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Lesson 6: Assembly Structural Analysis

In this lesson you will learn different approaches to analyze the assembly using
assembly analysis connection properties between assembly components. In addition to
this you will learn how to use virtual parts and distributed mass in Assembly Analysis.

Lesson content:

Case Study: Analysis Assembly of Drill Press Sub-Assembly
Design Intent

Assembly Structural Analysis

Analysis Assembly

Analysis Connections and Connection Properties

Virtual Parts

Distributed Mass

Duration: Approximately 0.25 days
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Case Study: Analysis Assembly of Drill Press Sub-Assembly Student flotes:

The case study for this lesson is the Analysis Assembly of Drill Press Sub-Assembly. The focus of this
case study is to create FE model of the Drill Press Sub-Assembly using Analysis Assembly approach

Introduction to GPS pre- GPS GPS Post- Mesh Assembly

FEA processing Computation processing Refinement Structural

Analysis

Xercis Xercis Xercis Xercis Xercis Xercis
(Case Study) Master Project >>

Drill Press Sub-Assembly Mesh Image
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Design Intent

The analysis must be performed with the following parameters and

component connections :

v

v

<\

The Component level analysis documents for Table and
Housing will be reused in this assembly.

For other components the automatically applied mesh
parameters and properties will be applied.

The components will be connected as follows:
v" Arrigid connection between the Base and

Housing

Movable table

Column.
v A fastened connection between the Column

and Table. <+——— Column
v" Arrigid connection between the Column and

Housing.

The Table is to be loaded with a uniform pressure of 1N
per square meter.

A Rigid Virtual part will be used to represent a sub-
assembly mass load of 10 Kg on a limited area of the

Base

housing lower surface. [ —

The bottom of the base must be fixed. "

The FE model will be checked and computed.

The results must be viewed. s >
Area to be loaded Highlighted area for Rigid
with pressure virtual part support
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Stages in the Process

The following steps are used to perform the case study:

= Learn different Assembly Structural Analysis approaches.

Create Assembly connections.
Apply Connection properties.
Create a Virtual Part.

Create a Distributed Mass.

Copyright DASSAULT SYSTEMES
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Step 1: Assembly Structural Analysis

You will learn about Generative Assembly
Structural Analysis and the different
approaches to perform Assembly

Structural Analysis. To study Generative
Assembly Structural
Analysis use the following
steps:

1. Assembly Structural
Analysis
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What is Assembly Structural Analysis

Assembly Structural Analysis is generally used to perform structural analysis of assemblies.
In this, physical assemblies are modeled using Finite Element Assemblies.

=  While designing, structural analyses of individual
parts are performed. These parts are commonly
components of a product.

" For example, an analysis of a crankshaft
produces the information about the structural,
dynamic response of the component under
an applied load, which can be used to
improve the crankshaft design.

Crank shaft

= A crankshaft is one of the parts of
engine assembly which also contains
connecting rod, pin, piston, bolts etc.

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

Crank shaft in engine assembly
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What is Generative Assembly Structural Analysis (1/5)

The Generative Assembly Structural Analysis (GAS) license
provides functionalities for analysis of assembly, through the
Generative Structural Analysis workbench. It allows you to
define the connections between the 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
using connection properties. It lets you define four different
kinds of connection properties:

Face/Face Connection properties

Distant Connection properties

Welding Connection properties

GPSAeroConnection container

To be able to create the connection properties, you must
have previously defined ‘Assembly constraints’ or ‘Analysis
Connections’ using GAS Workbench. You must ensure that
your assembly is properly constrained (i.e., neither over-
constrained nor under-constrained).

x|
‘OGS

x|
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a9 <

x|
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What is Generative Assembly Structural Analysis (2/5)

When you work with the Analysis workbench, the following assumptions are imposed:

" 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 feature (virtual or not), 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 feature (virtual or not),
then the problem is nonlinear, which means that the
displacement is a non linear function of the load.

Rigid
Connection
property

Linear Problem

Pressure Fitting
Connection

property

Non-linear Problem
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What is Generative Assembly Structural Analysis (3/5)

We have two basic approaches to perform Generative Assembly Structural analysis — Assembly
Analysis and Analysis Assembly

Assembly Analysis:

A

Copyright DASSAULT SYSTEMES

The product document is available. You will
switch to analysis workbench to create
analysis document which will be the only
analysis document in this approach.

The default OCTREE Tetrahedron Mesh
parameters are automatically applied to 3D
components in product structure.

In similar way, 3D Properties are
automatically applied to 3D components.

For 1D or 2D components you will apply
mesh parameters and properties manually.

You will assign Connection Properties
between components either by creating
analysis connections or by re-using existing
assembly constraints.

Finally, analysis of the complete assembly is
performed.

FMnalysis Manager J C . Global analysis
| ii"@; Links Manager.1 Document
| i"t?‘ﬁ} Link.1 -= D:\WorkingFo IderForCompanionj

“’@ - Frokd:qt strucl:tu_re
s-aylparti (Part1.1) i |I3n ed in analysis
| & APt | ocument
@ Part2 (Partl 2) '
#-37Part2
Applications
—-é Results -> C:\DOCUMEwi\xgi\LOCALSNI‘;
—-é Computations -=> C:\DOCUMEml\xgi\LOC.E
:i?‘@ Analysis Connection Manager .1 i Mesh parameters for

r‘_\ Finite Element Model.1 | components and

i =B Nodes and Elements Connection property

—
—4 OCTREE Tetrahedron Mesh.1 : Partl.l: meshes will be

_cd OCTREE Telrahedron Mesh.2 : Part1.2§ created here

—[ﬁ Rigid Connection Mesh.1 @ '

=-F Properties.1 3D Properties will be

: - 3D Property 1 —automatically applied.
5 LD 30 Property 2 | Connection
i —[ﬁ] Rigid Connection Property.1 ‘_?'properties will be
| % Materials.1 | created here
. # A sticcase . -— . Analysis Objects
and results
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What is Generative Assembly Structural Analysis (4/5)

Analysis Assembly: B . __ Global analysis
== L7 Links Manager .1 . Document
A.  The Product document may or may not be Eﬁa J

. C e =uilink.l -=D: \WorkingFoIdelFor(Iom[é
available. However you have individual | li'

component analysis documents.
_ _ 15 Parﬂ (Part1.1) Component analysis
B. In case the product document is available, Pﬁ Analysis Manager «———— document is attached to

attach component analysis documents to ?—@; Links Manager .1 i corresponding component
corresponding components in product Finite Element Model.1 |  in product structure in
document. b4 Nodes and Elements:  Product document itself
T"E? Properties.1
+- A Static Case
r@ Part3 (Part1.2)

*- E] Analysis Manager
—Applications !
— & Results - C:\DOCUME~1'xgi\LOC
— & Computations -> C:\DOCUME~1\xg
@ Analysls Connectlon Manager .1

D. You will assign Connection Properties =~ 4\ Finite Element Model 1 @ g::)npr::‘(t:;i(r)nneshes

C. The component Mesh parameters and
Property information is reused from these
component analysis documents for the
Global Assembly analysis. You can create
mesh parameters and properties in the
Global analysis document for components
not having attached analysis documents.

between components either by creating i %ﬂ Nodes and Flements will be created here
analysis connections or by re-using ; &% Rigid Connection Mesh.1 @ o i i
existing assembly constraints. i = . wonnection properties
9 y : g Properties.1 . will be created here
E.  Finally, analysis of the complete assembly | [ A'\f'at‘_er'éls'l @ . Analysis Objects
is performed. — 2LalC Lase <—————— and results

Copyright DASSAULT SYSTEMES
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What is Generative Assembly Structural Analysis (5/5)

These two basic approaches to perform Generative Assembly Structural analysis are differentiated
as follows.

Assembly Analysis: Analysis Assembly:

A

. —{Fan |
< _.m The Analysis available in
- Part — parts is reused to create
1 the Global Analysis.

A

|« YOUu can directly attach
analysis in product tree.

\

A

| Orphan Mesh Analysis ||<— You can attach orphan
mesh analysis.

\ 4

| Global Analysis |

In this approach you

create the assembly In this approach, analyses of individual parts

and analyze it. in product are available. This analyses are
assembled to form ‘Analysis Assembly’ and
then final analysis called ‘Global analysis’ is
performed.

Copyright DASSAULT SYSTEMES
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Step 2: Analysis Assembly

You will learn about advantages of using
Analysis Assembly approach and how to
re-use existing analysis documents in
approach.

Copyright DASSAULT SYSTEMES

v
2.

To study Generative
Assembly Structural
Analysis use the following
steps:

Analysis Assembly
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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 a product document and directly attach
individual part analysis files in the product
document. These analysis files must be computed
with at least ‘Mesh only’ option, so that it contains
Mesh and complete FE property information .

The Analysis Assembly approach has following
advantages:

. It 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.

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

. It reduces the time required to analyze large
assemblies.

" It facilitates management of analysis data.

Copyright DASSAULT SYSTEMES

Copyright DASSAULT SYSTEMES 13



CATIA V5 Analysis

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 number of shape
representations to a part.

= At atime only one shape can be active.

Manage Representations

<]

tame I Source I Tvpe I Diefault | Ackivated |
Shape 1 DR _17\Development  \WSAWSE .., CATPart wes o I
Shape 2 DeiR 17Development  WWEAIVGA L, CATARAlysis I

Achivate I Deactivate:l Setas Default I

—

Copyright DASSAULT SYSTEMES
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Attaching Shape to Part (1/2)
1. Click on the Part contextual Menu e
Representations -> Manage | =%y Product1
Representations. 4@_‘10;;;;“;; """"
E . ts‘:@_e@_ﬂ;l_ (E’_a_r!:_ Representations
i Selection Mode L3 Azzpeiste (DM s
_— DS oosanpiede ]
Manage Representations _"Iil
. . | Tvpe | Default | Ackivated  Associate, . 2
2. Click Associate button. IWEAWEA_Parts|AAM_SUD_ASET\Blocks.CATPark  CATPart. yes  no e
Reelace...
Eename:,
<] | ¥
Ackivate I I:-eactivate_] Sekas Default | Close ]
3. Select desired CATAnalysis File (shape) Massociate Representation.
related to that part. ‘ 3 cmem
E Mame = I Size I Twpe: |
i EBlobk 2 3_aam 4,310KE CATIA Analysis
@ i BilBlock1 350KE CATIA Part i
E i @Blockl_Z_S_nsby_AAM 19KE (CATIAProduct |
4 | @Blockl_z_ﬁ\sby 4,106 KB CATIA Analysis E
h : & 351 KB CATIAPat |
2 1 2,034KB CATIA Analysis |
] : 351 KB CATIAPart !
E 1 e
g
Copyright DASSAULT SYSTEMES 15
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Attaching Shape to Part (2/2)

. . Manage Representations _"Iﬁl
4.  Select the same file in Manage I I I
. . T: Default | Ackivated  Associate...
Representatlon W|nd0W. IYSANYSA_Parks\aaM_Sub_ASEYIBlocks, & Cnl?l'i‘art '—:'3:'—' ncowa = s
0 e Reelace... I
. . Renames, .. I
5. Click on Activate button.
« 121 L
A —{E Deactivate:] Sebds Defanlt I Close (6
5) ~
4 |
! Part1 (Part1.1) i Mesh and FE .
: [ : ¢ properties information
. P ﬁ Analysis Manager . of part attached to part
6. Click Close button. i T“E%, Links Manager.1 ' model Restraints
E "A Finite Elernent Model. symbol

T—‘% Nodes and Elemenks
?ﬁ Properties.1
| Fhoorccae |

Mesh symbol

Load symbol

Copyright DASSAULT SYSTEMES
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How to Use 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 are updated using the Analysis Assembly 2D viewer.
1. Double-click Global Analysis Manager which M) TEESIEEE(1) |
is shown highlighted ;" Links Manager.1 i
' nng Link.1 -> D:\Working
| wdy TR |
2. Click on Analysis Assembly 2D viewer icon ! £\ Finite Element Model.1 |
3. Click on Synchronize button. The assembled an._E1
analysis definition is updated. =
4. CIiCk OK_ Assembled Analysis Definition . I 2lx|
§5 iShape 1 [HowToAttachPartl.CATFart] =
Red color shows newly attached E e L [Hmt o
shape is current shape Y N —
2l x| ¥ W=at eﬁ‘[HowToAttachPartZ_Analysws2.CATAn|alysi]lz
QSIShape 1 [HowToMtachPartl.CATPart] 2] -SMU
® ,‘L “hape 2 [HowTod tachPart1_An: —_ —
g ' Shape 1 [HowToMtachPart2, CATRart] Earlier attached New|y attached shape to
E’ ‘51 ﬂShapeZ[HowTo achPart2_Analysis, CATANalysis] Shape same part to be updated
5 ¥ WErape 3 [HowToAttachPart2._An:
3
§ -
Copyright DASSAULT SYSTEMES 17
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Analysis Assembly Overview
Step No. General Process FEA Process Steps in GPS Workbench
Dylearti patll)
=g o
; Attach shapes to ; E@% Links Manager 1
parts in product i =~ &\ Finite Element Model.li
E % Nodes and Elements:
i :
192 -
Assign connection
2 and connection
properties
[
~
\ Apply loads and & A siaticcase |
constraints | ieIRestraints.1;
| ¥&lioadst |
5y
~
g Perform global
G 4 analysis and view
5 results

Copyright DASSAULT SYSTEMES 18
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Exercise 6A

Recap Exercise

‘ 15 min

In this exercise you will see which nodes are added to the specification tree in
Assembly Structural Analysis. You will also learn the difference between the
Assembly Analysis Approach and the Analysis Assembly Approach. Detailed
instructions are provided for this exercise.

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

= |dentify different nodes in the specification tree for
the analysis of an assembly

» Differentiate between specification tree structures
of Assembly Analysis Approach and Analysis
Assembly Approach

Copyright DASSAULT SYSTEMES
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Exercise 6A (1/4)
1. Open the Analysis Document.
=  V5A_Ex_6A_Assembly_Analysis.CATAnalysis. i @
a. This is the analysis document created by Assembly F?},Llnks Manager .1 :
Analysis Approach (Traditional Approach) i Lo Link.1->D: \WorklngFolderForl:
! Results - > D WorkingFolderF
2. Observe the Assembly Structure. ! IS ¢ ;
Use the S ification t : hCOmputahons - D \Workmqu
n i i
s¢€ the opeciiication tree. o | F@ Analysis Connection Manager.l !
a. Expand the nodes under the specification tree. | *’é Analysis Connections.1 ;
Finite Element Model .1 i
. ] i Bl Nodes and Elements '
3. Observe the different Analysis 5 B properties.1 .
connections _ _ i f‘@ Materlals.L
=  Use connection manager in the | & A staticc :
specification tree. N
a. Expand the node Analysis ir@ Analysis Connection Manage 5
Connection Manager. 1 E == Ar!ahrsm Connectons.1 E
b. Expand Analysis E #Z- General Analysis Connection.1{Handle_Block, Handle) |
Connections. 1 | éGeneral Analysis Connection.2(Handle_Block, Support) @ |
C. Obser\(e the Gen.eral | E:_«;General Analysis Connection.3(Handle_Block, Support) |
g analysis connections created i (Jeneral Analysis Connection.4{Handle_Block, Connecting_Rod])
& between the assembly =~ Tttt e T
o components.
2
2
Copyright DASSAULT SYSTEMES 20
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Exel‘Cise 6A (2/4) Student Notes:

4. Observe the Mesh Information.
= Use the Nodes and Elements.
a. Inthe node Finite Element model.1,

]
F“_\_ Finite Element Model.1
Eb MNodes and Elements

ex.pand the NOde_S and El_ements' —{} OCTREE Tetrahedron Mesh.1 : Support.l .1 E

b. I In9|UdeS mesh information related , —\—4 OCTREE Tetrahedron Mesh.2 : Connecting_Rod.li

to different components of the : :

Assembly. | —{j QOCTREE Tetrahedron Mesh.3 : Handle_Bloc.1 .

. . . E —{‘- OCTREE Tetrahedron Mesh .4 : Handle.1

c. This also includes the Connection | |

meshes created when the analysis ! ¥ Rigid Connection Mesh.1 i

connections are used between ¥ Rigid Connection Mesh.2

Assembly components. — I Contact Connection Mesh.1 i

! —F4, Mesh.1
5. Observe the properties. =r- 41 Finite Element Model.1
=  Use the Properties node. f‘@a Nodes and Elements
a. Inthe node Finite Element . T L Properties.1 ;
model.1, expand the : — ) 30 Property 1

Properties.1 node. — ) 30 Property.2

b. It contains the 3D properties | — 571 30 Property 3
of the components and also —E7] 30 Property 4
the connection properties

applied to the connections
within the components. l

—[ﬁ] Rigid Connection Property.1
—[ﬁ] Rigid Connection Property.?
—Iﬁ Contact Connection Property.1:

___________________________________________

Copyright DASSAULT SYSTEMES
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Exercise 6A (3/4)

6. Open the Analysis Document.

. V5A_Ex_6A_Analysis_Assembly.CATAnalysis.
a.

b.

This document is created by Analysis
Assembly Approach.

This Global Analysis Document contains the
assembly of component level sub-analysis
documents.

7. Observe the Assembly Structure.
. Use the Specification tree.

a.
b.
C.

Copyright DASSAULT SYSTEMES

Double click the Analysis Manager.
Expand the Links Manager.1.

Expand the Link.1. Model information is
present at this level. When you expand
Drill_Support_Handle_mechanism, you
will see complete assembly structure.

In the node for every component in the
assembly, there is one Analysis Manager.
Sub-analysis level information is present
at this link. You can observe this for every
component.

Analysis Manager

PEE.D Links Manager . 1

'Tﬂ Link.1 -= C:iDocuments and Settlngs

F@ Drill_support_Handle_Mechanism:
Support (Support.1)

,;;. Housing (Support 1.1) @

H -
i Housing (Support.1.1)

FB Analysis Manager
f‘ ity } Links Manager .1
Finite Element Model. 1
=17 Nodes and Elements,
T’Eﬁ‘ Properties.1
#- . static Casc

STUDENT GUIDE

Student Notes:
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Exercise 6A (4/4)

8. Observe the Mesh information.

. Use Nodes and Elements.
a. Expand the Finite Element Model.1.
b.  Expand Nodes and Elements.

c.  This includes the Connection Meshes
created when the analysis connections
are used between Assembly
components.

9. Observe the different Analysis connections
. Use Analysis Connection Manager in the
specification tree.

a. Expand the node Analysis Connection
Manager. 1

Expand Analysis Connections.1

c. Observe the General Analysis
Connections created between the
assembly components.

10. Observe the properties.

" Use the Properties node.

a. Under the Finite Element model.1,
expand the Properties node.

b. It contains the information about

connection properties created in global
analysis document.

[ Pt (o Y- [ 1
I-"}‘ Finite Element Model. i

Modes and Elements
| Eﬁl Rigid Connection Mesh.1 :

rﬂJ Rigid Connection Mesh.2

i} Contact Connection Mesh.1 |

i d Analysis Connections A i
i QGeneral Analysis Confizttion.1{Handle, Handle Block)__ !

éGeneral Analysis Connection.2 (Block, Support)
).

i éGcncral Analysis Conncction.3 (Block, Connecting Rod

i F Properties 1 |
i @: Rigid Connection Property 1 (Handle, Handle Block) i
E [ﬁ— Rigid Connection Property.2 (Handle Block, Connecting Rod

@ Contact Conrection Property.1 (Handlke Block, support) :

STUDENT GUIDE

Student Notes:
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Exercise 6A: Recap

v Identify different nodes in the specification tree for Analysis of Assembly.

v Differentiate between specification tree structures of Assembly Analysis
Approach and Analysis Assembly Approach.

@ nalysis Manager
i”%‘é Links Manager .1
i‘"l‘f‘é} Link.1 -=> D:\WorkingFolderForCompar

"@ Drii_support_Handle_Mechanism #@ Crill_support_Handle_Mechanism

T'_@ Housing (Support.1.1) gHousing (Support.1.1)
&= Constraints

Analysis Manager
’f' %:j:} Links Manager.1
#- 4 Finite Element Model.1

==& |Handle_Mechanism (Handle_Meu:
Tf‘@ Connecting_Rod {Connecting!
@Handle_Bloc (Handle_Bloc.1):

. U stesl
*‘@Hﬁndle (Handle.1) | B o etraints
#-[7]] Constraints | i
EI? traints ' =='%jHc:lnt:lle_l‘\rlechc‘:lnism (Handle_Mechanisim.1)
onstrain !
I ! =-iih, Connecting_Rod (Connecting_Rod.1)
Applications |

-‘E Analysis Mar aue
if-iié Links Manager.1
# 4 Finile Element Model.1

—-é Results - D:WorkingFolderForCompy
—.@ Computations - D:\WorkingFoIderFoﬁ
@ Analysis Connection Manager .1

=\ Finite Element Model.1 — @ Steel
%é Nodes and Elements i""f& Handle_Bloc {(Handle_BEloc.1)
[ Properties.1 ?E Analysis Managear

?i\?}_ 1 inks Manager .1
#- 4. Tnite Clement Model.1

(EF Materials .1
+- Static Case

g

Copyright DASSAULT SYSTEMES
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Step 3: Analysis Connections and Connectlon
Properties

You will learn what is Analysis
Connect_lon and h0|./v to assign different To study Generative
connection properties to connect two Assembly Structural

components in assembly. Analysis use the following
steps:

v
4
3

Analysis Connections and
Connection Properties

Copyright DASSAULT SYSTEMES
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Why Use Connections and Connection Properties

. In the finite element model, you must define how the parts of
an assembly interact with each other. GAS connections are an
easy way for you to define interactions between parts without
modeling all the physical details of the joint. A wide variety of
connection types and connection properties are provided to
model physical assembly connections.

. When parts are connected to each other, the relationships
between the translational and rotational degrees of freedom at
the connection are well defined. The characteristics of these
relationships are determined by the structural properties of the
connection itself.

. For example, when two parts are connected with a spring
joint, the spring stiffness plays a role in how forces are
transmitted from one part to the other. This stiffness will
dictate how the connected parts move relative to each other.

. You can utilize the constraints defined in assembly in order to
define connection physical properties.

Copyright DASSAULT SYSTEMES
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Using Assembly Constraints for Analysis Connections

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

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

- = ,} k|
CPrAToHT o H 2§ =<aas
Constraints Equivalent Analysis Connection
ﬁ Coincidence constraint é General Analysis Connection
@ Contact constraint g_; Line Analysis Connection
.-,;"ﬁ Offset constraint é‘: Point Analysis Connection
éﬁz Fix constraint Q Surface Analysis Connection

Copyright DASSAULT SYSTEMES
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Applying General Analysis Connection

General Analysis Connection is used for connecting parts of an assembly, with or without handler
point. This operation can be performed between any type of geometry.

Follow the steps given below to create a General Analysis Connection between a piston pin and
connecting rod: ]
1. Click on the General Analysis éz! %Qﬁr Qﬁ-’ 97

Connection icon.

2. Select the outer surface of the Pin
which is in contact with Rod as First
component.

3. Select the inner surface of the Rod
in contact with Pin as Second
component.

4. Click OK.

First Component as Second Component as
Outer surface of Pin inner surface of Rod

:r““““""_'-'"““""_ _____________________ Marme | General Anakysis Connection, 1 |

;@ Analysis Connection Manager .1

1 ‘ . . | First component | 1 Face %

! Analysis Connections.1 '

________ %77 General Analysis Conmection 1 | pecond conproe: SR e
Handler point == Cleuay

o Cancel I

Copyright DASSAULT SYSTEMES
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Other Analysis Connections

There are other types of Analysis connections under Analysis Support toolbar. These connections are
used for the different purposes as shown in the table.

Analysis Connection Use

Point Analysis Connection Used for projecting welding points onto parallel faces, on an
assembly model

Point Analysis Connection within one Part | Used for projecting welding points onto parallel faces of the
same part

Line Analysis Connection Used for simulating welding seam onto parallel faces, on an
assembly model

Line Analysis Connection within one Part Used for simulating welding seam onto parallel faces of the

same part
Surface Analysis Connection Used for simulating welding surface onto parallel faces, on an
assembly model
Surface Analysis Connection within one Used for simulating welding seam onto parallel faces of the
Part same part
Points to Points Analysis Connection Used to connect two sub-meshes
Point Analysis Interface Used to create point analysis interface

Copyright DASSAULT SYSTEMES
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Creating 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.

N o <| ) """"""""""""""""
@Anahrsis Connection Managef”

1. Right click on the Analysis Connection

This Contextual menu is available only
if at least one analysis connection is
created.

. ier . f ; Zente’ graph

Manager node in the specification tree. | #25 analysis Connections 1 e .
=~ @ Finite Element Model.1 = » = i
2. Select Insert Analysis Connections Set ; &2 Nodes and Elements B Propeties |
from the contextual menu. | #-5¥ Properties.1 ] opensub-Tres ;
5% Materials.1 & Gt S |
. . ! . o 1 ,
3. Set of Analysis connections get added | #-gh Static Case %f i z;: :
. . 1 aste H
under the Analysis Connection Manager. : - _ :
! Faste Specid... !

i Delete Del

®

1 &
é’il Analysis Connection Manager.1

é}mal s5j

éjﬂ.nalysis Connections.2_X

nnections.1
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Creating Analysis Connection under Specific Set

You can create an analysis connection under the required set of connections.

1.  Click on the General Analysis Connection

o il ﬁl
icon.
YLEE L=< =
2. Select the set of analysis connections under ———
which you want to create the analysis

connection. (Select Analysis connection.2).

@ Analysis Cormeclion Manager .1

Analysis Connections.1

3. The General Analysis Connection dialog box
appears. Name the analysis connection as
General Analysis Connection Moving_Jaw and
Body.

4.  Select the First component and second
component as per requirement.

éGeneral Analysis Connection Moving_Jlaw and Plate

éGeneml Andlysts Cormeclion Body and Plale

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

ConneCtionS First component |2 Faces %
e i 4)y—
rg Analysis Connection Manager .1 Second companent %

2 Analysis Connections.1

Marne |General Analysis Connection Moxving J:

Handler point (Mo selection

?:?:General Analysis Connection Moving_law and Plate

@ ok | lﬂCancel_I

=% Analysis Connections.2 5
&

éGeneral Analysis Connection Body_and Plate
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Applying a Fastened Connection Property

A Fastened Connection property is the link between two bodies which are fastened together at their
common boundary. The two bodies behaves as if they were a single one, however they can have
different material properties. A Fastened Connection takes into account the elastic deformability of

the interface. :
£
Follow the steps given bellow to apply fastened |
Connection Property. @ @g @@ % %@
_/

1. Click on the Fastened
Connection icon.

2. Select the constraint previously created in
Product Design workbench or appropriate
Analysis Connection in Supports field.

Generally you can select one of the
constraint from contact, coincidence and
offset constraints, or a General Analysis
Connection of any type except pomt/pomt

type, as a support.

o o O x
5. oiek oK Fastened comnect S e -
T, TTTTTTTTTTTTTTTTTTTTTTITTITTITT Marne |Fa5|:eneu:| iZonneckion Pr.
5 30 Property.3 :
E iilalnlel el 1 ZOniskraink
71 3D Property 4 :
{7 Fastened Connection Property.1 = @ucaval

A symbol representing
the Fastened Connection
Property appears

STUDENT GUIDE

Student Notes:
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Applying Contact Connection Property

A Contact Connection is the link between the two part bodies which are prevented from inter-

penetrating at their common boundary. The two bodies are free to move arbitrarily relative to each other
as long as they do not come into contact or within a user-specified normal clearance. When they come
into contact or are at the clearance distance, they can still separate or slide relative to each other in the
tangential plane, but they cannot come any closer than the user-specified clearance.

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

Follow the st i bellow t ly Contact =
ollow the steps given bellow to apply Contac

Connection Property. : i) ;@E & & &b o
1. Click the Contact Connection icon. U

2. Select the constraint previously created
in the Assembly Design/Analysis
Connection workbench, for Supports.

Generally you can select one of the
constraint from contact, coincidence and
offset constraints, or a General Analysis
Connection of any type except
point/point type, as a support.

3. Click OK.

Contact Connection PRoW: s .1

Marme ICDntact Conneckion Property |

A symbol Supports 2
representing [ cClearance | Omm
the contact

Connection [ Frickion ratio iD.S |

appears ||:| Mo sliding |

@ @ ok | @ cancel |

Copyright DASSAULT SYSTEMES
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Applying 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, created at the midpoint between centroids of the two systems of points represented by the
nodes of the two meshes, is connected by a rigid beam element to each node of the first and of the second

meshes. =

Follow the steps given bellow to apply Rigid Connection Property.

1. Click the Rigid Connection icon.

2. Select an assembly constraint : ‘coincidence’

Generally you can select one of the
constraint from contact, coincidence and
offset constraints, or a General Analysis
Connection of any type, as a support.

3. Check the Transmitted Degrees of
Freedom option to transmit some
required Degrees of Freedom to the
distant connection, if needed.

4. Click OK.
| Fe 3DProperyd : Mame | Rigid Connection Property, 1
i (77 3D Property 4 | A symbol [ .
: 577 3D Property.5 | representing & pore
ﬂ] : i the ngld [1 Transmitted Degrees of Freedom
Rigid Connection Propertyl; Connection
______________________________ Property : @ cancel |
appears -

STUDENT GUIDE

Student Notes:
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Applying Bolt Tightening Connection Property

The Bolt Tightening Connection is a connection that takes into account pre-tension in a

bolted assembly.
y x|

Follow the steps given bellow to apply Bolt

Tightened Connection Property. | &7 & & [@r @ %
1

1.  Click the Bolt Tightening
Connection Property icon.

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

Generally you can select one of the
constraint from contact, coincidence
and offset constraints, or a General
Analysis Connection of any type, as a
support.

Marne |Eh:-II: Tightening Connection Prof |

supports [T

7 \

Tightening Force |10 \:}J

Orientatin:nnl@ppu:usite < 4 > :l
1 & Cancel l

3. Enter the value of Tightening force.

4. Select the Orientation as Same or
Opposite as per requirement.

5. Click OK.

¥ Properties.1

Eﬁ 3D Property.1
Eﬁ 3D Property.2

A symbol representing the Bolt
Tightening Connection Property
appears
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Exercise 6B

Recap Exercise

. 30 min

In this exercise, you will use Analysis Connections and Analysis Connection
Properties. Detailed instructions are provided for this exercise.

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

= Create General Analysis Connections

= Create Analysis Connection Properties using
General Analysis Connections

= Create Analysis Connection Properties using
Assembly Constraints

Copyright DASSAULT SYSTEMES
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Exercise 6B (1/11)

1. Open a Analysis Document.

" V5A_Ex_6B_Analysis_Connections_Start. CATAnalysis.

2. Create Assembly Analysis Connection between
Handle and Handle Block.

. Use General Analysis Connection for Handle
and Handle Block.

a. In Analysis Connections toolbar, click on
General Analysis Connection. Name the
Connection as General Analysis
Connection.1_Handle 1 in Name field.

b.  Select the surface of Handle.1 which is in
contact with Handle Block as First
Component (Hide the
Handle _Bloc(Handle _Bloc.1) to select the
exact surface. )

c.  Select the cylindrical surface of hole in Block
surface as shown in Second Component
(Hide the Handle(Handle.1) to select the
exact surface).

d. Click OK.

.'£ Analysis Connection Manager.1
| ==~ Analysis Connections.1

. T

Copyright DASSAULT SYSTEMES

First Component

General Analysis Connectios :

Second Component

=10l

Mame |eral analysis Connection. 1 _Handle: 1

Firsk componenkt | 1 Face

Second component |1 Face

B
B

Handler point 2= eyl

- ﬂEanceII
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Exercise 6B (2/11)

3. Assign Connection Property to the created
connection.
=  Assign Rigid Connection Property to General
Analysis Connection.

e. In Connection Properties toolbar, click Rigid
Connection Property icon.

f. In Name field enter Rigid Connection Property
Handle and Handle Block.

g. Select Supports field, then in Analysis Connection
Manager.1 > Analysis Connections.1, select
General Analysis Connection.1_Handle 1.

h.  Click OK.

I N S S e

(77 3D Property .10
£71 3D Property.11

A symbol representing
the Rigid Connection
Property

Copyright DASSAULT SYSTEMES
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gj Analysis Connaction Manager .1
| =& Analysis Connections.1

llalalal e 1 Analysis conneckion

L] Transmitted Degrees of Freadom
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4. Create Contact Connection between Handle Block and
Housing.

=  Use Surface Contact assembly constraint to apply x| x|
Contact Connection Property. ﬁ ‘Q "§ @ @ &7 [ﬁl @ &

a. InFace To Face Connection Properties toolbar,

click on Contact Connection Property icon. ( a)
b. In Name field enter Contact Connection Property —

Handle Block and Housing. Contact Connection Prodss =] .3
c.  Select Supports field, then click the Surface Name [ty Hardle Block and Housing |

Contact.12 Assembly constraint from assembly level
constraints as shown. @
d. Click OK. (] Clearance | 1mm

Ul @ Cancel I @

Supporkts

51 3D Property 10
[:l’j 3D Property.11
1@ Riyid Cormeclion Proper Ly Handle and Hanidle Blodk

A symbol
representing the
Contact Connection
Property

Copyright DASSAULT SYSTEMES

Copyright DASSAULT SYSTEMES 39



CATIA V5 Analysis

Exercise 6B (4/11)

5. Create Fastened Connection between Handle Block
and Connection Rod.

. Use Surface Contact assembly constraint to apply
Fastened Connection Property.

a. InFace To Face Connection Properties
toolbar, click on Fastened Connection
Property icon.

b. In Name field enter Fastened Connection
Property Handle Block and Connection Rod.

c. Select Supports field click the Surface
Contact.2 Assembly constraint in
Handle _Mechanism sub-assembly in product
structure.

d. Click OK.

[T 3D Property.11
ﬂﬂﬂRigid Connection Property Handle and Handle Blnck

ﬁ] Contact Connection Property Handle Block and Housing

A symbol representing
the Fastened
Connection Property

Copyright DASSAULT SYSTEMES

Connection Prop x| x|
g L B AR ﬂ@ﬁ@@&
2O, G2)

i‘ Constralnts
' ﬁ; Fix.20 {Cormecling_Rod.1)
ﬁ Coincidence.l {(Handle_Bloc.1,Connecting_Rod.1)
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Exercise 6B (5/11)

6. Create Fastened Connection between Connection Rod
and VIS D8 Bolt.

. Use Surface Contact assembly constraint to apply
Fastened Connection Property.

a.

b.

d.

In Face To Face Connection Properties toolbar,
click on Fastened Connection Property icon.

In Name field enter Fastened Connection
Property Connection Rod and VIS _D8 Bolt.

In Supports field click the Surface Contact. 14
Assembly constraint in Handle _Mechanism sub-
assembly in product structure.

Click OK.

i Contact Connection Property Handle Block and Housing

Lﬁl Fastened Connection Property Handle Block and Connection Rodi

Copyright DASSAULT SYSTEMES

__________

A symbol
representing the
Fastened
Connection Property

Izﬁ Coincidence 7 (Handle.2Handle_Bloc.1)

Name |n Red and YlE_Da Bolt( 6b

Supporks

6¢c
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Exercise 6B (6/11)

7. Create Fastened Connection between VIS_D8 Bolt
and Bearing.

=  Use General Analysis Connection to apply

Fastened Connection Property.

a. Create a General Analysis Connection
between VIS_D8 bold upper surface and Bearing
inner surface.

b.  Name the connection as General Analysis
Connection VIS_D8 Bolt and Bearing.

c. Create Fastened Connection Property with
name as Fastened Connection Property VIS_D8
Bolt and Bearing.

d. Assign Fasten Connection Property with
General Analysis Connection as support.

e. Click OK.

—ﬁ Rigid Connection Property Handle and Handle Block

—Eﬁl Contact Connection Property Handle Block and Housing
— & Fastened Connection Property Handle Block and Connection Rod-
—Lﬁl Fastened Connection Property Connection Rod and VI5_D3 Bolt !

Copyright DASSAULT SYSTEMES

First component Second component

=10l

7
Mame |is Conneckion Y1508 Bolk and Bearing EB

First companent P [

Second component |1 Face

B

[
(Handler point {Mo selection

1 & Cancel I

@ Mame |IS_DEi Bolt and Bearing

Fastened Col ;lglil
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Exercise 6B (7/11)
Create Contact Connection between Support Plaque and
Bearing.
. Use General Analysis Connection to apply Contact First
a. Create a General Analysis Connection between
Support Plague upper surface and Bearing outer
surface.
b.  Name connection as General Analysis Connection
Support Plaque and Bearing.
c. Create Contact Connection Property with Name as
Contact Connection Property Support Plaque and
Beari ' Second
earing. r component
d. Assign Contact Connection Property with General ;
Analysis Connection as support.
e. Click OK. —— | o
b AN nection A [l[EY
Mame ||:|nnecti|:|n Suppart Plague and Bearing (SD
Fir st cnmpu:unentll Face %
2 ; ] @ cance Second n:u:-mpn:nent %
5 Handler point (Mo seleckion
g & Fastened Cornection Property Connection Rod and VIS_D8 Bolt . E‘_ﬂ_“f_'_l
3 E@ Fastened Connectlon Property VIS_D3 Bolt and Bearing i
I~ ! Gontact Connection Property Support Plaque and Bearing |
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Exercise 6B (8/11)

9. Create Contact Connection between Support Plaque .
Face Face Conneckion
and Barrel.

J
" Use Surface Contact assembly constraint to apply &y '@i‘[ﬁ] @v @ &
Contact Connection Property. 9a
a. InFace To Face Connection Properties .
toolbar, click on Contact Connection Property  Mabaaliilsasili =10
icon. Marne | by Support Plaque and Barrel 9b

b.  Name Connection Property as Contact Supports w 9c

Connection Property Support Plaque and Barrel.
[ clearance | 1mm

c. In Supports field select the Surface Contact. 13
in Drill support sub-assembly constraint as
shown in image.

x|

& Cancel l

d. Click OK. C@ Canella_Axis (Canella_Axis.1)

i' Constraints
Etﬂ Nastened Connection Property VI5_D¢ Bolt and Bearing | !

Azrix.d (Barrel.1) .
ﬁ(}oincidence 12_Bolt3 (Barrel.1,Support_Plaque. 1)

ﬁ] Contact Connection Property Support Plaque and Bearlng

A symbol
representing the
Contact Connection
Property

Copyright DASSAULT SYSTEMES
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10. Create Fastened Connection between Support Plaque
and Barrel Holes.

. Use coincidence a_ssembly constraint to apply Fastened Connecthu =] e
Fastened Connection Property. '
a. InFace To Face Connection Properties toolbar,1@NamE JEasene e e
click on Fastened Connection Property icon. Ewlefel) 1 Constraint G@
b. Name annection Property as Fastened @ ok l‘i cancel |
Connection Property Support Plaque and Barrel [
Hole1. e
c. InSupports field, click the Coincidence.14_bolt1 i‘f'gﬂCa"e"a_Axis (danella_Axis.1)
Assembly constraint from Drill Support sub- '[7]] Constraints
assembly. QEFix.l (Barrel1)
d. Click OK. 42 Coincidence[1 2_Bolt3 (Barrel.1,Support_Plague.1)!
@Surface contact.13 (Barrel.1 Support_Plaque.1)
. In the similar way, create Fastened Connection 5 ﬁ_

Property using Coincidence.15_bolt2 and
Coincidence.12_bolt3.

-

A symbol
representing
the Fastened
Connection
Property

Copyright DASSAULT SYSTEMES
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11. Create Contact Connection between Barrel and
Support Housing.

. Use Surface Contact assembly constraint to apply

Contact Connection Property. Contact Connection Progsis ] .4
a. InFace To Face Connection Properties Name [ Barrel and Support Housing |’
toolbar, click on Contact Connection Property.
Supparts 11c

‘V

b.  Name the Connection Property as Contact
Connection Property Barrel and Support Housing [ clearance [ 1mm

c. Inthe Supports field, click the Surface
Contact.34 Assembly constraint from Assembly -
level constraints.

d. Click OK.

4| & Cancel I

ﬁ Angle .30 (Suppart.1 Handle_Mechanism.1) i

~Applications

Copyright DASSAULT SYSTEMES
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Exercise 6B (11/11)

12. Create Rigid Connection between Support Plaque and
Candela Axis.

=  Use General Analysis Connection to apply Rigid
Connection Property.

a. Create a General Analysis Connection between
Support Plague and Candela Axis as shown.

b.  Name connection as General Analysis Connection
Support Plaque and Candela Axis.

c. Create Rigid Connection Property with Name as

First component Second component

Rigid Connection Property Support Plaque and General Analysis Connection =101x]
Candela Axis. O e EZb
arme | CLlor SUppar agque an Ardelg Hxls
d. Assign Rigid Connection Property with General — -
Analysis Connection as support. First component |1 Face B
e. Click OK. Second component |1 Face %

13. Check All Connections using Model Checker.
. Use Model Checker Connections Tab.

oSS ssssssSsSSS s SEmss s m m s s s s s e s 1
Model Checker ‘-

|Han|:||er T g [l seleckion

1 & Cancel I

' The whale model is consistent

1
1
1 1
1 1
] 1
: i o fon Prope. s [=] -3
- i Bodies | Connections | Others | ! e
w 1
= v | Product | Constraint i @ Marne | ort Plague and Candela Axis|
= 1 N " 1
@ ' Handle_Mechanism. 1 Fix.20 !
@ i | Cril_Suppart, 1 Fix.1 ' =llalalel - 1 Analvsis conneckion 12d
- [ . P 1
E ' Drill_Support. 1 Coincidence. 12_Bolt3 !
4 q :
2 ¢ |Dril_Support.1 Surface contact.13 ! [ Transmitted Degrees of Freadom
2 | Drill_Suppart. 1 Coincidence., 14_bolk1 )
2 1 Drill_Support, 1 Coincidence. 15_Balk2 1
o . Drill_Support. 1 Coincidence, 17 ] ﬁ Ik I w Cancel I
z i | Drill_Suppart. 1 Cffset. 18 1
§ :_ - -'}-.E“__l:--E-pr de e e e e e L= bk S e c e S : ‘
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Exercise 6B: Recap

v Create General Analysis Connections.

v Create Analysis Connection Properties using
General Analysis Connections.

v Create Analysis Connection Properties using
Assembly Constraints.

i —41 OCTREE Tetrahedron Mesh.10 : Support_PIaque.Li
—4 OCTREE Tetrahedron Mesh.11 : Canella_Axis.1

' 6% Rigid Connection Mesh.1

— (! Contact Connection Mesh.1

—E@ Fastened Connectlon Mesh.1

—Lﬁ' Fastened Comnection Mesh.2

—@ Fastened Comnection Mesh .2

— 4 Contact Connection Mesh.2

—ﬁl Contact Connaction Mesh.3

— 7 Fastened Connection Mesh.4

— (! Fastened Cornection Mesh.5

—L@ Fastened Connection Mesh.6

—ﬁ' Contact Connection Mesh 4 '
! —@ Rigid Connection Mesh.2 :
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Step 4: Virtual Parts

You will learn what are virtual parts and
how to use them.

Copyright DASSAULT SYSTEMES
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To study Generative
Assembly Structural
Analysis use the following
steps:

Virtual Parts
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Student Notes:
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What iS Virtual Part (1/2) Student Notes:

Virtual Parts represent bodies for which no geometry model is available, but which play a
role in the structural analysis of single part or assembly systems. Virtual Parts are connected
to component in assembly and used to transmit displacement at a distance. Following are
different types of Virtual Parts.

Virtual Part Icon Description

Rigid body acts as a mass-less rigid object which stiffly
________ transmit actions (masses, restraints, loads), while locally
Rigid Virtual :i]j ! stiffening the deformable part to which it is attached. It does

Part not take into account the elastic deformability of the parts to
which it is attached.

Rigid body acts as a mass-less rigid object which softly
transmit actions, without stiffening the deformable part to

Smooth which it is attached. It does approximately take into account

Virtual Part ﬁﬁ] the elastic deformability of the parts to which it is attached.

Copyright DASSAULT SYSTEMES
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What is Virtual Part (2/2)

Virtual Part Icon Description

Rigid body acts as a mass-less rigid object which transmit
actions, while preventing from body inter-penetration and
________ thus without stiffening the deformable part to which it is
Contact i ﬁ] ! attached. It does take into account the elastic deformability of
Virtual Part the parts to which it is attached.

Elastic body acts as a 6 DOF spring in series with a mass-less
________ rigid body which will stiffly transmit actions, while stiffening

Rigid Spring 5@@5 the deformable part to which it is attached. It does not take
Virtual Part into account the elastic deformability of the parts to which it
is attached.

Elastic body acts as a 6 DOF spring in series with a mass-less
rigid body which will softly transmit actions, without

Smooth stiffening the deformable part to which it is attached. It does
Spring Virtual ; -@@ approximately take into account the elastic deformability of
Part | the parts to which it is attached.

Copyright DASSAULT SYSTEMES
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Creating Rigid Virtual Part
You will see how to create a rigid virtual part to transmit x|
the action. J .ﬁ] ﬁ] .ﬁ] @I\Eﬂ @@
Follow the steps given below to create Rigid Virtual Part. 1)

U

1. Click on Rigid Virtual Part icon in Virtual
Parts toolbar.

2. Select the required face in the support field.

3. Inthe Handler field select the Handler point
through which the action will transmit.

4. (Click OK. Select Face

as support

________________________________ Rigid Yirtual Patl o [m] 55

45 Finite Element Model.1 !
Ef.% Nodes and Clements | Marne | Rigid Yirtual Part.3
1=~ Properties .1 i [Bupparts |1 Face

! SI3DProperty.l | |Handier
J[Rigid Virtual Part.3 , o
J & Cancel I

Select Handler

/ point if required

Copyright DASSAULT SYSTEMES
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Step 5: Distributed Mass

You will learn what is a distributed mass
and how to use it.

Copyright DASSAULT SYSTEMES

To study Generative
Assembly Structural
Analysis use the following
steps:

Distributed Mass

STUDENT GUIDE
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What is a Distributed Mass

The Distributed Mass is used to represent purely inertial systems such as additional equipment.
The distributed mass is the point mass equivalent to the total mass concentrated at a given point.
Generally it is distributed on a virtual part or on a geometric entity.

For virtual parts the total mass is concentrated at the handler of the virtual part. To consider the
weight of the virtual part, acceleration is coupled with the mass.

The distribution behavior depends on the selected support.

Selected Support Distribution Behavior

Punctual geometries OR

. The mass is equally distributed along each node of the selection
Spatial groups

1D geometries/groups The mass is translated along equivalent Line Mass Density
2D geometries/groups The mass is translated to equivalent Surface Mass Density
Virtual parts The total mass is concentrated to Handler point of the virtual part

Copyright DASSAULT SYSTEMES
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You will see how to create a Distributed Mass.

1. Click on the Distributed Mass icon.

2. Select the handler point as
Supports.

3. Enter the value of Mass.

4. Click OK.
-?-}@;\a}ééé-@;i ----------------- Distrihuted Mass = I EILEI
_________ i1 Distributed bass.1 eme [Distrbuted Mass.1
SUpporks %
A symbol representing Mass | kg (3)
the Distributed Mass ;
@ K I & Cancel ]
appears - ,4\
-/
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To Sum Up

In the following slides you will find a summary of the topics covered in this lesson.
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L Assembly Structural Analysis

Assembly Structural Analysis is generally used to
perform the structural analysis of assemblies, by
modeling the physical assemblies using Finite
Element Assemblies.

To simulate the real connection behavior you can
define connections between different assembly
components and assign different types of
connection properties to these connections, using
GAS license through Generative Structural Analysis
workbench. You can also use ‘assembly constraints’
as a support to assign the connection properties. Assembly Analysis Approach

A
)
Q
=
-

Tl

A

Y

In the Assembly Analysis approach, the product
document is available. You need to mesh and apply
the properties. Assign the connection properties
between the components. Finally the analysis of the <«—| Part1 |
complete assembly is performed. '

In the Analysis Assembly approach, the product
document may or may not be available. However <
you have individual component analysis

documents. Attach the component analysis

document to the corresponding component in the
product. The component mesh parameters and <
Properties information is reused from the
component analysis documents for the global
analysis. Finally analysis of the complete assembly
is performed.

| Orphan Mesh Analysis |

\ 4

| Global Analysis |

Copyright DASSAULT SYSTEMES
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L Analysis Assembly

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

In case a product is not available, you can create a

product document and directly attach individual part
analysis files in the product document. You can also
attach orphan mesh analyses to the product.

The analysis document which is alternate shape
representation of the part document, is attached to the
part using ‘Manage Shape Representation’ option.

With this approach of Analysis Assembly it is possible
to mesh individual parts in an assembly simultaneously
by different users at different locations.

L Analysis Connections and Connection Properties

In the finite element model, GAS connections are
an easy way to define interactions between the
parts without modeling all the physical details of
the joint.

General Analysis connection is used for connecting
parts of an assembly with or without handler points.
You can create different sets of analysis
connections as per requirement.

You need to choose the proper connection
properties to simulate the real behavior of the joint.
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L Virtual Parts

Copyright DASSAULT SYSTEMES

Virtual parts represent bodies for which no
geometry model is available, but which play an
important role in the analysis of the single part or
assembly systems. Virtual parts are connected to
components and are used to transmit the
displacement at a distance.

Following are the different types of virtual parts:
v Rigid Virtual Part

v' Smooth Virtual Part.

v Contact Virtual Part

v" Rigid Spring Virtual Part

v' Smooth Spring Virtual Part

Distributed Mass

The Distributed Mass is used to represent purely
inertial systems. The distributed mass is the point
mass equivalent to the total mass concentrated at
a given point.

Generally it is distributed on a virtual part or on a
geometric entity. For virtual parts, the total mass is
concentrated at the handler point of the virtual part.
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| Main Tools (1/2)

Analysis Assembly

n 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.

Analysis Supports

B General Analysis Connection: connects two or
more parts of an assembly, with or without a
handler point.

Face Face Connection Properties

E Fastened Connection Property: creates a link
between two bodies which are fastened together
at their common boundary.

n Contact Connection Property: creates link
between two part bodies which are prevented
from inter-penetrating at their common boundary.
The two bodies are free to move arbitrarily
relative to each other as long as they do not
come in contact.
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L Main TOOIS (2/2) Student Notes:

Face Face Connection Properties =

B Rigid Connection Property: creates link B Sleoegays

between two bodies which are stiffened and
fastened together at their common boundary, and
will behave as if their interface is infinitely rigid.

Distant Connection Properties =l
H Bolt-tightening Connection Property: creates J @ &y &7 @ @ &
connection that takes into account pre-tension in
a bolted assembly. 6]
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Exercise 6C

Recap Exercise

. 15 min

In this exercise, you will use Virtual Part and Additional Mass features. Detailed
instructions for new topics are provided for this exercise.

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

= Create Virtual Parts

= Create Additional Mass
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Eer‘Cise 6C (1 /3) Student Notes:

1. Open a Analysis Document.
. V5A_Ex_6C_Virtual_Parts_Distributed_Mass_Start. CATAnalysis.

2. Create Virtual Part. |
=  Create a Rigid Virtual Part on Candela Axis |

which represents the pulley. 4 A7 }@.@@ ¢

a. In Virtual Parts toolbar, click Rigid Virtual @
Part |coln. S Rigid Yirtual Part S m] B3]

b.  Name virtual part as Rigid Virtual Part for '
Pulley. Marne | Rigid Yirtual Part For Pul

c.  Select the highlighted face in Supports field as Supparts (29
shown in Image. Handler |Mao selection

d. Click OK.

Select face
i as Support
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. Student Notes:
Exercise 6C (2/3)
3. Add Pulley mass to virtual part
=  Create a Distributed mass on the virtual part -L;g—
a. Click Distributed Mass icon. If the Masses i e oo
toolbar is not available, right-click on ; _ &:“a“: - !
Analysis Manager > Finite Element Model. 1 i pﬂmjn: |
> Static Case to open contextual menu. O:n = . ;
Select Create Preprocessing Set > i = i
Masses. Click on Masses. Masses toolbar Delete Del ;
will get activated. Click on Distributed i = i
MaSS ICOﬂ E Reorder Children i
Enter Name as Distributed Mass for Pulley L e __@__M_af_ef _@
c.  Selectthe virtual part Properties.1 > Rigid — — =
Virtual Part for Pulley from specification Distributes Sy =101 |
tree in Supports field. Marne | Distributed Mass of Pulley |
d. Enter 7 Kgin Mass field. supports RN By
e. Click OK.
Mass | 1kg
i & Cancel I
g Distributed
£ Mass symbol
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Exercise 6C (3/3)

x|

4. Convert pulley mass into Load
=  Apply Gravitation acceleration to Pulley mass

J@@ g\s?%%g

a. In Loads toolbar, click on the Acceleration

icon.

b.  Select the Rigid Virtual Part for Pulley from
specification tree in Supports field .

c. Enter-9.87m s2in Z field. Suppurts 1 Wirtual part

d. Click OK.

@ Restraints.1
r@Loads 1 !
I %j; Distributed Force. 1

_ Distributed
Mass symbol

5. Compute the Model and visualize results.

Z|-9.81m_52

Marne | Acceleration, 1

—hxis Swskem

Type IGIn:nI:uaI j
[ ] Display locally

—acceleration Yector

Morm | 9.81m_s2

4 I Om_sz2

Y | Om_s2

1 @ Cancel I

=101

. Use Model Checker to validate the model.
" Compute the Model by setting Result file paths.
=  Visualize Displacement and Von Mises contours.
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Exercise 6C: Recap

v" Create Virtual Parts.
v" Create Additional Mass.
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won Mises Sfress (nodal values). 1
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7742003
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CATIA V5 Analysis

Case Study: Analysis Assembly of Drill Press
Sub-Assembly

Recap Exercise

‘ 30 min

You will practice what you learned, by completing the case
study model. In this exercise, you will analysis Drill Press
Sub-assembly using Analysis Assembly approach. Recall the
design intent of this model:

Housing

Attach the Shapes (Analysis Documents) - Table

Create Assembly connections
Apply Virtual Part

Apply Additional Mass

Apply the Load <4— Column
Apply Boundary condition
Compute the assembly
Display the results

AN NI NI N N Y NN

Base
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Case Study: Introduction

The case study for this lesson is the Analysis Assembly of Drill
Press Sub-Assembly. The focus of this case study is to create FE
model of Drill Press Sub-Assembly using Analysis Assembly
approach. You will perform following steps in order to achieve this.

Attach the Shapes (Analysis Documents).
Create Assembly connections.

Apply Virtual Part.

Apply Additional Mass.

Apply the Load.

Apply Boundary condition.

Compute the assembly.

Display the results.

© N O~

Drill press ub-Assemny Mesh Image
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Design Intent (1/2)

v"In this case study you will follow Analysis Assembly approach to
analyze assembly. There are four components in this assembly.

. Base

=  Column

" Table (Movable Table)
" Housing

iﬂ'gj CrillPress

i r@gj Stand (Stand 1)

| o m—
B Column (Column.1)

! E]Constraints
L 8 ’ﬁ,‘ Support (Support.1)
! it Constraints

T‘"‘ Constraints

v' The Component level analysis documents for Table and
Housing are available. You will reuse these documents in
this assembly. For other components mesh parameters and
property will be automatically applied when you will switch to

GPS workbench.

= Attach corresponding Analysis Documents for Table

Copyright DASSAULT SYSTEMES

and Housing components in Product document.
=  Switch to GPS workbench.

Housing

Table

<4— Column

Base
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Design Intent (2/2)

v' The components will be connected to each other in following
manner.

" Rigid connection between Base and Column.
= Fastened Connection between Column and Table.

. Rigid Connection between Column and Housing.

v' The Table is loaded with uniform pressure of 1N per square

meter in area shown.

v' The highlighted area in housing has mass load of 10 Kg to
simulate the mass load of subassembly mounted on this
surface as support. You will use Rigid Virtual part as support
for mass.

=  Apply this mass Load using Rigid virtual part on
highlighted area.

=  Convert this mass into force using gravity load.

v" Check and Compute the FE model.
v' Fix the bottom of the base.

v Compute and view the results.

Copyright DASSAULT SYSTEMES

Area to be loaded
with pressure

o)

=] o

\ N

/]

-]

Highlighted area for Rigid
virtual part support
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Do It Yourself (1/4)

The following steps offer hints to guide you through
the Analysis Assembly of Drill Press Sub-Assembly.

1. Open an Analysis Document

DrillPress_Sub_Assembly_Analysis_Assembly_Start.CATProduct.

2. Attach Existing analysis documents to the corresponding e

components in DrillPress Sub-Assembly.
=  Attach Table_Sub_Analysis.CATAnalysis to Table component

=  Attach Support_Sub_Analysis.CATAnalysis to Housing
component.

. Switch to GPS workbench.

3. Create Assembly Connections.

" Create Rigid connection between Base and
Column using Contact surface constraint
between Base and Column.

ff.g] Movable_Table (Movable_Table.1)
V= Constralnts

le 1 (Base.1)

.'l" Movable lable (Movable_Iable. 1)5

=2, Table (Table.1)

#- Jp) Analysis Manager

Rigid Connection Pro| = ] |

Mame |R|'|;|i|:| Connection Properksy, 1

I 1 Constraint___|

@ﬁ_l

ﬁ Coincidence.3 {Column.1,Base.1)

[ Transmitted Degrees of Fresdom

@ oK l lﬂCanu:eII
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DO It Yourself (2/4) Student Notes:

= Create Fastened Connection between
Column and Table. For this, create General

AnaIySIS ConneCtlon General Analrsis Conm - I DI_EI :_[:T'"[;r_(;]_é(_:l_:_l_ """""""""""""" !

i E i Mame | General Analysis Connection Colurnn ar | it_h_gu_m Extrude 1 i

N | Firstcomporent [TFace (||~ eMBUIHace for Table Connection
Lo ! |second component [1 Face B +-@ Adaptivities.d ;
N B Hardler point i T'? Groups.1 i
First component Second component : @ ok | Bcancel | | “l--lorm e

Second component

e T T e =

=  Create Rigid Connection between Column
and Housing. For this, create General
Analysis Connection. Select components

General Analysis Connection P w5

Handler point: {5 le===easy

from the SpeCification tree Marme |General Analysis Connection Colurmn ar |
E First companent {1 Face % i ’_é Curvez Bk
: | #- " Extrude.2 i
i Second component |1 Face < % ,F—H Xoru i

@ Ok l ﬂCanceIl

First component Second component

Copyright DASSAULT SYSTEMES
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Do It Yourself (3/4)

4. Model drill mechanism sub-assembly mass
using virtual part and additional mass.

" Double-click on Analysis Manager to
activate Analysis Link in
Housing(Support.1.1). The Analysis
Manager will be highlighted in blue color.

" Double-click on Global Analysis Manager to
return to Global Analysis Manager. The
Analysis Manager will be highlighted in blue
color.

=  Create distributed Mass of 10 Kg with Rigid
Virtual Part as support.

Copyright DASSAULT SYSTEMES

"@ Support {(Support.1)
Housing (Supporl.l1.1)
=g
f‘@g Links Manager 1 |
= J. Finite Element Model.1 :

@ Analysis Manager

I inks Manager 1 :
{F{.} Link.1 -> D:\Working_folderFuf

& | DrillPress i
—'E Results -> D:\Working_folderi

ﬁ@ Computations - D:\Working_i

Static Case
ar-;@ Restraints.1

f‘@ Loads.1

e@ Masses.1
€1 Distributed Mass 1 |
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DO It You rself (4/4) Student Notes:

5. Apply Loads.

=  Apply Gravity Load to Distributed Mass with
9.81 m_s2 Acceleration in Z- direction.

=  Apply 1 N_m2 Pressure on Drill Table
surface shown in image.

Area to be loaded
with pressure

6. Apply Boundary Condition.
" Clamp the bottom of the Base.

7. Check the Model.

8. Compute analysis.

9. View the results.

Copyright DASSAULT SYSTEMES
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Case Study: Analysis Assembly of Drill Press Sub-Assembly

Recap

Attach the Shapes (Analysis Documents).
Create Assembly connections.

Apply Virtual Part.

Apply Additional Mass.

Apply the Load.

Apply Boundary condition.

Compute the assembly.

Display the results.

AN N N N NN R
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Trandational difgplacement magnitude, 1
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0
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