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STUDENT GUIDE

| Introduction to Finite Element Analysis 1

Learning Objectives:
Upon completion of this lesson you will be able to:

v" Understand the general steps to be followed to
perform Finite Element Analysis for structures.

v" Understand the general FEA process in GPS
workbench.

v' Understand the preparation of part and surface
models for analysis.

) 2 hours
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STUDENT GUIDE

L Case Study
Each lesson in this course will contain a case study, niroduction to FEA o
which will help to explain the skills and concepts -
covered in the lesson. Models used for case study
come from the drill press assembly, which is alsoyour L~ || oo ____________
master project.

L Design Intent - eE——

Each case study contains a set of model requirements, g ______________
known as the design intent. The first case study does =
not contain a design intent because you are not goingto £ trtrramEN | 4 % | || T
design anything. However, by the end of this lesson you {Eetrdtd=®r | .~ | | | || -~—====="="==---
should be ableto: ~ SEke=lfmee - | |\
v Understand FEA process GPS Post- =
v Open GPS workbench processing :
v Changing default units T
v Choosing Local co-ordinate system =
v Applying Constraints on Part of Face &
v’ Prepare surfaces for GPS Analysis

L Stages in the Process
Each lesson consists of steps. For lesson 1, you will go
through the following steps to start with FEA in Generative Assembly Structural
Structural Analysis Workbench: Analysis
1. What is Finite Element Analysis Process.

2. Introduction to Generative Structural Analysis v
(GPS) Workbench.
3. Preparing Parts and Surfaces for Analysis.
>
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L Finite Element Analysis Process
Finite Element analysis (FEA) is a numerical tool \‘" i
used to simulate the physical system. In this EIaprotessIng
- . (FE Modeling) i
method the modeled system is broken into smaller :
geometric shapes, called finite elements, whose 1 O O | -5 7 L e s
u . u H [ ] ..
behavior can be described mathematically. The S 22l F'mtle Element
. . . X A ISIPracess e (oo e o e
elements and their interrelationships are converted e LRl e
into a system of equations which are solved (ViewResults) ¢ (f | e
numerically. The overall process is divided into = _ !
esh Refinement | | | (L., | glesmmmimst @ | | - - -
smaller steps as follow lterations
1. Pre-processing: Conversion of actual problem S WA R [ o
into Finite element problem Reports o I
2. Computation: Solution of the of the FE O S CmaSomiloni VenWemswessgedal & = WL
. . . | values)d e — =
problem provided by pre-processing to find T R
out unknown displacement values
3. Post-processing: Calculation of strains and ‘
stresses using displacement values. Study of | e ammnen o
displacements strains and stresses 1 gl e 8
4. Mesh Refinement: Refinement of the_ mesh Report Gl SEiFned: Emiation 0
and computation to achieve the required level
of accuracy
5. Report Generation: Generation of various
plots such as displacements, strains and
stresses once the required level of accuracy Pust processing
is generated Mesh-Refinement §
>
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STUDENT GUIDE
L Introduction to GPS workbench
The GPS workbench provides tools and ‘g
functionalities to perform FEA in CATIA. Following analysis Manager]
are the FEA process steps that can be performed % Unks Manager.1
using GPS workbench. fg Unk.1-»D:\Part.CATPart || oo
. . Results ->= C:\Analysis1_3.CATAnalysisRasults

1. Open the Generative Str_uctural Analysis "= Computations -> C:\Analysis1_3.CATAnalyslsComputations | | -~ ——-—---------

workbench. Apply material, mesh the part, AL Finite Element Model.1

apply the restraints and loads % Nodes and Elements || ~TTTTTmmmmTmTmTT
2. Compute the Ana'ysis {i(ﬂTREE Tetmhadron Mesh.l:Parti | | o __ ________

. i h It Proparties.1
3. Visualize the results ] ) B
4. Interpret the results and Mesh Refinement Matedals.2a
5. Manage the results T Q Material.1
According to variation in load with respect to time, @;:smlnu 1
the FEA for structures can be classified as: Clamp.1
= Static Analysis L'“d'
y Baaﬂng Load.1
» Transient Analysis =~ {33 Static Case Sclution.1
= Harmonic Analysis Yon Mises Stress (nodal values).1
vsg 1ranslatonal displacement vector.1
According to the way the structure reacts to the iy Estimabed local error.1
load, the FEA for structures can be classified as: =-¢lisansors.1
» Linear analysis ﬂ Energy.3
ranaysis - + & Global Error Rate (9).4
= Non-linear Analysis ¥ &1 Maximum Displacement.5
#- & Maximum Von Mises.5
Entities created during process of GPS Static
Analysis gets mapped in the tree-structure as
shown.
>,
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L Preparing Parts and Surfaces for Analysis

Before you switch to Generative Structural ‘;‘
Analysis workbench, you may need to make some B
modifications in the existing CATIA geometry or ?gL Manager.1 A
modify some of the CATIA settings. This may ”#;‘:i’“:ﬂ“,:m | RS
include: T~ Properties.1

SSfmateriolsl EEEEEEL. 0000 — e WMo
= Changing default units = m: ______________
= Creating support on part of a Face o
= Creating Local Axis System fosmtcCasesobitont T || ST o s oo oo oo
» Handling Non-Manifold Surfaces e
= Handling Overlapping Surfaces Holes - /\ ‘\ ______________

. . . .7 XY P
* Preparing Surfaces with Gaps for Analysis vz plane <« W
In addition, when meshing very small models you 'gm \
may need to take into account Lowest Mesh Size Y Geometrical Seb3 N\
value for Analysis. T ¢ Surface.25 \
7 Boundary.l
=47 Frea Form Analyals.l
&} Surface Connection Analysis.1 B
31Holes
~ — xy plane ‘\‘
i_Ihit w
>
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L Tools Used for Preparing Parts and Surfaces for Analysis (1/2)

B 3

B B

Extract: lets you perform an extract from
elements (curves, points, surfaces, solids,
volumes etc).

Split: lets you split the surfaces.

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

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

Disassemble: lets you disassemble the multi-cell
bodies into mono-cell or mono-domain bodies,
whether curves or surfaces.

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

Connect Checker: lets you analyze the
connection between the surfaces’ borders and
their projection on a surface.

ExctractslEd

Jlf—j@

Trim-SpatEd |

Ay

Surfaces x|

s valdle

STUDENT GUIDE

|
%9
|

Join-Healing x|

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

Bl Projection: lets you create geometry by ]

rojecting one more elements onto a support. — 4
projecting pp J@@O ______________
Join: lets you join the multi-sections and swept n -------------

B Yol g x

surfaces. — .| T
Healing: lets you heal the surfaces (i.e. fill any —
gap that may be appearing between two o e | | ——
surfaces). ExtracksiEd|

Boundary: lets you create the boundary curve of
a surface or the boundary point of a curve.

Copyright DASSAULT SYSTEMES Introduction to Finite Element Analysis 13



CATIA V5 Analysis

STUDENT GUIDE
| Exercise 1C
\!:-
Recap Exercise .
|
In this exercise, you will mesh an overlapping surface, correct the overlapping || -===========--
surfaces and re-mesh the corrected surface. Detailed instructions for new topicsare || ____ __________
provided for this exercise.
By the end of this exercise you will be able to:
= Detect overlapping surfaces ?wl ‘\
= Correct the overlapping surfaces a-AFhIInEIamant Model.1 ; “
= Mesh the corrected surface
J

Copyright DASSAULT SYSTEMES Introduction to Finite Element Analysis 14
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L Exercise 1C (1/8)

1. Open a part.
» Open 1C_Overlapping_Start. CATPart

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

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

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

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

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

Please ensure that you are set to mm.

wammgs il

&List of detected warnings

\Warnings |
Part body of Cverlap is empty or external views is not defined on studied surface

K [+

OCTREE Triangle Mesh 2=
Global | Local I
Size: | 13.92mm El
o Absolute sag: | 1.3592mm E”l

—Element kype

() Linear ﬁ @ Parabalic ‘,_»’_'I:I

STUDENT GUIDE
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STUDENT GUIDE
L Exercise 1C (2/8)
\v.
$-E0; Linka Manager.1 w
4. View the mesh. i-‘ﬁthg Element Model.1
=  Create Mesh visualization to create Mesh image. %Nodeq And F'ﬂm:"“-
) [ <entetrotsph 4 ]| - =-—---===—-—=—===--
a. Right-click on Nodes and Elements. o .
. . Pr SR || S S P
b. Select Mesh visualization. g P [5] tide{show
c. Click for the warning message to update #él Iahlﬁp@erties ——————————————
the mesh. Statl 5, pee aubv
d. Double-click on the Mesh Error.1. i
ﬁ _ nalysis Manager i [
Tr@; Links Manager .1 ReorderChidren o~ || e e
= A Finite Element Model.1 4 Bl tesh visualization
Nodes and Elements warning — I
=% | OCTREE Triangle Mesh.1
h h needs ko be updated,
@ Mesh Error.1 3 Ih?s rgs;ragzitnswats g:k:pso?'lsg time 1
L5F Properties.1 e
L5F Materials.1 Cancel |
-4\ Static Case
Sy Tl
1--& Links Manager.1 ‘\
=~ f\ Finite Element Model.1 Fa
x| S Nodes and Elements
@ Impossible to mesh, E‘%& OCTRLL Trmh Meash.1
Impossible ko mesh
the following geometric elements to mesh are in contact Mesh Error ..
CATEdgel 7795 ON
CHIESLTION oy epors & Properties.L
Muodify the highlighted geometry or mesh separatly. @
Materials.1
-\ Static Case
>
>,
Copyright DASSAULT SYSTEMES Introduction to Finite Element Analysis 16



CATIA V5 Analysis
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| Exercise 1c (3/8)
\-:
¥
5. Correct overlapping surfaces. x|
. Double-click on the surface to switch to GSD | BS #g fé'; %ﬁl
EEEERRY r— . Y B e e e s i
workbench.
. Disassemble the surfaces. 2=l 00000 ||t
a. In toolbar , click ST | ] B P
. —Disassemble mode —————————
icon.
Select the surface to be disassembled.
Select option and click to create ' |
the two new surfaces. Inpuk elernents 1| I
d. Hide the original surface Surface.10 in order to
see only the new surfaces. The different colors F 2l . ______________
shown below are only to simplify identification. N
I al Cels ;2
== Geomeirical Set.2
&'_}::-':al'fﬂ.lo @ CK I W Cancel I
.
47 Surface.11
&7 Surface.12
#~ £ Finite Element Model.1
>,
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L Exercise 1C (4/8)
ﬁ/
= Use Connect Checker tool to highlight gap.

e. Select Insert > Analysis > Connect 2%

Checker. e A | | [
f.  Select the Surface.11 and surface.12.  |=ouree: W_l ______________
g. Selectthe Surface-Surface T a0 | D e

connection as type. — @ —I
h. In the Quick tab select overlap Defect :)l [ﬁ—‘r} %l FEEE = $ 09090909090 0 W T T AT T

option. 2 Conmection(s) || TTTTTTTTTTTTOT
i.  Enter 0.15 mm in Maximum gap and @ Boundary ) Projection

click OK. The overlapped area will get —— . N

. k I
highlighted. QL"E_ » | --------------
I;. [oamm [ |I; 0.5
;.||:| 05deq E El ;.||:| 05deg E
77777777777 | =
===, Geomeirical Set.2 —Connection
i Minirnurn Gap Maximur Gap
ﬁSufaoe.ID 3 [omm ] [0.15mm Q@ I_
ﬁSurface.ll @ ‘ —Infarmation ————————— —Discretization —————
‘ &P Surface.12 3 el B G;ll /%l”!!!l imi !!!!!!!ul
3 R ‘ —Mazx Deviation
PthEhMM” G0:0, 1mm G2:0
a1:180deq 23:0deg
- @ ok | @ cancel |
>
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L Exercise 1C (5/8)
Project-Commak| ﬁf
" Split an overlapping surface.
J. In Project -Combine toolbar, click
Projection icon. </ QN T mmm T
k. InProjected field, select edge of large ] e
surface to be projected on overlapping . (|
surface.
In Support field, select small surfaceand : =~ N A || "TT—---—====
click OK. B | eeeere—
Overlapping

Projection type INu:urmaI j

Projected: |Surface,141Ed

rojecte |urace \Edge C )@

Support: ISurFace.IZ (5' ’

o Mearest solution

Smoothing

@ None O Tangency ) Curvature

& Cancel | Preview |
>
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| Exercise 1c (6/8)

STUDENT GUIDE

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

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

0. Select the projected edge Project.1 in Cutting

elements field.
p. Click OK.

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

-8 Free Form Analysia.1

Trim-Sp.akd
54

31
=]

Element to cut: |Surface,12 @ @l

—iCukking eWts
Froject.1{ 50

Bemove I Replace I
Dther side I
Cptional parameters
[ 1 Keep baoth sides

[ Intersections compukakion

Hide parameters << I

Suppart: |Default (Mane)

Elements to remove: |Defaulk (Mone) @l
Elements b keep:  |Defaulk (Mone) @l

o fukomnatic exkrapolation

] Ignore no intersecting elements

[ keep elements in half space

W Cancel I Presvisw I

Copyright DASSAULT SYSTEMES
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L Exercise 1C (7/8)
x| v
6. Create a single surface element. S5 B
5 F
. Join the two surfaces. = ‘=
a. InJoin-Healing toolbar, click Join icon. Join Definition 2 x|
b. Select newly created Split.4 surface and kbl a0 | 7T T T 7T TS
disassembled, larger surface Surfacel4. CEE @ ______________
c. Click OK. This will create new surface Join.1
in specification tree.
Add Made | RemovelioccRReel S 00 I e
Parameters | Sub-Elements To Remove I
e e e e 090 0 W T RS
[ EUFIEENC=C A = 0 ¢ N e e s e s
O Ignore erronecus elements
Merging distance IU-Dﬂlmm =
[ Angular Threshold IU-EdBQ
7777777777777777777777777777777777777777777777777777777777777 ‘6C I @ oK | w Cancel J Preview J
|83 partBody 3 .
- w4J Geomelrical Set2 ‘\ 3
| e surface.10 4 |
| e surface.14 3
| e Surface.12 }
| [& Project1 !
| 57 spira |
+-FH loind 3
>
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I Exercise 1C (8/8)
-
7. Create and view the Mesh Image.
. Switch to GPS workbench. S SERSERSRSM
a. Double-click on Nodes and Elements to switch 3 .
to GPS workbench. =4 Finite Element Model L |
L Create new Mesh Modes and Elemen
gyl | #-¢| OCTREE Trlengle Mesh 1 (70) | | T
b.  Right-click on OCTREE Triangle Mesh.1 and & Properties.1 N~
select Delete. 53 Materialn.1
C. In Mesh Parts toolbar, select OCTREE *‘ém “““““““
Triangle Meshericon. b
d. Click the surface. Mesh Par x|
e. Keep default values as shown and click OK. | 4 4\{;
" Create Mesh visualization to create Mesh image. @
E 7 y 7777 m 77777777777777777777777777777777777777777777777777777777777777777 _ OCTREE Triangle Mesh 2=l
i ?AL.“ Manager.1 Global | Local |
Size: [13.92mm =
4 Absolute sag: | 1.392mm El
—Element bype
(21 Linear & @ Parabalic _gfj
.
>
Introduction to Finite Element Analysis 22
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L Exercise 1C: Recap
\-:
¥
v' Detect overlapping surfaces.
v’ Correct the overlapping surfaces. | | Tt
v Mesh the corrected surface. ||
T .l"I-__ ——————————————
. PO E—
% == 4\ Finite Element Model.1 &
-4 Free Form Analysis.1
y

Copyright DASSAULT SYSTEMES Introduction to Finite Element Analysis 23
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| Exercise 1D
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Recap Exercise

15 min

In this exercise, you will mesh the surface having gaps, check for the gaps, merge the gaps
and mesh the corrected surface. Detailed instructions for new topics are provided for this

exercise.

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

= Check the gaps in surface
= Merge the gaps in surface

= Mesh the corrected surface

‘ *—E‘; Links Manager.1
= 4\ Finite Element Model.1

Nodes and Elements
£\ OCTREE Triangle Mesh.1
[g Mesh.1
5 Properties.1
S Materlals.1
&=\ Static Cane

Copyright DASSAULT SYSTEMES

Introduction to Finite Element Analysis
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L Exercise 1D (1/4)
\-:
¥
1. Open a part.
* Open 1D_Gaps_Start.CATPart MULRRERNITTE
{-£: Links Manager.1 s .. 0 W
2. Create a Static Analysis Case. =~ 4\ Finite Element Model.1 AT >~ I |
: . 7~z Nodes and Elementa gK{P“‘VQﬁ‘
= Access Generative Structural Analysis L OCTREE Tringle Mesh 1, (- X[/ A TS0n,
T e
workbench. [, Mesh.1 ‘éqw,#@”L‘
= Create a Static Analysis Case. gm' ials f = “h e S e
3. Mesh the surface. ¢ Stk Cone DAY, o . ) I
=  Mesh the surface with OCTREE Triangle Mesher : &AW 0000 || cemmee e
with mesh 20 mm and 2mm.; =g\ ||l
=  Visualize the mesh.
Nodes are not interconnected in ™.
meshing if surfaces have gaps
"'\—-._______
>
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L Exercise 1D (2/4)

STUDENT GUIDE

4. Check if there are gaps.
. Switch to GSD workbench.

. Check the Boundary.

a. InExtracts toolbar click Boundary
icon.

b. Select the Surface.25 by directly
clicking on it. You can also select it
through specification tree. The
surface is highlighted with gap.

c. Click OK.

d. In Multi-Result Management window
select the option keep all the sub-
elements.

e. Click OK
=1

The resulkting geometry of this element is made of
2 sub-elements that are not connected.

Painting elements | Extracts and Mears |

Mo pointing element

Do wou want to
' keep only one sub-element using a Near,

() keep only one sub-element using an Extract,

@ keep all the sub-glements.,
\4d y i
N’

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

g~ Surface.25

Boundary Definition 2] x|

Propagation type:

Surface edge: |SurFace.25

Lirnit1: Mo selection

LirnitZ: |Mo selection

W Cancel I Presiew I

Copyright DASSAULT SYSTEMES
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STUDENT GUIDE
L Exercise 1D (3/4)
b
_ : " -~
5. Merging the gap. =
=  Use Healing to merge the gaps. a8 A OB . | B
a. In Join-Healing toolbar, click Healing
icon. s e e e e e e
Selectthe surfacetoheal. Tgm .. & 0 WM oo o e
Enter 0.1 in Merging Distance field
and click OK. Merging distance | Fapue o0 AN W™ @ | T TrTeeen
should be greaterthangap | [F#FPatBody \°Y/) > 0.
. Ensure the mergingofgaps. = T Tam. -  — QS < 000000 | _____
d. In Extracts toolbar, click Boundary
icon again. Now it will show youonly | | &y Cleaimg®d = ~" -~ . A\ 7777
Outer boundary highlighted. B =
'@ 20 x]
@ Elements To Heal:
3 Holen i
. [ xyplane A
- [~ rzplane g ‘0‘@
3 '__/z:plme 3 add Mode I Remove Mode |
- i3 pertidody |
5 Geometrical Set 3 _No gap Parameters |
i ?‘;:am'zs 3 present Merging distance: ‘ @ —
T kS | Only Boundary jective: [0.001mm =
3 |.H|m.1 ; is highlighted Distance objective: |O.
| =" Rondary.? !
77777777777777777777777777777777777777777777777777777777 1 @ CanceIJ Presig J
>
24
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L Exercise 1D (4/4)

STUDENT GUIDE

Finite Element Model .1
6. Mesh the corrected surface. H:dudelerrmtn
=  Mesh the surface using OCTREE OCTRY Certer Graph
Triangle Mesher. | =3 Mesh, B e o
a. Delete existing OCTREE Triangle. ! =3 . 'm:: ﬂide.l'Shlow
Mesh.1 using Delete in contextual : Materiam ;' ¢ oeries
menu. i*&& m E Cpen Sub-Tree
b. Create new mesh OCTREE Triangle E”L Et”l'::
| op f
Me.Sher. i [% Baste Chrl+y
c. Activate the Mesh.1 Image. 3 .
Delete Del
©, |
QCTREE Triangle Mesh. 1 object Y

Analysis Manager

- =" f\Finite Element Model.1
! Nodes and Elements

£} OCTREE Triangle Mesh.1
5 Materlals.1
#- .\ Static Cane
J
28
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L Exercise 1D: Recap

STUDENT GUIDE

v' Check the gaps in surface.

v' Merge the gaps in surface.

v" Mesh the corrected surface.

- = 4\ Finite Element Model.1
| Nodes and Elements
£\ OCTREE Triangle Mesh.1

2, Mesh.1
52 Properties.1
5 Materials.1

Copyright DASSAULT SYSTEMES

Introduction to Finite Element Analysis
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| Exercise 1E
\!:-
Recap Exercise .
DS e T
In this exercise, you will mesh the surface with value less than 0.2 mm and then with higher ||
values. Detailed instructions for new topics are provided for this exercise. || 777777777777 oC
By the end of this exercise you will be able to:
Sl Tl -
= Mesh the surface with recommended mesh size ?%meli
== 4, Finite Element Model.1
Nedes and Elements
tﬂOCTREEﬁquhMI
&Mesh.l
5 Properties.1
5 Materials.1
#~g/\ Static Case
4
Copyright DASSAULT SYSTEMES Introduction to Finite Element Analysis 30
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I Exercise 1E (1/2)
N
I @pen a part. T
» Open 1E_Mesh_Size_Start. CATPart Circular_section L |
2. Create a Static Analysis Case. <7 ¥y plane ") ______________
" Access Generative Structural Analysis <7 Yz plane
workbench. opane A |
. . 4
. Create a Static Analysis Case. #gw ——————————————
Geameirical Sef.1
3. Mesh the sufface: > S |l - e
=  Mesh the surface with OCTREE Triangle Mesher. N @
a. Enter0.003in Size fied. N (|
b. Check Absolute sag option and enter 0.0003.
c. Select Element Type as Parabolic and click OK. | Mesh et ﬂ ”””””””””””””””””””””””””””
4. View Mesh. N W
. Generate Mesh Image. The following warning
message will be displayed. When you select OK, 21|
following four mesh errors are seen in the obal | Locs e
s T S peC|f|cat IOI’] tree m El Size! C-— _!
| =¢34 OCTREE Triangle Mesh.1 3 Absoluts sag: [e004mm &=
j The Mesh needs ko be updated. ay
9 Mesh Eror .1 ‘ ! Th;?s DEZra?iEni rsnaS t:k;zu?'nz kirne | Ele_ment i ]
@M Ertor.2 : Cantinue 7 I Linear A @ Parabolic z{)
€ Mesh Error 3 i — =
i @ Ok ] - Cancel]
€3 Mesh Error 4 : - |
>
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I Exercise 1E (2/2)
21| b
. Global | Local | '
5. Change the mesh size. —_— =
. Size: (-W =
=  Change the mesh size to 0.1 mm 2 tbsohto sog: [T % ______________
a. Double-click on OCTREE Triangle Mesh.1 in e e
specification tree. Enter 0.1 in Size field. Clline=r i @ Eerarnje g Y R sEmmms e e
EntefAbSelutelsagrasi0ioifanciclickdOKSTE S (pE—————————[ 0 N s
b. Generate the Mesh Image. Once again you — | @ ok | & cancel]
will get the same warning messageto - —— — A | TTTTTTTTTTTTTT
UpcENENlSHMESIMVENEAROURSEIECUOICIE e o & 0 0 R I s e e
Mesh.1 will appear in the specification tree.
Apmmym 009 9 @ ° T ~ I
i *’B& Links Manager.1 ; The Mesh needs to be updated.
: i"‘A FAnite Element Model.1 B This operation may kake some time |
! Conkinue ?
Nodea and Elements
td OCTREE Triangle Mesh.1 “ s o
&Mesh.l
5 Properties.1
5 Matorlale.1
-\ Static Cane
Mesh Image with 0.1 mm mesh size
The minimum mesh size value 0.2 mm is a purely theoretical limit above
which you are sure to be able to create a mesh. If you have less than this
value, may or may not be able to create a mesh. This will be indeterminate
because will depend upon the geometry.
>
32
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STUDENT GUIDE

L Exercise 1E: Recap

v" Mesh the surface with value above
recommended mesh size. | 0 e

ST M T S AT T

tEylnkaMenagert e

== 4\ Finite Element Model.1
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| Exercise 1F

STUDENT GUIDE

Recap exercise

5 min

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

7777777777777777777777777777777777777777777777777777777777777

By the end of this exercise you will be able to: |n. 3
#~E% Links Manager .1 ‘\

= Verify that non-manifold surfaces can not be - FhII:eElementModall 0

meshed with the GPS workbench ! ir Nodes and Elements
: -[ OCTREE Triangle Mesh.1

[LMam1

~=2 Properties.1
—52 Materlals.1

Copyright DASSAULT SYSTEMES Introduction to Finite Element Analysis
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STUDENT GUIDE
L Exercise 1F
ﬁf
1. Open a part.
EEOpen 1IE NG V2 i e I N . e
Create a Static Analysis case. W
=  Access Generative Structural Analysis 4 T ‘
workbench. ?‘th Manager.1 ‘ ~
. . ‘== 4\ Finlte Element Model.1 ‘ A | |
Create a Static Analysis Case. 355 Nodes and Element ;
Mesh the surface. %SCTREETrImgIaMadLi ——————————————
= Mesh the surface with OCTREE Triangle I BN A 0 || ___
Mesher with default values. By Mesh.1
=S Properties.l = NS S RRAREY 0 0 || c---mm oo
View Mesh. 'gm'“l
" Generate Mesh Image. The following error
message will be displayed.
=] In order to mesh such a part, Advanced Meshing
Tools workbench has to be used.
Irrvealid bopology,
@ Invalid topology
geometric elements bopologically unlinked are in contact :
CATVertex 167243352
CATVerkex 150385333
Modify the highlighted geometry ar
try to remesh with & slightly different global size.
>
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STUDENT GUIDE

L Exercise 1F: Recap

v Understand that non-manifold surfaces can
not be meshed. T e W i s e i

: Peale e Bl :
ELH:-Mmager.i ‘\
=\, Finite Element Model.1 P
l" Nodes and Elements |
[ OCTREE Triangle Mesh.1

{bMuhl
~52 Properties.1
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| Pre-processing 2

Learning Objectives:
Upon completion of this lesson you will be able to:

Understand what is Pre-processing
Apply material with specified properties
Generate mesh

Assign physical propertes
Apply restraints and loads to the model
Check the Finite Element model

ASRNENENENEN

*) 2 hours
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L Case Study

The case study for this lesson is the Drill Press Table.
The focus of this case study is to create a Finite
Element model for Drill Press Table.

L Design Intent

You will perform the static analysis of Drill Press Table.
The actual physical problem will be described which will
provide input data for FE modeling of the drill press
Table. You have to use this information to build an
appropriate FE model.

v The table of drill press is composed of steel
having specified properties. You will create the
user material with these properties.

v' The mesh type must be 3D OCTREE
Tetrahedron.

v The table is fixed to the stand with a Clamp
restraint.

v A downward force of 10 N will be applied and
transmitted to the top surface of the table
through the drill-bit and work-piece.

v The validity of the created FE model must be
checked.

Drill Press Table Component

STUDENT GUIDE

Copyright DASSAULT SYSTEMES Pre-processing
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STUDENT GUIDE

L Stages in the Process

You will see how to perform each Pre-processing step 'w;,
in the GPS workbench:

1. What is Pre-processing?

2. Applying material

3. Generating mesh

4. Assigning physical property

5. Applying Restraints and Loads

6. Checking the Finite Element Model

Drill press Table FE Model
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L What is Pre-processing
Pre-processing involves all the steps which are \‘" ]
required to covert a given physical problem into an
equivalent Finite Element problem. This involves
O] | G ST 35 O | - e e e s
1. Applying material structural property toapart W ____
2. Meshing the part using elements and nodes Library (ReadOnly) 5T | N N
3.  Applying physical property to the mesh [pefaut Material Catalog I
4. App|y|ng restraints to the mesh Construction | Fabrics | Mekal | Other | Pairking | Shape Review I Stonez" mey W T T T T
5. Applying loads to the mesh e | |
6. Model checking to validate that all the o . O ——————————————
pre-processing steps are done.
Iron Lead Magnesium [l S (] | S R e e R e e e
L Applying Material 0 0 777777777 J 7777777777777777777
Structural properties are required to calculate the Matetial]sotropic it =
deformation, strains and stresses. You can apply A — j [ truckird Proportics
material by selecting it from the default material Elerete | Young Madulus| 7e-+010M_m2
catalog. & | | Poisson Ratio[ 0,346
You may need to create the material with specified | Density| 2710kg_m3
properties, which is not available in the standard Thermal Expansion] 0.0000236
material catalog. In this case, you can use User Viekd Strenqth]3 50072
Material option to create the material with your own ' =
SREEIICEIH—. 0009090909000
>
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L Generating Mesh
Meshing involves approximating actual physical \;
s_tructure into Fl_nlte Element Model using several_ 21X
simple geometric shapes called elements. Meshis ="~
representation of the mathematical idealization of Global| EENE e N e
the structure. Lo [20mm =
On the basis of dimensionality, elements can be 3 Absolute sag: | 2mm @
classified as 1D, 2D, and 3D elements. Accordng = | M————m 11 W~ 77777777
to the order of the displacement equation ke
ip . - () Linear 4‘ Parahalic 4 ______________
elements can be classified as Linear and Higher
order elements. Y@lfcanlise Beam Mesher, @[S @409 02000000
OCTREE Triangle Mesher, and OCTREE [ ok | Seancel] | |
. -
Tetrahedron Mesher to mesh wireframes, =~~~ —/ 2 —72Z7—7 DU —77Y7 7 /— || _____
surfaces, and solids respectively.
L Assigning Physical Property
Mesh Type Physical Property Physical Property Assigned
N to Mesh
In CATIA, physical property means cross-section, o ° es_
thickness, and material properties. It uses _— YT > ﬁ;z; M
geometry of the mesh or mesh part as support to
apply Physical Property. You can also apply . P 1. Thickness
physical property directly to orphan meshes. OCTSS e e
The physical property to be attached depends on e . T e
the mesh used to create FE model as shown in the T 3D Property
table.
>
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L Applying Restraints and Loads
The restraints are used to specify the support or M \; 3
boundary conditions for FE model. Restraints 75 Links Manager.1
restrict the displacement of supports of the structure =~ f Finite Elament Model.1
in required direction, by providing zero displacement FozNodesandEements SRNIES——— iy || ______________
values for specific Degrees of Freedoms at nodes &7 Proportics.1
present at support in FE model. ?@M’h’“'l """""""""""
s Asaticcme | M — N || ______
Loads are inputs to the system. They can be form of 1= Restraints.1
forces, moments, pressures, temperatures, loadsl = = QT TSULEE T | | --------------
accelerations, etc. The loads are directly applied B $3 .
onto the geometry (surfaces, lines, points). The type Static Case Solution.1
of load that can be applied will depend uponthe | ! lsemona 000000 e
geometry selected.
Status:
L Checking the Finite Element Model ok 8 Green
Model Check allows you to verify that all KO ! Red
pre-processing steps are completed. If any information ————
IS missing, it shows status KO against that row and ,
. . et o aevnr l irnlery s found
provides related error message.
Model Checker contains following 3 tabs. ke Ccomouctons| (e | S8 . . ;
(Pt [Festurs |MeshPart | Pvoperty | Metwld | Stabs |
= Bodies Part.l.l PatBody OCTREE Tetrshed.. XFroperty.l Sedl O !
= Connections o desimr i ol o e
. Others Fart.4.1 FariSody OCTEEE Tetrahed... D Property.d Shesl o
>
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L Main Tools

Material

Apply Material: Lets you apply the material
directly from the default Material catalog.

Mesh Parts

Beam Mesher: Lets you create 1-D element mesh.

OCTREE Triangle Mesher: Lets you create 2D
triangular element mesh.

OCTREE Tetrahedron Mesher: Lets you create 3D
tetrahedron element mesh.

Model Manager

1D Property: offers you a set of standard cross-
sections and material to be associated to the
beam mesh.

2D Property: Lets you to associate thickness
and material to the OCTREE Triangle mesh.

3D Property: Lets you to assign material to be
associated to the OCTREE Tetrahedron mesh.

User Material: Lets you create your own
user-defined material with required properties.

H
L

by
4

fi

STUDENT GUIDE

Model Manager

'3 4 @

<

=

Il
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STUDENT GUIDE
| Exercise 2E
'.\".
Recap Exercise ¥
T e
In this exercise, you will apply boundary conditions, load and check the FE model for || ~===========--
2D mesh. High-level instructions are provided for this exercise. | ceeeeo -
By the end of this exercise you will be able to: | 4 METEIEE
?‘E@;me.l
= Apply Clamp Restraint = &\ Finite Elemertt Model..
= Apply Distributed Force 5 Nodes and Elements
5 Properties.1
= Use Model Checker tool 53 Materlals.1
#-4\ Static Case
J
44
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L Exercise 2E (1/3)

1. Apply Boundary Conditions.
. Open
2E_Hollow_Shaft 2D_Start. CATAnalysis
=  Apply Clamp Restraint.
" Select Edge shown as support for clamp.

= 4\ Fhite Element Model.1

Edge to be
y - Clamped

STUDENT GUIDE
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CATIA V5 Analysis

L Exercise 2E (2/3)

2. Applying Load.
=  Apply Distributed Force.

" Select the edge shown as support.

. Select User-defined Axis System.

] Enter 1N force in Z field as shown.

Distributed Force ) m] P
Mame | Distributed Farce. 1
Supparks |1 Edge %
— Axis Syskem
Tvpe ILIser j

[ pisplay lacally

Current axis

Local orientation ICartesmn j

—Farce Veckor

=~ £\ Fintte Element Model.1
#-B Nodes and Elements
" Properties.1
$-57 Materiala.1

=~ static Cane
%;unm 1
T Distributed Force.1

Edge to be selected to
apply Distributed force

STUDENT GUIDE

Nu:urml e T o T :

=3 | Hollow_Shaft_2D ;

x[on . xy plane i

| 0N ~.— yz plane i

2 [N . zx plane

5= = Axls Systems 3 User-defined
Handler |Mo selection _14_ Axis system to
- ‘ be selected

@ ok | @ cancel| . g PartBody J

e s |
>
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L Exercise 2E (3/3)
b
" 3
3. Checking the FE Model.
=  Use Model checker tool to check DO i o e
mOdeI inconSiStenCy' 5 The whaole madel is consistent
. onnections e I T T T T T T T
4. View Mesh Image. e
Part | Feature | Mesh Part | Propett | Material | Skatus | ——————————————
" Activate the Mesh Image by Hollow_Shaft_20r Extrude.l OCTREE Triangle... 20 Property.l Steel  OK
double-click on Mesh imagein | [l || Tt T e
sSpecificaliON Ireem I (R (N B o oo e e
Complete Property == | [Migrate Conneckions | ______________
Details on status of the selected line :
I Nrclysis Manoger |
ifiﬁg Links mli i @ oK | W Cancel J Bresiew J
irf}.nnnn Element Model.1 |
Nodes and Elements i
: £} OCTREE Triangle Mesh.1 3
[, Mesh.1
i 1-@ Materiala.1 |
 #Asmccame 3
>
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STUDENT GUIDE

LExercise 2E:. Recap

v' Apply Clamp Restraint.

v' Apply Distributed Force.
v' Use Model Checker tool.

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

@
T-E:a Linka Manager.1
§=-41Fh|ua Element Model.1
Nodes and Elements
&} OCTREE Triangle Mesh.1
&Mesh.l
f-@ Properties.1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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| Exercise 2F
Recap Exercise .
|
In this exercise, you will apply boundary conditions, load and check the FE model for | {
3D mesh. High-level instructions are provided for this exercise.
By the end of this exercise you will be able to: @
E&Llnks Manager .1
= Apply Clamp Restraint j_\_FhIIn Element Model.1
= Apply Pressure | ?—&Nodudelemtn
| S5 Properties.1
» Use Model Checker tool . ¥-55 Materiala.1
- &g staticCase %
%
y
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L Exercise 2F (1/3)

1. Apply Boundary Conditions.
. Open
2F Hollow_Shaft_3D_Start.CA
TAnalysis

" Apply Clamp Restraint.

. Select the face of hollow shaft
shown as support for clamp.

=~ f\ Finlte Element Model.1

Local Axis

¥~ Nodes and Elements System
?ﬁ Properties.i Face to be
$-5F Materiala.1 Cans
=i\ Static Cane
= | Restraints.1
T = Clamp.1

STUDENT GUIDE
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CATIA V5 Analysis

L Exercise 2F (2/3)

STUDENT GUIDE

2. Applying Load.
=  Apply Pressure.
" Select the surface shown as support.

. Enter -1N_m2 in Pressure field as shown.

xl
@4 9 5B

Analysis Manager

Surface to be selected
to apply Pressure

Pressure Il .3

Marne |F‘ressure.1

Supports B

Pressure | -1M_m2

[ pata Mapping

@ ok | @ cancel|

Copyright DASSAULT SYSTEMES
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STUDENT GUIDE
L Exercise 2F (3/3)
-" 3
3. Checking the FE Model.
= Use Model checker tool to check T [ E——
mOdeI inconSiStenCy' 5 The whole model is consistent
4 VIeW Mesh Image | Connections | Dthers I ______________
' i ' Part | Feature | Mesh Part | Properkt | Material | Skatus | ______________
- ACt|Vate the MeSh Image by Hollow_Shaft  PartBody  OCTREE Tetrahedron ... 3D Property. 1 Skeel (a4
double-click on Mesh imageinthe | | || || T TTT T
SpecificaliON Ireem N (A I o oo e
Zompleke Property == | [Migrate Conmections | ______________
Details on skatus of the selected line
i Em @ oK W Cancel J Breyiet J
- §7s5 Links Manager .1 -
- = 4\ Finite Element Model.1
1 *‘& Nodes and Elements
- §757 Properties.1
 $757 Materlals.1
-t AshticCae
>,
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STUDENT GUIDE
L Exercise 2F: Recap
'.\".
¥
v' Apply Clamp Restraint.
v Apply Distributed Force. M|
+®se Model checkertoo,. V= WTTTTTTTTTTETAS
ﬁ;ﬁim Manageri = Lm0
= 4\ Finite Element Model.1
%~ Nodes and Elements
"5 Properties.1
¥ Materlala.1
-4\ Static Cane
y,
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CATIA V5 Analysis

| Case Study: FE Modeling of Drill Press Table

STUDENT GUIDE

Reeap Exercise

You will practice what you learned, by completing the case study model. In
this exercise, you will create FE model for Drill Press Table.
Recall the design intent of this model:

v Understand the structural properties of Drill Press
Table. Check for standard material with these
properties in material catalogue or create new User
material.

v Decide the mesh (1D, 2D or 3D) to be used to map
actual problem into FE model. As per the geometry
dimensions use appropriate Mesher.

v' Understand and assign the physical property to the
created mesh part.

v' Understand and apply the restraints (boundary
conditions) on the mesh part.

v' Understand and apply the forces acting on the Drill
Press Table.

v" Check the created FE model.

Copyright DASSAULT SYSTEMES Pre-processing
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STUDENT GUIDE
L Case Study: Introduction
b
" -~
The case study for this lesson is the Drill Press Table.
The focus of this case study is to create a Finite Element
model for Drill Press Table. You will perform folowing T TTTTmm T
steps independently in order to achieve this.
1. Create and apply specified Materia.
2. Decide and create relevant mesh.
3. Decide and assign corresponding physical property. |
4. Decide and apply boundary conditons. | TTTTTTTIET TS
5. Decide the loading conditions and apply load. | mmmmm—m———— -
SR CheCiOSEENEHENEENEE . e s s s
You will understand the actual physical problem and use
this information to perform above steps to create FE model.
RN e
VA=
Drill press Table Component Drill press Table FE Model
>
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STUDENT GUIDE
L Design Intent (1/4)
\!:-
¥

You will now understand the physical problem. The figure

shows the drill press assembly. You can see, while drilling

operation, the Drill Press Table is fixed to the stand as = = (i Jlesri=——— [ [ ~~77777777777~7

shown in fig. The workpiece is located firmly on the table [ /1t o ||I_—.» =z @ || ______________

with clamps in order to get drilled.

v’ Understand the structural properties of DrillPress ~  ® + |
Table. The table of drill press is composed of steel ¢+ || ============--
having following propertes. L~ .
The material is an isotropic material. — Drill Press Table & SN .o oo

W fixed to stand
Young's Modulus = 2.1e+011 N_m2. \
Poisson's Ratio = 0.268.
Density = 7862 kg/m3. Stand
Thermal Expansion = 1.19e-005 /Kdeg.
Yield Strength = 2.6e+008 N_m2.
. Check for the standard material with these
properties in material catalogue or create new
material with User Material and edit properties.
>
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L Design Intent (2/4)

v

Decide the mesh (1D, 2D or 3D) to be used to map actual
problem into FE model.

In this case, it is not possible to use beam FE model. The
surface FE model will take more efforts to covert part model
to surface model and may oversimplify the geometry by
removing stiffeners. You can directly model this part as 3D
mesh to take advantage of existing part model.

= Use OCTREE Tetrahedron mesh

Understand the physical property to be applied on the
mesh parts:

The type of physical property to be applied depends on the
type of mesh used. Clamp applied

. If Part model is 3D Geometry, the OCTREE
Tetrahedron mesh and 3D Property is automatically
applied when you switch to GPS workbench.

Understand the restraints (boundary conditions) on the
parts:

As the Table is fixed to the stand, it means that the surface
of table which is in contact with stand surface will not
deform. It means all DOFs are fixed for this surface of
table.

. Thus, you can apply Clamp restraint for this surface.

STUDENT GUIDE
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L Design Intent (3/4)

v

Understand the forces acting on the Drill Press Table.

Now you will study the forces acting on the table. The
torque applied by the electric motor is transmitted to
table through drill-bit and workpiece. The drill press
operator applies downward force of 10 N to move drill
in vertically downward direction. This force will be
transmitted to table through drill-bit and workpiece.
The torque and downward force will be transmitted to
table through bottom surface of workpiece. You can
assume both forces remain constant with respect to
time. As the applied loads are stationary with time,
you will perform Static Analysis. For the purpose of
simplicity you will neglect Torque and you will perform
the analysis assuming only downward force acting on
the table.

. Use Static Analysis Case

" The downward force can be approximated as
pressure on the area equal to bottom of
workpiece.

Pressure is applied
only on the green area

STUDENT GUIDE
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L Design Intent (4/4)
v' Validate the FE model created.
It is necessary to check the FE model to ensure thatal W L _____
steps required to perform computation are done.
. Use Model Check tool.
You can summarize the pre-processing information received |\ .
from the above study: Now you can map this pre-processing
information into FE Model in CATIA. ] TTTT T
Drill press Table FE Model
>
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L Do It Yourself : FE Modeling of Drill Press Table
b
" -~
The following steps offer hints to guide you through
the creation of FE model for Drill Press Table.
1. Open the given part Drill_Press_Table_Start & ___
model. Switch to GPS workbench.
Browse through the files and open the model . || TTTTTTTTTTIOo
- frroperties
Drill_Press_Table_Start .CATPart : B s S B
i Current selection |SteeI_ModiFied
Rendering | Inheritance I Feature Properties | ______________
Materialllsotropic Material j ——————————————
‘ —Structural Properties ————————————————
2. Create User Material. “’°“”g”°d“'“ls|ze+°“”—m2 ____________
! Poisson Ratio| 0,268
Create a User Material steel and edit its structural e S
properties for material specifications provided. Name U e Expansénm
the Material as Modified_Steel. | |veasworc S
Glabal | Laocal |
Size: |3E|mm @
3. Edit OCTREE Tetrahedron Mesh. 3 absolute sagi [3nm | &=
Keep the default mesh size and sag values as 10% of —Element type
mesh size. Generate Mesh Visualization. O tinear /b ® Paraboiic b
|° oK J ﬂCanceIJ
>
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L Do It Yourself : FE Modeling of Drill Press Table

)
4. Edit 3D Property. Name [3D Praperty. 1

Select the Modified_Steel in property. P (Fublished) B

Material [Steel_Modified

“ User-defined material

Crientakion INone ;I

@ ok | & cancel |

5. Apply Boundary Conditions.
Apply Clamp Restraint to the surfaces shown.

6. Apply Loads.

You have to apply 10 N Load as pressure on
selected area shown. Measure the surface area
and calculate the pressure value.

7. Check the Model.
Check the model for consistency.

Clamp applied

Pressure

STUDENT GUIDE

Copyright DASSAULT SYSTEMES Pre-processing

61
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STUDENT GUIDE
L Case Study: FE Modeling of Drill Press Table Recap
I\‘.-:
¥
v' Understand the structural properties of
Drill Press Table. Check for standard
material with these properties in material Blim """""""
catalogue or create new material. 1‘-' cdlinkeManagerd —=@==Z020z00 z0020200 @ M oo __
=- {\Fnite ElementModelt ||
v Decide the mesh (1D, 2D or 3D) to be used T Nodes and Elements
to map actual problem into FE model. As 4MTRE Tetrshedron Mesh.l :Drill Press_Table || =
per the geometry dimensions use BeMeshd 0000 W e
appropriate Mesher. T'Pl'ml ______________
¥.Materbps 0
v" Understand and assign the physical D Steel_Modified
property to be applied on the created mesh ='Aw
part. a_@ alts 1
| I clamp.1
v' Understand and apply the restraints =_Ja 1.1
(boundary conditions) to be applied on the '|_ '
mesh part. Presaure.]
= {£} Static Case Sokution.1
v' Understand and apply the forces acting on H-'@Samora 1
the Drill Press Table.
v" Check the created FE model.
>
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CATIA V5 Analysis

| Computation

Learning Objectives:

Upon completion of this lesson you will be able to:

Introduce yourself with Computation

process
v" Understand different Solving Methods

v' Compute a Static Case

v

Computation

Copyright DASSAULT SYSTEMES
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STUDENT GUIDE
L Case Study
The case study for this lesson is the Drill Press Table \‘" 3
FE model computation. The focus of this case study is
to select proper computation method to solve the finite
elef@entmodel:" " RN o e e e R
L Design Intent W TTTTTTIIIIIOS
You have to solve the Finite Element model of the Drill
e Rl i | R e R | s
v You will provide path for results and B nalysis Manag e | A O
computation files. 18 Links Manager.1
_ _ = f\Fnite ElementModela oo
» Specify External Storage file path 3 *_&Nm and Elements
v You will find the number of Degrees of rpopertiess 0 92— @ ||
Freedom (DOF) for the model and based on #~F Materials.1
that select the appropriate solving method. 3 a—Am
v Perform the computation of the FE model. ?Emmtn.i
v’ Check the ELFINI log file. | -] Loads.1
v Save all the files. 3 Static Case Solution.1
. el S e
L Stages in the Process
This will involve following steps to perform in the case study.
First you will understand what is Computation. Later you will
see how to perform computation step in the GPS workbench.
1. Whatis Computation?
2. Solving Methods
3. Computing a Static Case
>
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L Introduction to Computation
F} =[K]{U -1 &
In Finite Element Analysis, computation is Ry =KUY @) \;
performed to calculate unknown displacement (e} = [B] {U} -2
values at nodal points of FE model. From these & =
displacement values, other solution quantities such {o} = [C]{e} = |
as Strains, Principal stresses, and Von Mises _ _ 1
stresses are calculated. Where  {g}: Stral.n M‘?‘tr'x D
After descetization, nodal displacements are [BI: Straln-DlspI_acement Matrix e
calculated by solving the global equation -- (1). {o}: Stress Matrix |
From displacements, using Strain-Displacement [C]: Stress-Strain Matrix
rel_ations - (2), str_ains are calculated. From strains {F}: Nodal Force Matrix ||~~~ 7T 777
gz:ggl ;ZESS-SUEUH relations -- (3), stresses are [K]: Global Stifiness Matrix Ml #===7»===n=ommes
' {U}: Nodal Displacement Matrix [ | ====—-========-
L Solving Methods
For a static analysis, the displacement vector can Mot Gl
be computed using various methods, depending on
the model configuration. There are the following
four options for the methods:
A. GAUSS
B. GAUSS R6
C. GRADIENT o
D. AUTO
For the AUTO option, the criteria used for selection Huge Model? ™
of the method internally, is as shown. '
Criterion used for selection of method.
>
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STUDENT GUIDE
L Computing a Static Case
A\
Before computing a static case, you need to set o ] 1 \; 4
proper Data Save Options. S
Also, for the first time you need to specify some L I . oo
paths. You need to specify the temporary external ) Gauss
storage path for temporary computation and ® e L e
ELFINI Solver Log path for storing the log of DU I o
ELFINI solver. Also you need to specify ELFINI e
Solver External Storage path, for storing these Memmiterstonunce IRl 0900000 0 M T
files. B | eee—
. . fit N =
Before starting the computation select the method i e
of computation. Select the analysis case to e — 00 0 W oemresEnesE TS
compute and complete the computation process. Migdcde 0000 | N
You can also submit the job in batch mode, to - D.K] Scancel]
continue the interaction with CATIA while the
analysis runs.
>
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L Main Tools

Solver Tools

Temporary External Storage: lets you specify the
temporary external storage path.

External Storage: lets you specify the external
storage folder path for CATAnalysisResultss file and
CATAnalysisComputations file.

Analysis Results

B Elfini Solver Log: lets you specify the folder for
Elfini solver log file.

Compute

Compute: lets you compute the analysis.

%= @
H

zl‘

x|
|8 .[8

STUDENT GUIDE
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| Exercise 3B
\!:-
Recap Exercise .
915 . T
In this exercise, you will perform computation for 2D component. High-level (¢
instructions are provided for this exercise.
By the end of this exercise you will be ableto: |
. Soec I inalysis oo [ B
Specify External Storage path ?E&Lm (I 0 |
» Compute Static Analysis Case i‘,ﬁ,Fhlhe Element Model.1
?‘&Nu:luuldElunulu
- Properties.1
T-CF Materials 1
=4
4= Restraints.1
-5 Loada.L
7" &14 Static Case Solution.1
x
Copyright DASSAULT SYSTEMES Computation 68



CATIA V5 Analysis
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STUDENT GUIDE

1. Open an Analysis Document.

. Open 3B_Hollow_Shaft_2D_Start. CATAnalysis.

2. Specify External Storage file path.

. . I
*  Provide path for results and computation | o
files. © 5 e

i

— CATARalysisResults File

|D:'l,Wu:urking_Fu:uIderFu:urCu:umpaniu:un_RNS'l,'-.-'S.ﬁ.'l,'-.l'E.ﬂ._Exer Madify
—CATARalysisComputations File

|D:'I,Wc'rldng_Fn:-IderFarCn:nmpanin:nn_RNS'l,'-.-'E.ﬁ.'l,'-.-'E.ﬂ._Exer Madify:

1 o Cancel I
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L Exercise 3B (2/2)
=10] ] 3 )
— Method
3. Specify the Solving Method. O auto
. Use Gauss R6 as solving method, as it is T B i
fast and uses improved algorithm . (Gradient o -
—Gradient Parametets —8( | | TTTTTT T T T T T T T
Maxiur iberation number fg k=4 | |
ACcuracy 1e-005
—Mass Parametet ——— X ™M@ || TTT===========-
[ [Eiclii-RA—— @ 8= s
@ Ok I Qcancel| | 0 |
e
4. Compute the Analysis Case. _ o] x|
. Compute the Analysis Case with Preview
option unchecked. |a r
5. Check ELFINI Log file. e
" &8 Cancel I
-
6. Save all thefiles.
>
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L Exercise 3B: Recap

v' Specify External Storage path.

v’ Compute Static Analysis Case. | T

I"Nfrnalysis Manager |
1‘-‘@% Links Manager.1 R s
== 4\ Finite Element Model.1 Ay,
%~{ia Nodes and Elements
- Properties.L
-7 Materlale.1
=~ A\ Siatic Case
1'-‘5@ Restraints.1
~4;x] Loads.1
55 Static Case Solution.1
#~1] Sensora.1
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| Exercise 3C |
3
Recap Exercise .
.
In this exercise, you will perform computation for 3D component. High-level (¢
instructions are provided for this exercise.
By the end of this exercise you will be ableto:
= Specify External Storage path " NJnalysis Manage | . "
. . 342 Links Manager.1
= Compute Static Analysis Case =~ 4\ Finlte Element Model.1
%~ Nodes and Elements
%7 Properties.1
-7 Materials.1
=~ A\ Static Case
$~=] Restraints.1
%-4- Loads.1
T4x¥ Static Case Solution.1
Sensors.1
~.:§-‘
x
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| Exercise 3c (1/2)

1. Open aAnalysis Document
3C_Hollow_Shaft_3D_Start.CATAnalysis.

2. Specify External Storage file path. =

5% E©

i

—CATARalysisResults File

ID:'l,'-.-'-.-'Drkjng_FDIderFu:urCDmpaniu:un_RNS'l,'-.l'S.ﬁ.'l,'-.l'S.ﬁ._Exer mdiite | N || | N e e e e
—CATARalysisComputations File

ID:'l,'-.-'-.-'Drkjng_FDIderFu:urCDmpaniu:un_RNS'l,'-.l'S.ﬁ.'l,'-.l'S.ﬁ._Exer Madify

i o Cancel I

-
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| Exercise 3c (2/2)

=10] ] )

— Method
3. Specify the Solving Method. O Auto
. Use Gauss R6 as solving method, as it is Ogwss |

fast and uses improved algorithm. O Gradient

— @radient Parameters
Mazxirnum ikeration number [

ACCUracy 1e-005
—Mass Pararmetefp ——— || ee,mmmmm e e —
[ Exclude

@ Ok I Qcancel| | 0 |

-

R I=TE
[ |

4. Compute the Analysis Case.

5. Check ELFINI Log file. Ll

" &8 Cancel I

6. Save all the files.
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L Exercise 3C: Recap

STUDENT GUIDE

v' Specify External Storage path.

v' Compute Static Analysis Case.

E Analysis Manager

% Links Manager.1
=~ 4\ Finite Element Model.1
%=8 Nodes and Elements
L7 Properties.1
-7 Materlals. 1
=~ /A Static Cane
$~i=1Restraints.1
#4:] Loads.1
3~ 453 Static Case Solution.1
Sensors.1
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L Case Study: Computing Drill Press Table

Recap Exercise .

0 MmN e e e

You will practice what you have learned, by completing the case study
model. In this exercise, you will compute FE model for Drill Press Table.
Recall the design intent of this model: || mmmmmmmmmm—— -

v Specify the External Storage path. || rmmmmmmmm e

v Select the solving method.

v' Compute the Analysis Case.

v Vi i ’
View the ELFINI Log file. { 4%\.::‘1!5

v" Save all the documents
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L Case Study: Introduction

The case study for this lesson is the Drill Press Table FE

model computation. The focus of this case study is to carry out
computation task independently. You will perform the following
steps in order to achieve this.

Specify the External Storage path. N ___
Select the appropriate solving method based on solving method guidelines.
Compute the Analysis Case.

View the ELFINI Log file.

Save all the documents

S R

Drill press Table FE Model
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L Design Intent
A\
3
v" You will provide paths for results and computation files.
. Specify External Storage filepath WM o siiooaiiis
v" You will then find the number of DOF for the FE modeland (¢
based on that you will select the solving method.
You can get the number of DOF in following way. In Analysis
Tools toolbar, use information icon on Mesh Image. Youwitt ... || 77T T T77
get number of nodes for the FE model. For Tetrahedron .
elementin CATIA you have 3 DOF per node. From thisyou .
will get total number of DOF for the FE model. Use this
information along with solving method guidelines. . Q] m=eoso—mm—m e
. Use solving method based on above information.
v' Compute the Analysis Case. El
v Check ELFINI Log file. "'ﬁg“’ E"'f:';d‘tE:"d"-i
v' Save all the files. ; m:ii
= Materials.
== 20 Static Case
#~{=Restrainta.i
‘@Loadsl
Static Case Solution.1
>
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L Do It Yourself

The following steps offer hints to guide you through
the computation of FE model for Drill Press Table.

1. §'Open an Analysis Doecument il s e
Drill_Press_Table_Computation_Start. CATAnalysis.

2. Specify the External Storage file path.

3. Specify the Solving Method.

. Use Gauss R6 as solving method, as it is
fast and uses improved algorithm.

4. Compute the Analysis Case.

5. Check the ELFINI Log file.

6. Save all the files.

Copyright DASSAULT SYSTEMES Computation 79



CATIA V5 Analysis

STUDENT GUIDE
L Case Study: Computing Drill Press Table Model Recap
\!:-
¥
v' Specify External Storage path.
v Select the solving method. |
v Compute the Analysis Case. |} | TTTTTT T T
Vi ERENINESSRCTENN—_— R e R e
v' Save all the documents. ?-Fg:; LinksManagerd = ||l
=~ £\ Finlte Element Model.1
i‘-’& Nodes and Elements
7+ Properties.1
$-LF Materials. 1
=~ A\ static Cane
#-/-|Restraints.1
4] Loads.1
1) Static Case Solution.1
-1 Sensors.1
y,
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| Post-processing 4

Learning Objectives:
Upon completion of this lesson you will be able to:

Understand post-precessing=~ W
Visualize the required result images.
Understand the use of sensors.
Generate reports.

N BN S

) 2 hours
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L Case Study

The case study for this lesson is the Drill Press by
Table FE model post-processing. The focus of this : e
case study is to post-process the computed data as
per requirement.

L Design Intent

You must decide which results are required to be

viewed. Based on this decision you will create the

visualization images and an analysis report which will

clearly summarize the results of the computaton. U= W0 ___

v You will create Translational Displacement
Magnitude Plot, also find the value of maximum
displacement and its location.

v You will create plots for Maximum and Minimum
Principle stress distribution with discontinuous iso.
Find out the location of the maximum values.

v You will create Von Mises stress distribution plot
and find the location of maximum value in FE
model.

v You will create Local error distribution and find
the location of maximum value.

v You will create output sensors for Error in Energy,
Global Error Rate percentage.

v You will create Resultant sensor to know
reactions at restraints.

v You will create Analysis Report with Images.
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L Stages in the Process
This will involve the following steps to perform the \,;
case study. First, you will learn what is meant by von Mses Stress {rE'ndd valJes). 1
Post-processing. Later, you will see how to use H-T.E?u +004
the various result visualization functionalities in 177%+004 || --------------
the GPS workbench. 15%+004¢ ||
1. Understand Post-processing. igigg
2. Create Visualization Images. 9B%e+003 ||
3. Create Extrema on created images. 7B8e+003 2 || ----------=---
4. Use sensors. SSe+003 |}
5. Generate analysis report. ?g%:ggg
I aswe00s ||
CnBoundary 00 [l sessesssoeee
>
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STUDENT GUIDE
L What is Post-processing
Post-processing involves all those steps which are \;
carried out after computation of results. In this step
you will:
v’ Create different images like Deformation, W ____.
Displacement magnitude, Stress, Reaction
force, and other available images fom | TTTTTTTTTT T
EBinputed solutionfd@fEEEE el s o o
v Find location of result values in FE model.
v’ Validate the results using different images and
study these images to understand and interpret ||
INSISOIUHOGT S R e
v Make decisions for further improving the Image Purpose of theimage | (|
solution with mesh refinement iterations or other L= To visualize finite element mesh in the deformed
solution types. Lo configuration
v' Validate the current design or provide the To visualize displacement field patterns which
. represent variation of position vectors of material
changes based on the results. Displacement particles
VI S U al I Zatl O n I m ag eS To visualize principal stress field patterns which
. represent a tensor field quantity used to measure the
i 1 . K _ K Principal Stresses o0 (1 SESS
CATIA provides the different visualization images
to StUdy the results of the analySIS as shown in the To visualize the Von Mises Stress field patterns,
table. ] which represent a scalar field quantity obtained from
. . Von Mises the volume distortion energy density
When you edit an image, you can choose the Stresses
image type. Location of the result values, provided
by the solver, changes accordipg to the selected Precision To visualize computation error maps
type. You can choose the location for text and
symbol types only.
>
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L Sensors
Sensor is a physical output of a computation. _|=] x| 0 ] =5 \‘" 2
Sensors allow you to produce specialized output  Local Sensors
provided as a single value rather than a range of [ Global Sensors R RS
values displayed on the model. Energy Displacement Vector | | || ______________
Error in Energy VEES STEEE
You can use sensor output to: Global Error Rate (%) Ay ™ .
. . Maximum Displacemeant
v Validate the Analysis Results Maximum¥onMisess | | || || oo __
v Synthesize the analysis results and use it as a
parameter to improve and optimize design = (| &/ [ | | | T TS
specifications. @ ok | @ cancal | b | ||
Global sensor provides an output value for the — —/— 7 — 0 0  —— — || e mm -
entire FE model, while local sensor providesan
output value for a local region in the FE model. | ””””””””
: Piston0033_FEA_Report | !
f MESH:
Report Generation § o |
After the required level of solution accuracy is ELEw] Static Case Solution.1 - Translational displacement |
reached, after and several mesh refinement 3 — gt 3
iterations, you can generate reports. T torsutond csteenen magioge
In this step of report generation, you will present ! Mat ) s !
the information generated during all stages of the 3 N ce o 3
FE Analysis process: Pre-processing, i —|
Computation, and Post-processing. = i
>
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L Main Tools (1/2)

View Mode

Il Customize View Parameters: lets you
customize the view mode.

Image

2 Deformation: lets you specify the finite element
mesh in the deformed configuration under applied
loading condition.

Displacement: lets you visualize the
displacement field patterns, which represent
variation of position vectors of material particles
as a result of applied load.

n Von Mises stress: lets you visualize the Von
Mises Stress field pattern.

Other Image

Principle stress: lets you visualize the principle
stress field patterns which represent a tensor
field quantity used to measure the state of stress
and to determine the load path on loaded part.

H Precision: lets you visualize the computation
error maps.

x|

i Nl

STUDENT GUIDE

B0

B Bl
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L Main Tools (2/2)
Analysis tools ¥
g x|
rd Cut Plane Analysis: lets you to visualize | o W WD
sections of the structure to allow you to visualize & IE sME
the results within the material. |
Analysis Results x|
E Generate Reports: lets you to generates report J L_\»,,
for computed solutions. B T P |~~~
>
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| Exercise 4B

Recap Exercise

|

In this exercise, you will create result visualization images for 2D component. || "~~~ "~~~ "777°~
Detailed instructions for new topics are provided for this exercise. || "mTTTTmommes

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

= Create Translational Displacement image

= Create Principal Stress Image

= Create Von Mises Stress Image

» Create Precision Image

» Create Energy and Global error Rate sensor

= Animate the displacement Image
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L Exercise 4B (1/7)
\-:
¥
1. Open a Analysis Document.
. Open 4B_Hollow_Shaft_2D_Start. CATAnalysis. ~—((
2. Visualize Translational Displacement results.
. Create Translational Displacement Vector
g, e 0 R R e
a. Select as o 0 0 ||| e
b.  Uncheck the option
and observe the difference in image. T
Trasiational cisplacemert magritude, 1
mm
>
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L Exercise 4B (2/7)

3. Display Average Minimum Principal
Stress Distribution.

. Create Principal Stress Tensor
Image.

a. Select Type as average iso
for average values.

Click More >> button.

In Component field, select
C22 for minimum principal
stress.

d. InLayer field, select Mid.
Click OK.

For Stress Principal Tensors Image:

In the case of 3D elements:

C11: is the maximum principal stress
C22: is the middle principal stress

C33: is the minimum principal stress
You can also have a combination of these
components (for example, C11 C22).

In the case of 2D elements:
C11: is the maximum principal stress
C22: is the minimum principal stress

Image Edition

Wisu | Selections I

4 Deform according to IDispIacements I

Types
pr— - E—
Discontinuous iso

Fringe
Symbal
Text

|—Cr|ter|a 1

Frincipal shearin

Principal value {absalute walue)
Tensaor companenk
vion Mises

Oetions... I

<<Less I

2|

—W¥alues
Position: Node i
Value type: Real hd
Camplex part: -
O keeponly: [walues jl 2 jl o

Do ok carnbine:
r—Filkers
Show filters Fors [iodes of 20 Elements -
Axs syshem: |Loca| {Cartesian) _I
Companent: |fg
Laver:

® Lamina:

STUDENT GUIDE
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L Exercise 4B (3/7)
b
" 3
4. Display Von Mises using Principal
Stress Distribution Image 2lx|
. Modify Principal Stress Tensor visu | Selections | s 0 I
|mage & Deform according o IDispIacements _J Position: Node B T T
. Types Walue bype: Real -
a. DOUbIe'C“Ck the Stress '-.-'Er'aqe iso @ Complex part: - ! 1}/ -----——-—======--
principal tensor component Portinuous e Okesponly: [values == =0
(nodal values).1 image in Sybol s N I
specification tree. s [l ———————————— [ |
Show Filters Far: =
b. Change the type to Average  [Fieddeans e =
SO in the Typ es field. Frincipal value {absolube valug) j | I S R
Tensor com [ Display locally
C. Click on Von Mises in 4c Companent: [4) o ClE D e i
criteria field. Stz laver:  [wd [ de -
d.  Click More >> button. = B Orys: | [
. In Layer fleld, select Mid. @a K, J & Cancel J Preyiew J
f. Bk OK. e, ,r,r,F,FPFPFPFF————e—e—e—e—e——————
3 Siress Yon Mses criterion (hodal vaues). 1
: N_m2 :
| 4,036+003
| I 3.790+007
”””””””””””””””””””””””””””””””””” : 3.55e+003
m 3 3.91e+0013
%#~i=1 Restraints.1 i 3.07+003
1 2.83e+003
‘@ Loads.1 | I
1 : 2.59e+003
3 Static Case Solution.1 3 2.35e+003
; : 2.11e+003
1 Translational displacement magnitude.l 1.B7e+003
Siress Von Mises criterion (nodal values).1 1.52e+003
>
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L Exercise 4B (4/7)
\-:
¥
5. Display Local Error Distribution
. Create Precision Image. ~—=&™MS~~ (£
a. In toolbar, click

icon. Esummdlgcduror.i ——————————————
57276013 | Wl soiissemis o

B &19e013
4518013 | | ______________

4,04¢-013
SASOLIINN N o oo

7.ARa-013
23013, (|

1.73¢-013

1.156-013
E79e014. || """ TTTTTToC

L.8%e-015

-5 Static Case Solution.1
‘i Tramalational displacement magnitude.l
' i Stress Yon Misea criterion (nodal values).1
Estimated local error.1
311 Sensors.1
>,
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L Exercise 4B (5/7)
; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -'- -
6. Create Sensors. %ﬂtﬁ:ﬂ
- Create Energy sensor. ML
. 4] Loads.1 it
a. Expand Sensors.1 > Energy node in 1
specification tree. You will get the ?@ Static Case Sotiont ||
energy value. 59”50r5-1 .
&) Static Case Solutond. L (EEEEEE
a-@ Samom i | ______________
1 veseg 0 . ({r_ __
Energ}' =1.07 5e- UOBJ
The energy value calculated is the total
strain energy of the model.
If this node does not display the value then: |
. In Main menu, select Tools > Options T options @K = | i | : 3
. Click on Parameters and Measure in ff B 1 r'
Options specification tree. T~ o™ General Parameter Tree Yiew ]
«  Clickon Knowledge Tab. W g@ 3 i vaie
«  In Parameter Tree View, check option spay ] with formul
With value. F Compatibility ‘
. Click OK. - Parameter narmes
P;? Farameters and reasure
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, &l 5 surrounded I;l;-f
>,
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L Exercise 4B (6/7)
b
e ey o e e e " -~
d 1a-@s 1
6. Create Sensors (continued) Pﬂer:soznter%ph
. Create global Error Rate sensor. E =Ees - F I
b. In Sensors.1 contextual menu, click [&] tideishow
Create Global Sensor. B .
c. Select Global Error Rate (%) in the Bt 00 .
Create Sensor dialogue box. C”t i
q =] Copy. Crlec I || e
d. Click OK. [, paste Chrby
Expand the new node Global Error oo — | e
Rate (%).2 which get addedin | |(ee——t M
Sensors.1 node in specification tree. e e
You will get Global Error Rate value. ) Lndete Al S2risors ——————————————
ﬂ Creats Global Sensor ‘Gb ]
3?@ 7 st 77 - ru 77 c c 77 ase 5 i iu? Eni ;i 777777777777777777777777777 % Create Local Sensor !
! Create Resulbant Sensor
li'@ Se®ornl 0 —
| Energy
“Energy" =1.075¢-008] A= E
Global Error Rate (%).2 ! — Global Sensors
“Global Error Rate (%) =5.321575165 Energy
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff ‘ Error in Energ N
Global Error Rake (9% 6(3/
Mazximum Displacenment
Mazxirurm Yon Mises
Mass
wd Cancel |
b/
6d
\_/
>,
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L Exercise 4B (7/7)
-" -~
4 @visualize Animation. £
=  Animate the displacement image. Static Case Sobloni. |
a. Deactivate Estimated local error.1 image. Translational displacement magnitude .1
b.  Activate the Translational displacement "t Siress Yon Mises criterion (nodal r.aheg).i} """""""
magnitude.l image. ‘ 1 Estimated local error.1 | R
c. InAnalysis Tools toolbar, click Animate iﬁ'@mm.i ‘
icon. & N T T
d. In Steps number, select 20 from dropdown. —— — — R || i
. x|
Adjust the Speed button as shown. | B T
D SR
)
Animation 2| |
14
| I
M|« ||| M
B Steps number |2EI j
| Speed h |
More == I
-
o
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L Exercise 4B: Recap

Create Translational Displacement image.
Create Principal Stress Image. | ||

Create Von Mises Stress Image.

Create Precision Image.

Create Energy and Global error Rate sensor

N S s S S

Animate the displacement Image
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| Exercise 4C

Recap Exercise

|

In this exercise, you will create result visualization images for 3D component. || "~~~ "~~~ "777°~
Detailed instructions for new topics are provided for this exercise. || "mTTTTmommes

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

= Create Translational Displacement image
= Create Von Mises Stress Image

= Create Precision Image

= Create Global error Rate sensor

» Use Cut Plane Analysis

» Find Image Extrema

= Display Image Information

= Generate Report
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L Exercise 4C (1/7)
-" -~
1. Open a Analysis Document.
. Open 4C_Hollow_Shaft_3D_Start. CATAnalysis.
2. Visualize Translational Displacement results. e =
. Create Translational Displacement Vector & B P ‘(|
INaCEA S Y W - Rl s e e
SRS E SIS ENS O S R R I s
3. Display Von Mises Stress
Distributiopse = cEEEE— i T T T e
. Create Von Mises stress Image.
a. In Image toolbar, click Von
Mises Stress icon. Vo Moes vauen.L
N_mz2 1
1,13e+003
1,03e+003
930
B829
729
528
528
427
327
225
125
©n Boundary
>
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L Exercise 4C (2/7)

4. Display Local Error Distribution.
=  Create Precision Image.

a. In toolbar, click

icon.

Estimated local error, 1

5.948-014
8.93e-014
7548014
595014
5.96e-014
4.950-014
3.97e-011
2.98e-014
LY%e-0l4
9.93e-015
1.478-0z2

STUDENT GUIDE
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L Exercise 4C (3/7)
-—-@- Sensors.1 '\g
== | Center Graph "
5. Create Sensors. ﬂﬁ Reframe On
=  Create Global Error Rate sensor. . N
=  Create Maximum Displacement sensor. Zrij::i:ree
=  Create Maximum Von Mises sensor. Y .o — 1
Copy s ] | | e S
[E Paste s = @
Faste Special. ..
Delete iz || |
@ Updaiz all Sarcors. | R (| | e e e e e e
lﬂ Cregte GlobalSepgel OO ) 0V
% Create Local Sensor
-;-'@ Sensora.l
1‘-'ﬂ Energy
T~ Global Error Rate (%).2
T *Global Error Rate (%) =2.866891146
F=&h Maximum Displacement.3
T *Maximum Displacement” =2.143e-006mm
== Maximum Yon Mises .4
*Maximum Yon Mises " =1130,486N_m2
>
100
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L Exercise 4C (4/7)

6. Cut Plane Analysis. “a"”“ Tooh =
: ) : <5 P m?
. Use cut plane analysis to view inside details of @ 4 CF G |
FE model. @

a. Activate the Von Mises stressimageand = e—m——my = | TeoToSssossmss
deactivate other images.

b. InAnalysis Tools toolbar, click Cut Plane
analysis icon. It will display a cut plane with
compass. You can use compass to orient the
cut plane.

c. Use the options shown in Cut Plane Analysis
dialogue box.

d. Orient the cut plane perpendicular to length of
hollow shaft using mouse and compass. You
can view the Von Mises stress distribution
along the cross section of hollow shaft.

Cut Plane Analysi 7] x| } Cross section of FE

model at cut plane

<— Cut plane

[ view section only

.| Shiow cukking plane
4 Clipping  Reverse Direckion I u
compass =9 y
1 i}

[l Project vectors on plane
)
Init plane parameters l
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L Exercise 4C (5/7)
Y
7. Find Maximum Von Mises stress value and location. “a"-"s's Tacky =l
. | ox P om?
=  Find Image extrema for Von Mises stress. g D 3 ege .
a. Activate the Von Mises stress image and @
deactivate other images. s || e
b. In Analysis Tools toolbar, click Image Extrema , ~~_—" 7 || o __________
icon. (7C ).- Global
c. Check the Global option. Minimum extrema atmost: o | || TTTTT TS
d. In Maximum extrema at most field, enter 1. LSRN ! (7d) M. [l s eesesiseaians
Click OK. LEC e ..
Minirmum extrema ak mosk: | g
... 7777 Static Case ! So il'l:kl'll Maxirum extrema at ozt j2z || = - == mm == -
‘ Trarslational displacement mamlhldei @ Cancel |
Yon Misea Stress (nodal values).1 | .
Global Maximum. 1 1130.45 N _m2
Image Extrema for Von Mises Stress
showing maximum stress value and
location in FE model
Maximum Von Mises stress location
>
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LExercise 4C (6/7)

8. Display Image information. =l

. Find Image Information for Von Mises stress. | @ Sl ¥ &

a. Activate the Von Mises stress image and
deactivate'other images. T/l s e e

In Analysis Tools toolbar, click Information icon.

Click the Von Mises Stress (nodal values).1
option. You will get Information dialogue box. |

2] 1 Translational displacement mamlludai ______________

= Object name: Yon Mises Stress (nodal values, 1 ; Yon Mises Stress (nodal values). 1

Display | Estimated local error.1 |
on deforrmed oesh | T

On boundary
Crver all the model

Extrema Yalues
Min: 125.591 N_m2
Max: 1130.49 M_m2

Filters
3D elements:
Components; Al

Defined Materials
Material: Steel
Young Modulus: 2e+011M_m2
Poisson Ratia: 0,266
Density: 7860kg_m3
Thermal Expansion: 1.17e-005_Kdeg
Yield Strength: 2.5e+008M_mz2

Close |
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L Exercise 4C (7/7)

9. Create Analysis Report. x|

Generate Report for Analysis Case.
a.

'8 - 8

In Analysis Results toolbar, click Generate
Report icon.

Select the desired folder in the Output directory
field.

In Title field write the title for the report.

Check Add created images option. This will add
all created result visualization images in report.

In Choose the analysis cases(s), you can
choose the analysis cases to be included in

report. This is applicable in case you have

multiple analysis cases.

Click OK. Report Generation

2|

Qutpuk direckory: |C:".FEF'- Reports \99

— ul

Title: | Hollowe_Shaft_30_Analyvsis Repark @

 Add created images

Choose the analvsis case(s):
Static Case

(9]‘"& oK, I & Cancel |

STUDENT GUIDE
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L Exercise 4C: Recap
b
2 v
v Create Trans|ati0na| DiSp'&CGment image' = Object name: Yon Mises Stress (nodal values). 1
. cisplay ! N e e m e a
v' Create Von Mises Stress Image. oOn deformed mesh
onboundary 0
v’ Create Precision Image. Qver all the madel
Extrema Yalges 0 | mEemm—_—_—————_———
v" Create Global error Rate sensor. Min: 125.591 M_m2
Max: 113049 N_po2 Y _______
v' Use Cut Plane Analysis. Fikers
. smelemerz [ || | e e e
v" Find Image Extrema. Components: Al
v Display Image Information. e Maeriats
Young Modulus: Ze+0tiM @2~ | || TTTTTTT-TT-T-==~=
v Generate Report. Poisson Ratio: 0,266
Density: 7860kg_m3
Thermal Expansion: 1.17e-005_Kdeg
Yield Strength: 2.5e+008M_m2
>
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L Case Study: Drill Press Table Post-processing

Reeap Exercise

You will practice what you learned, by completing the case study model. || ===~~~
In this exercise, you will post process FE model for Drill Press Table.
Recall the design intent of this model:

v' Create required Visualization Images. gm0
v Create Extrema on created images.
v' Create sensors.

v' Generate analysis report.
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L Case Study: Introduction

The case study for this lesson is the Drill Press Table FE

model post-processing. The focus of this case study is to post-
process the computed data as per requirement. Youwill | emmmmmm—m— oo
perform the following steps in order to achieve this.

1. Create required Visualization Images. 0
2. Create Extrema on created images.
3. Create sensors.

4. Generate analysis report.

Drill press Table FE Model

Drill press Table Translational Displacement Image
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STUDENT GUIDE

v" You will create Translational Displacement Magnitude plot.
You will find the magnitude of maximum average
displacement. Also find the location of maximum value of
translational displacement. Also observe the Z-direction
component image for translational displacement.

. Create Translational Displacement Magnitude image
and create Global Extrema for this image.

. Create Translational Displacement Component with
Z-direction component image and create Global
Extrema for this image.

v" You will create plots for Maximum Principal stress and
Minimum Principal stress distribution with discontinuous iso
and find out the location of maximum values.

. Create Principle Stress image with Maximum
Principal Stress component and create Global
Extrema for this image.

. Create Principal Stress image with Minimum
Principal Stress component and create Global
Extrema for this image.

Copyright DASSAULT SYSTEMES Post-processing
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v

You will create Von Mises stress distribution plot and
its location of maximum value in FE model.

" Create Von Mises stress image and create
Global Extrema for this image.

You will create Local error distribution and its location
of maximum value.

. Create Precision image and create Global
Extrema for this image.

You will create output sensors for Error in Energy,
Global Error Rate percentage.

You will create Resultant sensor to know reactions
at restraints.

= Create Resultant sensor in reaction sensor.

You will create Analysis Report with Images.

Copyright DASSAULT SYSTEMES
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L Do It Yourself
-" -~
1. Open
Drill_Press_Table Post Processing_Start.
CATAnalysis. g S e ey 00 | | T
2. Createrequired Visualization Images. = = ([ . | =l A 000 | | ___
3. Create Extrema on created images.
4. Create sensors. VorMsesStress (rodavaes)l (| 000
2 R e
_ 1,97e+004
5. Generate analysis report. I 1,77+004
1.57e+004
1.35e+004
1, 18a+004
5,836+003
I 7.850+003
5.9e+003
3.93e+003
I 1.97¢+003
3.61e-008
Cn Boundary
Drill press Table Von Mises Stress Image
>
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L Case Study: Drill Press Table Post-processing Recap
\¢
.-".-'
v' Create required Visualization Images.
v Create Extremaon created images. | || TTTtmTmms
viBreate sensors/REEEEEEEE Y 0 S o - L TR e
v Generate analysis report. | |
V,
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A\
Learning Objectives: .
Upon completion of this lesson you will be able to:
v" Understand Mesh Refinement.
v' Perform adaptive mesh refinement.
Estimated local error. 1 8 Evimatediooalemor.d. [l T RS
Js,sg-on 9.958-013 N | 5 e T e TR
B 4820011 B esse013
4,290-011 7970013
3,756-011 i
3,22e-011 4'50-013
il 3966013
2,14e-011 2596013
1.61e-011 t 996013
st =
1.I230-025 1,17e-024
2 hours
>,
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L Case Study
The case study for this lesson is the Drill Press Table ‘;
FE model Post-processing. The case study focuses on
mesh refinement in order to obtain required
visUSIliZatioN iMages: R O s s M e R
. Won Mses Stress (slement's nodes values), 1
Design Intent RCZEE T Rl oot i s
4,768+004
) : ) Bazmeons =0 Wlooocooecooees
The analysis must be performed with the provided 3,816+004
mesh and adaptivity parameters: oD |
v You will solve the FE Model with initial mesh CEC B |
. : 1.916+004
v You will study the following results 1.430+004
. 95%+003 @0 || --------------
= Local error distribution 4,768+003
= 9% global error rate OO R % e S
= Compare the difference between values of
Von Mises stress with Discontinuous iso
and average iso.
v You will specify the Global Adaptivity parameters.
v You will compute with Adaptivity
v You will again study the results.
L Stages in the Process
The following steps are used to perform the case study:
1. Solve the model with initial mesh.
2. Specify Global Adaptivity parameters.
3. Compute with Adaptivity.
4. Check the results.
>
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L What is Mesh Refinement N
I “Lsewos
Initial FE solution provid the results that 1009 3
provides you the results that are e ¥
generally obtained using simple element types and LEoeo0)
coarse meshing. From this solution, you can get be Ul
the rough idea of the results using simple FE e
modeling which requires minimum computation .
time. These results may not be sufficiently
accurate. In the process of mesh refinement you — coiinated local error with "I 0200 || T TTTTTTTTC
will increase the accuracy of the solution, by T | —
reducing the descetization error. 2788010
, i , EEERT | |t
Global mesh refinement involves decreasing the ZEolD
mesh size and sag for the whole FE model. et |
Successive global mesh refinement may not lead ot | |Eece———
to significant change in the stress values in the g’
major areas of the component; however it will e
increase the CPU computation time. So using
precision plots you can spot the regions of high
local error values, and refine the mesh in those
regions locally.
The ‘Global Error Rate’ sensor indicates overall
accuracy of the solution. In each mesh refinement
step the ‘Global Error Rate’ decreases.
>
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L Adaptive Mesh Refinement
In Adaptive Mesh Refinement, the mesh is refined \;i,
by increasing or decreasing the element sizes. The e
order of the element remains the same. The mesh g LTeou
is refined in the areas where local error estimates :Zm__: ______________
are high. 2.960-0:4
. ) ) 2304 ] s esose o e
In general following steps are involved in 191604
. . . l4%e-04
Computing the mesh using Adaptive Mesh o C A N
. . 4,77¢-0.5
Refinement technique. 47408 || -
1. Solve the FE model with initial mesh.  RGG—— --/ |
2.  Specify the Adaptivity parameters.
3. Compute with Adaptivity.
4. Checktheresults. . TTTTEmTEEmEE e
After refinement, the difference between stress
values with Average iso and Discontinuous iso Extmated local error.1
decreases, as the solution converges. S Ya—
B ‘1526014
L36e-011
L18e-014
LO1e-014
B.44e-015
5.75e¢015
5.05e-015
3.38e-015
L&65e-016
2.19¢-020
>
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L Main Tools

Adaptive Mesh Refinement

New Adaptivity Entity: Lets you create the
adaptivity on a mesh part for a static analysis

case solution.

2
Ix

®

Compute with Adaptivity: Lets you compute the

solution with adaptivity.

STUDENT GUIDE
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| Case Study: Drill Press Table Mesh Refinement

Reeap Exercise

You will practice what you learned, by completing the case study model. Inthis ||~~~ """
exercise, you will how to use adaptive mesh refinement to improve analysis results || --=-=-====-=---~
for Drill Press Table FE model. Recall the design intent of this model:

v' Solve the model with initial mesh | TTTTTT T
v Specify Global Adaptivity parameters
v' Compute with Adaptivity

v' Check the results
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L Case Study: Introduction
\-\'
¥
IThelcase stlidy for this |eS SN S R R N . oo
Model Mesh Refinement. The focus of this case study is to
perform mesh refinement using adaptive mesh refinement. - eemmmmmmm oo
You will perform following steps in order to achieve this. .
1. Solve the model with initial mesh. .
2. Specify Global Adaptivity parameters.
3. Compute with Adaptivity.
4. Checktheresults.
Elﬂmltldlgcdm.i
1.026-012
B 518013
8.154-213
7.14e-013
6.126-013
5 1s-013
4,088-013
3.056-13
204013
I 1,02e-013
9.11e-025
Drill press Table FE Model Local error distribution Drill press Table FE Model Local error distribution
for initial mesh for final mesh
>
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L Design Intent (1/2)
A
-
v" You will solve the initial FE model with mesh size 33 mm,
Absolute sag 3 mm and parabolic element type.
v" You will study the following results.
. View the local error distribution. Note the maximum
local error valye.
= View the % global error rate. Note the % global error .+
rate by creating the global error sensor.
" Compare the difference in values of maximum Von ||
Mises stress with Discontinuous iso and maximum || TTTTTToo oo
Von Mises stress with average iso.
v' Specify the Global Adaptivity parameters
" Select the mesh part to be refined.
" Define the required % global error rate as % objective
error. Specify % objective error as 12%.
>
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L Design Intent (2/2)
.
-
v' Compute with Adaptivity.
. Specify the iterations to be performed. Specify numper | ..
iterations as 30.
" Keep Global mesh size unmodified. Uncheck allow mesh
Unrefinement.
" Allow Global sags to modify. Check Deacitvate global sags. ||
v You will again study the following results. | .
" View the local error distribution. Note the maximum ] e
local error value.
. View the % global error rate. Note the % global error
rate by creating the global error sensor.
" Compare the difference in values of maximum Von
Mises stress with Discontinuous iso and maximum
Von Mises stress with average iso.
The above two values should be approximately
same in order to achieve convergence.
In case the Objective error is not reached, increase the number of iterations and again compute with Adaptivity
More the number of iterations more memory is required for computation. Please make sure that you have enough
disk space compute the solution.
>
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L Do It Yourself
\-\'
%
The following steps offer hints to guide you through
the mesh refinement of FE model for Drill Press
Taie. S S SRR T
1. Open an AnalysiSIBOCUHMENINN s s T s
Drill_Press_Table Mesh_Refinement_Start.CATAnalysis. W
2. Solvethe model with initial mesh.
=  Use mesh size 33 mm, Absolute sag3mm |
and parabolic element type. || emmmmmmm oo
3. Specify Global Adaptivity parameters. e
]
: . 1,026-012
4. Compute with Adaptivity. N 9180013
7.14e-013
6.126-013
5. Check the results. 2.01;2‘1&3
3,08¢-013
2.046-013
1,026-013
3.116-025
>
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L Case Study: Drill Press Table Mesh Refinement Recap

STUDENT GUIDE

v' Solve the model with initial mesh.
v' Specify Global Adaptivity parameters.
v' Compute with Adaptivity.

v Check the results.

Estimatad local amor. L

3
1026012
B ‘9.10e-012
B.16e-013
7.14e-013
6.12¢-013
516013
4056014
ANGe-N18
204e-013
I 1.02e-013
3116025
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Learning Objectives: .
Upon completion of this lesson you will be able to:
v' Understand Assembly Structural Analysis. ~ EifiSsmesssedagd. 00 || oo ____________
v"Understand about Analysis Assembly.
v' Learn about different analysis connectionsand g W 00 | o
connections properiies: ..~ & ...
v' Understand the use of virtual parts and distributed g4 |
mass.
2 hours
>
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L Case Study

The case study for this lesson is the Analysis Assembly A
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.

L Design Intent

The analysis must be performed with the following

parameters and component connections:

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

v" For other components the automatically applied
mesh parameters and properties will be applied. | | e

v' The components will be connected as follows:

= A rigid connection between the Base and
Column.

= A fastened connection between the Column
and Table.

= A rigid connection between the Column and
Housing.

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

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

v The bottom of the base must be fixed.

v' The FE model will be checked and computed.

v The results must be viewed.
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L Stages in the Process
The following steps are used to perform the case study: ‘;
1. Learn different Assembly Structural Analysis
approaches.
2. Create Assembly connections. ~  UEESELALRAsueTEReY 200 0 || T T T TTTT
3. Apply Connection properties.  (@EESeeraleeol] o000 | | oo
4. Create a Virtual Part. . g N ||
5. Create a Distributed Mass.
>
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L Assembly Structural Analysis
roauc
Assembly Structural Analysis is generally used to B ‘5',
perform the structural analysis of assemblies, by h .
modeling the physical assemblies using Finite
Element Assemblies. = D e
To simulate the real connection behavior youcan |
define connections between different assembly
components and assign different types of - e R A e
connection properties to these connections, using |
GAS license through Generative Structural Analysis -
workbench. You can also use ‘assembly constraints’ "I 0 N
as a support to assign the connection properties. Assembly Analysis Approach || ~m=mmmmmmm -
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 -
complete assembly is performed. i
i
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 <—i| Orphan Mesh Analysis |
analysis. Finally analysis of the complete assembly
is performed. »| Global Analysis |
Analysis Assembly Approach
>
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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.

STUDENT GUIDE
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L Virtual Parts

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

L 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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L Main Tools (1/2)

Analysis Assembly ﬁ

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. | memmmmmmmm— =

Analysis Supports
]

General Analysis Connection: connects two or E—Lé L T

more parts of an assembly, with or without a
handler point. e

Face Face Connection Properties .
|

Fastened Connection Property: creates a link |
between two bodies which are fastened together & ﬁ] & [@v @ &

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 Tools (2/2)
Face Face Connection Properties x| ¥
B Rigid Connection Property: creates link H-L[@
between two bodies which are stiffenedanrd -~~~ —,————l || ______________
fastened together at their common boundary, and
will behave as if their interface is infinitely rigd. | TTTTT T
Distant Connection Properties x|
H Bolt-tightening Connection Property: creates J & & & @ @ & ______________
connection that takes into account pre-tension in
a bolted assembly. 6 e e A N IEE R RSP
o
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| Exercise 6C

Recap Exercise

) |

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

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

= Create Virtual Parts

= Create Additional Mass
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I Exercise 6C (1/3)
-
1. Open a Analysis Document.
. V5A_Ex_6C_Virtual_Parts_Distributed_Mass_Start. CATAnalysis. (|
2. Create Virtual Part. =2 @900 W o ___
. Create a Rigid Virtual Part on Candela Axis |
which represents the pulley. 4 & Eﬂ@ @ ______________
a. InVirtual Parts toolbar, click Rigid Virtual @ --------------
Part icon.
Rigid ¥irtual P HIEIEE & D | e e
b. Name virtual part as Rigid Virtual Part for - =
PuIIey, Marme | Rigid Wirbual PartFor Pl | 4 || TTTT T T T T T T T T
c.  Select the highlighted face in Supports field as Supports (29 ——————————————
shown in image. Handler [Mo selection
d. Click OK.
|4P contact Conection Property Barrel and Support Housing |
ﬁnuumnmwpmmmﬁaham § §
ﬂngld Virtual Part for Pulley
””””””””””””””””””””””””””””””””””””””””” | . Select face
. as Support
Virtual Part ,/_.—/
-L ,,,,,,,,,,,,,,,,,, o
>
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| Exercise 6C (2/3)
b
" -~
3. Add Pulley mass to virtual part
. Create a Distributed mass on the virtual part WY R B
a. Click Distributed Mass icon. If the Masses e
toolbar is not available, right-click on O .
Analysis Manager > Finite Element Model.1 f'de’S':_M ______________
> Static Case to open contextual menu. O:n ==
Select Create Preprocessing Set > ‘ — e
Masses. Click on Masses. Masses toolbar Delete s
will get activated. Click on Distributed ‘ Set & Current Case
MaSS ICOﬂ | Peorder Children | R e T e e, R
Enter Name as Distributed Mass for Pulley I e REC 3ai ______________
Select the virtual part Properties.1 > Rigid —
Virtual Part for Pulley from specification =101 %]
tree in Supports field. Mame | Distributed Mass of Pulley
d. Enter 1 Kg in Mass field.
Click OK.
i | Distributed [ Contact Connection Property Barrel and Support Housing
3 Mass symbol ; ﬁkhummwpmuﬂmﬂahuhi
— L _&lRigid Virtual Part for Pull@ |
f,,_J ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
; ' $-4;-]Loads.1
777777777777777777777777777 @Mm.:l. 1
% Distributed Mass of Pulley
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, y
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4.

St

Convert pulley mass into Load

=  Apply Gravitation acceleration to Pulley mass

Y @@%%

x|

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-9.81m_s2 in Z field.
d. Click OK.

Compute the Model and visualize results.
. Use Model Checker to validate the model.

. Distributed

Acceleration

=101 %

Mame | Acceleration, 1

Suppu:urts 1 Wirtual part

—fAxis System

Type IGI:::I:uaI
[ Cisplay lacally

— Bcceleration Yeckar

Mass symbol MNorm | 2.81m_sz
xllilm_sz
‘fllilm_sz
Z|-9.81m_52
[ ' ] & Cancel I

" Compute the Model by setting Result file paths.
=  Visualize Displacement and Von Mises contours.
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L Exercise 6C: Recap

STUDENT GUIDE

v" Create Virtual Parts.

v Create Additional Mass.

Yon Mses Stress (rz'loddeu).l

1.87e+007
J 159e+007
1,5e+007
1,31e+007
1,12e+007
9,37e+005
7.456+005
5.52e+005
3,758+006
| 1B57e+005
7.74e-009
£n Boundary

Copyright DASSAULT SYSTEMES

Assembly Structural Analysis

137



CATIA V5 Analysis

STUDENT GUIDE

| Master Project

Analysis of Drill Press Assembly v

2 hours

The objective of this project is to analyze the complete assembly of the Drill Press
System. You have to study every component of the system, create connectionsand || "~~~ """ 77°°
apply the correct material, forces and boundary conditions to analyze the assembly. || --------------

By the end offihis Project you will be ablete: M rossmssnsoanes

» Understand Actual Physical system T
= Apply Material Properties

= Create Connections

= Apply Forces

= Apply Boundary Conditions
= Check the FE Model

= Compute the FE Model

= Post-processing
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L Master Project: Overview (1/3)

The following is a list of the steps that are
required to complete the master project.

Open DrillPress.CATProduct
1. Understand Actual Physical system.

» This step is to Understand the actual physical

Drill Press System.

2. Apply Material Properties.

Block Engine
Sub-Assembly

Handle Mechanism
Support (Housing)

Drill Support
Sub-assembly

Stand with table

STUDENT GUIDE
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STUDENT GUIDE
L Master Project: Overview (2/3)
'\\-:
%
The following is a list of the steps that are
required to complete the master project
(continued). —¢PRigid Cornection Property.1 Handle andhandleBbck = | | -~~~ --------
3. Create Connections. -ﬁRIgIdCurmﬂonProputy.szdh Blockand ComectingRod @ | | - oo _____
=  This step is to create connections and -4 Fostened Comection Property 1 Bokt andBearng ||
assigning connection properties between ~ Contact Connection Property.1 Rearing and Suppart Plague
the components. Create virtual ~J Fastened Connection Property.2 Barrel and SupportPlaque | | T T T
components and distributed masses. ~5F Fastened Connection Property.3 BarrelandSupportPlagque @ || -~ - - - ——---------
—53 Fastened Connection Property.4 Baeland SupportPlaque | | ______________
4. ARPlyforcey 4P Contact Comnection Property.2Barrel andHowg ||
. This step is to apply different loads -ﬁghummlg Barrel and Upper Bearing
coming on the assembly. -ﬁRIgIdCorrmﬂonProputM Upper Bearing and Canella Axis
5. Apply boundary conditions. -ﬁRIgIdOormcumProperty.s Baraliand LoweriSesig
'ﬂRhHMM.ﬁLﬂWBﬂHMIﬂC’Blh Axla
-ﬂwmm.saumamﬂmmmm
_ 53 Fastened Connection Proparty.6 Engine Support and Housing Lower
e ~ % Rigid Connection Property.7 Column and Housing
Al ~¥Rigid Cornection Property 8 Column and Base
; ~t Rigid Connection Property.9 Connecting Rod and Bolt
- ~¥ Contact Connection Property.3 Support and handle Block
Q——VJ_ B ~¢ Rigid Connection Property.10 Column and Table
—Ji] Rigid Virtual Part.1 Engine Block and Pulley Support
>
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STUDENT GUIDE
L Master Project: Overview (3/3)
\.-:
3
The following is a list of the steps that are
required to complete the master project
(continued). 4. R 88000000 || mmmmmmmmmmmmo
6. ChecktheFEmodel. | S 000000000 e
7. Compute the FE model. “wmmﬂmml ______________
= This step is to compute the FE Model B ‘,5?3;, ______________
using proper solution method g.gdlg
n::.Ea ____________
8. Post processing 3:155' ______________
=  This step is to create the different result Eﬁﬁ
images and generate report. CU-UEUS'
On Boundary
>
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STUDENT GUIDE
L Step 1 — Understanding Actual Physical System (1/3)
b
" -~
This step is to Understand the actual physical Drill Press Block Engine
System. Open the product DrillPress.CATProduct Sub-Assembly
The assembly consists of the following components _
Handle Mechanism || ~ === —— - -
1. Stand with Table Support (Housing) W oo oo s o
2.  Support (Housing) Drill Support
3. Block Engine Sub-Assembly with Engine Sub-assembly ||
support, Engine and Pulley — ~  _gaa . 0 e s e
4. Handle Mechanism it _iUSS . . a
5. Drill Support Sub-Assembly ¢ o~ FF & A
These components are the subassemblies and
consist of the CATParts as their components.
Stand with table
Drill Press System Assembly
>
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STUDENT GUIDE

L Step 1 — Understanding Actual Physical System (2/3)

The components are explained in detail here.

L

Stand with Table
a. Base
b. Column

c. Movable table

Support (Housing)
a. Support (Housing)

Block Engine Sub-
Assembly with Engine
support, Engine and
Pulley

a. Engine Support

Movable Table

~<+—— Column

Base

Stand with Table Sub-Assembly

Support (Housing)

Engine Support

Copyright DASSAULT SYSTEMES
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STUDENT GUIDE
L Step 1 — Understanding Actual Physical System (3/3)
b
3
Handle
4. @Handie’Mechanisn S S S O e s e e R
a. ConnectngRod = 4 N
b. HandleBlock o AL/, S 000000 || o
Handle Block
c. Hande A [ A 0090900 || memmmmm e
GEETETle ) e e
e. Bolt (VIS D8) Eglttvisipsy R | T T T
Handle Mechanism (|
5.  Drill Support Sub-Assembly
a. Barrel
b. Canella Axis Canella Axis
c. Support plaque
d U bearing (Bearing D30
pper bearing (Bearing ) Support plague
e. Lower bearing (Bearing D30) Upper Bearing
-—— Barrel
Lower Bearing
Drill Support Sub-Assembly
>
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STUDENT GUIDE
L Step 2 — Applying Material Properties (1/2)
A
-
This step is to apply correct material properties to each component.
The material for each component of the NEmE Gz _ B W Tt
assembly is shown in the table. There are two Component 3D View S N
different materials used in the system, one is
steel and other is Cast Iron. The required | | <. | | (|
properties of the two materials are provided in Base cast ton | W ====-==n-=mnn-
the table below. | G | | ..
= Change the existing material properties
to the pi@iicledionemsse == === P ~ | a | 1 P soouvTmoammemnes
Column Steel
Material Steel Cast Iron
Young Modulus (N/m?) 2.06 x 101t | 1.28 x 1011
Movable Table Steel
Poisson Ratio 0.30 0.26
Support (Housing) GastSion
Density (Kg/m3) 7840 7200
>
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STUDENT GUIDE
I Step 2 — Applying Material Properties (2/2)
-
Name of the : - Name of the , e N =
Component 3D View Material S——— 3D View . i 0000
Engine Support e SR BR[| e
Barrel Steel | || o ___________
Connecting Rod Steel
Handle Block Steel CenElELads 1 Sz
Handle Steel
Support Plaque Steel
Bearing Steel )
Upper Bearing Steel
Bolt % Steel Lower Bearing Steel
>
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STUDENT GUIDE
I Step 3 — Creating Connections (1/8)
N
Study the structural connections between the components and assign the connection
properties accordingly. Create the virtual part and insert masses wherever required.
Create the analysis connections or use the assembly constraints as per requirements
and apply the connection property. . TTmmmmmTm e
1. Apply Rigid Connection Property between Asymbol ||
Handle and Handle Block. representing il =emmo e
= Create General Analysis Connection tche R'g'g ______________
between the Handle and Handle Block Pfonpneer?y'on
" Apply Rigid Connection Propertytothe SR T T
conné€tion. ~+  SEEEEEEE W o
2. Apply Rigid Connection Property between
Handle Block and Connecting Rod.
" Use the appropriate assembly constraint.
. Apply Rigid Connection Property to the
connection. e
representing
the Rigid
Connection
Property
>
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STUDENT GUIDE
I Step 3 — Creating Connections (2/8)
w
3. Apply Fastened Connection Property between
Bolt and Bearing. A symbol
=  Use the appropriate assembly ][eptresegtmg the @ -~~~
constraint. E i N ...t
. Connection
=  Apply Fastened Connection Property to Propeityt i R oo s
the connection.
4. Apply Contact Connection Property between W
Bearing and Support Plaque.
" Create General Analysis Connection @ (S @020 000 | TTomTmToTmTTaTos
between the Bearing and Support plaque Asvinbol TR s
=  Apply Contact Connection Property to the rep?/esemmg the
connection. contact
) Connection
5. Apply Fastened Connection Property between Property
Barrel and Support Plaque, for the first hole
pair.
" Use the appropriate assembly constraint A symbol
=  Apply Fastened Connection Property to representing the
the connection. fastened
Connection
Property
>
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I Step 3 — Creating Connections (3/8)
N

6. Apply Fastened Connection Property between
Barrel and Support Plaque, for the second hole A symbol
pair. representingthe | | T T T T T T T T T T

=  Use the appropriate assembly constraint. EELCGIEPIE | | E———
. Connection
. Apply Fastened Connection Property to S |CEEEEEEEEEEETNTE
X perty
the connection.

7. Apply Fastened Connection Property between eSS
Barrel and Support Plaque, for the third holte ¢~ . T mmo e
pair. A ool ||

. . sSympo
. Use the appropriate assembly constraint. rep?/eseming the W ... .
=  Apply Fastened Connection Property to fastened
the connection. Connection
Property
8. Apply Contact Connection Property between
Barrel and Housing.
. Create General Analysis Connection .
between the Barrel and Housing. A EYlIel
) representing the
=  Apply Contact Connection Property to the T
Property
>
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L Step 3 — Creating Connections (4/8)

STUDENT GUIDE

9. Apply Rigid Connection Property between
Barrel and Upper Bearing.
. Create General Analysis Connection
between the Barrel and Upper Bearing.

" Apply Rigid Connection Property to the
connection.

10. Apply Rigid Connection Property between
Upper bearing and Canella axis.
" Create General Analysis Connection

between the Upper bearing and Canella
axis.

" Apply Rigid Connection Property to the
connection.

11. Apply Rigid Connection Property between
Barrel and lower bearing.
. Create General Analysis Connection
between the Barrel and lower bearing.

=  Apply Rigid Connection Property to the
connection.

A symbol
representing the
rigid Connection
Property

A symbol
representing the
rigid Connection
Property

A symbol
representing the
rigid Connection
Property
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L Step 3 — Creating Connections (5/8)

STUDENT GUIDE

12. Apply Rigid Connection Property between
Lower bearing and Canella axis.

. Create General Analysis Connection
between the Lower bearing and Canella
axis.

=  Apply Rigid Connection Property to the
connection.

13. Apply Fastened Connection Property to upper
joint of Engine Support and Housing.
. Use the appropriate assembly constraint.

" Apply Fastened Connection Property to
the connection.

14. Apply Fastened Connection Property to lower
joint of Engine Support and Housing.
. Use the appropriate assembly constraint.

" Apply Fastened Connection Property to
the connection.

A symbol
representing the
rigid Connection
Property

A symbol
representing the
fastened
Connection
Property

A symbol
representing the
fastened
Connection
Property
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L Step 3 — Creating Connections (6/8)
15. Apply Rigid Connection Property between -

Column and Support (Housing).

. Create General Analysis Connection '}y —— ' &~ W@ ht ©+ || --==========--
between the Column and Housing by A symbol
selecting edges as shown. representing | |

=  Apply Rigid Connection Property to the ~therigid || ~-------------
connection. . Connection

- : P ty @MW T T
16. Apply Rigid Connection Property between ! ORI

Column and Table.

" Attach the sub-analysis of the tabletothe @ fg*Gowal . || 7777 ==-=-=-=--=-~
CATPart. Activate the specific CATAnalysis || [T%Z BuriaceGloupiiabiesudtace, (| .
file from Manage Representations. Then :
synchronize the model from Analysis | A symbol
Assembly 2D Viewer. 3 representing the

" Use the appropriate group and SewSurface 1 rigid Connection
for Table Connection from the Specification - Property
tree to create General analysis connection. ‘

" Apply Rigid Connection Property to the
connection.

17. Apply Rigid Connection Property between

Column and Base. A symbol h

. ' . representing the
Use the_approprlate gssembly constraint. S Gan o

=  Apply Rigid Connection Property to the Property
connection.

>

Copyright DASSAULT SYSTEMES Master Project 152



CATIA V5 Analysis

L Step 3 — Creating Connections (7/8)

STUDENT GUIDE

18. Apply Rigid Connection Property between
Connecting rod and Bolt.
" Use the appropriate assembly constraint.

=  Apply Rigid Connection Property to the
connection.

A symbol
representing the
rigid Connection
Property

19. Apply Contact Connection Property between
Support and Handle Block.
. Create General Analysis Connection
between the Support and Handle Block.

=  Apply Contact Connection Property to
the connection.

A symbol
representing the
contact
Connection

20. Create Rigid Virtual Part. Property

= Create the rigid virtual part representing
Engine Block and pulley support using
faces of the four holes.

" Create distributed mass of 11 kg using

the virtual part as a support. A symbol

representing the

A symbol rigid virtual part

representing the
Distributed mass

Copyright DASSAULT SYSTEMES Master Project
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I Step 3 — Creating Connections (8/8)
-
21. Create distributed mass representing pulley.
. Create distributed mass of 2 kg on the
outer surface of the canellaaxs. T
i L /i ______________
P e N | oot g
} E 3 A symbol
/ ' ﬁg: } representing the | | -——c—c o ____
/ 1 Distributed mass
~
S &
,,,,,,,,,,,,,,,,,,,, e
>
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L Step 4 — Applying forces (1/2)
\-:
¥
This step is to study the different Loads acting on the Drill
Press Assembly.
The following are the forces acting on the assembly -;-Hmdle (Handle.1)
components. = Hade
1. Force applied on the handle, for drilling operation et L I
. : _ o bt e ———
2. Gravitational force due to weight of the Engine Block _— zx plane
and pulley o LoAdeSysterm @ 000 ||
3. Force on the Table surface, during drilling. This load T = Axssystemy 0 || "ooomoommooo s
will act as pressure, distributed on the area specified W _______
over the table to.
4. Gravitational force due to weight of the Pulley on the A Symbo't,
| representing
CalElaia g the Distributed
X force
Apply different forces on the assembly as follows
1. Apply force on handle.
. Apply the Distributed force of 10N on the
handle.
. Direction of the force is perpendicular to
the axis of the handle. Use the user axis
system.
Before opening the exercise data for this step, please ensure that you have closed all the
previously opened files in this CATIA session.
>
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o

>

J

L Step 4 — Applying forces (2/2)

2.  Apply gravitational force due to weight of
Engine block and pulley.

=  Apply acceleration due to gravity (9.81
m/s?) on the virtual part.

3. Apply pressure on the table surface.
= Apply pressure of IN/m?.

" Use the group created on the top face of
the table using group.

4. Apply Gravitational force due to weight of the
Pulley on the canella axis.
=  Apply acceleration due to gravity (9.81

m/s?) on the surface where distributed
mass is applied.

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

A symbol
representing the
acceleration

A symbol
representing the
acceleration

A symbol
representing
the pressure

STUDENT GUIDE
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L Step 5 - Applying Boundary Conditions (1/2)
-" -~
This step is to apply the boundary conditions. The first step
is to understand the actual boundary conditions.
The bottom surface of the Base and the Barrel are
restrained to move. So they are totally clamped. | emee—mr——— TS, ' 020020202 | TTTTTTTTTTTTOT
The side surfaces of the Support (housing) and the outer (RS ESE———— |
surfaces of the barrel and canella axis are free to move in HEEEEEE | | ———
vertical direction only. So they are restrained to move inthe v s ..
direction normal to surface. ~ ssssssssssssssassssasassnser
The vertical surface of the Handle block, which is in contact ~ — \ | ||
with the housing, is not allowed to move in the direction ~ = "~ —F——~_ | || 77777
perpendicular surface plane. So the surface slider restraint
is applied to the surface. Symbols
1. Apply Clamp to the Base . gg:ﬁ;emmg e
" Bottom of the base is clamped.
2. Apply Clamp to the Barrel.
" Bottom of the Barrel is clamped.
3. Apply Surface Slider restraints to Housing .
=  Apply Surface Slider restraints to side Symbols
surfaces of the Housing. representing the
surface Slider
>
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I Step 5 - Applying Boundary Conditions (2/2)
,,,,,,,,,,,,,,,,,,,,,, E
4.  Apply Surface Slider restraints to Barrel and - H 1
Canella Axis. / [ . Symbols
= Apply Slider restraints to outer surface i representingthe || "TTTTT T T TS
of the Barrel and Canella Axis. surface Slider ¢ ______________
5. Apply Surface Slider restraints to Handle block.
= Apply Slider restraints to vertical . JSb4.w |
surface of Handleblock. @~ | @ | memmmmm e
Symbols
representing
the surface
Slider
>
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L Step 6 — Checking the FE Model
.
This step is to Check the created Finite Element model. ,
From the first step to the previous step, the FE preprocessing of the assembly model is
completed. It is necessary to validate the model, before carrying out the computation step. [ [ 7777777777777
Check the Model using Model Checker. |
" Confirm the message “The whole model is
consistent®, withhgreen'signal.-~ ... W semmemm e s
o] |,
s The whole model is consistent
Bodies | Connections I Others | ______________
Part | Feature | Mesh Part | Propert | IMaterial | Skakus | ______________
Base. 1 PartBody QCTREE Tetrahedron Mesh. 1 : Base, 1 3D Property, 1 Iron OF
Column. 1 PartBody OCTREE Tetrahedron Mesh.2 @ Column. 1 30 Propetbw. 2 Steel K
Support.1.1 PartBody QCTREE Tetrahedron Mesh.4 : Support.1.1 30 Propertw.4 Iron 0K
Engine_Suppart, 1 PartBody QCTREE Tetrahedron Mesh.S @ Engine_Support. 1 3D Property.5 Steel OF
Connecting_Rod. 1 PartBody QCTREE Tetrahedron Mesh.6 @ Connecting_Rod. 1 3D Property. 6 Steel OF
Handle_Eloc. 1 PartBody QCTREE Tetrahedron Mesh.7 @ Handle_Blac. 1 30 Propetty. 7 Steel oK
Handle. 1 PartBody QCTREE Tetrahedron Mesh,d : Handle, 1 30 Property. @ Skeel oK
Bearing. 1 PartBody OQOCTREE Tetrahedron Mesh,9 : Bearing. 1 3D Property,9 Steel OF
YIS_Da.1 PartBody OCTREE Tetrahedron Mesh. 10 : YIS_Di&.1 30 Property.10  Steel oK
EBarrel.1 PartBody QCTREE Tetrahedron IMesh. 11 : Barrel. 1 30 Property.11  Steel oK
Canella_axis.1 PartBody OCTREE Tetrahedron Mesh, 12 : Canella_axis. 1 30 Property, 12 Steel oK
Support_Plague, 1 PartBody QCTREE Tetrahedron Mesh, 13 : Support_Plaque. 1 30 Property, 13 Steel OF
Upper_Eearing PartBody OCTREE Tetrahedron Mesh. 14 : Upper_Eearing 30 Property.14  Steel K
Lower_Eearing PartBody QCTREE Tetrahedron Mesh, 15 : Lower_Bearing 30 Property, 15 Steel oK
Complete Property == I [Migrate Conmeckions I
Details on status of the selected line
@ oK W Cancel J Preview J
T -
Before opening the exercise data for this step, please ensure that you have closed all the
previously opened files in this CATIA session.
>
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L Step 7 — Computing the FE Model
ﬁ/
This step is to solve the model of the assembly.
Select the proper method for solution, based on the number of Degrees Of Freedom || o ____________
G il e el C |
1. Specify the external storage paths. —CATAnalysisResuks file — ———————— | ||
. Specify the external storage path for |E_Step?'l,Master_Exeru:ise_Step?.C.ﬁ.T.ﬁ.naI';.-'sisResuIts Maodify
CATAnNalysisResult file. —CATAnalysisComputationsFile —— M | | | c= oo
. Specify the external storage path for |Master_Exercise_Step?_l.CP-TAnaIysisCDmputatiDnsl Modifyd | ||
CATAnalysisComputations file. IWI geeg | (|
2. Choose the Solution Method. ES
=  Select the proper method in Static Case BE 0909090900 [l eeerememmeees
Solution parameters. e
3. Compute the Model. ) Auka
(2} Gauss
i) Gradient
@ Gauss R
— Gradient Parameters
raximum ikeration number [0
BCCUFacy 1e-008
—Mass Parameter
[ Exclude
1 W Cancel I
>
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L Step 8 — Post-processing (1/3)
\-\'
%
This step is to carry out the post processing and study the results.
1. Post-processing: Obtain different result @ o dutiilie = ||
images ofthe analysis. | SCSEEEEE 9 HEEEE | | - - - - - -
" Create Von Mises Stress (Nodal | [N~ === [ R | |
Values) lmage' ) anmmvu)ll ______________
. Create Translational. N_m2
displacement magnitude image. . D D |
n i 1.562e+007
Create Estimated local error L m:m ______________
Image. 1.218+007
101e+007 [ A |
B.082+006
2. Generate the Report. SeeE o
n i 4,048+005
g_pectlfy the path for the output e Location of
'rec_ory' ] Ll ooy Maximum Von
= Specify the title for report. On Boundary Mises stress
" Add created images in the
report.
. Choose the analysis case.
. Create the report.
Before opening the exercise data for this step, please ensure that you have closed all the
previously opened files in this CATIA session.
>
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L Step 8 — Post-processing (2/3)
s
1
Estmatedlocdlerort |
Trarsiatora ! 3
dq:lar::nmmtmmmdal 29e005 . A
0,334 B 2110006
N o301 18e005 ol oo
0.267 1.64e-005
0.234 1.416-006
0.2 1176006 = = R | s s e s
oL 705007
oL oo i ] weessoansonns
i e e e
0
On Boundary
Location of
Maximum _
Displacement Location of
Maximum Error
>,
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L Step 8 — Post-processing (3/3)

STUDENT GUIDE

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

Master_Exercise_Report

MESH:

Entity Size
Hodes | 190095
Elernents | 109472

ELEMENT TYPE:
| Connectivity ‘ Statistics

SFIDER ‘ 14320 1531%)

| HSBAR ‘ 10 001% )

TELD ‘ 108036 ( 92.68% )

Materials.1
| Material | Iron
| Young's modulus | 128 HIIN _md
| Poisson's ratio | 0.2a
I
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STUDENT GUIDE
L Shortcuts
\¢
-
=1 Link to on-line documentation Cirl + several selections  Multiple selection
Shift F1 Contextual help for an icon Shift + 2 selections Selection of all elements || "~
Shift F2 Overview of the specification tree between and includingthe2 |
F3 Hide/Show the specification tree selected elements ||
Ctrl + Tab Change CATIA V5 window Alt F8 Macros
Ctrl N New file Alt F11 Visual Basic editor ||
Ctrl O Open file Alt + Enter Properies ||
Ctrl S Save file Alt + MB1 Pre-selection Navigator ||
Ctrl P Print ML Pre-selection Navigator
Ctrl Z Undo Up/Down or Left/Right Pre-selection Navigator
Ctrl Y Redo arrow
Ctrl C Copy Shift + MB2 Local zoom and change of
Ctrl v Paste viewpoint
Ctrl X Cut Shift + manipulation with  Displacement respecting
Ctrl U Update compass constraints
Ctrl F Find
>
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L Glossary

Discretization: is the process of dividing the model
into a mesh of finite elements.

Degrees of Freedom (DOF): are the variables
solved during analysis, which for a pure structural
analysis are the nodal displacements and rotations.

Generative Shape Design: is the workbench that
allows you to quickly model both simple and
complex shapes, using wireframe and surface
features.

Part Design: is the workbench dedicated for
designing parts using the solid modeling approach.

Sag: is the perpendicular distance between the
actual geometry and the Element.

Course Meshing: is the meshing carried out by
elements whose size is relatively larger.

Property: is an attribute such as color or a name
that can be assigned to any feature. All features can
be customized in both appearance and function.

Free Vibration Analysis: is the analysis

in which the eigen frequencies are computed
by referencing only masses. (constraints are
not taken into account)

STUDENT GUIDE
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Your everyday companion!

Companion is an essential tool which allows you to continuously enhance your skills and optimize your performance with
Dassault Systemes products — right at your desk! The Companion includes theory, demonstrations, exercises, and methodology
recommendations that enable you to learn proven ways to perform your daily tasks. Every release the Companion is updated by
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employer. Are you ready to get certified and affirm the knowledge, skills, and experience you possess and gain a worldwide
recognized credential leading to success?
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