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About this course

Objectives of the course

Upon completion of this course you will be able to:

- Understand what types of hypotheses are used for an assembly analysis
- Define analysis connections between assembly components

- Use existing assembly constraints to automatically create connections

- Assign a connection property to the appropriate analysis connection

- Compute a static analysis for an assembly

- Create and manage an analysis assembly model from existing meshed
parts

Targeted audience
Mechanical Designers

Prerequisites

Students attending this course should have knowledge of CATIA V5 ‘ 1 Day
Fundamentals, Generative Part Structural Analysis Fundamentals
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Introduction to GAS

You will learn the rules necessary to a good understanding and use of GAS
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What is Generative Assembly Structural Analysis (1/2)

Generative Assembly Structural Analysis (GAS) is a tool to perform structural analysis
of assembilies. It provides features to model physical assemblies into Finite Element
Assembilies.

While designing, structural analysis of individual parts is performed. These parts are
commonly components of a product.

For example, analysis of crank shaft helps to
understand structural, dynamic behavior under
applied load, and to improve the design.

Crank shaft

Crank shaft is one part of engine
assembly which also contains
connecting rod, pin, piston, bolts etc.

Once these individual parts are assembled, it is
necessary to understand structural and
dynamic behavior of assembly. Therefore,
assembly analysis is required.

Crank shaft in engine assembly
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Assembly Analysis:

[Anaiysis |

In this approach you
create the assembly
and analyze it.

Copyright DASSAULT SYSTEMES

What is Generative Assembly Structural Analysis (2/2)

We have two basic approaches to perform Generative Assembly Structural analysis.

Analysis Assembly:
[ Product |

The Analysis available in
— parts is reused to create
the Global Analysis.

. You can directly attach
— analysis in product tree.

._” Orphan Mesh Analysis ”,_ You can attaf:h orphan
" o mesh analysis.

[ Global Analysis ||

In this approach, analyses of individual
parts in product are available. This
analyses are assembled to form ‘Analysis
Assembly’ and then final analysis called
‘Global analysis’ is performed.
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Assembly Analysis Overview
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Analysis Assembly Overview

Perform global analysis
and view results

Copyright DASSAULT SYSTEMES

Attach shapes to
parts in product

% Partl (Partl.1) :
= g Anayss vanager
‘ T‘@.} Lirnks Maniager .1 :
§ =- & Finite Element Model.1 ‘

& MNodes and EIements§
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What is GAS

The GAS license provides functionalities for analysis of assembly, through the GPS
workbench. It allows you to define connections between assembly components and

assign different types of connection properties to these connections to simulate the real
connection behavior.

In other words, ‘GAS’ allows you to define real constraints besides assembly constraints
using connection properties. It lets you define four different kinds of connection properties:

© Face/Face Connection properties |
‘DRSO S
« Distant Connection properties x|

@8V

a
‘49<

« Welding Connection properties

Point Based Connection Properties e
L J"g #

However, you must have previously defined ‘Assembly constraints’ or ‘Analysis Connections’ using
GAS Workbench to be able to create the connection properties between the parts of assemblies. By
the way, you must make sure that your assembly is not over-constraint.

You may also need to add assembly constraints at a given distance (this constraint goes through a
virtual point) so that you can simulate a part that is not designed.

Copyright DASSAULT SYSTEMES
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Hypotheses Used for Analysis
When you work with the Analysis workbench, three types of hypotheses are made:

q Small displacements (translation and rotation)
% Small strain
¥ Linear constitutive law: linear elasticity

Thus, If there is no contact feature (either virtual or real), no pressure fitting property and no bolt
tightening (being virtual or not) feature, then the problem is linear, which means that the displacement
is a linear function of the load.

On the other hand, If there is at least one contact feature (either virtual or real) or pressure fitting
property or bolt tightening (being virtual or not) feature, then the problem is non linear, which means
that the displacement is a non linear function of the load.

Copyright DASSAULT SYSTEMES
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To Sum Up ...

You have learned following things about GAS

& What is Generative Structural Assembly Analysis
& Generative Structural Assembly Analysis approaches
& Hypothesis used for Analysis

Copyright DASSAULT SYSTEMES
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Analysis Connections

In this lesson, you will see what are the different types of GAS Analysis
Connections, necessary to define support for Analysis Connection properties.

= What is Analysis Connection

&= General Analysis Connection

& Defining Line Analysis Connections

& Defining Point Analysis Connections
= Defining Surface Analysis Connections
= Points to Points Analysis Connection
= Set of Analysis Connections

= To Sum Up
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Mamne | General Analysis Connection, 3

First component {§lag=

Second compone

Point Analysis Connec

g2 5

INSTRUCTOR GUIDE
Analysis Connection
You will learn what is Analysis Connection and why it is required.
General Analysis Co = = El

=10l

Handler poink IE Mame | 2oink Analysis Connection, 1

Second compone

Fir st componerit: §8EEs=)[=aulelg]

Line Analysis Connection: = |D|ﬂ

Points IND selecti

Copyright DASSAULT SYSTEMES

Mame | Line Analysis Connection. 1 |

First component §§ = (= sy

5

Lines Mo selectic

[ uide lines ar

First component (EEE==sn(sy}

Second component |Nn selection %}

surface [Mo selection

@ oK
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Why Use Connections and Connection Properties

GAS has made conversion of physical assemblies to FE assemblies very easy by
means of connection and their connection properties. Wide variety of connection
types and connection properties are provided to model physical assembly
connections.

When parts are connected to each other, they transmit rotational
and translational DOFs in a well defined manner. In addition to this,
connection itself has structural properties which need to be taken
into account.

For example, when two parts are connected through spring joint, the spring
stiffness will also play a role. This stiffness will dictate the amount of
displacement transferred from one part to another. This can also be viewed
for welded or bolted assemblies.

Connection defines which parts in assembly are connected and
connection property assigns related physical properties to those
connections. You can also effectively utilize the constraints defined
in assembly as support in connection properties.

Copyright DASSAULT SYSTEMES
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Using Assembly Constraints for Analysis Connections

You can use either following assembly constraints or corresponding analysis connection as
support for creating connection property. Thus, if Assembly constraints are already defined
then there is no need to create analysis connection as a support for creating connection
property.

You need to create analysis connection if assembly constraint is not available for required
joint. You will see which are the most appropriate constraints for each kind of connection.

£ 5 K|
eppaFoRR B g s
ﬁ Coincidence constraint < é General Analysis Connection
@ Contact constraint < Q Line Analysis Connection
;ii Offset constraint <> éj Point Analysis Connection
QE: Fix constraint < Q Surface Analysis Connection

The following matrices show you, with respect to the connection type, what constraints are
necessary for their creation. You will notice that, some connections (like rigid or smooth) can be
applied on different kinds of constraints while others can be applied on a specific constraint only.

Copyright DASSAULT SYSTEMES
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What Assembly Constraint to Use for What Connection
You will see which are the most appropriate constraints for each kind of connection.
Connections Point/Point Point/Line Point/Face Line/Line Line/Face Face/Face
@ Contact Contact Contact
Slider Coincidence | Coincidence | Coincidence
@ Contact Contact Contact
Contact Coincidence | Coincidence | Coincidence
@ Contact Contact Contact
Fastened Coincidence | Coincidence | Coincidence
@ Contact Contact Contact
Fastened Spring| = Coincidence | Coincidence | Coincidence
@A Contact Contact Contact
Pressure Fitting | %" Coincidence | Coincidence | Coincidence
& Contact Contact Contact
Bolt Tightening | *=¢ Coincidence | Coincidence | Coincidence
Rigid ﬁ Contact Contact Contact * Contact * Contact *
Smooth 7 Contact Contact Contact * Contact * Contact *
Virtual Rigid Bolt Contact Contact Contact Contact Contact
Tightening ﬂ Coincidence | Coincidence |Coincidence | Coincidence | Coincidence
% Contact Contact Contact Contact Contact
g Virtual Spring @ Coincidence | Coincidence |Coincidence | Coincidence | Coincidence
5 Bolt Tightening Offset Offset Offset Offset Offset
2 |
2 3 Contact Contact Contact Contact Contact Contact
% User-Defined
§ * with optional handler point

Instructor Notes:
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How to Use Assembly Constraints in Connection
Property
You can use appropriate assembly constraints as support in
connection property. It is not necessary to create Analysis Distant Connectio =
Connection if corresponding Assembly constraint is available. | ﬁ ﬁ @ -

@C"°k°"s’“°°“‘ Smooth Conneetion BRGRIS i £-1

Connection Property

Marme |Sm00th Connection Property

Supports QR e alg)
[ Transmitted Degrees of Freedom
Select Surface contact
@ constraint as in supports - S o | @ can]
(LI Constraints a [ et Teuanedion esh 2
al Fix.1 (Part1.1) ‘ 7 smooth comecton Mesh 2

[ Properties.1
E11 3D Property.1
E11 3D Property.2

{FF Surface conpCt.6 (Partl.1,Part1.2)!
Smooth Connection Projsis IEllll 77777777777777777777777777777777

Mame |Smooth Conneckion Property

1 Constraint

Supporks

[ Transmitted Degrees of Freedom

- @ ok |

@ Click OK

Copyright DASSAULT SYSTEMES
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Common Tools

All “seam” connections (Point, Line, Surface connections) can be applied directly on
mesh parts

General Analysis Connection =10
Marme |General Analysis Conneckion. 3 | nalysis el .

i

P ] S| égvévévév

|

T —
|

=l

[
Paoinks ,_
Secon  |Mame | Surface Anahysis Connection. 1
e sl st companent: (TR : -
CTe. B [ The “Mesh part filter” tool is available
Second companent [flo selection @3] \ for all analysis connections
B o ace [fig selection Reminder: when a geometrical support
@ o is selected, it allows you to choose
[ between all associated mesh parts

€5
@ It enables connection definition for orphan meshes (imported meshes)
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General Analysis Connection

You will learn how to define a General Analysis Connection and when to use it

Copyright DASSAULT SYSTEMES
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What is a General Analysis Connection

General Analysis Connection is used for connecting any part from an assembly with or without
point type geometrical elements.

The “General” connection is available in the “Analysis Connections” toolbar:

It can be performed between any type of geometry. Anak ppo A
General Analysis Connection = [0 xf # A“a.év 4.‘4' -‘gv

Marne | General Analysis Connection, 1

First component: - [
Second componentll Face %

Hardler poink [Mo selection

@ ok | @ |

ARalysis Connection Manager.1

Agalysis Connectlons. L

Copyright DASSAULT SYSTEMES
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How to apply a General Analysis Connection

@ Click on the “General Connection” icon @ Select the first component

General Analysis Connection =10

WEE | General Analysis Connection, 1

Fir st component §8lege=assly)

Second component INo selection %

Handler poink Mo selection

@ o | @cone]

@ Select the 2" component

Copyright DASSAULT SYSTEMES
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When to Use the General Analysis Connection
In most cases, a General Analysis Connection can be used as support for the following
connection properties.
Mechani
cal
Feature /
Point/ Line / Face / Mechani
Connection Point /| Point /| Point / | Mechanical |Line /|Line /| Mechanical | Face / | Mechanical cal
Properties Point | Line | Face Feature Line | Face Feature Face Feature Feature
Slider lﬁ] Yes Yes Yes Yes | Yes Yes Yes Yes Yes
Contact @ Yes Yes Yes Yes | Yes Yes Yes Yes Yes
Fastened ﬁ] Yes Yes Yes Yes | Yes Yes Yes Yes Yes
Fastened &7 Yo Yo Y Y Y Yo Y Yo Y
Spring ) es es es es es es es es es
Pressure
Fitting @ Yes Yes Yes | Yes Yes
Bolt
Tightening & Yes Yes Yes | Yes Yes
Rigid ﬁ] Yes Yes Yes Yes" | Yes* Yes” Yes* Yes* Yes*
Smooth @ Yes Yes Yes Yes* | Yes* Yes* Yes* Yes* Yes*
Virtual
2  |Rigid Bolt ﬁ Yes Yes Yes Yes | Yes Yes
g [virwar
2 |spring Bolt| & | Yes | Yes | Yes Yes | Yes Yes
5 |Tightening
§ |os=r Y Y Y Y Y Y Y Y Y Y
£ |Defined LT es es es es es es es es es es
g * with optional handler point
8

Instructor Notes:
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Defining Line Analysis Connections

In this lesson you will learn about the different types of Line Analysis
Connections.

= Line Analysis Connection
& Line Analysis Connection within one Part

Copyright DASSAULT SYSTEMES
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Line Analysis Connection

You will learn how to define a Line Analysis connection and how to use it

Copyright DASSAULT SYSTEMES
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What is Line Analysis Connection @ @;

Line Analysis Connections are used to simulate seam welding.

As you can see, the Line Analysis connection needs a line (previously created i.e from GSD).

This line is where the seam welding will be located.

Line Analysis Connection ™ = IE]IiI

Mame |Line Analysis Connection, 1 |

First component JRlEE= i eg] %
Second component IND selection %
Lines [Mo selection L
[ Guide lines on each component N

@ or | Scancel]

@ analysis Cornection Manager.1 |
| =22+ Analysis Connections.1

Copyright DASSAULT SYSTEMES
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Guide Lines

You can select guide lines on each component.

The option “Guide Lines on each component” allows you to guide the connection orientation by
selecting two lines.

x 5 chia = =
= IU ﬁi Line Analysis Connection II:II_i

Line Analysis Conneckion

. . _ Mame |Line Analysis Connection. 1
[arne |L|ne Analysis Connection, 1 | —_—

Second com onentW il
Second component iND selection @:ﬂ P %J

Fir st component: §i g [=Tanlelg]

Fit st component 8 RE=][=Telelp]

——  |Lines|Ma selection |

Lines [Mo selection

R 4 Guide lines on each component
Guide lines on each component
|Lines Mo seleckion |

‘ IR o
‘L ‘ i
T -
8
&
s P
g It will provide a better precision for seam weld
F orientation and enables welding on non-parallel parts
<
[=]
g
Instructor Notes:
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How to apply a Line Analysis Connection

Click on Line analysis E
Connection icon 4 @ Select first component

Line Analysis Connection P ] 5 |

Mame |Line Analysis Connection, 1 |

Second compaonent IND selection %

Lines Mo selection

First component §RlE==asisg)

[ Guide lines on each component

s Rl eeu

Select second
component

@ Select boundary

@ Analysls Connectlon Manager .1
-" ~ Analysis Connections.1

® ctkano ~ Ttine nalysis Gomection 1

®
C%f you want to select 2 guide lines, check the option Guidelines on each component |

Copyright DASSAULT SYSTEMES
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Line Analysis Connection within one Part

You will learn how to define a Line Analysis Connection within one Part and
how to use it

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 30



Generative Assembly Structural Analysis

INSTRUCTOR GUIDE

What about Line analysis Connection within one Part

You have to define this kind of analysis connection if you want to seam weld a part on itself.

If your objective is to seam weld two different edges, you have to
define a Line Analysis Connection With One Part beforehand. A
standard Line Analysis Connection is not appropriate because it
needs two components to work properly.

To define a such design connection just proceed as if you wanted to define a Line Analysis
Connection but select one component only.

Line Analysis Connection il = |D|£|

Mare |Line Analysis Connection within one

|

b

First component: §EEE=)[=Tantelg)

Lines |Mo selection

[ Guide lines on each componerit

@ or | @cancel]

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Q Analysis Connection Manager .1
I’:‘ Analysis Connections 1

Copyright DASSAULT SYSTEMES
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The gap of the cylinder was increased for a better display but is not representative of the reality
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Defining Point Analysis Connections

In this lesson you will learn the different types of Point Analysis Connections.

&= Point Analysis Connections
= Point Analysis Connection within one Part

Copyright DASSAULT SYSTEMES
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Point Analysis Connection

You will learn how to define a “Point Analysis” connection and how to use it

Copyright DASSAULT SYSTEMES
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Analysis Supporks #

What is a Point Analysis Connection | <l =

Point Analysis connections are used for projecting welding points onto parallel
faces, on an assembly model.

Thus, you need to define a Point analysis connection to be able to use the “Spot welding”
connection. Point analysis connection can be performed between any type of geometry.

Point Analysis Connection =l0Ixl|  As you can see, the “Point Analysis” connection needs some
hame [Foint Anfysis Connection 1 points ( previously created !.e fro_m GSD). '!'hese points are the
= places where the spot welding will be applied.

Fir st componerit: §8EEs=)[=aulelg] %
2 £

Second component |No selection 3
| -J EXO
Points {Mo selection hd =4

@ o | @earcl|

Analysis Connection Manager .1
| T-g&= Analysis Cannections 1

upper sheet
metal part 2

Spot welding

points Base sheet

metal part 1

Copyright DASSAULT SYSTEMES
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How to Apply a Point Analysis Connection =%
@ Click on the Point Analysis %

connection icon
Point Analysis Connection o ] 5

@ Select the first component (l.e cylinder’s face)

Mame |F‘0int Analysis Connection.2

Second component IND selection %

Points |l selection

Fir st component: §E g =t alalg]

@ o | @cancl |

@ Select the 2" component

@ Select the points @ Click on Ok

Copyright DASSAULT SYSTEMES
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Point Analysis Connection within one Part

You will learn how to define a Point Analysis Connection Within one Part and
how to use it

Copyright DASSAULT SYSTEMES
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What about Point Analysis Connection within one Part

Maint Ak
This tool allows you to weld a part on itself only. | a
== [

If your objective is to spot weld 2 different areas on a same part, you have to use previously this
tool:

For example, with this tool you can define a spot welding
between the 2 edges of the cylinder: They must have in
common 1 or several points.

Fir st componernt: § g [ elg)

To define a such design connection just proceed as if you
wanted to define a ‘Point Analysis Connection’ but select one
@ or | wicaneer| component only.

Points [Ma seleckion |

Point Analysis
connection
within one Part
symbol
“@ Analysis Connection Manager.1

: - . 0
| = &= Analysis Connections.1

Sheet metal part

Copyright DASSAULT SYSTEMES
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Defining Surface Analysis Connections

In this lesson, you will see how to define Surface Analysis Connections

&= Surface Analysis Connection
= Surface Analysis Connection within one Part

Copyright DASSAULT SYSTEMES
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Surface Analysis Connection

You will see what is Surface Analysis Connection and how to define it

Copyright DASSAULT SYSTEMES
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What is a Surface Analysis Connection

A Surface Analysis Connection allows you to connect two supports, controlled by an input
surface.

It can be used to define adhesive property connections made of hexahedron elements.

To define a Surface Analysis Connection you need
to select two faces (one per component) and a
common surface.

First component JRlEE= e eg]

Second component iND selection Eﬁ\]

surface [Mo selection

@ o | ﬂCanceI_I

@ Analysis Connection Manager.1
=252 Analysis Connections.1

Copyright DASSAULT SYSTEMES
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How to Define a Surface Analysis Connection (1/2)

Reminder: A Surface Analysis Connection allows you to connect two supports,
controlled by an input surface.

. Surf: it
Click on surface i

analysis connection (2

Surface Analysis Connection

Mame |'§urface Analysis Connection, 1

First component §ilage= =t ateg]

Second component iNo seleckion @;] |

surface [No selection |

. @ oK I @Cancell

Copyright DASSAULT SYSTEMES
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How to Define a Surface Analysis Connection (2/2)

@ Select the surface

@ Click on Ok to validate

The surface analysis connection is i—@ Analysis Connection Manager.1
symbolized by the red lines and accessible |

in the specification tree. ®-2Z Analysis Connections. 1

Copyright DASSAULT SYSTEMES
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Surface Analysis Connection within One Part

You will see how to define a “Surface Analysis” connection within one
Part

Copyright DASSAULT SYSTEMES
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What about Surface Analysis Connection within one Part

Surface analysis connections within one part are used for simulating welding
surface onto parallel faces, belonging to the same part.

In the picture below you can see a chain link. It is not “closed” and you want to weld it.

N
A

|

First component {EleEe=l=iaa )

— —
QGurface {Ho selection)\ |

N
- @ oK l aCan'ci] \

You have to create a Body 2D to model
the welding surface.

It can be either between the faces you
want to connect together (as above) or on
one of them.

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 44



Generative Assembly Structural Analysis

INSTRUCTOR GUIDE

Points to Points Analysis Connection

A Points To Points Analysis Connection is introduced to establish Analysis
connection between two mesh parts using points.

Copyright DASSAULT SYSTEMES
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About Points to Points Analysis Connection J %{,

Points to Points Analysis connection is introduced to connect part meshes to
each other through point or sets of points.

_ i x|

Mame | Poinks to Paints Analysis Connect |

Firsk component: | = =t sy

Mesh Parts [Mo selection

Second component Mo selection

Mesh Parts {Mo selection |

@ o I ﬂCanceII

—

Copyright DASSAULT SYSTEMES
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How to Apply the Points to Points Analysis Connection

Points To Points Analysis Connection is used to connect two part meshes using

set of points. . . -
Select the ‘Points to Points E
Connection’ command | _g _4

Select the vertex/points of
part and corresponding
mesh in ‘First component’
and ‘Mesh Parts’

Points to Points Analysis|

=10l x]

Elpoints ta Poinks Analysis Connection|
First component. |2 Wetkices _.:

Mesh Parks SUGEE R

Second component IND selection

Select vertex/points of the part
and the corresponding mesh in
‘Second Component’ and ‘Mesh
Parts’ [ e y5is I ] 9

Mame |Points to Points Analysis Connect

First component [Z Vertices = Mesh Parts o selection
Mesh Parts |1 Mesh part @ oK I
-

Second component |2 Vertices _.:

RN 1 Mesh part

Vertex/Points o
oncurve T . - @ Click OK to confirm

B Analysis Manager|
E@} Links Manager.1
I"@ Analysis Connection Manager.1

Vertex/Points on curve

=2 Analysis Connections.1

-5 Polnts to Points Analysis Connection. 1

#- 4\ Finite Element Model.1

Copyright DASSAULT SYSTEMES
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Set of Analysis Connections

You will learn how to create the Set of Analysis Connections.

L

f—@) Lirks Manager.1

?@ Analysis Connection Manager.1

| ~ Analysis Connections.1

—5; General Analysis Connection Moving_Jaw and plate
—EE:-; General Analysis Connection Body and Flate
FEE;Analysis Connections.?

—5_;: General Analysis Connection Moving_law and Body

—f:':_; General Analysis Connection Lead_Screw and Screvr_Handle :

Copyright DASSAULT SYSTEMES
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What is Set of Analysis Connections

You can create different sets of analysis connections under the Analysis Connection
Manager. A set can contain different kinds of analysis connections. It is possible to
group the analysis connections as per user convenience.

By default one set of analysis connections is present under the node Analysis Connection
Manager. You can insert extra sets as per requirement and create analysis connection
under the required set.

T—EE: Links Manager.1

i’@ Analysis Connection Manager.1

‘ ,,_, Analysis Connections.1

—?_f:—-’: General Analysis Connectinn Moving_law and plate

—‘Z; General Analysis Connection Body and Plate

i‘.‘é;, Analysis Connections.2

—é General Analysis Connection Moving_Jaw and Body

—é General Analysis Connection Lead_Screw and Screw_Handlei

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 49



Generative Assembly Structural Analysis

INSTRUCTOR GUIDE

Right Click on the Analysis
Connection Manager node in
the specification tree

Select Insert Analysis
Connections Set from the

How to Insert Set of Analysis Connections

‘ iré;, Analysls Connectlons. |
- f‘ Finite Element Model. L
gz Nodes and Flaments
| 57 properties.
‘ § Materlak. |

b &g Slalic Case

contextual menu

@ Set of Analysis
connections gets added
under the Analysis
Connection Manager.

a3

Cenket graph
Eeframe Jn
HirkfShrw
E?_]‘ Fropmrlics

E Opzr Sub-"ree
i an

% Copy

% Eacta

Faste specal,. .

AL—Eiiler

Tl % :
Chf+C

|
Thrl-v !

lickhs

I

is created.

=2 - - - - -
This Contextual menu is available only if at least one analysis connection

Copyright DASSAULT SYSTEMES
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Click on the General

x|
=} VQ;Q;'?.

How to Create Analysis Connection under Specific Set

Analysis Connection icon

@Select the First
component and
second component
as per requirement

@ Click OK. General
Analysis connection
appears under the
chosen set of
analysis connections

Copyright DASSAULT SYSTEMES

@ The General Analysis

Select the set of analysis connections
under which you want to create the
analysis connection. (Select Analysis
connection.2)

©)

1

i @ Analysis Connection Manager.1

~ Analysis Connections. 1 ;
; General Analysls Connection Moving Jaw and Plate!

-2 General Analysis Connection Dody and Plate ‘

General Analysis Conne

Connection Window appears.

Name the analysis connection WE=S |Genera| Analysis Connection Moving_J: |

as General Analysis Connection [First component [z Faces B
Moving_Jaw and Body
second camponent PR 5

Handler point {Mao selaction

@ ok | @cance |

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

L
! Analysis Connection Manager.1 ;

' Fﬁmalysis Connections.1 :
i éGeneral Analysis Connection Moving_law and Plate
: gGeneral Analysis Connection Body and Plate i
: -'% Analysis Connections.2

Instructor Notes:
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To Sum Up ...

You have seen CATIA V5 Tools for Analysis Connections
What is Analysis connection

General Analysis Connection

Point Analysis Connection

Line Analysis Connection

Surface Analysis Connection

Points to Points Analysis Connection

Set of Analysis Connections

& O E s N F N &

Copyright DASSAULT SYSTEMES
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GAS Connection Properties

In this lesson, you will see what are the different types of GAS Connectioin
Properties.

= Face Face Connection Properties

&= Distant Connection Properties

= Welding Connection Properties

= Nodes to Nodes Connection Property
= To Sum Up

Copyright DASSAULT SYSTEMES
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Face Face Connection Properties

You will see what are different Face Face Connection Properties.

= Fastened Connection Property

= Fastened Spring Connection Property

= Contact Connection Property

= Slider Connection Property

&= Pressure Fitting Connection Property

= Bolt Tightening Connection Property

= Face Face Connections Property Recap Exercise

Copyright DASSAULT SYSTEMES
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Fastened Connection Property

You will learn how to define a fastened connection property and when to use it

Copyright DASSAULT SYSTEMES
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A Fastened Connection property is the link between two bodies which are fastened together
at their common boundary.

From a finite element model point of view, this is equivalent to the situation where corresponding
nodes of two compatible meshes are merged together. Consequently, two bodies will behave as if
they were a single one. However, they can have different material properties.

Fastened Connection relations take into account the elastic deformability of interfaces.

Example of a Fastened connection between a wheel and a tire:

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Nodes and Elements
ZAOCTRFF Tetrahedron Mesh 1 - Tire 1 |
4OCTREE Tetrahedron Mesh.2 : Wheel Rim.1
[ﬁ INastened Connection Mesh.1 ‘
f@ Properties.l
t—é Static Case

Copyright DASSAULT SYSTEMES
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How to apply a Fastened Connection Property &

Before you begin, make sure you have defined a static case analysis and you have
created the appropriate constraints.

@ Click on the “Fastened Connection Property” | @ Select the constraint previously created in the
icon “ Assembly Design/Analysis Connection workbench

ion PuslIFS [m] -4

Mame | astened Connection Proper

EWTalely -l [0 seleckion

@ i | ocanel

@ Click on Ok

A symbol representing the Fastened Connection

appears

Fastened Connecti.aoe =] (=3
REREA I astened Connection. 1
Supparks | SESelgEd Tyl

g 2 ok | @]

z QK Cancel

5 —

£

2

2

3

H

Instructor Notes:

Copyright DASSAULT SYSTEMES 57



Generative Assembly Structural Analysis

INSTRUCTOR GUIDE

Fastened Spring Connection Property

You will learn how to define a fastened spring connection property and when to
use it

Copyright DASSAULT SYSTEMES
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What is a Fastened Spring Connection Property &l

A Fastened Spring Connection is an elastic link between two faces.

From a finite element model viewpoint, this is equivalent to the situation where the corresponding
nodes of two compatible meshes are merged together but, the rigidity is defined interactively.
However, since bodies can be meshed independently, the Fastened Spring Connection is designed to
handle incompatible meshes.

Example of a Fastened Spring Connection between a wheel and a tire:

7] 5pring Connection Mesh.,

Copyright DASSAULT SYSTEMES
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Before you begin, make sure you have defined a static case analysis and you have
created the appropriate constraints.

@ Click on the “Fastened Spring Connection [ﬁl @ Select the constraint previously
Property” icon o created in the Assembly

—hxis System

Type |Global ﬂ

Translation SHFfness 1 |EIN m

Translation Stiffress 2 IUN_m—
Translation Stiffress S[G
Rotation Stiffrizss 1 W
Rotation SHFNEsS 2 [Onpemn rad
Rotation Stiffness 3 W

Click on Ok
@ oK I o Cancel I @

Customize the translation and

rotation stiffness A symbol representing

the Fastened Spring
___ Connection appears

Copyright DASSAULT SYSTEMES
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Contact Connection Property

You will learn how to define a contact connection property and when to use it

Copyright DASSAULT SYSTEMES
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A Contact Connection is the link between two part bodies which are prevented from inter-
penetrating at their common boundary.

They will behave in the same way, as if they were allowed to move arbitrarily relative to each other as
long as they do not come into contact within a user-specified normal clearance. When they come into
contact, they can still separate or slide relative to each other in the tangential plane, but they cannot
reduce their relative normal clearance.

The Contact Connection is designed to handle incompatible meshes and take into account the elastic
deformability of the interfaces.

Example of a Contact Connection (applied on a Face/Face constraint):

—~

4\3‘ Finite Element Model.1

'=-& Nodes and Elements

: —éﬁ OCTREE Tetrahedron Mesh.1 : Front Sping.1 ;
—é’ OCTREE Tetrahedron Mesh.2 : Front Centre Finder .1 |
—é‘ OCTREE Tetrahedron Mesh.3 : Back Spring.1
—@’3 OCTREE Tetrahedron Mesh.4 : Back Centre Finder.1 |
%Contact Connection@ :
— & Contact Connection Mesh.2

(€<
== The Contact Connection Property can be assigned
between two surfaces or between a surface and a part.

Copyright DASSAULT SYSTEMES
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Before you begin, make sure you have defined a static case analysis and you have
created the appropriate constraints.

Select the constraint previously created in the

Click on the “Contact Connection Property” 4
@ perty | Assembly Design/Analysis Connection workbench

icon

@ Click on Ok

=10l x|

Mame |,"Zontact Connection Properky

Contact Connection Pr

Supports SRS P afale]
[ clearance II'.Imrn
@ oK I 'aCanceII

A symbol representing
the contact Connection
appears

Copyright DASSAULT SYSTEMES
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Slider Connection Property

You will learn how to define a slider connection property and when to use it

Copyright DASSAULT SYSTEMES
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What is a Slider Connection Property @

A Slider Connection is a link between two bodies which are constrained to move
together in the local normal direction at their common boundary.

These two bodies will behave in the same way, as if they were allowed to slide relative to each
other in the local tangential plane. The Slider Connection takes into account the elastic
deformability of the interfaces.

Example of a Slider Connection (applied on a Face/Face constraint):

The Face/Face
constraint was defined
between the outer gray
surface and the inner
pink surface

&P Slider Connection Mesh.1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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How to Apply a Slider Connection Property &}

Before you begin, make sure you have defined a static case analysis and you have
created the appropriate constraints.

@_C"Ck on the “Slider Connection Property” | @ Select the constraint previously created in the
icon

Assembly Design/Analysis Connection workbench

A symbol representing
the Slider Connection
Property appears

Copyright DASSAULT SYSTEMES
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Pressure Fitting Connection Property

You will learn how to define a pressure fitting connection property and when to
use it

Copyright DASSAULT SYSTEMES
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What is a Pressure Fitting Connection Property

A Pressure Fitting Connection is a link between two parts which are assembled in a Pressure
Fitting configuration, which means there are interferences or overlaps between them.

Along the surface normal, the connection behaves as a contact connection with negative clearance
value (positive overlap). The difference lies in the tangential directions where both parts are linked
together.

The Pressure Fitting Connection relations take into account the elastic deformability of the interfaces
and handle incompatible meshes.

Pressure Fitting Con = [l B /

Marme |Pressure Fitking Connection Propert:

Supports SRS Ehdaly]

Crvetlap |Umm

@ Ok I aCanceli

é} OCTREE Tetrahedron Mesh.6 : Piston. l
@ Pressure Flttlng Connection Mesh.1

& Pra esh.2

Copyright DASSAULT SYSTEMES
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How to apply a Pressure Fitting Connection Property

Before you begin, make sure you have defined a static case analysis and you have
created the appropriate constraints.

Select the constraint previously created in the
Assembly Design/Analysis Connection workbench

Click on the Pressure
Fitting Connection icon

Pressure Fitting Connection = |D|£|

Previously defined
constrained symbol

Mame | Aressure Fitting Connection Propert:

Supports (Y g}

Crvetlap | Ornm

@ o | @]

-
g A symbol representing
& Pressure Fitting
> -
2 Connection appears
2
8
3
g
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Exercise calloutwilwork in P2

configuration only

‘Pressure Fitting’ Connections between Rod and Axis

‘ 20 min 5
oGS

In this exercise you will perform an analysis of Pressure Fitting Joint. You will use an existing
Assembly Constraint to create the Connection Property.

You will:

© Define a Pressure Fitting Connection property

© Define a Clamp Restraint
© Compute the Analysis and visualize the Von Mises Stress
© Locally optimize the common mesh elements of the two parts
© Compare the Results
Instructor Notes:
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Bolt Tightening Connection Property

You will learn how to define a Bolt Tightening Connection Property and when to
use it

Copyright DASSAULT SYSTEMES
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What is a Bolt Tightening Connection Property

A Bolt Tightening Connection is a connection that takes into account pre-tension in
bolt-tightened assemblies. R :

The computation is carried out in two steps: @“

@ First the model is submitted to tension forces relative to bolt tightening by applying opposite
forces respectively on the bolt thread and on the support tapping;

w  Then, the relative displacement of these two surfaces (obtained in the first step) is imposed

while the model is submitted to user loads.

During these two steps, the bolt and the support displacements are linked in the direction
normal to the bolt axis.

Bolt Tightening Connection

i requires a ‘surface contact’

| assembly constraint between ... [
the bolt thread and the bolt

support tapping. These

} surfaces must be coincident. Orientaion | Same =

Tightening Force | an

éﬁ OCTREE Tetrahedron Mesh.4

éﬁ OCTREE Tetrahedron Mesh.5 |
L | éi OCTREE Tetrahedron Mash.6 : Support Skateboard.2
S - &lTightening Connection Mesh.ll |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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How to apply a Bolt Tightening Connection Property (1/2)

Before you begin, make sure that all the needed assembly constraints were created.

In this section view, you can see the screw, the skate board’s truck and the board. To be able to
define a “Bolt Tightening” connection some constraints must have been previously defined:

1. “Surface Contact” constraint between the screw and the truck
2. “Surface Contact” constraint between the truck and the board
3. “Coincident” constraint between the screw and the holes board axis

4. “Surface Contact” constraint between the outer surface of the screw and the inner surface of the
board hole.

Copyright DASSAULT SYSTEMES
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How to apply a Bolt Tightening Connection Property (2/2)

Before you begin, make sure that all the needed assembly constraints were created.

@ Click on the “Bolt Tightening Connection
Property” icon

A symbol representing the Bolt Tightening
Connection property appears

Supports RlegE= e g)

Tightening Force |DN

Orientation ISame ;I

@ O I "C‘aﬁcel_l

Select the “Surface contact” constraint previously
created ( the one between the screw and the board’s
hole).

Bolt Tightening Col j

@ Enter a force value

And click on Ok Sl 1 Constraint

Tightening Force‘l SDEI,Q )

—_—

Orientation ISame ;I

m D "Cahcel.l

Mame |Bolt Tightening Connection Prop

Copyright DASSAULT SYSTEMES
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Exercise

‘Face Face’ Connection Properties Recap Exercise

% . Face Face Connectio |
‘ 30 min [
& & & & &

In this exercise you will apply different Face Face Connection Properties to the foot peg
assembly’s part constraints.

You will use:

¢ Slider Connections
© Fastened connections
¢ Contact connections with springs

Then you will perform a static analysis on the foot peg assembly

Copyright DASSAULT SYSTEMES
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Distant Connection Properties

You will see what are different Distant Connection Properties.

&= Rigid Connection Property
= Smooth Connection Property
& Virtual Bolt Tightening Connection Property

= Virtual Spring Bolt Tightening Connection Property
= User-defined Connection Property

= Distant Connections Recap Exercise

Copyright DASSAULT SYSTEMES
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Rigid Connection Property

You will learn how to define a Rigid connection property and when to use it

Copyright DASSAULT SYSTEMES
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What is a Rigid Connection Property ¥

[

A Rigid Connection is the link between two bodies which are stiffened and fastened
together at their common boundary, and will behave as if their interface was
infinitely rigid.

The Rigid Connection relations do not take into account the elastic deformability of the
interfaces.

A central node is created at the midpoint between centroids of the two systems of points represented
by the nodes of the two meshes. This node is connected by a rig-beam element to each node of the
first and of the second meshes.

= Finite Element Model.1

=& Nodes and Elements

b OCTREE Tetrahedron Mesh.1 : Axis.1

—é‘ OCTREE Tetrahedron Mesh.2 : Rotor.1

—é‘ OCTREE Tetrahedron Mesh.3 : Stator.1

—é‘ OCTREE Tetrahedron Mesh.4 : Bearing.1

—é’ OCTREE Tetrahedron Mesh.5 : Bearing.2

—& OCTREE Tetrahedron Mesh.6 : Joint.1

—é‘ OCTREE Tetrahedron Mesh.7 : Joint.2

—é‘ OCTREE Tetrahedron Mesh.8 : Cooling_Ring.1
—é OCTREE Tetrahedron Mesh.9 : Plug.1

—é‘ OCTREE Tetrahedron Mesh.10 : Tube.1

—é‘ OCTREE Tetrahedron Mesh.11 : Tube.2

—éi OCTREE Tetrahedron Mesh.12 : Motor_Support.1
esh.13 : Connection.1
—§ Rigid Connection Mesh.1
Rigid Connection Mesh,
“—5 Properties.1
-, Static Case

rigid spide-
PN

/ N

oo

Rigid connection (/
property symbol

Copyright DASSAULT SYSTEMES
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Copyright DASSAULT SYSTEMES

How to apply a Rigid Connection Property

Before you begin, make sure that all the needed assembly constraints were created.

@ Click on the “Rigid Connection Property”

icon

Rigid Connection Propess [l [

Mame |§igid Conneckion Property. 1 |

Supports et ely]

[ Transmitted Degrees of Freedom

@ o | @cancel|

@ Select an assembly constraint l.e “coincidence”

Check the Transmitted Degrees of

Freedom option.

If needed, you can also transmit some Degrees
of Freedom to the distant connection

3 Jransmitted Dearees af Freedam

i a Translation 1
§ o Translation 2
§ o Translation 3
{3 Rotation 1

1 Rotation 2

1 Ratation 3

The product below is
a small scale model
Blushless motor.
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Smooth Connection Property

You will learn how to define a Smooth connection property and when to use it

Copyright DASSAULT SYSTEMES
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What is a Smooth Connection Property

A Smooth Connection is the link between two bodies which are fastened together
at their common boundary, and will behave approximately as if their interface was
soft.

The Smooth Connection relations take approximately into account the elastic deformability of the
interfaces.

A central node is created at the midpoint between centroids of the two systems of points represented
by the nodes of the two meshes. This node is connected by two spider elements to all nodes of the
first and of the second meshes.

smoath Sp\ider e
_// \\\ : —@ OCTREE Tetrahedron Mesh.4 : Bearing.1

- ! —é OCTREE Tetrzhedron Mesh.5 : Bearing.2

—éi OCTREE Tetrahedron Mesh.6 : Joint.1

—éi OCTREE Tetrzhedron Mesh.7 : Joint.2

—é‘ QOCTREE Tetrzhedron Mesh.8 : Cooling_Ring.1

—éi OCTREE Tetrahedron Mesh.9 : Plug.1

—éi OCTREE Tetrahedron Mesh.10 : Tube.1

—éi OCTREE Tetrzhedron Mesh.11 : Tube.2

—éi OCTREE Tetrahedron Mesh.12 : Motor_Support.1§
! REE-TetrshedromMesh 3 : Connection.1 |

Smooth Connection Mesh,1

Copyright DASSAULT SYSTEMES
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How to apply a Smooth Connection Property

Before you begin, make sure that all the needed assembly constraints were

created.

@ Click on the “Smooth Connection Property” % @ Select an assembly constraint l.e “coincidence”
icon i

Smooth Connection Prap =10 x|

[Mame |Sm00th Connection Property. 1 |

The product below
is a small scale
model Blushless
motor

llealald M 1o selection

[ Transmitted Degrees of Freedom

@ or | Scance|

@ Optional: Check the “Transmitted Degrees
of Freedom” option to transmit required
DOF to the distant connection

< = Ejransmitted Deqrees of Freedam §

= Translation 1

A Translation 2
& Translation 3
A Raotation 1

& Rotation 2

& Rotation 3

Copyright DASSAULT SYSTEMES
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Virtual Bolt Tightening Connection Property

You will learn how to define a Virtual Bolt Tightening Connection Property and

when to use it

Copyright DASSAULT SYSTEMES
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What is a Virtual Bolt Tightening Connection Property &

A Virtual Rigid Bolt Tightening Connection is a connection that takes into account
pre-tension in a bolt-tightened assembly in which the bolt is not included.

The computation is carried out in two steps:

© The model is submitted to tension forces relative to bolt tightening by applying opposite
forces respectively on the first surface (S1) and the second surface (S2) of the assembly
constraint;

© Then, the relative displacement of these two surfaces (obtained in the first step) is
imposed while the model is submitted to user loads.

During these two steps, the rotations of both surfaces and the translations perpendicular to the
coincidence constraint axis are linked together, while taking into account the elastic deformability
of the surfaces.

Central node

Once the geometric assembly positioning constraints
are defined at the Product level (Assembly or

<’/ Analysis Connection workbenches), the user can

Surface 1

specify the physical nature of the constraints: Virtual
Rigid Bolt Tightening Connection.

Rig betn  \When creating this connection, all the positioning
constraints can be selected.
%I Surface 2 5 You can define this property even when analysis
connection is defined between two points. In this

Central node / case, the bolt tightening orientation will be defined

by the direction between these two points.

Rigid virtual bolt tightening

Copyright DASSAULT SYSTEMES
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Applying a Virtual Bolt Tightening Connection Property

Before you begin, make sure that all the needed assembly constraints were created.

@ Click on the “Virtual Bolt Tightening ” icon @ @ Select an assembly constraint
i.e “coincidence”

Virtual Bolt Tightening Connection

[ Ew=g vir tual Bolk Tightening Conmection. 2

Supports SRS Pl dlae]

Tightening Force |SUDN

@ ok | @cancel]

-

Enter a tightening force
value and click on Ok 3

The product shown
is a small scale
model off- shore's
rudder

Copyright DASSAULT SYSTEMES
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Virtual Spring Bolt Tightening Connection

You will learn how to define a Virtual Spring Bolt Tightening Connection
Property and when to use it

Copyright DASSAULT SYSTEMES
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What is a Virtual Spring Bolt Tightening Connection Property

A Virtual Spring Bolt Tightening Connection is a connection that takes into account pre-tension
in a bolt-tightened assembly in which the bolt is not included. @
The computation is carried out in two steps:

- the model is submitted to tension forces relative to bolt tightening by applying opposite forces
respectively on the first surface (S1) and the second surface (S2) of the assembly constraint;

*Then, the relative displacement of these two surfaces (obtained in the first step) is imposed while
the model is submitted to user loads.

During these two steps, the rotations of both surfaces and the translations perpendicular to the
coincidence constraint axis are linked together, while taking into account the elastic deformability of

the surfaces. gentral node_
Surface 1 * The first central node is
« A central node is created at . / linked to the duplicata of
the centroid of each surface. 0 7w the second central node
%/ 0 . . .
,/%; é(,:/ using a tightening element.
; 3 3 /
* For each surface/central node M\ [ Ii?'n:i:i"”g . Th d tral node i
couple, a set of mean rigid body is A V77 Iink: dsf:ﬁ: dﬁeTicr:tan::siils
ggneirated totlinfkt|t1he avetralge ; . ;Z?,/ z /////// 2 $pring elemerr:t cat g
isplacement of the central nodes and |27 ~> i L .
P /7///}” 7/ p-Smte 2 cnaracteristics of which are

the nodes of the surface.

defined by the user.

Central nods

Virtwal spring boll Cighlening

this case, the bolt tightening orientation will be defined by the direction between these two points.

Copyright DASSAULT SYSTEMES
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C‘% You can define this property even when analysis connection is defined between two points. In
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Applying a Virtual Spring Bolt Tightening Connection

Before you begin, make sure that all the needed assembly constraints were created.

. s . Select an assembly
Click on the “Virtual Spring Bolt : i constraint i.e “coincidence”

Tightening ” icon ]

Yirtual Spring Bolt Tightening Conness =||:|L_ﬂ

WEREN Birtual Spring Bolk Tightening Connection, 1

el el (el Mo selection

Tighteni.ng force |DN

Translation Stiffness 1 IDN_m—
Translation Stiffness 2 IDN_m—
Translation Stiffness 3 IDN_m—
Rotation Stiffness 1 W
Rotation Stiffness 2 W
Ratation Stiffness 3 W

- - @ Ok ‘ O'j'caﬁce}‘

Enter the value of the force and
stiffness parameters and click Ok The product below is a small

scale model off- shore's rudder
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User-defined Connection Property

You will learn how to define a User-defined Connection Property and when to
use it

Copyright DASSAULT SYSTEMES
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associated properties included inside a distant connection.

All the connections you have seen so far are a particular case of this tool.

User-defined Connectinnssis] =] b

Mame | sfined Connection Property.1 | Rigid Beams

Eealald M [0 selection

Skatt |Srnc-oth "I

User-Defined Connection Property allow you to specify the types of elements as well as their

The User-Defined Connection Property is the tool that allows you to define any type of constraints.

You have to specify the nature of 3 connections at 3 different places: Start/Middle/End.

Speing

@ ok |2

-

N

s

<= You can define this property even when analysis
connection is defined between two points. In this
case, the bolt tightening orientation will be defined
by the direction between these two points.

Copyright DASSAULT SYSTEMES
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-
-

e
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What are the Possible Combinations %

You will define which types of element will be featured in the connection
Rigid Beams Spring

= L g @

Start: End:
Surface- .
Point part . v Pomtr-,::ltrface
© Smooth \x ,/ ¢ Smooth
¢ Rigid Intersolation elermants « Rigid
« Spring and smooth Middle part § Sn.w.oth and S|.oring
« Spring and rigid « Rigid and spring
¢ Contact and rigid « Rigid and contact
« Rigid « Beam and bolt
« Beam « Bolt and spring
¢ Bolt © Spring and bolt

« Spring and rigid « Spring and rigid and spring
© Rigid and spring « Spring and beam and spring
Spring and beam © Rigid and spring and rigid

« Beam and spring © Beam and spring and beam
¢ Bolt and beam

Copyright DASSAULT SYSTEMES
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How to apply a “User Defined Distant” Connection?

Before you begin, make sure that all the needed assembly constraints were created.

@ Click on the “User Defined Distant Connection 'fJ
Property” icon o

User-defined Connect i _(of x| Define the types of the e_Iements to be featured in
the connection: Start, Middle and End

Marne | Jser-defined Connection Property.2

Supports IHEGEIN Depending on the “Start” connection, Middle and End

Start |5mc-oth ;| elements will be proposed to you.

Middle |Rigid =] | @ Click on the icon below if available and enter the

expected data
End [smacth [ 3 ;"
...... \ =1
. @ oK ] o Cancel I %‘ e
.' TypelGIobaI j
Depending on the selected combination type, @ Click on Ok S

the appropriate properties will be proposed.

Translation Stiffness 1 Im

Select the constraint or Analysis connection Translaton stffness 2[F
to be used as support, either from the rensltion Stfess 3 e

specification tree or from the assembly T
otation Stffress L [Ohem rad |

Rotation StFFness 2 [ _rad
Rotation StFfness 3 [ _rad

@ ok
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Exercise

Distant Connection Property Recap Exercise

‘ 60 min

In this exercise you will compute a Tightness Analysis in the case of an under-pressure tank.
You will:

© Define Virtual Bolt Tightening Connections and apply a pressure inside the tank
© Perform a Static Analysis
© Re-compute Analysis with Adaptivity

Copyright DASSAULT SYSTEMES

Instructor Notes:

Copyright DASSAULT SYSTEMES 93



Generative Assembly Structural Analysis

INSTRUCTOR GUIDE

Design Process: Under-pressure tank Tightness Analysis

Define Bolt Tightening
connections and Apply a
pressure

2
Analyse and display
Results

3
Re-compute with
Adaptivity

RO
N
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Welding Connection Properties

You will see what are different Welding Connection Properties.

= Spot Welding Connection Property
= Seam Welding Connection Property

Copyright DASSAULT SYSTEMES
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Spot Welding Connection Property

You will learn how to define a Spot Welding connection property and when to
use it

Copyright DASSAULT SYSTEMES
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,,,,,,

The red crosses symbolize the spot
weld. They are applied on each
analysis connection ( gray spheres)
that are themselves applied on some
GSD points.

selection

Supporks gl
[ User-Defined

@ o | @canca |
-
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How to apply a Spot Welding Connection Property

Before you begin, make sure that all the needed assembly constraints were created.

@ Click on Ok

-onnecti- Je [m] 55

Mare |Spnt Welding Connection Prc

i [ seleckion

Tvpe |Rigid 'l
@ Ok |
-

@ Select the support (spot welding analysis connection) to
be assigned to spot welding connections and Type.

Below is what you obtain: You can see the red
crosses on the analysis connections.

Copyright DASSAULT SYSTEMES
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Seam Welding Connection Property

You will learn how to define a Seam Welding Connection Property and when to
use it

Copyright DASSAULT SYSTEMES
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What is a Seam Welding Connection Property %

This type of connection allows to simulate Seam welding between two parts.

Seam Weld Connection Properties need Seam Weld Analysis Connections as support, which
need themselves some lines to be applied on.

Seam Welding Connectiie =] =1

Mame | Sear Welding Connection Pr

W julald-M [ selection

Type R ~ |

& Ok l ﬂCanceIl

You can see a red line that is actually
a “Seam Weld” analysis connection.
You will use it as support for the
“Seam Weld” Connection property.

Copyright DASSAULT SYSTEMES
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How to apply a Seam Welding Connection Property

Before you begin, make sure that all the needed assembly constraints were created.

Click on the Seam Welding {723 : ;
@ Connection Property icon i%ﬁ @ aS"t?‘ljezt_ray’.*‘;uPPOrt (an Analysis Connection)

Marne | Seam Weld Connection Prope

The red lines are
two Seam weld
Analysis
connections

Supports RlEREE e ag)

Typs [ ~ |

@ Ok ] ﬂCanceI]

@ Clickonok T

Below is the result:

Analysis Connection Manager
-—g Analysis Connections.1 '
% Seam Weld Analysis Connection.3 ‘
T_ M Aluminium 1
: %Seam Weld Analysis Connection.4

Aluminium

Copyright DASSAULT SYSTEMES
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Nodes to Nodes Connection Property

The Nodes to Nodes Connection Property has been introduced to transmit
DOFs between two mesh parts using the Points to Points Analysis Connection.

Point Bk

Copyright DASSAULT SYSTEMES
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What is Nodes to Nodes Connection Property

The ‘Nodes to Nodes Connection Property’ is applied on a Points to Points
Analysis Connection. This enables to transmit the Degrees Of Freedom (DOFs)
between mesh parts in an Analysis Assembly.

Two types of physical properties are available.

# Rigid: The connection is meshed using bar elements and a i = Il—'llil
Rigid property. It creates two noded BAR elements with 3 DOF S—
(3 translations) per node in connection mesh.

|Narne | Mades ta Mades Cannection |

# Coincidence: The connection is meshed using coincident Supports Wl

elements with Rigid Body Motion property. This creates two T Riid =
coincident node NSBAR elements with 6 DOF (3 translations T I = —! %’
and 3 rotations) per node in connection mesh.

Both properties have the option to release DOFs. Once the property
is applied it will create a Points to Points Connection Mesh.

Copyright DASSAULT SYSTEMES
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How to Apply the Nodes to Nodes Connection Property
Select the ‘Nodes to x|
Nodes Connection |
property’ command 4 Select the ‘Points to Points
— Analysis connection’ in the
specification tree
Modes to Nodes & |EII1|
____________________________________ Naﬂ| Modes ko Nodes Connection |
Select the component Edition : Analys|s Con nectlon |\]a nager.l : ELPpDrtS 1 analysis connection
1
tool next to the ‘Type’ ' nalysis Connections. 1 : Type [rigd =l
dropdown list. Select Axis ! ’@ ' :
system Type and define DOFs 1 _ __ _ - e = h - 8 ok | kel |
to be transmitted
=l
gl\‘—oegrees of Fresdom ——————————
e — I ¥enalysis Manager
[ Display lacalky *-@ Links Manager 1
@Analygs Connection Manager.1
B gt Analysis Connections.1
[ Translation 2 @Poinbs to Points Analysis Connection.1
5;::':::”3 Finite Element Model.1
” [l Rotation 2 @ Click OK to confirm Nodes and Elements
g - Propettles 1
§ 5 Materlals 1
< #- A Static Case
Instructor Notes:
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To Sum Up ...

You have seen CATIA V5 GAS connections:

How to define Face Face Connection Properties

How to define Distant Connection Properties

How to define Welding Connection Properties

How to define Nodes to Nodes Connection Properties

Copyright DASSAULT SYSTEMES
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Analysis Assembly Management

You will learn how to use the technique of Analysis Assembly to reuse analysis
created on parts.
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What is Analysis Assembly

In this approach, analyses of individual parts in a product are available. These analyses
are assembled to form an ‘Analysis Assembly’ and then a final ‘Global Analysis’ is
performed for the product.

While following this approach you have the option of using an available product with assembly
constraints. In case a product is not available, you can create one with all the necessary parts.
Individual part analysis files are then attached to the corresponding parts in both the cases.

These analysis files must be computed with at least ‘Mesh only’ option ,so that it contains Mesh
and complete FE property information .

|_Product |
[ Part1 |
I | The Analysis available in
I.ml [ parts is reused to create
ey the Global Analysis.
[ Analysis2 | «——
< You can directly attach
= analysis in product tree.

«—] Orphan Mesh Analysis || +———— You can attach orphan
" o mesh analysis.

[ Global Analysis ||

Copyright DASSAULT SYSTEMES
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Why Use Analysis Assembly

Prior to the availability of this function, analyst will have to mesh a part twice, first in an
individual part context and then in an assembly context. The Analysis Assembly approach
has following advantages:

# [t uses already meshed individual parts and
imported orphan mesh parts effectively.

#  When a single part is used in multiple
assemblies, you need to mesh that part only
once.

# [t enables concurrent engineering of FE Analysis.
It is possible to mesh individual parts in an
assembly simultaneously by different users at
different locations.

# [t reduces the time required to analyze large
assemblies.

w [t facilitates management of analysis data.

Copyright DASSAULT SYSTEMES
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Analysis Assembly Process

Apply loads
and constraints

Perform global
analysis and
view results

Copyright DASSAULT SYSTEMES

Attach shapes to
parts in product

% Partl (Partl.1)
= g Anayss vanager
‘ T‘@.} Lirnks Maniager .1 :
§ =- & Finite Element Model.1 ‘

& MNodes and EIements§

L % GFproperties.t |

S i e
S
R

,- e
N

7
0N

2
Assign connection
properties

Instructor Notes:

Copyright DASSAULT SYSTEMES

109



Generative Assembly Structural Analysis

INSTRUCTOR GUIDE

What is Shape Representation

The analysis document is an alternate shape representation of the Part document. Attaching the
FE analysis document to a part is known as attaching shape representation to part. It is defined
by using the ‘Manage Shape Representation’ option in the product’s contextual menu.

® For a given part there can be more than one shape
representation.

® You can attach any nhumber of shape representations to a part.
@ At a time only one shape can be active.

Manage Representations L ﬂil

MName | Source Associate, .. P

Shape 1 DiiWorking_folderForCompanion_RMNS|RMS Folder Remove art

Shape 2 D:iorking FolderForCompanion BMNSYRMS Folder -'“'l"""'_

Shape 3 Dilworking folderForCompanion RMNS\RMS Falder _Replace, |

Penarme. . I

Kl I— 2|

Arkivate I Deactivate:_l Sekas Defanlt | Close I Shape
-

Representation
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How to Attach Shape to Part (1/2)
Open pl_‘oduc_t docu_ment. Goto Double Click on Links Manager
‘Analysis & simulation’ workbench
B Bl Edt ew Insert Iools Window  Help I ,
B jeecse EE oo inego |
*“E@ Link.1 -> Ll:\Working_foldei
@ Double Click on Link to get Product tree @ Double Click on Product
§ ‘@ i ‘ @ Link.1 -=D: \Worklng ﬁ
i "‘EZ; Links Manager.1 : 1 @ ;
i 3 P t (Part1 1) . Only Part
3 ‘ ‘ i Par a:/, information
| ; *‘ Parti ;
! ! Partl (Part1.2) |
§ ! § - @ Partl 1
2 ; W Partl (Partl.2) L TTTTTmmmmmmm iR
g o #@mpa
g Part Model
Instructor Notes:
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How to Attach Shape to Part (2/2)

Click on Part contextual Menu Click on Associate Button
Representations ->Manage Representations

| =32 | Productl ; ;
b e mrm— e ! |[Mame [ Source
i C-gj _gnwments » | | 3 Shape 1 Dt\Working_folderForCompanion_RN
L___%-gh]partl (Part 5 | £ Manage Representations... 3
@ Select desired CATAnalysis Click on the same file in Manage Representation
File(shape) related to that part window and press activate button
Hame |5our’ce Associate. .. I

Shape!  D:\Working_folderForCompanion_R Remcve I
Shape 2 DiiWworking_folderForCompanion_R

Shape 3 Diivorking folderForCompanion B _Replace,,,_|
Shape4  DitWorking_folderForCompanion_ R _ Rename. ., I
Shape S Di\iforking_folderForCompanian_R

M

Deactivate

Set fs Default Close: .
e Restraints

symbol

Mesh symbol

Analysis Manager

*@3 Links Manager.1

-'A Finite Element Model.
T"gg Nodes and Elemenfs

*" 5 Properties.1
*_ "

! Mesh and FE
i properties

3 information of part
attached to part

3 model

Copyright DASSAULT SYSTEMES
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How to Attach Analysis Document in Product Tree (1/2)
You can directly attach Analysis document in product tree.
@ Right-click on the product structure to open Existing product structure
contextual menu. Click on components. ag
v'ﬁFuseage—J\ (Fuselage-A. 1) “G‘Q“‘
Center graph | g 55 Fa .ﬁ
s s A Andyss Manage . SRT
t@Fu‘ = %ﬂFuseage—B (FuselageB.1° P %““
applical &1 Hids/shan Ay “_.';:s::git““:ﬂ“
Froperties  Alt+Enter spplications ,-@Nxs‘:lr::;““
[E] ©pen Sub-Tres ‘#:“‘:“"'
et
girplane object »
»
Representations L3
Selection Mode ]
@ Click on existing components
3 Ajrplane object 3 i ;
— |8 ! Links Manager. 1
) Components 3 ‘ﬂf [ew Component ] ‘b Reslts = Diyworkn
: Representations » @Ne_w Product i ‘b Computat’ons . D:\
i T E Mew COM Component i *.{3{3 Link, 2 -> D \varking
3 — UL 3 = i Mirite Clemert: Model. 1
! ; f’% Modes aricd Elerients
2 3 @ Exjsting Companent with Positioning. . ! f.ﬁ Propertes. |
E 1 f\-ﬁ Replace Component In Session... 3 ?'LT_E Iaterids 1
% % Replace Component. .. ] ‘,éa - Crea
- A - - - = Satic Cazs
2
z Wing Part Analysis document to
£ be directly attached in Existing
£ product structure
8
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How to Attach Analysis Document in Product Tree (2/2)

®

Select the required CATAnalysis file and
click ‘Open’ to attach the file.

File name:

1 Files of ype:

e

|8 analysisf* CaTAnalysis)

Wing Part Analysis document
attached in Existing product structure

You can see the part document
automatically gets attached in product
structure and the selected CATAnalysis
document gets attached as shape to part
document. You can check this using
Representations > Manage Representations
in Part Contextual menu in specification tree

ger
Links Manager.1 w
' b Results - D:\Workingi
“& computaions -> Dy
i—% .2 = D:\Workhg_i
=- . Fiite Elernert Model 1
1 *"@2 “odes and Elements :
'Ii"@ Sroperties. 1 ‘

; - (= vaterials. 1 1
] '

: #- A\ static Case ;
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Right-click on the product structure to open
contextual menu. Click on components.

Center graph
Y@FUE Reframe On
t@w" 5] ridetshaw
Applica Froperties Ale+Enter

[ open sub-Tree

Airplane object »
:
Representations 3
Selection Mode 3
@ Click on existing components
Airplane object r |

e
g@ hew Component
Representations ] i@ New Product

Hew COME "
Selection Made b = cmponer

‘Eb Existing Component...

_-T ExiEirg Component Wikh Positioning. . .
% Replaca Component In Session...

By,

il Replace Component.. .

Isalate Fark

Define Contextual Links

Copyright DASSAULT SYSTEMES

&

How to Attach Orphan Mesh Analysis Document (1/2)

You can directly attach orphan mesh analysis document in product tree. Orphan
mesh analysis is analysis of imported mesh having no geometric support.

*@Fuselage—a\ (Fuzelage-A. 1)
& p] Anchysis Vanzger
’%ﬂ@selagc‘—f& (Fuzelags-B.2) e e,
B ) Araysis Vi s ,::‘3:::‘:::5“

-@Wir 1L (Wing, 1) &5&:}‘.}“

& L andysls vianzger Y
ApplicAtions

Existing product structure

=i

% er. 1
1
== 4. Finite Elerent Modal. 1

Modes and Bements
]’ i oo st -

T’E >roparties, 1
2 aler jal:, 1

& srows.1

‘-A B a5

Orphan mesh analysis to
be assembled in Existing
product structure
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How to Attach Orphan Mesh Analysis Document (2/2)

Select the required CATAnalysis file and
click ‘Open’ to attach the file.

Fuselage_c orphan
mesh analysis is
attached in Airplane
product tree

File name [iphan_btesh_FusclageC | DOpen
Files of type: [a0Fies ] = Cancel

i zeaje-b (Friselage-A.1)
| #- £l Analyss W anage:

Fuselage-c orphan
mesh analysis in
Airplane product tree

Lirks Manages.1
EELITE - CACCCVE~1yns DS\LOCALS 1 Te

g " Compitations - CADOCUME Ty, J5YLOCALS You can observe that
2 = i Firtc Berr et Modd, 1 there is no link for -

5 Bl Medss and Clerents 9e_°metr'c support in
z #E3 Froperlies.1 Links Manager.1

= ‘I*' i Groups. 1

g ‘,A Larc Caze

§ — A nplicAtinns
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What is Analysis Assembly 2D Viewer

Analysis Assembly 2D Viewer enables you to add or remove a shape, activate or
deactivate an existing shape, and add or remove a product component in Analysis
Assembly. These changes in the Analysis Assembly document is updated using the
Analysis Assembly 2D viewer.

Assembled Analysis Definition 2=

/{rs)lshape 1 [AnatysisSurface 1 CATPart] 2]

f@ B Shape 1 [AnalysisSurfacez CATPart]
=) -
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How to Use Analysis Assembly 2D Viewer

The Analysis Assembly 2D Viewer is used when shapes are activated or deactivated,
and when a part is added or removed from the Analysis Assembly Tree.

@ Double click Analysis Manager

@ Analysis Manager
| EF%; Links Manager.1
3 ‘Tﬁ Link.1 -> D: \Worklng

| e Igmmm
1=~ & Finite Element Model1 |
) ) Click on Analysis X =}
Click on Synchronize Assembly 2D viewer | | g |
button and press OK 3 E 3
Assembled Analysis Definition 21x|
{S‘w Shape 1 [HowToAttachPartl.CATPart] ksl
§1M 2 [f chPartl. ANl
Red color shows newly attached
B Shape 1 [HowToAttachPart2.CATPAr] .
i1 & ST shape is current shape
o Assembled Analysis Definition 2%
'I Synchronize II “g-‘ ) ) l i
2 -
E 7 3 Shape 1 [HowTdittachPart2.CATPart]
5 .
2 Earlier attached Nery attached Shape to C}:ﬂ [ Shape 2 [HowToArtachPart2. Analysis. CATARAlYSis]
3 shape same part to be updated - -
H -
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Analysis Assembly Recap Exercise

This exercise will help you to grasp the concepts of Analysis Assembly
Management.

= Analysis Assembly of Airplane Recap Exercise

Copyright DASSAULT SYSTEMES
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Analysis Assembly

Recap Exercise
% )
‘ 60 min

This exercise is composed of four main steps:
@ Attach shape to each part in assembly

Create Analysis Connections between components

Assign Analysis Connection Property to each Analysis Connection

Apply loads and restraints

Compute global analysis and view results

€ € € ©
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To Sum Up ...

You have seen Analysis Assembly Management:

What is Analysis Assembly

Why use Analysis Assembly

Analysis Assembly Process

What is Shape Representation

What is Analysis Assembly 2D Viewer

A
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To Sum Up ...

You have seen CATIA V5 Generative Assembly Structural Analysis:

Introduction to GAS

How to define Analysis Connections

How to define Face Face Connection Properties
How to define Distant Connections Properties

How to define Welding Connections Properties
How to define Nodes to Nodes Connection Property
Analysis Assembly Management

&, T N N N N &
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Master Exercise

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

= Assembly Analysis Presentation

&= Static Analysis on an Assembly (1): Pre-Processing

= Static Analysis on an Assembly (2): Computation

= Static Analysis on an Assembly (3): Results Visualization
= Static Analysis on an Assembly (4): Publishing Report

Copyright DASSAULT SYSTEMES
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¢

°
c
¢
¢

Copyright DASSAULT SYSTEMES

Exercise

Static Analysis on an Assembly: Presentation

‘ 90 min

In this exercise you will run a static analysis on an assembly.
You will:

Define the Analysis Connections between the parts
Define the Restraints and a Load

Compute the Analysis

Visualize the Von Mises Stresses and the Deformed Mesh
Publish an Analysis Report

Instructor Notes:
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Exercise

Static Analysis on an Assembly (Step1): Pre-Processing

‘ 40 min

Objectives:

« Define the Analysis Connection
¢ Define the restraints
¢ Define the load

Copyright DASSAULT SYSTEMES
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Exercise

Static Analysis on an Assembly (Step2): Computation

‘ 5 min

Objectives:

¢ Define the storage location
¢ Compute the analysis

Copyright DASSAULT SYSTEMES
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Exercise

Static Analysis on an Assembly (Step3): Result Visualization

‘ 35 min

Objectives:

Visualize the Von Mises stress

Visualize the stress on specific parts
Optimize the Color Map for a better display
Use the “Cut Plane analysis”

Animate the deformed mesh

42 % 5% 5% 5
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Exercise

Static Analysis on an Assembly (Step 4): Publishing Report

‘ 10 min

Objectives:

¢ Publish an Analysis Report as HTML file
¢ Customize this Report
& Visualize it
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