.

An Enforced Displacement object is by definition associated with a Restraint object. Make sure you
entered non-zero values only for those degrees of freedom which have been fixed by the associated
Restraint object. Non-zero values for any other degree of freedom will be ignored by the program.

Supports: Enforced Displacements can be applied on restraints

(l.e a clamp)
MHame |Enf0rced Displacement.
restrain

Translation 1[100mm

You can enforce translations and rotations

Translation 2 [Imm

Translation 3 I]mm

=-:h Static Case
Rotation 1 [0deg I=| Restraints.1
Rotation 2 [Ideg ﬁ- Clamp.1
Rotation 3 [Jdeg A Clamp.2

Loads.1

Enfarced Displa@§

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

@ ok | @ cancell

-

Copyright DASSAULT SYSTEMES
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Applying Enforced Displacements &

Before You Begin:
Go to View -> Render Style -> Customize View and make sure the Shading, Outlines
and Materials options are active in the Custom View Modes dialog box

@ Click on the ‘Enforced % @ Select the support(s): Restraints

Displacement’ Icon

Enforced Displacement = |D|5I
Marne | Enforced Displacement. 2 Here we selected a i
Restraint s ) Clamp restraint: |

Translation 1 | Omm

Translation 2 | 1mm

Translation 3 | Imm

Rotation 1 | 0deg

Ratation 2 | Odeg Enter your translation and rotation values

Rotation 3 |Ddeg

@ oK

© ©

[ Click on OK

Copyright DASSAULT SYSTEMES
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Exercise

‘Pre-Processing’ Recap Exercise

‘ 10 min

In this exercise you will practice different tools you have seen in the Pre-Processing lesson.
It includes following steps

© Modify the element characteristics

© Define two types of restraints

« Apply a load

Copyright DASSAULT SYSTEMES
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Design Process: Hanger Pre-Processing

Modify the | |
elements type |

@

Define the
restraints

_l_|_|
Apply a Load 5
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Model Checker

You will learn how to validate the FE model using the Model Checker
tool.
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What is Model Checker (1/2)

Model Checker allows you to verify whether all the pre-processing steps are done and if
the model is ready for computation. It provides a common platform where you can
check all the pre-processed data.

If any information is missing, it shows the status as 'KO' against that row of information
and provides a detailed error message at the bottom of the window. Different tabs of the
Model Checker provide the following information:

Bodies Tab

# Missing Mesh Status : | e ][4

w Missing Properties OK @ g The whole model is consistent

@ Missing Material

) .. 9 KO . i Bodies | Connections | Cthers I
# Missing Support
i . . Feature | Mesh Part fakerial Stakus
@ Diagnosis Problems Partl.3 PartBody OCTREE Tetrahed... Solid Property.l
Partl.2  PartBody OCTREE Tetrahed... Solid Property,2 Aluminium, 1 OK
T
It is recommended to use the Model
Checker before computation to make Details on stakus of the selected line
” sure that the pre-processing steps ISpeciFications are consistent
z are OK.
2 @ 0k I W Cancel I
g -
&
]
H
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Connections Tab

Kind of Constraints
Part involved
Connection Properties
Connection Status

€ € € ®©

Others Tab

® Loads

® Restraints

® Virtual Parts

Copyright DASSAULT SYSTEMES

What is Model Checker (2/2)

Model Checker

. One o several irrelevancies found

Others i

Canstraink Mesh Part Caonnecked Mesh

Contact Connecti,

none

General Analysis Connection. ! Contact Connecti...  Contact Connecti...  OCTREE Tetrahed... none
none General Analysis Connection.2  Contack Connecti,..  Contact Connecti...  ©OCTREE Tetrahed... none O
none zeneral Analysis Connection. 3 Contack Connecti.,,  Contack Connecti..,  OCTREE Tetrahed,.. none og '
4] | »

OCTREE Tetrahed. .,

none

_ComEIete Property =3 I

Details on status of the selected line :

Impossible ta find geomstric support for the meshpart:
Contack Connection Mesh.&

Update the support af the Mesh Part or suppress it.
Mo comsistent Property is defined on none of none

@ oK l & cancel |

-l

Breview ]

Model Checker

. One or several irrelevancies found

Bodies I Connections ! Others |

21X

| Feature | Skatus l

Surface Slider, 1 K
s el

Complate Property == I

Details on status of the selected ling @

Iigrate Conneckions

Support number is not compatible with the definition Far User-defined Restraint, 1

2

K

& Cancel ]

Preview I
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GPS Computation

Once you have meshed the part, and applied restraints and loads, you can
compute the analysis.

= What is Computation

&= Specifying the External Storage
= Computing a Static Case

= Computation Recap Exercise

Copyright DASSAULT SYSTEMES
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GPS Computation

In this lesson, you will learn how to use the computation tools for static
analysis.

Number of elements 1 27187
Number of D.o.F. ¢
Number of Contact relations FY]

}
i Number of nodes 1 7008

h
Number of Kinematic relations : © i
i
i

Linear tetrahedron. ;. 27187

| Mame: Loads.l
i

B vApplied load resultant :
STIFFMESS Computation

Y Fx = 0.0008+000 N
stiffness computation 0 Al S R L]
ol : I Fz = -2.633e+000 N
stiffness Computation 10 "Mx = 5.0308—008 Nxm
stiffrness Computation 20 My =

—=8. 7%62-007 pxm

stiffrness Computation 30
stiffrness Computation 40 !
Stiffness Comgutation 50 3 T o

EE?;;”ESS gompuEaE]Dn ?8 tunstraint Computation 0
SRITTNess LOMRHTal o0 L Constraint Computation 10

i
i
i
'
i
'
'
.
Zonstraint Computation 20
Zonstraint Computation 30
i
i
i
i
'
i
'
i
i
i

onstraint computation 40
v“onstraint Computation 50
Zonstraint Computation 60
. Zonstraint Computation 70

Zonstraint Computation 100
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What is Computation (1/2)

Computation is required to calculate the unknown Displacement
values at the Nodal Points of the FE model. From these
Displacement values other solution quantities such as Strain,
Principal Stresses, Von-Mises Stresses are derived.

# The geometry model is discretized into elements

Finite Element Analysis
@ All properties and applied forces are Process
idealized at the element and nodes level

w  For each element, nodal forces, stiffness matrices .
and unknown displacement vectors are computed v" Computation
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What is Computation (2/2)
# The element connectivity is used to assemble the global
stiffness, nodal forces and displacements matrices
® The minimization of the potential energy used to solve global
equation using the boundary conditions to suppress the
stiffness matrix singularity
{F} : Nodal Force Matrix
[K] : Global Stiffness Matrix
{F} =[K]{U} . .
{U} : Nodal Displacement Matrix
# Nodal displacements are computed
w Strains and stresses are calculated using the Strain-Displacement
and Stress-Strain relations
{€} = [B]{U} {e}: Strai.n M?trix .
E {0} = [C] {e} [B] : Strain-Displacement Matrix
2 {o} : Stress Matrix
H [C] : Stress-Strain Matrix
Instructor Notes:
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Specifying the External Storage

You will learn how to use the storage tools.

Current Storage Location = Ii:llﬂ
|—Results Data
||C:'I,DOCUME~1'I,rIy.DS'I,LOCALS~11,Temp'|,samp|e44.clﬂ Madif: ‘

i—-Computation Data
||C:'I,DOCUME~1'|,r|y.DS'|,LOCALS~1'I,Temp'l,sample‘l‘l.clﬂ Modif J

o Cancel I
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All ELFINI Solver computations are systematically stored in a structured way, out of core
memory on an external file called External Storage.

w Stored data resulting from analysis are stored in two files, one for results(CATAnalysisResults)
and one for computations (CATAnalysisComputations). After the opening of a new analysis
document, the default directories in which they are stored are the last directories chosen by the
user.

= Result data is the data necessary for generating images: displacements, loads, restraints,
singularities, strain energy and so forth. This data is self sufficient if only results are to be saved
and no more computations should be performed from them. Result data takes small disk space,
any newly performed computation starts from the beginning and therefore may take time.

= Computation data corresponds to matrices such as stiffness. This data is needed to perform
new computations from the loaded data which will benefit from it. It is time saving, but as a
counterpart needs much disk space storage.

i h Results -> C:\DOCUME~1\rly .DS\LOCALS ~1\Temp\sample44 .CATAnalysisResults |
' fb Computations -> C:\DOCUME~1\rly. DS\LOCALS~1\Temp\sampled44 CATAnzlysisComputations |

__________________________________________________________________________________

Eié’i External Storage i %]
ﬁ ””” i—CF\T."-\naIvsisResuIts File
= |
o Gg || CihCrank_Shaft. CATAnalysisResults Modify ‘
& | i
g It is recommended that you locate your external [~ CATAnalysisComputations File i
8 storage where there is enough storage space. (| Cirank_Shaft. CATAnalysisComputations [ madiey |
% Analysis files are not automatically saved.
5 @ ok | & cancal |
8 -
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Using the ‘External Storage’ Icon "

Click on the ‘External Storage” icon in the electio x|
Solver Tools toolbar R STenp D =] = Em ek

|_1bostcal: [t .nakes, data
| CollectorTempCamputations (CI5ta107D tmp
|23 cookies (Cstaicsa.tmp
" Jdata (CI5tatcsc bmp
|1 Default (C15ta3160.tmp
| EFniTempCamputations (1 stazezs twp
| EFiniTempResits [C]Stazrac.tmp
| FrantPage TempDir [C5tadzeB.bmp
o | History (Zdsta4z6C tmp
D1 tmp [C5tasFzs.tnp
|1 msacipt (C5tasFzs tmp

The ‘External Storage’ dialog box appears
@ Click the Modify button

External Storage

File name

x|
. . A ample ysisHesutd = Save ;>
i CATARalysisResulks File rd M Saveastype:  [Resuls Fils [-CaTAnapsisResuls] =] Cancel
|| Ci\templCrank_Shaft.CATAnalysisFesults ( Modifg i)
rCATAnaIysianmputations File |
||C:'l,temp';Crank_ShafE.CF\TF\nalysi.sCDmputations (I Madif D

@ ok l a Canc% Storage Path Selection 21X
-- Savein [ Temp D s B E-
[_Jboatcale (Jr.notes.data i
|1 Calleckor TempCormput ations (C5ta107D.bmp (
|ZJcookies (T statCsi.tmp (
Select a path for the External Storage 1dsts Cizatcsc.np {
. . I 1Default (CIsta3i60.tmp {
directories | EfiniTempCamputations (Castaz4z6.tmp i
I IEffiniTempResults () stasFac.tmp (
o =
g | IFrontragsTempDir [ stas26B.tmp (
o S [CHistory (Csta426C tmp i
2 . 1101 bmp [(15ta5F25. tp (
o Click on Save “msoclpt [ stasFze.tmp {
5
2 N |
173
171 ~
2 File name: : <o EROET
? Click on OK U swvesstps  [Resuls Fie F.CATAnabssResuls] = Cancel
E 7
o
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Specifying Storage Path in Specification Tree

You can modify the storage path through the specification tree.

Double click on the path you want to modif
@ P ¥ y @ External Storage ) il

rCF\T#\naIvsisResults File
||C:'I,DOCUME_N1'l,rns'l,LOCP.LSN1‘|,Temp'l,Do_It_‘Fc-urselF_ Madif ‘

& Cancel l

5_Hanger_1.CATFart

External St =
@ Select a new path @ UL ' =l

|—C.f-\TAnaIvsisCDmputations File

||C:'I,DOCUME_rvl'I,rns'l,LOC.ﬂ.LSrvl‘LTemp'l,Dn_It_‘.’ourjself_ Modif i
@ Click on OK g o Cancel
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Each new computation generates new files. The new files will overwrite the
corresponding old ones. Before launching a new computation you may clear the
‘Computation Data’ and / or the ‘Result Data’ if you want it to supersede the previous
one.

@ Click on the ‘External Storage
Clean-up’ icon

@ Select the action you want i [ Size | Type :

EAnaIysiﬂ CATAnalysisComputations | 1KB EATANAL‘(E
i KB C&T.&NAL\(E

You can either clear the computation KB CATANALY,
1KE  CATANALY

data only or the result data as well: Bl -Alaye Hanger | LA lanays

Computation files Result files

) Clear compukation data

@ ‘Clear resulk and computation data

@ 0K ] JCancte
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To calculate, the computer needs a temporary storage location which is cleaned up
when the associated analysis session is closed.

@ Click on this icon [@J @ Click on "Modify” to select a new directory
|

(= Temporary External Storage Folder

|EATemp iy
& Cancel l
-
@ Select a new path @ Click on OK
w 20|
Falder ;I
le:
ram Files
I ram Files (x86)
” () Some CATIA Parts
% '.j Steyage
& (=]
8 = =l
s
H
2 Folder: ITemD
2 —
5 MMake Mew Folder ‘ oK Cancel
g e (e
o o
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Additional Information

Creating analysis storage

CATAnalysisResults and CATAnalysisComputations files are created :
@ The first time you run a computation
w [f the user explicitly defines their location

An analysis document which contains only specifications can be stored without links to the
Analysis storage.

These files are not seen anymore in partner applications that do not need them.

Reading analysis storage
Data is copied only when it needs to be accessed by computation or post-processing. There is a
significant time gain when loading a Computed Analysis Document.

Useless data no longer needs to be read (ex : read a computed document, modify the mesh, and
re-computing).

Deleting analysis storage

CATAnalysisResults and CATAnalysisComputations can be deleted manually (equivalent to the
Clear capability).
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Computing a Static Case

You will learn how to compute a Static Case analysis.

1=
Ja =]

Mesh Only
Analysis Case Solution Selection

o Preview

@ oK I o Cancel
¥ an-:e_l
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Introduction

i
Ja =]

fesh Only
Analysis Case Solution Seleckion

o Preview

@ ok | o Canicel
EIHCE!J

Copyright DASSAULT SYSTEMES

At this step of your work you must make sure that your materials, restraints and loads
are successfully defined (use Model Checker tool). #

The computation will generate the analysis case solution, along with partial results for
all objects involved in the definition of the Analysis Case.

The primary Static Solution Computation result consists in a displacement vector whose
components represent the values of the system’s DOF. This result can be further processed to
produce other results such as stresses, reaction forces and so forth.

The program can compute simultaneously several Solution Object sets, with optimal parallel
computation whenever applicable.

The combo box allows you to choose between several options for the set of objects to update:

All : All the objects defined in the analysis features tree will be
computed

Mesh only: the preprocessing parts and connections will be meshed.
The preprocessing data (loads, restraints and so forth) will be applied
onto the mesh

In case the “Mesh only” option was previously activated, you
will then be able to visualize the applied data on the mesh by using
the Visualization on Mesh option (contextual menu)

Analysis Case Solution Selection: only a selection of user-specified
Analysis Case Solutions will be computed, with an optimal parallel
computation strategy

Selection by Restraint: only the selected characteristics will be
computed (Properties, Restraints, Loads, Masses).

Instructor Notes:
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How to Compute a Static Case Analysis

Analysis Case Solution Selection
Seleckion by Restraint

: o Cancel I

Check ‘Preview’ if you want an estimation @ Click on Yes to run the computation
of the computation time. . . L
A series of status messages (Meshing, Factorization,

Solution) informs you about the progress of the

e T TR h . . L
S LI L computation process. The Static Analysis Solution is
0.2 5 of EPU computed and can be visualized.
0 kilo-bytes of memary . ..
770 Rilo-bytes o disk Upon successful completion
Intel MEL{] Librany found: Intel(R) MEL Y5.1.0° of the computation the status i
. . . & Finite Elemenl
Do you wart to continue the computation? Of a" ObleCt§ in the analys'? ! J-_'
feature tree is turned to valid. %
8 - You can now: |
b « analyze the report
5~ In some cases, if equilibrium is not reached, of the computation
8 interactive warning message may inform you « visualize images for
% that the residual forces are not negligible. various results
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How to Specify Static Solution Parameters

The Definition parameters of an Analysis Case must not be confused with
Computation parameters of a Case Solution. In fact, the New Analysis Case dialog box
is displayed at the time of a case insertion and the defined parameters cannot be
modified once the Case has been created. However, the Computation parameters of a
Case Solution are proposed by default at case creation and are editable afterwards.

@ Double-click the Static Case Solution.1 @ Check the method you want to apply and fill the
to display the Static Solution gradient parameters if needed
Parameters dialog box. static Solution Par: s il
—Method
) Auto
) Gauss
) Gradisnt
@ Gauss RE
—Gradient Parameters
For the gradient = Mz iteration number o J
method two additional Accuracy [Fom EH
parameters must be =ee—
specified [ Exclude
_— Wb cancel I

@ You can Check for ‘Exclude’ to
exclude structural Mass.

@ Click on ‘OK’
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Instructor Notes:

Copyright DASSAULT SYSTEMES 83



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

Solving Methods
There are four different solving methods for a static analysis :

1- Auto method : One of the three methods below is automatically

computed
Static Solution Paraimers _ ol i Works for any analysis method.
—Method
I Ak )
2- Gauss method : Direct method
) Gauss
1 Gradient . .
Recommended for computing small/medium models.
@ Gauss RE
—Gradient Parameters ————————————
Maximuim iter ation number |r.| E 3- Gradient method : Solving iterative method which is memory saving
Accuracy [zooe = but not CPU time saving
—Mass Parameter ————————————

m | Recommended for computing huge models. Two additional parameters
Ciny must be specified : maximum iteration number and accuracy factor.
W Cancel I
4- Gauss R6 method : Fast Gauss method
E Recommended for computing large size models (default method).
2
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How to Launch Batch Processing

While CATIA computes your analysis, the interactive mode is not available. So, you
may launch a batch which performs the computation.

@ Go to Tools > Utility... @ Double-click ‘AnalysisUpdateBatch’

i
i
i
! i | Elle  EdE el ]
] Analyze  Window  Help ] (. Help ]
' ' ! 1
]
' {9 Eormula, . ; | weites | Start | Processes | i
i
i Image 4 i E ]
: 1 : — g
! Macro L 1| | Batch-DXF-1GES-STER Batch for Data Exq
! 1 1| | ExtractModeFromSequential Extract CATIA Yer
. _1 [ | Migratet4Tavs Migrate ¥4 files int
”””””””””””””””””” 1| | caTAsmUparadeBatch Batch Utility For A3
A1) SRR et

@ Enter analysis file to compute and folder for saving @ Click on ‘Run’ to start batch mode computing
computation files and select Batch run mode

AnalysisUpdateBatch 1 2| AnalysisUpdateBatch 1 2|

|—F|\e to Compute |—F|\e to Compute |
|| Browse, ., i || DiiBatchRuniFuselage. CATARalysis | Browse... I
i—Fo\der to Save Computed Data i—Fo\der to Save Computed Data
|| Browse, ., i ||D:1,BatchRun Browse, ., i
™| sczess all daciments fron) sotrse ™| sczess all daciments fron) sotrse
f*' Run Local f*' Run Local

Licensing Setup... Licensing Setup...
€ Run Remts - host riame ¢ [ € Run Remts - host riame ¢ [

Save Run Cancel Save Run Cancel
_Rn | Concel | | Cancel |
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Exercise

‘Computation’ Recap Exercise

‘ 5 min

In this exercise you will compute the Analysis that you have defined in the first recap exercise.
It includes following steps:

« Specify the storage folders
« Compute the analysis

Computation Resources Estimation = Ellil

0.8 sof CPU
2.242+003 kilo-bytes of memory
3.4=8+003 kilo-bytes of disk

Warning: Running compukation withouk Inkel MKL(c) 5.1.x Librar
Running with MEL{E) Library would decrease CPU-Time

Do you wank bo continue the computation?

Copyright DASSAULT SYSTEMES
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GPS Post-processing

In this lesson, you will learn about the main tools used to display and optimize
the results.

&= Results Visualization
= Mesh Refinement
= Results Management

Copyright DASSAULT SYSTEMES
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Post-processing

Post-processing involves all those steps which are carried
out after the computation of results.

Under post-processing, you will:

# Create Deformation, Displacement Magnitude,
Stress, Reaction Force and other types of images

from the computed solution's data. Finite Element Analysis

Process

® Validate the results using different images and
study these images to understand and interpret
the solution.

# Take decisions for refining the solution further v Post-processing
using Mesh Refinement Iterations or other
solution types.

@ Validate the current design or suggest design
changes based on the results.
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Result Visualization

You will learn the functionalities to display the result images and animate the
results.

Copyright DASSAULT SYSTEMES
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Image Creation

You can only visualize results after you have computed successfully your analysis. Before
you begin, make sure the ‘Edges and points’, ‘All Edges’, ‘Shading’ and ‘Materials’ options
are activated in the Custom View Modes dialog box:

O he smooth edges visualize results

@ &l pairks

TR E Results are displayed in the
2xig a2 L R @ [=] specification tree under ‘Case Solution’
Lines and points. — e
"4 Edges and points @ -I" Static Case i
@ateee | | @, You will see the 2= Restralnts. i
() HalF visible smooth edges <_different Options to %a Loads.1 §

) o vertices

Center Graph <
[ colared edges from faces @ E Translal i "«?“
Reframe On
[ outlines @ Sensors.l \J
”””””””””””” HidefShaw

[ Lire-or-ine

TT%; Static Case Solution. 1
-

i =
(B2l Isppatametrics Propetties
W e Clrl+st
Copy Chrl+C
EE Paste Chrl+y

Paste Special, ..

Delete Del

1 Transparent
‘ton Mises Stress (nodal value) ohject L3

[ Hidden edges and peints In the contextual menu, you -
. . — () Activate/Deactivate
i can activate and de-activate

[ pyniamic hidden line rerneal

&
=
=
4
o . . E t Dat:
5 o images of the solution. .
% phions ’@ Save As New Template
2 . A
§ [ rendering stvle per abject Report
5
g .| & Cancel I
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Image Edition ] EiE=|
SEIEEtiDns I QCCUrTEnCes I

Deform according b | [Dsplscements ) |

[ Display free nodes
] Display nodes of elements

[ misplay small elerments

Shrink Coefficient

@ ok | Wcance| rreven |l

About Deformed Image

You can modify the
‘Shrink Coefficient’

Copyright DASSAULT SYSTEMES

image caron TP

Mesh i Selections i Docourrences I
—#Available Groups

lamp. 1
OCTREE Tetrahedron Meshi 1 : Parkl
Surface Slider.1

3|=|=|Z
—Activated Groups
Al Ehe model

@ ok | e Fevien |

-
These mesh entities are either all
the elements included in the
mesh part or the elements or
nodes associated to the geometry
supporting a specification. This is
available for all types of
specifications: Mesh

specifications, Connections, (€<

Loads, Restraints and Masses.

Deformed Mesh images are used to visualize the finite element mesh in the deformed
configuration of the system, as a result of environmental action. Deformed Mesh Image objects
can belong to Static Case Solution object sets or to Frequency Case Solution object sets.

Before you begin: Make sure that the view is correctly customized and you have computed the solution.

Image Edition i 2l
Mesh I Selections(C| Occurrences b
Mumber of mades I Frequency (Hz}

1 239.02
z 1166.7
3 1563.6
4 166263
£l 2774.16
& 3392, 44
& 447395
2] 5590,12
1 50939,85

@ ok ] - Cance\l Previn ]

By pressing the Frequencies
tab you display the list of
modes with the associated
frequencies. You can then
activate separately each mode
of this multi-occurrence
solution.

= Occurrences Tab occurs only
in case of Frequency Analysis.
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Visualizing Deformations 4
@ Click on the Deformation icon
- =&l Static Case Solution.1 |
T Ceformed Mesh
| | i
i =2l 1Sensors.1 i .
! ' Mesh | Selections I
fffffffff gﬂEfrflfefrjgfy””f””””WW— |4 Deform according to 'W—I
(Optlonal) Double-click on the Deformed Mesh [ Display Fres nodes
object in the specification tree to edit the image [ Display nodes of elements
[ misplay small elements
If needed, modify the parameters shiink Cosfficient i
1
- ko & cancel I Preview I
@ Click OK to quit the Image
Fem Editor dialog box
g
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Von Mises Stress images are used to visualize Von Mises Stress field patterns, which represent
a scalar quantity field obtained from the volume distortion energy density and used to measure
the state of stress.

The volume distortion energy density is often used in conjunction with the material yield stress
value to check part structural integrity according to the Von Mises criterion. For a sound structural
design, the maximum value of the Von Mises stress should be less than this yield value.

|
| == 2 Static Case

= To edit the Image Edition dialog box you have to double

4] Restraints 1 : click on the ‘Von Mises Stress’ object in the specification
‘ tree.
T‘@ Loads.1
| 3-8l sratic Case Soluion.] 1 21
i T Von Mises Stress (n@ Wisu I Selections I Qccurrences |
: ! Yon Mizes Stress (hedal valueh
: *‘@ Sensors.1 : B 4 Deform according ko |Displas <
TmTmmTTmmmmmsssssoossssoosoooooooooooooooood ' I a —Twpes i
3 ©.12e+007 Average iso
5.595=+0C7 Discontinuous iso
Symbaol
4,96e+0C7 Text
4. 3e2+0C7 —
3.720+0C7 —riteria i
3. lle+0cy
& I 2438 +0C7
B [
5 LE7e+uLT 4 |
4
g 1 2be+00 s Options.., I
2 G, 3Re+0lE
2 I N More>>|
a 225+ 00n
5 3 i | @ el | mevien |
5 on Eoundary .
o
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Visualizing Von Mises Stresses

Lo A\ static Case :
i 4] Restraints.1

T‘@ Loads.1 ‘
i ?ﬁstatic Case Solution.1 :
T Von Mises Stress (n@

iL i‘@ Sensors.1 3

@ Click OK to quit the Image Fem Editor dialog box

Won Mises Stress (nodal value)
Fa
&.19a+007
5.58e+007
4.96e+007
4.34e+007
3.72e+007
3. 11le+007
I 7.490+007
1.87e+007

1.26e+007
I €,39¢+005
2,25e+005

<n Boundary

Copyright DASSAULT SYSTEMES

@ Click on the Stress Von Mises icon @

image

Image Edition

sy | Selections I

4 Deform according to. [ Displasements

(Optional) Double-click on the Von Mises
object in the specification tree to edit the

21x

—Types

Discontinuous iso
Symbal
Text

—Criteria

4

I+

Options,.. I

& cancel |

More = I

Previen I

If needed, modify
the parameters
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The ‘Image Edition’ dialog box is composed of 2 tabs:

« Visu: provides a list with visu types (Average-lso, Discontinuous-lso, Symbol and Text) and a
list with criteria (VON-MISES)

« Selections: In the case of CATProducts, pre-defined groups of elements belonging to given
mesh parts can be multi-selected

More: The More button provides different filters. You can choose to generate images on
nodes, nodes of elements, or Gauss points of elements. You can also choose Value type

options.
Image Edition 2= Image Edition 2] x|
—available Groups ————————————————— 4 Deform according ko |Displacsments . || Prosition: Mode e
Clarp. 1 - Types Value tvpe: =
Distributed Force. 1 e | Real 1
OCTREE Tetrahedron Mesh. 1 : Partl el R Complex part: =
Surface Slider. 1 Discontinuous iso Lt
Symbaol Do nok combing
Text
= —Filters
F=|=|% - :
—iriteria i Show filkers For: lH"-'d'-‘S of 3D Elements j
e e T ——
Al the: model Aodis systenn: !Glnbal {Cartesian) |
[ misplay localky
4/ | » ]| | |component: [ -
_optizns... | Layer: B
— } ]
A IN® Lamina: |1 LD Flyid: 2
(More>> l) fages ) l —
@ oK I o Cancel I Frevien I @ 0ok I & Cancel I Frevish I
-

™

~,
When you click on ‘More’, some tab can be grayed

depending on the the ‘type’ you choose in the ‘Visu’ tab.
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About Displacements

Translational Displacement vector images are used to visualize displacement field patterns,
which represent a vector quantity field equal to the variation of the position vectors of mesh
entities as a result of environmental action (loading).

Translational Displacement vector Image objects can belong to Static Case Solution objects sets or
to Frequency Case Solution objects sets. The displacement resulting from part loading is important
for a correct understanding of the way the part behaves.

A\ siatic Case &
; | To edit the Image Edition dialog box you have to double
#=) Restraints. 1 : click on the solution object in the specification tree

O Boundary

Lo, 2]
% Static Case Solution/1 !
! Translational displacement magnitde i I ae |
Ea Trarelatonal displacem@r : P d 3 Deform according o [DE
| mm -
F-8l| Sensors. 1 1 - ~Types :
@ i i 0.49 |Averaﬂe s
I 0.441 Texk

0,392

0.343 —Critetia i

0,294

0.245
g I 0.196
E 0.147 optians. . |
o
g 0.098 Mot == I
@ 0.049
2 i | @ cancel | preview |
3 0 -
H
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Visualizing Displacements

This task shows how to generate Displacements images on parts.

@ Click on the Displacements icon

@(Optional) Double-click on the Displacements
object in the specification tree to edit the image

- - Restraints 1 i 2l
3 @Loads.l ‘ v | Selections |
% I . . 3 If needed’ mOdlfy the 4 Deform according ko | Displacements _J
1 ¥ Static Case Solition, 1 ! parameters | Trpes |
: - . ‘ . :
| Translajonel d|splacement@ [ —
i i Text
- - ensors. 1 ;
777777777777777777777777777777777777777777777777777777777 —Critetia 1
@ Click OK to quit the Image Editor dialog box
Translatonal displacement magnitLide
mm OEtinns...
I O;itl Mare == l
0332 EETY] @ cancel I Freview l
0.343 .
0,234
0.245
I 019
0.147

0.038

I 0.043
o]

on Boundary
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Displacement Image Edition [

The ‘Image Edition’ dialog box is composed of 2 tabs:

&« Visu: provides a list with visu types (Average-lso, Symbol, Text). Both the option type and
visualization are appended to the name. It also provides a list with criteria (VECTOR).

© Selections: In the case of CATProducts, pre-defined groups of elements belonging to
given mesh parts can be multi-selected.

More: The only available option to generate images is on nodes. You can also choose
Value type options.

Image Edition | Image Axis System 2l x|
; —Properties
Selectlons I el L
£ di Displ i: Position: b IDEMU"
3 Deform aceording to | Displaceienis = : Nede {Fram salver, e )
% ! - T¥RE ! |Global =
[ T¥pes | | {¥alue bype:  poq) - Crinatases =
. — oordinate System ! i
Averade iso Complesx part! = (=arkesian i
i et r— Definition
Text Do not combine o = - T
Crigin :x =0 y={0 z=f0
Fiters R Az i =| 1 v=[0 z=[0
—Criteria 7 | [Show filters for: [Nages oF 80 Elements v s 1 =[0 yv=[1 2=[0
#uxis system: [Glohal (Cartesian) = ) Z Axis ix =0 ¥ =| o z =| N
[ Display: lacally 5
& Cancel
Component: [a) - [ . —-‘—J
Options. ., I Layar: ¥
§<Less : @ Lamina: |1 O Plyy icd: | I
@ oK I W Cancel ] Erevisn I
[~ .

=2/
For angular displacements you can modify the axis-system and choose a cylindrical user
axis-system (with x and y in the rotational plane) with tangent displacements components.

Copyright DASSAULT SYSTEMES
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About Principal Stresses |

Stress principal tensor symbol images are used to visualize principal stress field patterns,
which represent a tensor field quantity used to measure the state of stress and to determine
the load path on a loaded part.

At each point, the principal stress tensor gives the directions relative to which the part is in a state
of pure tension/compression (zero shear stress components on the corresponding planes) and the
values of the corresponding tensile/compressive stresses.

=- 4 Static Case
3=l Fostraint. 1 To edit the Image Edition dialog box you have to double click
2] Loads. 1 on the solution object in the specification tree

Stress princioel tensor symbaD

b -l Sensors. 1 ' L i .
@ 777777777 S — <ok principdl fensor symby 1 NE prlnglpa}l valyes stress tensor dlstrlbutlon.on
Pa the part is visualized in symbol mode, along with a
soes+207  color palette:
< TRe-007T . . . .
ooy At each point, a set of three directions is
tesCCT represented by line symbols (principal
£ 4da(le directions of stress).
g 714005 ¢ Arrow directions (inwards / outwards) indicate
& I -207e+L07 the sign of the principal stress. The color code
" = L N - - - - -
5 et provides quantitative information.
o -4, 7S+ 07
2 I 5.1Ec1C07
E’ - A S Le0n s
§ NBour LAy

Instructor Notes:

Copyright DASSAULT SYSTEMES 99



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

Principal Stresses Image Edition

The ‘Image Edition’ dialog box is composed of 2 tabs:

= Visu: provides a list with visu types (Average-Iso, Discontinuous-lso, Symbol and Text) and a
list with criteria (Principal-Value).

# Selections: In the case of CATProducts, pre-defined groups of elements belonging to given
mesh parts can be multi-selected.
Filters: provides different filters. You can choose to generate images on nodes, nodes of
elements, center of elements or Gauss points of elements. You can also choose Value type

options.
p . _ P ....... Components :
boagebdtion 1 5| -
C1 is the max principal stress
selections | L C2 the middle principal stress
S Defurm cvending L [BEpRcemenis | Festion [nade =] | C3is the min principal stress
T Z | (C1-C2-C3) d
fevaraceiso un pkea prl; > / Jmage Exdey x|
Da rat cantin / viu |_selections |
== — // —Availsble Groups —————
—Crikeria Shews fikers For: [0 o0 Bl a1 = g!:lmghlted g
o 0 o CTREE Tetrahedron Mesh. 1 : Part1
DS |an| (e i) —I i Surface Slider, 1
1 pisplay locall
Camponant Im = j I=|=|=
—OM bl L1 = —#ctivated Groups
P T Larrina; E ;g = Al the model
g 11 N‘J
1 W LK | W LanceEl | krevel I
o —
5
2
&
2 More=> |
f§1 @ ok | e e
g —
o
Instructor Notes:

Copyright DASSAULT SYSTEMES 100



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

Estimated local error images are used to visualize computation error maps, which represent
scalar field quantities defined as the distribution of energy error norm estimates for a given
computation.

The program evaluates the validity of the computation and provides a global statement about this
validity. It also displays a predicted energy error norm map which gives qualitative insight about
the error distribution on the part.

=- 2 Static Case
- . To edit the Image Edition dialog box, double-click on the
Restraints.1 solution object in the specification tree.
T—@ Loads.1

14 Static Ca
This map provides qualitative information about the
way estimated computation errors are relatively

#-8) sensors.1 | Estmatediccaemor  disributed on the part

il
oooozzs  ©  If the error is relatively large in a particular

0.00021 region of interest, the computation results in
0.000187 that region may not be reliable. A new

0000164 computation can be performed to obtain better
0.00014 precision

0.000117

© To obtain a refined mesh in a region of interest,

§

2 9342065 use smaller Local Size and Sag values in the
3 T.01e-0C5 T

2 mesh definition step.

g 4.672-0C5

Z 2.348-0C5

5 2.21e-00%
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The ‘Image Edition’ dialog box is composed of 2 tabs:

# Visu: provides a list with visu types (Fringe, Symbol and Text) and a list with criteria (LOCAL-
ERROR).

w Selections: In the case of CATProducts, pre-defined groups of elements belonging to given
mesh parts can be multi-selected.
More: provides different filters. Only Center of element option is available. You can also choose
Value type options.

Image Edition 2 x| Image Edition 2=
[l Deform accarding ko |Displacements I Position: Centet of element (from solver) |l ekl s
— Types Value bype: Clarp.1
| . et E OCTREE Tonanedt
Fringe Complex part: v OCTREE Tetrahedron Mesh,1 : Partl
Swmbal L = Surface Slider. 1
Text Donot combine
— Filters 3=|=|=
=z|=
— Critetia Show Filkers For: {50 Flamante - =
T ‘ l“ == —I —Activated Groups
ocal arro
Aixls systerm: ’G\obal {Cartesian) | Al the rodel
[ pisplay localky
Component: {4 -
ﬁ Options. .. I Layer: ¥
i} ) |
% — ® Lamina; O Fly i I =
3 1 @ cancel l Breview | @ oK I & Cancel I Freview I
2 - =
3
£
=
2
8
S
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How to Edit the Color Map

When you use the ‘image layout’ tool, you need to know how to manage the color
map for a better results presentation.

When you display a result a color map appears. You can edit it by double-clicking on it.

@ Double-Click The color map Editor dialog box appears:

Wor Mises Sfress (nodal value)

Pa |
1564007 You can change the ——
' ' number of colors |5 onboundary |pistrbution ot [[ncar =)
5.57e+007 @m'ofco\ors:lm J I 3

4.968+007

[iImpases 10,5754 fo

8 a8
4.342+007 You can impose value | |[[Imposedmin: [5652 7 oo e
5 5.54657 Mo
4 77703 Mo
3.112+007 il
2.4%9e4+007 Y — Display Format
ou can change the
I 1.87e+007 d g Style: Automatic <)

|Sp|ay format Mumber of significant digits: [3 E

L.262+007
I 5. 39R4 008 4 ?5%‘ @ Apply I & Cancel l
2.25e+005 . &/
On Boundary Click on OK when you

3.72e+007 @ < dless I

are done

&<
“FThe Color map is like any object: it can be moved. You need to click on it (to activate it) and then you
can drop it with the middle mouse button

Copyright DASSAULT SYSTEMES
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Image Animation

Copyright DASSAULT SYSTEMES

You will see how to generate an animation of the results.

e T

-4

Ir
IR

D |Ste:|s nurmber |2D 'I

| Speed

i— |

Mcres= I
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Introduction &

Image Animation is a continuous display of a sequence of frames obtained from a given image.
Each frame represents the result displayed with a different amplitude. Running the frames
sequence gives a feeling of motion.

By animating a deformed geometry or a normal vibration mode, you can get a better insight of the
system’s behavior.

@ “Interpolate Values”: If you check this option,
the stress values will be interpolated at each

e I 2 steps of the animation, if not, they will be fixed
11'5’ QO all ccurrences [ Memarize frames (Max' Values)'
H 4 I‘ II H ’ b] W Cneoccurrence = ‘

B i ST el s = Int_erpolate Dlsplacements_ :If you check this
= (|5 ierpolte dsplacemenss I“ option, the stress valu_es W|_II be animated _
e whereas the deformation will be locked at its

| maximum.

Frequencies [ 7] %]

Humber of modes | Freguency [Hz]

You can change the number of steps and the i
speed of the animation 5537 59
8135.65
8301.93
8956.01
12747.3
14927.8
15700.4
a 18625.2

[ == = T

For a dynamic analysis (buckling as well): select the mode to display

Copyright DASSAULT SYSTEMES
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Using the Images Animation Tool
@ Display the result you want with the ‘Image’
dialog box

Static representation of the results Image
appears.

@ Click on the ‘Animate’ icon

2]
| - Animahe-On - 2
| H IO M eeimenss: ClMemoras -

A O] B | B[ oo T

E Shaps number |20 w | ||S Interpolabs values | &
T meed —————— [ || interpdats deplacemers
e |

<eless J

Copyright DASSAULT SYSTEMES

&

image Y
l g

@ Define the options

2%

2
-
ARSI
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Exercise

‘Results Visualization’ Recap Exercise

‘ 10 min

In this exercise you will visualize results of the analysis that you have
computed in previous recap exercise. You will:

© Visualize the Von Mises Stress
Visualize the deformation

Activate layout to display different results
in the same time

Copyright DASSAULT SYSTEMES
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Mesh Refinement

In this lesson, you will learn about the different ways to improve the precision
of your results.

= What is Mesh Refinement

& Improving the Element Characteristics

= Refinement Recap Exercise

= Mesh Refinment with Precision: Recap Exercise

Copyright DASSAULT SYSTEMES
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What is Mesh Refinement (1/2)

@« Initial FE solution provides you the results that
are generally obtained using coarse meshing
and simple element types.

« The purpose of these initial results is to get
a rough idea of the results using simple FE Finite Element Analysis

Process

modeling and minimum computation time.

# Mesh Refinement is nothing but refining the
existing mesh further to get a more accurate
representation of the actual physical model.

w This will help to reduce the discretization error v Mesh Refinement Iterations
and the solution will converge towards a more
accurate solution.

# The mesh can be refined either by
increasing the number of finite elements or
by using the higher order elements.

# There can be several Mesh Refinement
Iterations to achieve the exact solution.

Copyright DASSAULT SYSTEMES
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What is Mesh Refinement (2/2)

You will need to consider the following while refining the mesh based on precision:

w First analyze component with a coarse mesh. A coarse mesh is
to provide only an initial primary guess of stress values and
does not give the clear picture of stress distribution.

@ Thus you can further refine the mesh globally to get
comparatively accurate and continuous picture of stresses.
There can be more iterations of global mesh refinement if the
stress pattern is going to be more continuous and stress values
are changing significantly.

®  Successive mesh refinement may not lead to significant change
in stress values in major areas of the component. It may however
increases CPU computation time. You can spot these areas
within precision plots where the ‘local error’ distribution is
comparatively low and uniform.

w Using precision plot you will also get areas of high local error
values. These are generally the areas where loads, constraints
are applied on the component and areas of abrupt change in
geometry and cross section. If the mesh is further refined in
these areas, it will improve the stress continuity leading to
accurate values of stresses in these regions.

Copyright DASSAULT SYSTEMES

/v
"~ Mesh refined area

Instructor Notes:

Copyright DASSAULT SYSTEMES 110



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

Mesh Refinement General Process

initial Mesh

1
Solve Model with ]

Study translational
displacement
magnitude

Study "Von Mises at location
approximate 2/3 Length from
support

Pl
i T%{)hal Error Rate (%0).2
*|r y

laximum Displacement.3
"Maximum Displacement’ =0.229mm

Check Global Error Rate
from Global Error Rate
Sensor in tree

Copyright DASSAULT SYSTEMES

(GG}
~
Iterate the process till Global error reduces and error in energy value is in order of 10e-8.
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Global and Local Mesh Refinement

The second step when you want to improve the precision of your analysis results is to
refine the mesh of your part. You can refine the Size of a mesh, and the Sag (chord error).
This can be performed both globally and locally.

The mesh “size” is the length of the element edges and the “sag” is the maximum distance
allowed by the user between an element edge and the geometry. Consequently, a fine mesh
and a small sag provide more accurate results.

2l Real boundar

<Slze: 13.038mm =]
& Absoluts sag: | 2.088mm =

’7E|ement bype

@ Linear O Parabolic Jh

@ ok I & Cancel I
Coarse mesh Fine mesh

Global ||

ailable spataN_

@ OK I l‘CanceII

Copyright DASSAULT SYSTEMES
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How to Refine a Global Mesh pEmer «
Double-click either on the mesh specifications symbol or on the corresponding feature
in the analysis tree
Apply new values
\' Global | Local |

: " 5 Size: amm o

Click on "OK 'd Absolute sag: | Lmm E

—Element type

@ Linear AO Parabolic é

Click on the Local tab:
i Carncel I
—

Double-Click on “Local size”/”Local sag”

You can define a Local size mesh and a local sag:

Select the local area (support) 21
ubsl | Loca | =I5l
Enter a new value e e R
fvailable specs ¢ Name W

GOOOEOE

Local sag Supporks (il S ale]
Click on OK Edges distribution |3— —
Imposed points Walue | 3mm r-_--,l

dd & Cancel l
1 & Cancel I

Copyright DASSAULT SYSTEMES
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How to Refine Mesh with Precision (1/2)

You will see how to optimize mesh refinement iterations using precision.

Solve Model with initial Mesh Study Von Mises Stresses
Discontinuous iso

Von Mses Stress (elements nodes values). 1
N_m2
1.53e+005
1.4e+005
1.27e+005
1.14e+005
1,026+005
8.87e+004
7.58e+004
6.29e+004
Se+004
I 3.71e+004
2434004
on Boundary

find areas of High error value

@ Study Local Error Distribution to h

Location of Significant

Area where further mesh stress discontinuity
Refinement is not required Check Global Error Rate from

Cstimated lzcal error. 1 Global Error Rate Sensor in tree

T"ﬂ Energy
=2l Frror In Frergy 2

=4l Global brror Rate {Ye).3

| S ey oo

refinement required.

€<

=t
Note that High values of local error are present approximately at location of significant element stress
discontinuity, shown in discontinuous iso. This discontinuity is reduced by reducing size of the elements.
Therefore, refine mesh in that region and recalculate the solution.

Copyright DASSAULT SYSTEMES
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How to Refine Mesh with Precision (2/2)

A high value of Local Error is a measure of stress discontinuity at that location. The
more the stress pattern in the ‘Discontinuous Iso Image’ is uniform, the more accurate
the solution will be. In each Mesh Refinement step, the ‘Global Error Rate’ decreases.
The ‘Global Error Rate’ sensor indicates overall accuracy of the solution. The ‘Error in
energy’ value should be in order of 10e-8. It depends on the judgment of Analyst.

@ Refine Mesh and solve Model @ Study Von Mises Stress Discontinuous iso

Von Mises Stress (lement’s nodes vailes). 1
m2

7.55e+004
5.52e+004
I 3ager004
1.4e+004
on Boundary

,,,,,,, Improved Element

@ Study Local Error Distribution P Check Global Ervor Rate from Stress Continuity
e Global Error Rate Sensor in tree

Estimated local error. 1

1.05e-00R
I 9.46-009
8.41e-009

Sensors.1

?"n Energy

1
:
1
=~k Cror in Energy.2 |
2= 1
(8 “Error in Energy”=1.711e 007 :
1
1
1

1

1

1

7.36e-009 !

6.316-009 1

5.26¢-009 1

4.26-009 1

3. 15e-009 h
2.1e-009

» B 10se-008 !

6.796-013 1

1

1

=-&ll Global Error Rate (%).3

€< Local error
L)

In general, the accuracy of a solution can be improved from an optimum number of global and local mesh
refinement iterations with the help of precision plots. Note that Discontinuous iso should only be used for
mesh refinement and not to calculate Factor of Safety while designing.
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Analysis Result Validation

You will see the main criteria and indicators which allow you to evaluate the
quality of a mesh.

Copyright DASSAULT SYSTEMES
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Basic Criteria

Some criteria allow you to quickly validate or not a mesh :

Local and global error : in practice, they must be respectively around 5% and 10% Max.

Maximum stress value and stress evolution/repartition : Areas which have important stress
gradient must be refined with a finer mesh.

Mesh quality : keep in mind that tetrahedrons must keep their ideal
shape. Brutal mesh transition can also give erroneous results.
Avoid big ratio between the length of your elements (5 Max.) and

too big or small angles. .!

Good Bad

Below are some suggestions to optimize the accuracy of your analysis:

Type of elements : linear or parabolic. The first does not take into account bending effects
(too stiff). The second does but costs more in terms of time solving.

Mesh density : finer meshes in important stress gradient areas give good results, but imply
much more DOF. Consequently, low stress areas can have a coarse mesh. You can use
local size, local sag, or adaptivity.

Boundary conditions and connections : BC areas must be chosen to represent reality as
much as possible.

Copyright DASSAULT SYSTEMES
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Effect of Mesh Refinement (1/2)
Model solved with various stages of global mesh refinement.
Mesh size = 1000 Mesh size = 500 Mesh size = 200

Copyright DASSAULT SYSTEMES
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Effect of Mesh Refinement (2/2)
Following are results of cantilever beam global mesh refinement.
Mesh No Of No Of DOFs Max. Max. Von | Principal % CPU
Refienment | Nodes Elements Displac | Mises at | gtress at | Global Time
ement 2/3L 2/3L Error (sec)
(mm) (N/m2) (N/m2)
Size=1000, 117 36 351 0.227 6.4e+8 6.4e+8 5.677 0.002
sag=4
Size=500, 580 243 1740 0.229 6.4e+8 6.4e+8 5.350 0.06
sag=4
Size=200, 2557 1492 7671 0.231 6.4e+8 6.4e+8 4.952 0.8
sag=4
size=100, 15935 9382 47805 | 0.231 6.4e+8 6.4e+8 3.206 2e+1
sag=4
size=50, 64714 40449 194142 | 0.231 6.4e+8 6.4e+8 2.363 5e+2
. sag=4
E size=30, 198075 123953 | 594225 | 0.231 6.4e+8 6.4e+8 1.812 6e+3
5 sag=4
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Comparison With Classical Solution
You will compare these results of cantilever beam with classical calculation.
Maximum Bending Stress = M. (Ymax)/ |
M = Moment Applied "géh =6m d
Ymax = Maximum distance from neutral axis ross section
| = Moment of Inertia

0.5mx0.5m

In this case

M =1.333e+007 Nm 1.333e+007
Nm

Ymax =0.25 m

I =(0.5)(0.5)%12 m?

Maximum Bending Stress =6.40 e+ 8 N/m?
From Analysis Von Mises Stress at 2/3 length from s
support =6.40 e+ 8 N/m2 &

Please note that results in immediate vicinity of loads, sharp corners, rapid change in cross section etc.
give very high stress values and are inaccurate. This is because of local singularity i.e. an infinite local
stress concentration at that location. Therefore, more reliable values of stresses are always obtained away
from such conditions. These values can be used for comparison with classical calculations.
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Improving the Element Characteristics

You will see what are the different types of elements and how to improve them.

|

Copyright DASSAULT SYSTEMES
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What are the Different Element Types
When you have created your mesh, whether it is a 3D, 2D or 1D mesh, you have the
possibility to define its element type. It can be “Linear” (default type) or “Parabolic”.
A
‘a4 r
Mesh Spec k| B ] 55
& o 4 For example, in the case of “ Tetrahedron”, a linear
A e ‘ element has 4 nodes (TE4) whereas a parabolic
@ Paraboic b element has 10 nodes (TE10). When using parabolic
] @ coneel| elements, the unknown field inside the element is

interpolated with 2" order polynomials.

10

RN S ]

3
TE4 TE10

In general, linear TE4 elements have a slower convergence than the Parabolic TE10 elements. For
large meshes, TE4 elements can provide erroneous results. Consequently it is preferable to use
TE10 elements.
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Exercise

‘Refinement’ Recap Exercise

‘ 10 min

You will:

« Improve the mesh type
« Refine the mesh

© Refine the SAG

Copyright DASSAULT SYSTEMES

In this exercise you will improve the mesh part using different methods you have just seen.
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Mesh Refinement with Precision

Recap Exercise
‘ 60 min

In this step you will :

« Study initial analysis with coarse Mesh

¢ Refine Mesh globally from Precision Plot study
« Perform Local Mesh Refinement Iteration
¥

Perform Local Mesh Refinement Iteration to
further reduce local error

Copyright DASSAULT SYSTEMES
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Copyright DASSAULT SYSTEMES

Mesh Refinement - Design Process

1
CP Study Analysis ]

Study Von Mises stress
and Global Error Rate

Study precision plot and find
out areas of High Local Error

)

4
Based on precision plot,
Refine mesh globally or

locally and compute

o
Iterate above steps, till Local
Error becomes low and uniform.
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Results Management

You will learn the functionalities to get specific information regarding results
and how to generate reports.

= Report Generation

& Extrema Detection

= Images Information

&= Publishing Reports

= Results Management Recap Exercise

Copyright DASSAULT SYSTEMES
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Report Generation

You can generate reports once the mesh refinement
iterations are completed and the required level of solution
accuracy is achieved.

In this step you will present information generated
in following stages of FE Analysis process:

Finite Element Analysis
Process

© Pre-processing Information
© Computation Information

« Results Information

Apart from Report Generation, you can analyze
the results with the help of Result Management
tools. These tools help you to get more detailed
information about the results, such as:

« Maximum and minimum values for v Report Generation
displacements, stresses and other
result quantities

« Error in energy

« Global error rate
Image layouts

« Result animations

Copyright DASSAULT SYSTEMES
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Extrema Detection &

You will see how to detect extrema.

Yo Mises Sress (nodal waluz)
Pa
5. 19e+107

I 5.58e-007
£,96e-007
£ 34e-00 /
3.72e-007
3.11e-007

I 2.4%e-007
1.87e-007
1.26e-007
I £,392-006

?2Re+005

O Bourdary

Copyright DASSAULT SYSTEMES
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About Extrema Detection [
Extrema Detection consists in localizing points where a result field is maximum or
minimum.
Extrema Edition -ltixi| You can ask the program to detect given numbers of global
(on the whole part) and/or local (relatively to neighbor mesh

[ Global | elements) extrema at most, by checking the “Global” and/or

Minimum extrema at mostf’ 1 “Local” options. The example below asks for one minimum

Maimurm extrema at mosk; [1 and one maximum Global extrema

obal Minimum, 1 224511 Pa

/O

3 Local
Minimun extrema at mys

Maximur extrema aff mosk:

i rl-- Yon Mises Stress (nodal value) i
-—E Extrema :
ocal Maximum.1
: \ Local Maximum.2

] i Local Minimum.1

#('.‘L Translational displacement vector ‘ el i, 2 ]

[}
E By double-clicking on “Extrema”
&  Bydouble-clicking under =lolxi|  within the specification tree, the
L} 13 ” H -
g Extrema” you can display <J, = ‘abd) same dialog box appears and
g the extrema you want. [ o Mises stress (nodal values).1 Global Maximum, 1 383946 N_m2 you can choose to display the
£ assnl @] =l global or local extrema.
g .
o
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Using the ‘Extrema Detection’ Tool

Image
@ Select the image you want to visualize (typically Von Mises Stress) J % &

@ Click on the “Image Extrema“ icon @ in the

“Analysis Tools” toolbar @ Optional: Double-click on “Extrema” in the tree and activate
the results you want to see

The following dialog box appears:

Extrema Creation ] 2=

[ clobal |

Minimurn extrema ak mosk: | 1
Maximum extrema ak most: I 1

bal Minimum.1 224511 Pa)

55 (nodal value)

Scancel | Heb |

3 Local |

Minimum extremna at mosk: |2 The extrema values

Mazxirnurm extrema at mosk: |2 _are mdlcate_d on the

image and in the tree .
@ Cancel I lobal Minimum.1
— i-ﬁg Translational displacement vector

a Specify if you want to run a “Global” or “Local” @ Optional: Double-click the results under “Extrema” and
E detection and enter the number of absolute check “Show Label” to display the extrema values
2 extrema to detect ERIE
2
3 3 Show label
§ an ress (nodal values). 1 Global Maximum. 1 264,172 N_m#
8
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Image Information &

Copyright DASSAULT SYSTEMES

You will see how to access to a specific image information.

Display
©n deformed mesh
©On boundary
over all the model
Extrema Yalues
Min: 466524 N_m2
Max: 12,4279 N_m2

Filkers
30 elements:
Components: all

Defined Materials
Matetial: Aluminium
Young Modulis: 7e+010M_m2
Poissan Ratio: 0,346
Density: 2710kg_m3
Thermal Expansion; 2,36e-005_Kdeg
‘ield Strength: 9.5e+007N_mz

> Object name! Yon Mises stress (nodal values). 1 “
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About the Information Tool ¢

For each image that you visualize, you have access to a specific Image Information box.

This tool groups many information about the images you have selected, like:

# Material and its properties

s Extrema values 20

# Estimated Precision = Object name: Yan Mises stress (nodal values). 1 -
w Strain Energy Display

) On deformed mesh
= Estimated Error Rate on boundary

Cweer all the model
Exkrema Yalues

Min: 466524 N_m2

Maz: 12,4279 N_m2

This is particularly useful for the Von Mises and

Filkers
Precision images: it is the only way to know the yield 30 elements:;
strength of the materials in the part, and the global Companents: Al
precision of your analysis. Defined Materials

faterial: Alarminiunn
‘aung Modulus: 7e+010M_m2
Paoisson Fatio: 0,346
Density: 2710kg_m3 T
Thetmal Expansion: 2.36e-005_Kdeg
Yield Strength: 9.5e+007M_mz |

Copyright DASSAULT SYSTEMES
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Using the Information Tool B2

This task shows how to use the Information tool.

Image

@ Visualize a result image of your analysis solution J %

9
@ Select an image results in the tree and click on the &
“information” icon

Below an example of Von Mises %
information:

= Object name: Yon Mises stress (nodal walues). 1 j

Display
on deformed mesh
On boundary
Ower all the model
Extrema Yalues
Min: 4.66524 N_m2
Max: 12,4279 N_mz '_".I

@ Click “Close”

Copyright DASSAULT SYSTEMES
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Additional Information
Type of Information Wz e
Deformed Mesh | Estimated Local Error | Any Other Type of Image
Object Name &" &" &9
Display (On Boundary or all elements ; 2 2 2
Over Local Selections or all the Model) & & C.
Mesh Statistics (nodes and elements) &9
Extrema Values (Min and Max) &9 &9
Surface elements vs Volume elements &" &9
Process List (component, name, position) &" &9
Used Materials (and Yield Strength) &" &9
Precision Location &"
Estimated Precision &2
» i 2
g Strain Energy 2
E Global Estimated Error Rate &9
% Filters &9 &9
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Report K]

Ele Edt Wiew Favories

2l Yon Mises Stress (nodal value) - Microsoft Internet Explorer provided by Das:

Publishing Reports

You will see how to customize and to publish analysis reports.

Tools Help

J et - = - @ (1] | Qoearch [GFavories. veda B | Y- S

‘addvess [ C:\Documents and Settingsirly.DS\Locel pplication DataiDassaultSystemesiCAT

indexhtn | @G0 | Lnks ”‘

Von Mises Stress (nodal value)

Name: StaticSet. 1
Restraint: RestraintSet. 1
Load: LoadSet. 1

Strain Energy : 2.033e-001T

Egilibhia
Components ‘ ;1:1:: :Sd ‘ Reactions. ‘ Residual Ma:ufl:l‘.lev;xmr
Fx (IT) 3.9488e-007 | -3.94512-007 | 3.6722e-010 4.6802e-013
Fy (I7) 9.161%-008 | -9.1708e-008 | -8.7013e-011 1.10%0e-013
Fz () -1.0017e+003 | 1.0017e+003 | -3.6050e-010 4.5546-013
Mz (Mem) | -1.0551e4+002 | 1.0551e+002 | -4.0515e-011 4.2326e-013
Wy (Mzm) 50131e+000 | -50131e+000 | 6.4313e-012 6.7187e-014
‘ Mz (Izm) -4.0560e-008 | 4.0531e-008 | -2.9358e-011 3.0670e-013
=
] Dane [T S vy Compter 7
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About Reports

A report is a summary of object set computation results and status messages,
saved in an editable file.

Once an object set has been computed (meaning that the “user-defined specifications™ are
converted into solver commands), all data contained in the object are ready to be used in the
“subsequent finite element computation process” and the object can be analyzed.

There are two ways to publish a report, either using the “Generate Report” icon
using the contextual menu.

There are two kinds of reports:

Center Graph Report E:|
13 Hast

Reframe On . BaSIc reports J
Hidejshow " . : et
: » “Advanced” reports
[-=]" Properties

= 2 x

Other Selection... Report Generation _!._1
M cut il Cfutput directory: lc;\tmp i
B : Title: [analysis1.CATAnalysis

= D el

=R . 4 Add created images
[% Faste ChrkH Chaoose the analysis case(s);

Paste Spedial, .,

Dekte oel 8 ok | o]

.

fontases Suess (edsveled b=t | Qutput directory: Pressing the button on the right gives you access to
(9 i your file system for defining a path for the output Report file.

% Ezport Data
2 | I smens tew Templte Title: You can modify the title if desired.
: & fore Add created images: Add automatically in the basic report the images
] created in the selected case. Choose the analysis case(s).
Instructor Notes:
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How to Publish a Basic Report

d
@ Select the result you want to publish | f B, B

@ Click on the “Generate Report” icon

@ Click on the button to define

You can add the images the saving path

created in post-processing
You can edit the title of the
report
Report Generation 2lx
Cukput direckary: |C:'|,tmp 3 (

itle: < Da_it_vourself_Initial. CATAnakysis >

[ Add created images

Choose the analisis caseisi:

‘ m’ o Cancel I

—_——

@ Choose an 4nalysis case from the list @ Click on OK

Copyright DASSAULT SYSTEMES
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Exercise

‘Results Management’ Recap Exercise

‘ 10 min

In this exercise you will exploit the results you got in the previous recap exercise.
You will :

€ Find two Stress Extrema
« Find one Displacement Extremum
© Publish a Report

Copyright DASSAULT SYSTEMES
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Managing Analysis Document

You will learn how to save an Analysis Document

JE-R Edit  View Insert

D Mew.. Chile
Mew fram...
T
(=¥ Open.. Chil+0
LCloze
Save Clrl+5
Sawe As. [=]
Path Action
Save All
TAnalysi E-\usershjin\E ntertainment
Opened Analysis] CATAnalysi..  E:\usershinsE ntertainment
Opened CATGPS_Hanger_1... E-\useis\jnTst vBr7\Gps_fData_Student
Opened CATGPS_Hanger 1. E-\users\jnsTsUvBr7\Gps_fData_Student
Opened CATGPS_Hanger_1...  E-\useishjn\Entertainment
Opened CATGPS_Hanger_1... E-\useishjn\Entertainment
Opened CATGPS_HangerCA... E-\users\jnTst vBr7\Gps_fData_Student
1 Unsawed Filefs) Left [[] Enable independent saves
I |
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About Saving an Analysis Document

There are various ways to save an Analysis Document and child documents.

g Edit  Miew Insat Tools ¢ Save will save the active component’s document and

([ ] Mew.. CtrkeN child documents of the active document
| Newfom.. Save As... is similar to Save, but it allows you to
|[=F Open... Ctl+0 specify the name and folder for the active document
Dtoesz Save All will save all the open documents that have been
modified since last save
Chl+5
Save bz . .
Save Management... will propose saving all open documents
Szl and children of these documents, but you can control the
Save Managemert... names and locations of all of them, and you can also preview

them

Only the documents that have been modified will be saved or proposed to be saved.

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 140



Generative Part Structural Analysis Fundamentals

INSTRUCTOR GUIDE

About Save As

Using a specific option, the “Save As” tool allows you to systematically apply the name
of the CATAnalysis file on the results and computation files

This tool prevents from having several CATAnalysis documents linked to the same external storage
files. Each time you rename the CATAnalysis file and you compute a new analysis, the results and
computation files will be automatically renamed.

One CATPart

One CATAnalysis (l.e one Renamed CATAnalysis (l.e different
loading case) loading case)
One Result file One Computation file Auto. Renamed Auto. Renamed computation
Result file file

File Name Management on Save
Option to check: |E < Automatic renaming of CATAnalysisResults and CATAnalysisComputations files

Copyright DASSAULT SYSTEMES
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How to Use Save Management

The “Save Management” tool is an easy way to save all modified documents

Eyuke. CATPart [ReadDnly)

under user-specified names.

All modified open
documents will be
Save Cirl+35 proposed for saving,
regardless of which
document is active

@ Click on “Save MaTgement”

Save fg...

Save Al

L

@ Specify which documents to be saved

Save Management HE @

— You can click on
“

Opened E:MugershinEntertainment Fisia diigel ~ Propagate
Opened E:hugershjinE ntertainment M&.—,) directory” to
Opened CATGPS Hanger 1. Elusershin\Tel_vSr?\Gps_fiData_Student 4
Opened CATGPS Hanger 1.  EjwsersijrsTst vSr7\Gps_fDataStudent save all the
Opened CATGPS Hanger 1. E:wgershjn\Entertainment
Opened CATGPS _Hanger_1... E:wgershjrn\Entertainment qocuments
Opened CATGPS _HangerCa..  E:wusershin\Tst_vBra\Gps_fData_Student linked to the

[

5 saved document

&

o

-

3

§ 1 Unsaved Filels] Left [] Enable independent saves

a

£

=l

gl

8
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Saving Document Using ‘Send To’ Mechanism
‘Send To’ is an easy way to save all linked documents in a user-specified directory
T View Inset  Tools  Window Help E
@ Select File > ‘Send To’ > ‘Directory’ e
k0
@ Use these arrows to switch selected files
between “Can be copied” and “Will be copied”
@ Use ‘Keep Directory Structure’ option
if you want the directory structure of
the selected file list to be duplicated.
Send To Directory
Otherwise the selected [ Can be Cocied
files will be copied He N LEieLipe | Lecsien [Found _[o]

E2000285T 0945454811 C:A\tmp_Training\ComputationD ata\CAT ElfiniStorageh 20002857 094541 \5 tifnessSeth
1] C

directly under the
target directory.

Elfini

[ i
CATEIfiri
CATPart

92000285T 094546481 FALC
cube

C:Atmp_TrainingbComputationD ata\CAT ElfiniStorageh2000265T 034541 \ConstraintS et
C:Mmp_Training'

Found
Found
Found
Found

S Keep Directory Shucture
[ Common Root Directory - C:Atmp_Training']

Click ‘Rename Target’
to modify the selected
target name

®

i “Will be Copied

Select the target directory
using ‘Browse’ button

[
CATElfiri
CATanalysis

E17 KB

Size:

Rename Target |

¥ Browse:
<@ Eancell
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User Settings — How to Define a GPS Shortcut
This shortcut will give you a faster access to the GPS workbench
@ Click on “Customize” within Select “Generative Structural Analysis” and
the “Tools” menu click on the arrow as below
Window  Help Customize HE
f‘(") Eamula... Skart Menu | User Workbenches I Toolbars | Commands | Options |
Image 3 Available Favarites

Functional Tolerancing and Annotation
Generative Biw Fasteners
Generative Knowledge

Macro 4

Barent/Children. .

o
Hurnan Builder

Hurmnat Measurernents E ditar
Wi lizatior Filt Hiyman Prsture Analusiz =
Misualzaton riters. .. Pl I »
Options. .. Accelerator]
o ring o ool f shit Ak | Other.
_ o . .
= ake up a lizt of your favarite workbenches.
Velcome to Ll S = ez are shawn at the top of the Start Menu.
{ = kbenches between the dwailable list and the Favorites list.
V"og - E E |
L ' .
(> & .
I DML E ing Al H CAM YS! Geometrical Analysi
% ngineering An| The Shortcut Is now ) eometrical Analysis
5 available in the Welcome L
4 : “ »
2 dialog box Click on “Close
2 =
2 DPM - Process Planner Electrical Assembly Design iGenerative Skruckural Analysis
=}
F
-g [ b nit s this dislog at startup Close l
8
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visualization mode.

©

m Incart

looibars r

Select Render Style
from the View menu

Toos  Window  Faela

Zommands Lisk...

User Settings - Customizing View Modes

P G ey
Specificatons F3
SubrTress

p Compass
Pacat Compass

I ree Expansicn r

Click on “Customize
View”

®

r@ Mamed YEws, .,

3

Maziyalivn Mo L

®

Lighting. ..

EEli Depth CFfect.. .
L Ground
Q Magrifizr. .,

[_’ Shading (SHO)

ﬁ Sliachiig will 1 Edges @
ﬁ Sharing with Fdges withrnt Smnckk Frges

@ Shading with Cdge= and |licden Cdces
{3 Shadna with Material

\Wircfrarre {NHR)

In the Part Design Workbench, customize the “Render Style” by adding materials
visualization. This will allow you to view analysis images in average-iso

Check “Materials”
and click on OK

Lines and poinks

21X

4 Edges and paints

@ ol edges
() Half visible smooth edges
) Mo smonth edges

¥ all points

() Mo vertices

[ cColored edges From Faces
[ utlines
[ Line-or-line

O Isopatamettics

Mesh

= shading

9] Transparent
[ Hidden edges and points

[ bynamic hidden line remaval

[}
I
E Hidejfshoa [ I_ LUSEOMIZE view, CREe
4
o Ful Scraen r:u; [ Renderting style per object
2 6 a iR fo
g e o " ] S caca|
i
g
8
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User Settings - Highlighting Faces and Edges

@ Select Tools\Options @ Click on “Display” @ Click on “Navigation” tab
2l x|

T‘{RODUDHS Tree Appearance I Tree Man\pu\atirFormanca Visualization Ii; i|»
Window  Help 2

=
General Selection

f‘ FCII'ITIL,I|E| 4 Preselect in geometry view
€= f Compatibiicy [ Preselection navigator sfter [ 20 secondis)
lmage 4 B¥ Parameters and Measure 4 Highlight faces and edg

[ bisplay manipulation bounding bax

Limit display of manipulators tol =0 Ee\ement(s)

4 Display immersive list for preselection navigatar

'} Devices and Virtual Reality

tacro 3 r. Infrastruckure
%

. Mechanical Design
EuSlEIITIIZE... [ Display auxilisry viewer For preselection navigator

. . [1 Prehighlight Faces for preselection navigator
Analysis & Sip

Yizualization Filkers. . :
— 4 Display immersive viewer for preselection navigator

Mavigakion

B [ Gravitational effects during navigation (O % Oy @ 2
Conferencing i e - Jie!
= [ Follove ground-at-alkitude (in mm): »
4 Animation during viewpoint modification
[] Disable the rotation sphere display
Check the Flyfwall
“High"ght faces and edges” [ Callision detection enabled

OptiOnS EI iI @ Point/scens callision
2 = e =
@ oK ’ o Cancel I
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@ Select Tools\Options

Window  Help
f(x) Formula...
Image 4
Macra 4

Customize...

Visualization Filters. ..

Conferencing L4

@ Click on “Display”

AT options

2~ bl General

CH compatibiity
%ﬁ Parameters and v
za Devices and YirtL,
i".Infrastr’uctl.Jre
; Mechanical Design
Shape
simulatior

=, Tolerance Analysi

User Settings - Show / No Show Visualization

# Tree Manipulation I Mavigation I Petformances

Tree Type
@ Classical Windows Style () Constructive Histaric

) Structure ) Relational

Tree Orientation

@ Yettical (O Harizontal

Tree Item Size
@ Text-dependent O Fixed: |° characters

Tree Show/MoShaw

o Tree ShowiNoShow mode

@ Click on the “Tree Appearance” tab

2=
Visualization | 1| 3

[~ AEC Flant
@ Check Tree Show / No-Show = Machining
Mode .
% i’" Diigital Mockup
E ¥ Equipment & Swvsten
>
: Eo/ |
<
2 - o i
H
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Master Exercise: Static Analysis

You will practice concepts learned throughout the course by building the
master exercise and following the recommended process

= Static Analysis: Presentation

&= Static Analysis on a Hanger (1): Pre-Processing

= Static Analysis on a Hanger (2): Computation

&= Static Analysis on a Hanger (3): Result Visualization

Copyright DASSAULT SYSTEMES
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Exercise

Static Analysis: Presentation

‘ 50 min

In this exercise you will perform a static analysis of a hanger. It includes following steps:

© Define material, restraints and loads
« Define storage location and Compute the analysis
« Estimate computation error and publish a report.

Copyright DASSAULT SYSTEMES
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Exercise

Static Analysis on a Hanger (Step1): Pre-Processing

‘ 15 min

Objectives:

¢ Define the material
¢ Define the restraints
¢ Define the loads

Copyright DASSAULT SYSTEMES
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Exercise

Static Analysis on a Hanger (Step2): Computation

‘ 5 min

Objectives:

« Define the storage location
« Compute the analysis

Copyright DASSAULT SYSTEMES
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Exercise

Static Analysis on a Hanger (Step3): Result Visualization

‘ 30 min

Objectives:

Vo Mises Stress (nodal valle)

« Estimate the computation error - e
: :
« Detect extrema I &1224007
. ' 5.57e+007
« Define sensors & T
© Visualize the results 4.34e+007
. 3.72e+007
« Publish a report e
l 2486+007
1.878+007
1.268+007
I 6.392+005
2.25e+005
©n Boundary
L
]
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