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INTRODUCAO AO ANSYS WORKBENCH — ANALISE DE UM IMPLANTE
ORTODONTICO

INTRODUCAO

Este tutorial serve como um breve guia para a utilizacdo do software de
elementos finitos ANSYS WORKBENCH. Sera realizada uma analise estatica

de um implante ortodéntico.

Figura 1 — Geometria do implante que sera analisado.

A geometria do implante sera importada de outro software em formato
Parasolid e as propriedades dos materiais que constituem o modelo estdo a

sequir.

PROPRIEDADES DOS MATERIAIS

¢ Cimento:
o Modulo de Elasticidade = 2.24E10 Pa;
o Coeficiente de Poisson =0.25;
o Densidade = 2300 kg/m3;

e Guta Percha:
o Modulo de Elasticidade = 6.9E5 Pa;
o Coeficiente de Poisson =0.45;
e Coping (liga cromo-cobalto):
o Modulo de Elasticidade = 2.18E11 Pa;
o Coeficiente de Poisson =0.33;
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e Porcelana Feldspatica:
o Mddulo de Elasticidade = 6.9E10 Pa;

o Coeficiente de Poisson =0.30;

e Titanio:
o Modulo de Elasticidade = 1.1E11Pa;
o Coeficiente de Poisson =0.35;

e Osso trabecular:
o Modulo de Elasticidade = 2.13E6 Pa;

o Coeficiente de Poisson = 0.30;
e Osso Cortical (ortotropico):
o Maodulo de Elasticidade (Ey) = 1.15E10 Pa;
o Mddulo de Elasticidade (Ey) = 1.15E10 Pa;
o Mobdulo de Elasticidade (E,) =1.70E10 Pa;
o Coeficiente de Poisson (vyy) =0.51;
o Coeficiente de Poisson (vy) =0.31;
o Coeficiente de Poisson (vy,) =0.31;
o Mad. Elasticidade Transversal (Gyy) = 3.6E9 Pa;
o Mad. Elasticidade Transversal (Gy;) = 3.3E9 Pa;
o Mod. Elasticidade Transversal (Gy,) = 3.3E9 Pa;

COMANDOS ANSYS®9.0ED

1. INICIO DA ANALISE

v" O primeiro passo é escolher o tipo de andlise que sera executada;

v" Deve-se inserir no ambiente de projeto do Ansys Workbench uma
analise estatica estrutural (Static Structural);

v/ Para isso, deve-se arrastar o icone “Static Structural” para a area em
branco da regido “Project Schematic”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 3



Fle Vew Toos Units Hep

*Mew [Zopen... [l save [H save as. "-‘wRemnnezt /@ RefreshProject 7 Update Project ] Import... ‘@ijad & Compact Mode

EEEET - < B tc - x
Electric (ANSYS)

Explicit Dynamics (ANSYS)
B Fluid Flow (CFx)

& Fluid Flow (FLUENT)
Harmonic Response (ANSYS)
Linear Buckling (ANSYS)
Magnetostatic (ANSYS)

il Modal (ANsYS)

fll Random vibration(ANSYS)
fili Responsespectrum(ansys)
[E2) Shape Optimization (ANSYS)
8 steady-State Thermal (ANSYS)
Y Thermal-Electric (ANSYS)

[ Transient Structural (ANSYS)
[& Transient Structural (MBD)
Transient Thermal (ANSYS)
Component Systems

Custom Systems
Design Exploration

View All/ Custo .

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 4



A Unsaved Project - Workbench ===
Fle View Took Unitt Help
_IMew 25 0pen... |l save (s

X

Electric (ANSYS)
[ ExplicitDynamics (ANSYS)

Recornect & Refresh Project 7 Update Project ] Import... ‘ (3 Project Q) Compact Mode

B Fluid Flow (CFx)

& Fluid Flow (FLUENT)

@ HarmonicResponse (ANSYS)
B3 Linear Buckling (ANSYS)
Magnetostatic{ANSYS)

il Modal (ANsYS)

fll Random vibration(ANSYS)
fili Responsespectrum(ansys)
[E2) Shape Optimization (ANSYS)
(B St Srucursl GNEVS) | Static Structural (ANSYS)
8 steady-State Thermal (ANSYS)
Y Thermal-Electric (ANSYS)

[ Transient Structural (ANSYS)
[& Transient Structural (MBD)
™ Transient Thermal (ANSYS)
Component Systems

Custom Systems

Design Exploration

T View All/ Customize...

= ™
DT g BB
= T 01/06/2000 |

@ Ready () Show Progress ||| £ Show 4 Messages

2. INSERIR MATERIAIS E ATRIBUIR SUAS PROPRIEDADES

v" Um novo menu ird aparecer na area “Project Schematic”;
v" Deve-se entdo clicar com o botado direito em “Engineering Data” e, logo
apo6s em “Edit”;
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v" Deve-se entdo clicar em “Click here to add a new material” no menu
“Outline of Schematic A” e inserir os novos materiai;
v' Inserir:
o Cimento;
Guta Percha;
Liga Cromo-Cobalto;
Osso Cortical;
Osso Trabecular;
Porcelana;
Titanio;

O O O O O O
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v' Para cada material deve-se escolher quais propriedades fisicas serdo

assumidas;

v' Para isso, deve-se clicar no material criado, e arrastar do “Toolbox” até a
regidao “Properties of Outline Row” os parametros fisico que serdo

considerados para este material na analise;
v' Para o cimento serdo adicionados:
o Density;
o Isotropic Elasticity;
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v' Para os demais materiais deve-se inserir:
o Guta Percha:
* [sotropic Elasticity;
o Liga Cromo-Cobalto:
* [sotropic Elasticity;
o Porcelana:
= |sotropic Elasticity;
o Titanio:
= |sotropic Elasticity;
o Osso Trabecular:
* [sotropic Elasticity;
o Osso Cortical:
= Orthotropic Elasticity;
v' Entao deve-se clicar em cada material e inserir em “Properties of Outline
Row” os valores das propriedades fisicas adicionadas;

v Inserir:
o Cimento:
= Moddulo de Elasticidade = 2.24E10 Pa;
= Coeficiente de Poisson =0.25;
» Densidade = 2300 kg/ms;

o Guta Percha:
= Modulo de Elasticidade = 6.9E5 Pa;
= Coeficiente de Poisson = 0.45;
o Coping (liga cromo-cobalto):
= Moddulo de Elasticidade = 2.18E11 Pa;
= Coeficiente de Poisson =0.33;
o Porcelana Feldspatica:
» Modulo de Elasticidade = 6.9E10 Pa;

= Coeficiente de Poisson =0.30;

o Titanio:
= Moddulo de Elasticidade =1.1E11Pa;
= Coeficiente de Poisson =0.35;

o Osso trabecular:
= Mobdulo de Elasticidade = 2.13E6 Pa;

= Coeficiente de Poisson = 0.30;
o Osso Cortical (ortotropico):
= Modulo de Elasticidade (Ey) =1.15E10 Pa;
» Modulo de Elasticidade (Ey) =1.15E10 Pa;
= Modulo de Elasticidade (E;) =1.70E10 Pa;
» Coeficiente de Poisson (vyy) = 0.51;
= Coeficiente de Poisson (vy,) =0.31;
= Coeficiente de Poisson (vy;) =0.31;
= M0od. Elasticidade Transversal (Gx,) = 3.6E9 Pa;
»= M0ad. Elasticidade Transversal (Gy;) = 3.3E9 Pa;
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= Mdd. Elasticidade Transversal (Gx;) = 3.3E9 Pa;
v' Deve-se tormar cuidado com as unidades;

N
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I KD
vl

B 274 IsotropicElastidty

Young's Modulus

LIE+11 |Pa w

Poisson's Ratio

Od

0,35

Poisson’s Ratio sege

[
Temperature [C]
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v Clicar entdo em “Return to Project”;

Fle Edt View Toos Units Help

INew (Zopen... [ save [ save hs... li‘wREmmm /& Refresh Project / Update Project ] Import... ‘Qcmnmm

[ Toobox SR Outine Fiter S Tabie of Properties Row 4: Isotropic Elasticity. 3
B Physical Properties % D [ Retumns to the Project Workspace -
T oensity [ 2
A Coefficient of Thermal Expansi & Engineering Data a2 Contents filtered forStatic Structural (ANS)
%3 constantDamping Coeffient [ v & S - —|=
£8 amping Factor(®) eneral Material eneral use material samples for usein vay
B Linear Elastic @ General Non-linear Materials ||| & General use material samples foruseinno
i | & explicitMaterials = Material samples for usein an explicit anay
T4 orthotropic Elasticty [7] ic Materials | = Material stress-strain data samples for cur
B Bxperimental Stress Strain Data
@ MagneticB-H curves & B-H Curvesamples specificfor usein amag ™
B Hyperelastic i ] ] »
@ Plasticity
@ Life
Strength
& Material
Fatigue Data atzero mean stress comes from
W Structural steel O 1998 ASMEBPV Code, Section 8, Div 2, Table
5-110.1
4 @ Cimento O
5 @ Guta Percha (]
5 % Liga Cromo-Cobalto ]
5l @ 0sso Cortical ]
8 W 0ssoTrabecular L] Engineering Data Chart TN,
9 @ Porcelana ] 1
10 ‘ Titanio POiSSON’s RAtio  weems
= Click hereto add anew material
0.5
< i, ] ¥ ” . +
El
= | 3
H
=
" o
1 B
H
2 |8 T8 sotropicElasticty =] 2
3 Young's Modulus LiE+11 [Pa ~| ]
4 Poisson's Ratio 035 (] 05
-1
-1 -0.5 ] 0.5 1
Temperature [C]
h 4 View All / Customize...

o Ready

01/06/2010
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3. IMPORTANTO A GEOMETRIA
v' Deve-se entao clicar com o botao direito em “Geometry” e, logo apés em

“ ”.
New Geometry...”;
"I\ Andlise - Workbench o @]
File View Tools Units Help
INew [open... [l save [l save as. ‘«WRetonnect /& Refresh Project / Update Project f]Import... ‘@Pm}e:! @ Compact Mode

x
B Analysis Systems

[8) Electric (ANSYS)

Explicit Dynamics (ANSYS) ¥ A
Q) Fluid Flow (FLUENT) 2 @ Engineering Data v 4
i S [y ®
inear Buckling Ve

@ i 4 @ Model
L) (ANSYS) Import Geometry »
@8 Modal (aNSYS) 5 _Q Setup 3 -
{ily RandomVibration(ANSYS) 5§ Solution “3  Duplicate
fily Response Spectrum(ANSYS) 7| @ Resuts Transfer Data FromNew ~ »
@ Shape Optimization (ANSYS) Static Stroctural (ANSTS Transfer Data To New »
Static Structural (ANSYS) atic Structural
€ steady-State Thermal (ANSYS) 7 Update
Thermal-Electric (ANSYS) & Refresh
@ Transient Structural (ANSYS) Reset
{2 Transient Structural (M8D) B8 Rename
Transient Thermal (ANSYS)

. . ™ Properties

B Component Systems
@ Custom Systems Quick Help
B Design Exploration

Y View All / Customize...

@ Double-click componentto edt.
— =

12

: 16
RS
e
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v' Deve-se selecionar a unidade de comprimento que sera utilizada;
v" No caso como a geometria sera importada, deve-se escolher a unidade
compativel com as medidas que o arquivo foi produzido;

& ANSYS Workbench [=T&]=]
| File Create Concept Tools View Help
JadB (@] D Gred [[sect[*y b RBREB (o [|S ¢ QARAQEAR @R[ 4@

| xvpiane v 3| None - “ PAd Wohare Topology | @Exdrude  @oRevolve Qo Sweep  § Skin/Loft WM Thin/Surface @ Blend ~ & Chamier ) Point  [ZE]Parameters

 Meter
" Centimeter
@ Millmeter

€ Micrometer

I~ Always use project unit
| T Always use selected unit

Sketching  Modeling

Detas View a

0.000 10000 20000 (m) /I\
| I ) z 4

5.000 15.000

Model View | Print Preview
[Milimeter 0 [0

N r ~ AN . 5 ] IE—— — o 16:45
§ Tmagens | &) AV Andlise - Workbe... | (&%) 1,pg - Paint D = Fo PRk

Z
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v' Para importar a geometria deve-se clicar em “File”, “Import External
Geometry File...”;

|| File Create Concept Tools View Help

1|2 Refresh Input Yy BRER v |SRAAQEAQ AR+ @0

ﬁ‘ﬂm(’w Share Topology | @ Extrude  @loRevolve Qo Sweep @ Skin/Loft WM Thin/Surface @ Elend ~ & Chamier  4)Point  [ZE]Parameters
] Save Project : :
iEzport...

Attach to Active CAD Geometry

Import External

R, Write Script: Sketch(es) of Active Plane
% Run Script
@ Print

Close DesignModeler

Sketching Modeling
T :

0.00 2000 40,00 (mm) )\
- . z x

10.00 30.00

Model View | Print Preview

[ @ Ready |No Selection [Milimeter 00

" fmagens ¥ Anaise - Workbe... || (%) 20,pg - Paint A Sta T DT L e m»gzﬁ»m
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v' Deve-se selecionar o arquivo desejado em formato compativel (no caso
parasolid) e clicar em “Abrir”;

T A St Sructoral (VS Desgnhodder =Ter=]
| File Create Concept Tools View Help

|ladB8 @] Due Greio [[sdect|n b BRRR - ||S+QAAQERAE|+ 6|0

| xvpiane v 3| None - #9|| +/Generate @phare Topology | @Etude goRevolve Qo Sweep g Skinfloft WNThi/Sursce @ Blend + & Charier @ Point [E|Parameters
Tree Outline 2 Graphics

| 0 Parts, 0 Bodies

Examinar: | B Area de Trabahho

Bibliotecas
At Pasta do Sistema
_| Computador Rede
-J: Pasta do Sistema Pasta do Sistema
de e

Vanderson Deon
Pasta do Sistema

Area
Trabaho Andlise_files Imagens
= Pasta de arquivos Pasta de arquivos
Bbiotecas mandibulaEimplantes t
Arquivo X_T
@ 29MB
Computador
Sketching Modeling @
S 4 Rede Nome: [mandibuiaEmplante x_t | Aprir
Tipo: | Al Geometry Fies (" sat.” CATPart.” CATProduct "igs:"iges:"ipt."jam; |~ Cancelar
7%
Y
0.00 2000 40.00 (mm) /k
. . z X
10.00 30.00
Model View | Print Preview
Rea No Selection Milimeter 0 0
A

16:47
01/06/2010

2SS e
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v" Quando o arquivo for carregado, clicar em “Generate”;
File Create Conc Tools. . Hel
|2 E W[ @[ Dindo GRedo [Jselect *; - BB RW |- ||S ¢ QAQAQEA QR QK|+ [0
| xiPiane % 3 | None - 3 “ f Generate | @ share Topology | W Extrude _ﬁnivolve __Qweep & Skin/Loft W Thin/Surface  QBlend v 4 Chamfer 4) Point  [FE|Parameters
IS

atic Structural (ANSYS)
v XYPlane

<y ZXPlane

o3 YZPlane

[ Importl

., & 0 Parts, 0 Bodies

Sketching Modeling
] 7‘ 0
= Details of Import1
Import Importl
Source C\Use. i i Ct
Base Plane XYPlane
Operation Add Material
Process Solid Bodies | Yes
Process Surface Bodies | Yes %
Process Line Bodies No
Simplify Geometry? No
Simplify Topology? No
Clean Bodies? Yes 0.00 2000 40,00 (mm)
- . z X
10.00 30.00
Model View | Print Preview
| -/ Import Creation -- Click Generate to complete the Import Feature |No Selection Milimeter 0 0,

Tmagens | sl - . || (%) 22jpg- Paint DM 'A: Static Structur...
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v" O solido sera gerado;

| File Create Concept Tools View Help
|ladB (@] 9 Grei [[sec[ & BREB - [|S+QQAREAQXE| 4[]0

| xtpiane v 3| None - 8 “ </ Generate  @@Share Topology | @ Edrude @faRevolve Qo Sweep & Skin/Loft W@ Thin/Surface QBlend v Q Chamfer € Point [5E|Parameters
Tree Outline LY Graphics B 1

}-[&] A: Static Structural (ANSYS)
y3h XYPlane

Ly ZXPlane

oy YZPlane

/[ Tmportl
/& 9 Parts, 9 Bodies

Sketching Modeling

Details View &
= Details of Import1.
Import Importl
Source C:\Users\va..\implante emfills.x_t
Base Plane XVPlane
Operation Add Material

Process Solid Bodies | Yes

Process Surface Bodies | Yes

Process Line Bodies No
Simplify Geometry? No
Simplify Topology? No

Clean Bodies? Yes 10.000 {rmirm)
Refresh No
Model View | Print Preview
| @ Ready No Selection Milimeter 00,
— = T s s

17:59

01/06/2010
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4. CONFIGURACAO DO MODELO

v" No “Projec Schematic”, clicar com o botao direito em “Model”, “Edit”;
ch ‘—qu_@hE

.

File View Tools Units Help

[INew 0pen... [l save [l savess... |
- x

[©) Electric (ANSYS)

¥ Explicit Dynamics (ANSYS)
luid Flow (CFX)
5 Fluid Flow (FLUENT)
HarmonicResponse (ANSYS)
Linear Buckling (ANSYS)

ic (ANSYS)

@8 Modal (ANSYS)
fifi Random Vibration(ANSYS)
fill Response Spectrum(ANSYS)
[ Shape Optimization(ANSYS)
Static Structural (ANSYS)

<9 Recomect @ Refresh Project / Update Project ] Import... ‘ (3 Project @) Compact Mode

Transfer Data To New »

Static Structural (§ #  Update

) Steady-State Thermal (ANSYS) & Refresh
Thermal-Electric (ANSYS) Clear Generated Data
& Transient Structural (ANSYS) Reset

[ Transient Structural (MBD) BB Rename

Transient Thermal (ANSYS)

B Component Systems

B Custom Systems Quick Help
B Design Exploration

Properties

T View All / Customize...

@ Double-click component to edt.

18:07

01/06/2010
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v O programa automaticamente gerara uma regido de contato entre as
interfaces das pecas existentes;

@ Viechaniar
| File Edit View Units Tools Help | @ | Fsov: ~- I B A @~ || R & % - R D@ (S-S T QAQA|@AAQQEME| O

| Project

7

Project

Author
Subject
Prepared for

FirstSaved | Tuesday, June 01, 2010
Last Saved Tuesday, June 01, 2010
Product Version 1201 Release

lorksheet {Print Preview )\ Report Preview/. ]
| |30 No Messages [No Selection [Metric (m, kg, N, 5, V, A) Degrees rad/s Celsius

] [WAV Andtise - Workbe... || () 25,pg - Paint M

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 24



v No menu “Outline”, “Geometry” deve-se selecionar cada um dos sélidos
existentes, clicando com o botédo direito, e dar o seu respectivo nome;
v/ Para mudar o nome, deve-se apertar a tecla F2;

| File Edit View Units Tools Help [)
| Geometry | @4 Point Mass | B

- @ Soid

#--,/ 2K Coordinate Systems

s, 8 Connections

--9(2] Static Structural (A5)
/7N Analysis Settings

L
a *
0 0.005 0.01 (m) 7 X
N . )
0.0025 0.0075
| Suppressed No
Stiffness Behavior Flexible [\ Geometry {Worksheet ) Print Preview ) Report Preview/. |
Coordinate System | Default Coordinate System | 1 = —— i
L :‘erennce By me T T
"A““" Warning| The following faces are high order NURBS with many knots. These types of surfaces mi, 16/1/2010 6:10
Stiudural Steet Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 6/1/2010 6:10:04 PM
Nonlinear Effects Yes
Thermal Strain Effects | Yes
| Bounding Box

+/| Properties

< m r

Press F1 for Help [@ 2 Messages IMdrk (m, kg, N, s, V, A) Degrees rad/s Celsius 4

- S VE L 10
%) %pg - Paint | | v PG e

A V' Analise - Workbe...
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| Fie Bt View Units Toos tep || @ | Fsobe - MW B M @~ [|F 4 F b AREB S-S+ QRIQAQ QKM E|Or

| Geometry | @ Point Mass | [B:

Reference Temperature

=l Material

Structural Steel

Nonlinear Effects Yes
Thermal Strain Effects | Yes
Bounding Box
+/| Properties

0 0.005 0.01 (m) b X
—_—
0.0025 0.0075
O No
Stiffness Behavior | Flexible \Geometry {Workshect Print Preview ) Report Preview/ ]
Coordinate System Default Coordinate System —3 2 x
By Environment % TAssociation [ Timestamp

| Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 16/1/2010 6:10:04 PM

Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 16/1/2010 6:10:04 PM

Press F1 for Help

= VANDERSON (F:
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v Para cada uma das partes do modelo, deve-se atribuir o material
desejado, anteriormente criado;

B0 A: Static Structural (ANSYS) - Mechal
| File Edit View Units Tools Help
| Geometry | @y Point Mass | B

Q| Jse - AWER@ R AT v ERO@ S |S e QARIQECQEME| O

Jjé Coordinate Systems
4@ Connections
—}--9(Z] Static Structural (AS5)
-y 7Y Analysis Settings
[=1--9l&| Solution (A6)
(1] Solution Information

Details of "Implante”

0 0.005 0.01 (m) z‘)\ X
[ e ]

iphics Properties
= Definition 0.0025 0.0075
[ No
Stiffness Behavior Flexible [\ Geometry {Worksheet ) Print Preview ) Report Preview/. |
Coordinate System Default Coordinate System ‘ZW% = 2 x
Reference By o T i
=| Material = - . = |
1 | Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi
S me il =~ £=-es are high order NURBS with many knots. These types of surfaces mi. 6/1/2010 6:10:04 PM
Nonlinear Effects No @ Cimento

Thermal Strain Effects | No @ Guta Percha
| Bounding Box @ Liga Cromo-Cobalto
[HjErmpeshies @ Osso Cortical

@ Osso Trabecular
@ Porcelana

T

|® 2 Messages [No Selection

&5) Bipg- paint

Press FL for Help

1 = VANDERSON (F) | ] [V Andise - Workbe...
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(A% v"RRER & S+AQQF@AQRME|[O

| File Edit View Units Tools Help || @ |

| Geometry | 4 Point Mass | [

- /2 Coordinate Systems.

+--, /8 Connections

~9[2] Static Structural (A5)
73 Analysis Settings

0 0.005 0.01 (m)
.

iphics Properties z X
= Definition 0.0025 0.0075
|| No
Stiffness Behavior Flexible [\, Geometry !S Wovksheetb Prit Pleviewb Report Preview/ I
Coordinate System Default Coordinate System F = = 3 x
Reference Temperature | By Environment %ﬁm Pisecstion gy

16/1/2010 6:10:04 PM

| Matesil | Warning| The following faces are high order NURBS with many knots. These types of surfaces mi| 6
6/1/2010 6:10:04 PM

2L [GutaPercha +| |\arminc| The following faces are high order NURBS with many knots. These types of surfaces mi
Nonlinear Effects No

Thermal Strain Effects | No
Bounding Box
Properties

[EHE]

Press F1 for Help

A V' Analise - Workbe. + Static Structur...

| File Edit View Units Tools Help
| Geometry | @ Point Mass | B

IK-)

Nonlinear Effects

0 0.005 001 (m) 7 X
.
0.0025 0.0075

[E] No

Stiffness Behavior Flexible |
Coordinate System | Defautt Coordinate System =
Reference Temperature | By Environment o = T

| Mateinl | Warnine| The following faces are high order NURBS with many knots. These types of surfaces m:| 6/1/2010 6:10:04 PM

Structural Steel
Yes ‘@ Cimento

Thermal Strain Effects

Yes ‘@ Guta Percha

@ Liga Cromo-Cobalto

Bounding Box
Properties

[EHC]

@ Osso Trabecular

‘@ Porcelana
@ Titanio

are high order NURBS with many knots. These types of surfaces mi|

6/1/2010 6:10:04 PM

Press F1 for Help
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v' Entédo clicar dentro do “Outline” em “Connections”, para verificar se os
contatos entre as interfaces criados automaticamente correspondem ao
que se deseja;

jﬁle Edit View Units Tooks Help || @ | YSohe ~ta it @ M @~ || R #» % AR B &~ S
| Connections “#, Contact v ", SpotWeld #=8E 0y Interaction | BxBody-Ground v ,Body-Body v

S Projeck =

cRQeAQEnE| O
[BRBody Views (@ SyncViews | @configure Effssermble B9 et BiRevert | B

i
55

-+, ContactRegion 8
-8, ContactRegion 9
8, ContactRegion 10
.+, ContactRegion 11
---9[2] Static Structural (A5)
/7 Analysis Settings b

0 0.005 0.01(m) z‘/k X
N .

pe
Scoping Method | Geometry Selection 0.0025 0.0075
Contact 3 Faces
Target 3 Faces [\ Geometry {Worksheet ) Print Preview ) Report Preview/. ]
Contact Bodies SRR — 2 x
Target Bodies %" e n
(B[ Definitlon Warning| The following faces are high order NURBS with many knots. These types of surfaces m: 16/1/20106:10:04 PM
Type Eonded Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 6/1/2010 6:10:04 PM
Scope Mode Automatic
Behavior Symmetric
No
[ Advanced
Pure Penalty
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5. GERACAO DA MALHA DE ELEMENTOS FINITOS

v' Para criar uma malha de elementos finitos automatica clica-se como
botao direito, dentro do “Outline” em “Mesh”;

v" Clicar em “Generate Mesh”;

| File Edit View Units Tools Help || @ | /Sobve ~ t@ i [@ @ A% YRR &S
|Mesh =/ Update | @ Mesh v @ Mesh Control v | & Options

+ QA Q@EAOEME O

»

De :
E_ =/ Preview Surface Mesh 0 0.005 0.01(m) o X
P | Sweel i [ |
Physics Prefere 2oy Sneepik e 0.0025 0.0075
Relevance | o PreviewInflation
Sizing Create Pinch Controls [\ Geometry {Worksheet), Print Preview ), Report Preview/ ]
Inflation s =
-/ Editin CFX-Mesh Messages 2 x
Advanced id n . _‘[ o =
e &) Clan Text J‘Assoclatwn | Timestamp
" Warning| The following faces are high order NURBS with many knots. These types of surfaces m:. 6/1/20106:10:04 PM
@|Staistis | alb Rename Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 6/1/2010 6:10:04 PM

v Uma malha automaética seré criada;
it View Ui Toos telp || @ | Jsoe - AW D D - R & ¥ 4B MW &
JTgh =/ Update | @ Mesh v & Mesh Control v | &4 Options

- ‘i;
0 0.005 0.01(m) b2 X
[ s

Physics Preference | i 0.0025 0.0075
Relevance o
) sizing I\ Geometry {Worksheet), Print Preview )\ Report Preview/ ]
' Infiatior =
Messages 2 x
'+ Advanced | . Tot l Aot T
Pnch Warninc| The following faces are high order NURBS with many knots. These types of surfaces m:. 6/1/2010 6:10:04 PM

Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 6/1/2010 6:10:04 PM

v' Para configurar a malha clicar em “Mesh Control”;
v Clicar em “Method” para escolher o método de geragao da malha;
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| Fie Edt View Unis Toos tiep || @ | Jsobe - AW DR @-|R 4T v ER D@ @5+ QARIQECQEM&|O-

|Mesh </ Update | & Mesh ~| &, Mesh Control + |

@ s
¥, Contact Sizing

£ Refinement.

B Mapped Face Meshing
@ Match Control
@ Pinch
A Inflation

@ Gap Tool

Jn

-y

-, ®, ContactRegion 5

2 ,,‘- ContactRegion 6
. ContactRegion 7
/. ContactRegion 8
¥, ContactRegion 9
,,i Contact Region 10
-/ B, ContactRegion 11

,@Mesh

')E Static Structural (A5)

= /I\
0 0.005 0.01(m) 7 X
[ —

Physics Preference | i 0.0025 0.0075
Relevance o
Sizing [\ Geometry {Worksheet) Print Preview ) Report Preview/. ]

| Advanced
+)| Pinch

Messages
Text

Warninc| The following faces are high order NURBS with many knots. These ty

Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi|

v Com a ferramenta de selegdo, selecionar todo o modelo e clicar em
“Apply” no menu “Details of Automatic Method - Method”;

| Fie Edit View Units Toos Help || @ | /Sobe ~ 1 0 [0 B @~ || R 4 ¥ B D B@IST S QRQEC QR & | O

|Mesh =/ Update | @ Mesh @, Mesh Control + | & 0ptions

-« Osso Cortical
-5k Coordinate Systems

=] -VQ; Connections

-, B, Contact Region
/"l,( Contact Region 2
-/ B, ContactRegion 3
,‘hx Contact Region 4
¥ ContactRegion 5
-, "B, Contact Region 6
,‘l Contact Region 7
-, ContactRegion 8
/B, ContactRegion 9
,,‘u Contact Region 10
-, "B, ContactRegion 11
Mesh

@ Automatic Method
=] “')EI ‘Static Structural (AS)

oy 7N Analysis Settings I ’
E17i8] Solution (A6) 4 :
Details of "Automatic Method" - Method 2 )
B e — Z X
Scoping Method Geometry Selection 0.0025 0.0075
Geometry
=1, Definition [\ Geometry {Worksheet) Print Preview ) Report Preview/ |
Suppressed [No = 3 x
Method | Automatic r .ITex! T iati e
Element Midside Nodes | Use Global Setting e o e e e e nne e e e ]
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| File Edit View Units Tools Help || @ | */Sove ~ t@ Wt [@ @Y R-RRRE @ SPAQQEQR @R | O
|Mesh =/ Update | @ Mesh v @, Mesh Control v | &% Options
Outline 2
E-- (&) Model (A4) -
B, Geometry

<
£
o
s
g
~
m,

-~/ 8, Contact Region 3
-, B, Contact Region 4
-, 8, ContactRegion 5
-, 8, ContactRegion 6
8, ContactRegion 7
8, ContactRegion 8
-, B, Contact Region 9
8, ContactRegion 10
", ContactRegion 11

tic Method” - Method b

0 0.005 0.01(m) 7 X
[ B "
Scoping Method | Geometry Selection 0.0025 0.0075
Geometry |9 Bodies
=I| Definition [\ Geometry {Workshet ) Print Preview ) Report Preview/ |
Suppressed No
Method Automatic

Element Midside Nodes | Use Global Setting - g ocas re High ordéz NURBS witl mary KnGls. These bypes of sufaces ] §/1/2010 6:1004 PM

Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 6/1/2010 6:10:04 PM

v' Para configurar a malha clicar em “Mesh Control”;
v" Clicar em “Size” para escolher a dimensdo dos elementos a serem
criados;

| File Edit View Units Tools Help || @ | +/Solve ~ @ [ [0 BT R-ARRRE S SrAQ Q@A QR M E| O
|Mesh =/ Update | @ Mesh v | Mesh Control v | & Options
-

¥, Contact Sizing
£ Refinement

/8 GutaPercha | _———————
< Abument [ Mapped Face Meshing
/& Coping @ Match Control
] Cerémica @ Pinch
Inflation
/@ Cmento P

-/ Osso Cortial | gy . 70

B, Contact Region 2
8, ContactRegion 3
- ..»,:!K Contact Region 4

B, ContactRegion 5
-, ContactRegion 6
-, B, Contact Region 7
-8, ContactRegion 8
-+, "8, ContactRegion 9

8, Contact Region 10

-, B, Contact Region 11
%

- M) Automatic Method
E-9(Z] Static Structural (A5)
¥ 7N

Details of "Automatic Method” - Method 2

s 0 0.005 0.01(m) 74 X
Scoping Method | Geometry Selection 0.0025 0.0075
Geometry |9 Bodies
=I| Definition A A\Print Preview ) Report Preview/. |
Suppressed No M s
:""°‘: Vididetod ﬁ““’é’:’:‘l et [ [Text [Association [Timestamp
e ores | THeDORe eIy Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi. 6/1/2010 6:10:04 PM _

Warninc| The following faces are high order NURBS with many knots. These types of surfaces m:. 6/1/2010 6:10:04 PM

v Com a ferramenta de selecdo, selecionar todo o modelo e clicar em
“Apply” no menu “Details of Automatic Method - Method”;
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]FleEdtthwUmlsTwlsHelp“O )Solver.@.D.]"?'ﬁ'x"h@®®r“\g" SR QFAQEMPE|O-

|Mesh = Update | @ Mesh v @, Mesh Control v |
Mm 7
~ @l Model (A4) z
-,/ Geometry
/& Implante
/& Parafuso
/& Guta Percha
/& Abument

/& Cimento

/& Osso Trabecular
/A8 Osso Cortical
B, ,& Coordinate Systems

,u Contact Region 9
-, B, Contact Region 10
.-,‘i Contact Region 11
- Nmem

,m wmmmmd

- 7E] Sizhc Stmcmral (as)

/7 Analysis Settings - ’

md'sumg Siing 2
Flsone — """ 2 s

Scoping Method | Geometry Selection 0.0025 0.0075

Apply Cancel
=) Definition AWorksheet) Print Preview ) Report Preview/ ]
No
Messages a4 x
Type Element Size [Tet | Association i
::;::f‘:‘“ s":f’:“" Warning| The following faces are high order NURBS with many knots. These types of surfaces mi 6/1/20106:10:04 PM
i

Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi| 6/1/2010 6:10:04 PM

v' Selecionar, dentro do menu “Outline”, “Model”’, “Mesh”, “Automatic
Mesh”, “Method” a opgéao “Hex Dominant” para compor uma malha com
elementos preferencialmente hexagonais;

e T I O | Fsove - 0 @AY - RERE S SRR QEAQENE| O

Mesh .} Update | @ Mesh v (@ Mesh Control v | & Options

/2K Coordinate Systems

= ,@ Connections.
/B, Contact Region
8, ContactRegion 2
,‘h‘ Contact Region 3

-1/, ContactRegion 6
,‘h‘ Contact Region 7

1/, ContactRegion 10
-+ B, Contact Region 11

-

Mesh
/3 Automatic Method
- B, Body Sizing T
1E| Static Structural (AS)

A is Setti v
Details of "Automatic Method" - Method L3
=1 Scope ] 0.005 0.01(m) 7 %

Scoping Method | Geometry Selection 0.0025 0.0075
Geometry 19 Bodies
=/ Definition [\ Geometry {Worksheet ) Print Preview  Report Preview/ ]

Suppressed M A
automatic 7| =

Autonati [Tee [ Association [Timestamp
Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi_ 16/1/2010 6:10:04 PM
He4 Dominant Warning| The following faces are high order NURBS with many knots. These types of surfaces mi| 16/1/2010 6:10:04 PM

Sweep
MultiZone
CFX-Mesh

v' Selecionar, dentro do menu “Outline”, “Model”, “Mesh”, “Automatic
Mesh”, “Behaviour” a opgao “Soft”’. Assim a malha, nos cantos e regides
de geometria “critica”, sera mais refinada;
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| File Edit View Units Tools Help || @ |
|Mesh -/ Update | @ Mesh v @, Mesh Control v
Outline. =
B &) Model (A2) =
-8 Geometry
/8 Implante
/@ Parafuso
/& Guta Percha
/& Abument
/& Coping
/8 Ceramica

-, B, ContactRegion 6
8, ContactRegion 7

-+ B, Contact Region 11
./ Mesh

0 0.005 0.01(m) 7 X
Scoping Method | Geometry Selection 0.0025 0.0075
Geometry |9 Bodies
=1| Definition I\ Geometry {Worksheet) Print Preview ) Report Preview/ |
¥ Messages 2 x
Type Element Size - -
R e Text | Association [ Timestamp
- ement ize au Warninc| The following faces are high order NURBS with many knots. These types of surfaces m:. 16/1/2010 6:10:04 PM
< st =] [Wamine] Thefollowing facesare high order NURBS vith mary knots. These types of surfaces m] 6/1/2010 6:10:04 PM

| File Edit View Units Tools Help || @ |
|Mesh =/ Update || @ Mesh v @ Mesh Control ~

# Preview Source and Target Mesh

# Editin CFX-Mesh

3K Coordinate Systems
/@ Connections

i

Detaills of "Body Sizing” - Sizing 2

il Scope 0 0.005 0.01(m) 7 X
Scoping Method | Geometry Selection 0.0025 0.0075
Geometry |9 Bodies

=1| Definition A Worksheet ) Print Preview ) Report Preview/ |
Suppressed | No Me ]
Type Element Size -——‘ im
Hlemert Steesjf Dergut Warning| The following faces are high order NURBS with many knots. These types of surfaces i
b Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi|
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'@ A Static Structural (ANSYS) - Mechanical [ANSYS Multiphysics] [ @=]
| File Edit View Units Tools Help || @ | F5obe - i it B @ @~ R A ¥ R-MRRA S-S+ QAR Q@A RMmE O

|Mesh % Update | @ Mesh v @, Mesh Control v

Outline 2

B ::iel(m) =

- Geometry 3
/8 Implante

o Osso Cortical
1.,/ X Coordinate Systems
-8 Connections

", ContactRegion 4
", ContactRegion 5
-, B, Contact Region 6
.+, ContactRegion 7
-+ B, Contact Region 8
B, Contact Region 9
-, "8, ContactRegion 10
-8, Contact Region 11
- £@ Mesh
/% Hex Dominant Method
/@, Body Sizing i
---9(2] Static Structural (A5)
g/ Analysis Settings 25
Details of " Sizing" - Sizit £
Bl seoie e = 0 0.005 0.01(m) 7 X
Scoping Method | Geometry Selection 0.0025 0.0075
Geometry 19 Bodies
=1| Definition I\ Geometry {Worksheet) Print Preview ) Report Preview/. |
Yl Messages 7 x
Type Element Size - — -
Element Size | Default e - - | Eemcaicn [éressin
- Warning| The following faces are high order NURBS with many knots. These types of surfaces mi| 16/1/2010 6:10:04 PM
<l At Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi. 6/1/2010 6:10:04 PM
for Parafuso (2/9)...
Converting triangles to quadrilaterals
Stop Solution
| n »
| |® 2 Messages |No Selection |Metric (m, kg, N, Degrees rad/s Celsius 4

=M

Yo MO BD@ R HRERE S S QR QREQ QRS O

| File Edit View Urits Tools Help )
|Mesh =/ Update | @ Mesh v @), Mesh Control v

i

Details of "Mesh B &
i 0 0.005 0.01(m) z X
Physics Preference | i 0.0025 0.0075
Relevance o
Sizing [\ Geometry { Worksheet}) Print Preview ) Report Preview/ |
Inflation ‘ll
Advanced . ok = = i
Blachh The following faces are high order NURBS with many knots. These types of surfaces m: 16/1/2010 6:10:04 PM
= BT (1. ninc| The following faces are high order NURES with many knots, Thess types of surfaces m; 16/1/201¢ M
Nodes E20E Error | Face Mesh Cleanup failed on the followingfaces. ~ Project>Model>Geometry>Solid Bodies 16/1/2010 63216 PM
i:mr::;; E f‘ms Warning| The mesher restarted at a higher relevance in order to achieve a successful, quality mes  Project>Model> Geometry>Solid Bodies 6/1/2010 6:32:16 PM
esh Metric one

v Para melhorar a malha criada, selecionar, dentro do menu “Outline”,
“Model”, “Mesh”, “Body Sizing”, “Element Size”;
v" Inserir como tamanho do elemento o valor:
o 1
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| Fie Edit View Units Tools Help || @ | HSohe AW MR B[R 4 ¥ - BREO @ S5+ QRQE QR &| O
|Mesh -/ Update | @ Mesh v & Mesh Control v | &4 Options
— o

/B, Contact Region
-+, ContactRegion 2
/8, ContactRegion 3

B, Contact Region 4

-, 8, ContactRegion 5

|||

¢ Y

-/ B, ContactRegion 7
-, B, Contact Region 8
-+, ContactRegion 9
-+ B, Contact Region 10
-, '8, Contact Region 11
-8 Mesh
-/ Hex Dominant Method
/8, Body Sizing
---9(2] Static Structural (A5)

Details of " i I
Elzcor Body Sk 0.000 5.000 10.000 (mm) b X
Scoping Method | Geometry Selection 2.500 7.500
Geometry 19 Bodies
=1| Definition I\ Geometry {Worksheet) Print Preview ) Report Preview/ |
No Messages 2 x
Type Element Size TER ASEGahon Timestamp
b Warninc| The following faces are high order NURBS with many knots. These types of surfaces m: 6/1/2010 6:10:04 PM
Behavias Sof Warning| The following faces are high order NURBS with many knots. These types of surfaces m: ) 6/1/2010 61004 PM
Error | Face Mesh Cleanup failed on the following faces. Project>Model> Geometry> Solid Bodies

Warninc| The mesher restarted at a higher relevance in order to achieve a successful, quality mes | Project>Model> Geometry>Solid Bodies

Press Fi for Help & 4 Messages [No Selection

: /- == VANDERSON (F: AV Anslise - Workbe | &5) 173pg - Paint M

v" Clicar em “Mesh”, “Generate Mesh’ para gerar a malha;

| Fie Gt View Units Toos Hep || @ | Fsove - AW B D @-||R ## ¥ - B ED@ S S+ QQQEMAQEME O

|Mesh =/ Update || @aMesh v @ Mesh Control v |

Preview Surface Mesh
-/ : # Preview Source and Target Mesh

/% A ¥ Editin CFX-Mesh

-/, ContactRegion

8, ContactRegion 2
-, Contact Region 3
/B, Contact Region 4

", ContactRegion 6
-, B, Contact Region 7
-+, ContactRegion 8
8, ContactRegion 9
-, #, Contact Region 10
-, '8, Contact Region 11
-/ Mesh
/&) Hex Dominant Method
- JA, Body Sizing
193] Static Structural (AS)

7
0.000 5.000 10,000 (rr) 2 %
Scoping Method | Geometry Selection 2,500 7.500
Geometry |9 Bodies
=1| Definition I\ Geometry {Worksheet) Print Preview ) Report Preview/. |
= [ :I° = Messages 7 x
= s Text Association Timestamp
. Warning| The following faces are high order NURES with many knots. These types of surfaces m: 6/1/2010 6:10:04 PM
ehavios SofE Warninc | The following faces are high order NURBS with many knots. These types of surfaces m: - 6/1/2010 6:10:04 PM
Error | Face Mesh Cleanup failed on the following faces. Project>Model> Geometry> Solid Bodies 6/1/2010 63216 PM

Warninc| The mesher restarted at a higher relevance in order to achieve a successful, quality mes | Project>Model> Geometry>Solid Bodies

Press F1 for Help 4 Messages No Selection
g

M\ ‘Analise - Workbe... ‘ g‘i 18.jpg - Paint
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i
| File Edit View Units Tools Help || @ | #5ohe ~ (R i
|Mesh % Update | @ Mesh v @, Mesh Control v |
Outline 2

ic Structural (ANSYS) - Mechanical [ANSYS Multiphysics] ===
B TAYR-ARBDE S-S TRQGEFAAE M & | O

/B, Contact Region
-+, ContactRegion 2
/8, ContactRegion 3

B, Contact Region 4

-, 8, ContactRegion 5

|||

¢ Y

-/ B, ContactRegion 7
-, B, Contact Region 8
-+, ContactRegion 9
-+ B, Contact Region 10
-, "8, Contact Region 11
- #@ Mesh
/&) Hex Dominant Method
/8, Body Sizing
---9(2] Static Structural (A5)

S
0.000 5.000 10.000 (mm) 7 X
[ E—— E—
Scoping Method | Geometry Selection 2.500 7.500
Geometry 19 Bodies
=1| Definition I\ Geometry {Worksheet) Print Preview ) Report Preview/. |
Bl Messages 7 x
Type Element Size - — -
e . Text | Association [ Timestamp
cment Sz Sl Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi. 16/1/2010 6:10:04 PM
<l At Warninc| The following faces are high order NURBS with many knots. These types of surfaces mi. 6/1/2010 6:10:04 PM
Generating mesh for Implante (1/9)...
]
Modeling faces for part
]

Stop Solution

M )

| |® 2 Messages |No Selection

= VANDERSON (F: N i 5) 193pg- Paint
v' Esté é a malha final,

[Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Cels

| Fie Gt View Units Toos Hep || @ | Fsove - AW B D @~ || R /v ¥ - B ED@ S| S+QQQEMAQEME O

|Mesh =/ Update | @ Mesh v @, Mesh Control v |

-/, ContactRegion
8, ContactRegion 2
-, Contact Region 3
/B, Contact Region 4

", ContactRegion 6
-, B, Contact Region 7
-+, ContactRegion 8
/8, ContactRegion 9
-, #, Contact Region 10
/"8, Contact Region 11
B
- /& Hex Dominant Method
8, Body Sizing
93] Static Structural (AS)

& 0.000 5.000 10.000 (mm) 7 X
Physics Preference | 2,500 7.500
Relevance o
sizing I\ Geometry {Worksheet) Print Preview ) Report Preview/ ]
& Infiation p—
[+ | Advanced M: o
Pinch Text Association Timestamp
=3 Warninc| The following faces are high order NURBS with many knots. These types of surfaces m:
Warninc| The following faces are high order NURBS with many knots. These types of surfaces m:
Nodes Vel Error | Face Mesh Cleanup failed on the following faces. Project>Model> Geometry> Solid Bodies
Flements R Error__|Face Mesh Cleanup failed on the following faces.  Project>Model> Geometry> Solid Bodies
Mesh Metric None Error | Face Mesh Cleanup failed on the following faces. _ Project>Model> Geometry>Solid Bodies i
Error | Face Mesh Cleanup he following faces. r del> ry>Solid Bodies
Warni e mesher t 2 higher relevance in order to achieve a successful, quali Project>Model> Geometry> Solid Bodies M
The mesher restarted at  higher relevance in order to achieve a successful, quality mes Project>Model>Geometry>Solid Bodies 6/1/2010 6:59:01 PM
Press F1 for Help | 8 Messages |No Selection [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Cels

M\ ‘Analise - Workbe... ‘ g‘i 50.jpg - Paint

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 37



6. INSERIR CONDI(;C)ES DE CONTORNO
v" Clicar dentro do “Outline” em “Static Structural”;
v Clicar em “Supports”, “Fixed Support”;

LI M T 1 R Vo N M=

ile Edit View Units Tools Help |
wironment @k Inertial v @ Loads v

@, Supports v ‘ B

LA Fi
-8 Implante 3, Displacement
) :2 :;“;: s @, Remote Displacement
& Abument &, Velocity
@ Coping §, Impedance Boundary
@ Cerémica &, Frictionless Support

o e &, Compression Only Support
@ Osso Cortical @, Cylindrical Support
#-- . 2 Coordinate Systems ¥ Simply Supported
—--,/@) Connections @, Fixed Rotation
v G, Elastic Support

£ Coupling

g

8, ContactRegion 4
-, B, ContactRegion 5
-8, ContactRegion 6
5, Contact Region 7

| i - 2
[ abe ey 0.000 5.000 10.000 (rrm) z‘*‘ X
[ — —

Physics Type Structural 2500 7500

Analysis Type Static Structural

Solver Target ANSYS i A Worksheet ) Print Preview ), Report Preview/ ]
= = c—

i i [22,*c B

Generate Input Only [No b

. Messages Graph |

Press F1 for Help
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v' Selecionar as faces onde se quer colocar o apoio e clicar em “Apply”;

™) = ) i
| File Edit View Units Tooks Help || @ | Sobe ~ A 6 @ M @~ || /% H-RRE 0 &S+ Q@ @@AQRME O
JEnvianmem @, Inertial v Loads v @ Supports v | B

m =z

= % =
- 5.000 10.000 (mm)

(=] Scope

Scoping Method | Geometry Selection
e Apply Cancel
= Definition A Worksheet )\ Print Preview
Type | Fixed Support \ﬁ"? =
[No

Press F1 for Help

| File Edit View Units Tools Help || @ |
| Environment @ Inertial v @ Loads v @ Supports v | B

@- A RERR & STrAQAQ@RAR 0 E| O

! . Body Sizng
E-9(2] Static Structural (A5)
g/ Analysis Settings
=] -_,ésam(m)
+-/[3] Solution Information

2
0.000 5.000 10.000 (mm) (] X
Scoping Method | Geometry Selection 2500 7.500
Geometry |7 Faces
= Definition [\ Geometry {Worksheet ) Print Preview  Report Preview/.
Type | Fixed Support \E’“‘ —
[No

Press Fl for Help i [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Cels
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7. INSERIR FORCAS
v Clicar dentro do “Outline” em “Static Structural”;
v Clicar em “Loads”, “Force” para criar uma forca;

| File Edit View Units Took Help || @ | Ysobe -t it [0 M @~ || R # % "R RER &S+ QAR IQEQQE /MO
| Environment @ Inertial v | @, Loads + @ Supports v | F:
Outline @, Pressure

@, Hydrostatic Pressure
)

S Remote Force
@, Bearing Load
"] Bolt Pretension

), Moment

| o Generalized Plane Strain
@, Line Pressure

is S @] Thermal Condition
SUR @ Joint Load

@, Fluid Solid Interface

7
0.000 5.000 10.000 (mm) z% X
N )

pe
Scoping Method | Geometry Selection 2500 7.500
Geometry |7 Faces

=1 Definition I\ Geometry {WWorksheet Print Preview s Report Preview/ |

Type | Fixed Support 6B

[No s

" Messages. Graph
Press F1 for Help
A AT

| 7 Messages [No Selection [Metric (mm, kg, N, s, mV, mA) Degrees rad/s Cels

/ AV Andlise - Workbe... ||"(¥)"S4jpg - Paint m
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v' Selecionar a face onde se quer aplicar a forca;

D " 2 -
0.000 5.000 10,000 (mm)
| S
Scoping Method | Geometry Selection 2,500 7.500 L X
Geometry [ Apoy [ Concel |
=1| Definition I\ Geometry {Worksheet) Print Preview ) Report Preview/. |
Type Force s Tabula
Graph R Tabular Data
Define By Vector = PEES
= 4 1, Steps | Time [s] [ Force [N]
0, N (ramped)
e : : 05 i1 Jo, o,
Direction Click to Define e 2 L o,
Suppressed No ¢ B
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v Inserir uma forca de compressao no valor de 5N, tomando cuidado com
0 seu sentido;

| File Edit View Units Tooks Help || @ | /Sobve ~ t i [0 (&) @~ || ® % B~ [@-seaemaacix &[0~
| Environment X Inertial v @ Loads v @ Supports v | &
U, Body Sang
E-/(2] Static Structural (A5)
< /7N Analysis Settings
, Fixed Support
/B, Force
/B, Force 2
£/ Solution (A6)
/(] Solution Information

I S 2 0.000 5.000 10.000 !
=) Scope " ™™

Scoping Method | Geometry Selection 2,500 7.500 ® X

Geometry |1 Face
= Definition I\ Geometry {Workshezt Print Preview)\ Report Preview/ ]

Type Force 'énib o ﬁbuhr =

Define By Vector Steps [ Time [s] [ Force [N]

[m] 5, N (ramped) 1 0, 0,

Click to Change S L s,
Suppressed No = =
. Messages. Graph |

Press F1 for Help [ | 7 Messages [1 Face Selected: Surface Area(approx.) = 3463 mm*

s - Y|
o ‘_ Computador | !‘H )V Andlise - Workbe... | @‘\ 60.jpg - Paint
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v" Clicar em “Loads”, “Force” para criar outra forca;

v' Selecionar a face onde se quer aplicar a forca;

v Inserir uma forca de compressédo no valor de 5N, tomando cuidado com
0 seu sentido;

| il Edt View Unis Took Hep || @ | Jsobe - MM @R 4 % R @B S-S+ QQ QEQEME| O

j:nv.mnmem @, Inertial v P Loads v @ Supports v | B

'ﬁl‘
Project
e @l
I
B
l
E]

Model (A4)
/& Geometry
/2K Coordinate Systems
g Global Coordinate System
«@
&

o A Hex Dnmhant Method

/B, Body Sizing
& qE Static stmch-ral (as)

etk of Force 2" 2 0.000 5.000 10.000 rmim) ¥
= Scope [ — T — .; \
Scoping Method | Geometry Selection 2500 7500 X
Geometry __Appy [ Cancel |
=1| Definition Geometry A Worksheet ) Print Preview ) Report Preview/ |
Type Force R + I
Define By vectos 1 Steps | Time [s] ||V Force [N]
7 0,N (ramped) s 11 o, 0,
Direction :‘I‘I’(k(o Define s 2 h 0,
025~
0125~
0,
0125~
0,25~
0375~
05

. Messages Graph |
Press F1 for Help [ | 7 Messages [1 Face Selected: Surface Area(approx) = 7.7194 mm’®  [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Cels

@ | . Computador |

)"62,jpg - Paint

A Andlise - Workbe... ] '
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Scoping Method | Geometry Selection
Geometry |1 Face
= Definition
Type Force
Define By Vector
[ Magnitude |5, N (ramped) 1
Click to Change 3
Suppressed No *

Press F1 for Help
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v" Clicar em “Loads”, “Force” para criar outra forca;

v' Selecionar a face onde se quer aplicar a forca;

v Inserir uma forca de compressédo no valor de 5N, tomando cuidado com
0 seu sentido;

| il Edt View Unis Took Hep || @ | Jsobe - MM @R 4 % R @B S-S+ QQ QEQEME| O

j:nv.mnmem @, Inertial v P Loads v @ Supports v | B

'ﬁl‘
Project
e @l
I
B
l
E]

Model (A4)
/& Geometry
/2K Coordinate Systems
g Global Coordinate System
«@
&

o A Hex Dnmhant Method

/B, Body Sizing
& qE Static stmch-ral (as)
,,f,j Analysis Settings
3, Fixed Support

%’:%: foreed 2 0.000 5.000 10.000 rmim) ; \
Scoping Method | Geometry Selection 2,500 7.500 . X
Geometry __Appy [ Cancel |
=1| Definition Geometry A Worksheet ) Print Preview ) Report Preview/ |
Type Force GBP" N -
‘Ef"“' By :’;‘z‘mpm 1 Steps | Time [s] ||V Force [N]
m , 05 11 o 0,
Direction Click to Define o 21 |1 0,
No 5
0,25
0,125 —
o,
0,125
0,25
0,375
05
1.
. Messages Graph |
Press F1 for Help [ | 7 Messages [1 Face Selected: Surface Area(approx) = 44233 mm®  [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Cels

)"64.jpg - Paint

/\ Analise - Workbe... | @‘

@ | . Computador |
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| File Edit View Units: Tools Help || @

Solve ~ T (i @+ % % &

&8-S ¢ QAR

Eaa®x &[0

| Environment @ Inertial v @k Loads v @ Supports v | B

Y.
0.000 5.000 10.000 (rm) ; \
Scoping Method | Geometry Selection 2500 7.500 ¢ .
Geometry |1 Face
=1| Definition [\ Geometry {Worksheet ) Print Preview  Report Preview/. |
Type Force [ 2 Jata
Define By Vector
& v F
|| Magnitude |5, N (ramped) 1——:“” g-""e El JD— BRI
Click to Change i L 5
Suppressed No = f

Press F1 for Help

| 7 Messages

|1 Face Selected: Surface Area(approx.) = 4.4233 mm®

[Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Cels
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8. SELECIONAR OS RESULTADOS A SEREM EXIBIDOS DEPOIS DE
SOLUCIONADO
v" Clicar em “Deformation”, “Total Deformation”;
v" Clicar em “Stress”, “Equivalent (Von-mises)’;

B, Deformation v @ Strain v | B Stress +

@, Linearized Stress v | @ Probe v (@) Tools v | @, User Defined Result | [F:

3, Middle Principal
@ Minimum Principal
tem @ Maximum Shear

B Intensity
B, Normal

B, Shear

B, Vector Principal

B Error

e S Y
s DL s 0.000 5.000 10.000 (rm)
5| Scope | — ; \
Scoping Method | Geometry Selection 2500 7.500 ¢ he
Geometry |1 Face
=1| Definition Geometry A Worksheet ) Print Preview ) Report Preview/ |
Type Total Deformation [ % [Tabular Data 2
By Time
Display Time Last
Calculate Time History | Yes
Identifier
= Results
[ Minimum [

[ Maximum |

. Messages Graph |

Analise - Workbe... || (&) G6pg - Paint 1) |
A J - W
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v Clicar em “Stress”, “Vector Principal”;

| File Edit View Units Tools Help ||

9|y -AMBRE-|RA Y -RREEISS+QARQQEAQEME| O

| Solution @, Deformation v &, Strain v

B,/ Geometry
Bk

Coordinate Systems
/5 Global Coordinate System
Connections

[
E-/(2] Static Structural (A5)
-/ Analysis Settings

B, Stress v | @ Linearized Stress v | @ Probe v @) Tools v | &, User Defined Result | [F:
@ Equivalent (von-Mises)

4, Maximum Principal

. Middle Principal
B Minimum Principal
. Maximum Shear
B, Intensity

B Normal

B, Shear

o 5 Y.
- e = 0.000 5.000 10.000 {mm) ; \
Scoping Method | Geometry Selection 2500 7.500 ¢ -
Geometry |All Bodies
=1| Definition [\ Geometry { Worksheet ) Print Preview ) Report Preview/ |
Type Equivalent (von-Mises) Stress | [/ 2" :
By Time Giaphd .
Display Time Last
Calculate Time History | Yes
Use Average Yes
Identifier
= Results
[ Minimum
| Maximum
Minimum Occurs On
Maximum Occurs On

o,

. Messages. Graph |

Press FL for Help

[Metric (mm, kg, N, s, mV, mA) Degrees rad/s Cels

[ [No Selection
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9. RESOLVER ANALISE

v" Clicar em “Solve”;

® WMechanical =]
| File Edit View Units Tools Hdeo\ Fohe - W @B v|]ﬂ? AR L-ERRR S-S PAQAaeaEa QR os| O
| Solution %, Deformation v @, Strain v @ Stress v | € Probe v (@] Tools User Defined Result | B
Outline. 2
E Project
£ (@] Model (A4)
B,/ Geometry
Ely2K Coordinate Systems
/> Global Coordinate System
-, Connections
B & Mesh
. B, Body Sizing
E-#{2] Static Structural (A5)
L\ Analysis Settings

Details of “Vector Principal Stress” 2 i
— - 0.000 5.000 10.000 {mm)
=1 Scope _-— e

Scoping Method | Geometry Selection 2,500 7.500 ®

Geometry |All Bodies %
=1 Definition [\ Geometry { Worksheet ) Print Preview ) Report Preview/ ]
Type Vector Principal Stress ot -
By Time Gisph
Display Time Last
Calculate Time History |Yes
Use Average Yes
Identifier

| & 7 Messages

[No Selection
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10. ANALISE DE RESULTADOS
v" No “Outline”, clicar em “Solution” e nos resultados que se quer visualizar;
v Clicar em “Equivalent Stress”;

© -
| File Edit View Units Tools Help || @ | Ysohe ~ta it M M @~ || & %V -0 M B (&[S P QA Q@A ERM & |[O-
| Result  53e-003 (Auto Scale) v~ @i~ B~ @~ 57 | | @ Probe

| Cappedisosurface B3 [BX Bz | ——————+ | 615

Outline

Project
=] Model (A4)
/& Geometry
El+#x Coordinate Systems
-2 Global Coordinate System
/& Connections
£l & Mesh

/& Hex Dominant Method

i % Body Sizing
-,[2] Static Structural (AS)
/7N Analysis Settings
-, Fixed Support
- JP, Force
/P, Force 2
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