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ESTADO PLANO DE TENSAO — CONCENTRACAO DE TENSOES AO
REDOR DE ORIFICIOS — PARTE 2

INTRODUCAO

C) Placa com orificio circular:

O objetivo do exemplo € a determinagdo do regime de tensdes a que esti
submetida uma placa fina com orificio circular. Segundo Timoshenko, em Teory
of Elasticity, “a alta concentragcdo de tensdes encontrada no bordo de um
orificio é de grande importancia pratica. Cita-se como exemplo orificios em
conveses de navios (e avides). Quando o casco do navio é fletido, uma tracao
ou compressao se produz no conves, surgindo uma elevada concentracao de
tensdes nos orificios. Sob os ciclos de tensdes produzidos pelas ondas, a
fadiga do metal nas partes sobrecarregadas pode resultar em fissuras de
fadiga”. O resultado tedrico, apresentado por Timoshenko, pode ser comparado
com os obtidos via MEF para diferentes malhas fazendo-se um estudo da
convergéncia para os diferentes elementos disponiveis na Biblioteca de
Elementos do programa.

PROPRIEDADES GEOMETRICAS

e Modelo bidimensional utilizando-se estado plano de tensoes;
o Pode-se considerar a espessura unitaria, obtendo-se para
resultados tensdes por unidade de espessura;

PROPRIEDADES DOS MATERIAIS

e EX = Moddulo de Elasticidade Longitudinal ou de Young: Ex = 3E10
Pa;
e NUXY = Coeficiente de Poisson: NUXY = 0.3

CARGA

e Pressdo p =-1000 N/m (além disso, considerando-se medido por
unidade de espessura.
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RESOLUCAO

O procedimento de resolucdo pode ser demonstrado no seguinte fluxograma:

( ] ( Inicio da'AnéIise ]

( ) [ Escolha do Elemento ]
Propnedades do
Preprocessor ( Material ]
: l l [ Cria Geometria ]
Aplica Condlt;oes de
Contorno
( Solution - Gera Malha e
Soluoona

[General Postproc [ G

Fluxograma de Analise Numérica

—

Analise dos Resultados]

COMANDOS ANSYS®9.0ED

A) PRIMEIRO ESTUDO:

O,
1. INICIO DA ANALISE

1.1. Introduz o titulo do problema a ser resolvido:
v No ANSYS Utility Menu clicar em “File” e acessar a op¢do “Change
Title...”;
v Na nova janela que aparecer, digitar novo titulo: “Concentracao de
Tensoes — Exemplo 2 — Placa com orificio circular”;
v" Clicar em OK.

1.2. Alterao nome dos arquivos:
v" No ANSYS Utility Menu clicar em file e acessar a opcdo “Change

Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo:
‘circular”;
v Clicar em OK,

1.3. Escolhe o tipo de analise que se pretende executar, visando filtrar
comandos a serem apresentados na telas de entrada:
v No ANSYS Main Menu clicar em “Preferences”;
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v" Na nova janela que aparecer, em “Discipline for filtering GUI Topics”,
selecionar a opg¢éao “Structural’;
v Clicar em OK.

2. ENTRA NA FASE DE PRE-PROCESSAMENTO

O v" No ANSYS Main Menu, clicar em “Preprocessor”.
B

2.1. Escolhe otipo de elemento finito que sera usado:
v Dentro do “Preprocessor”, selecionar “Element Type”;

Dentro do “Element Type”, selecionar “Add/Edit/Delete”;

v" Na nova janela que abrir, clicar em “Add...” para selecionar um novo
elemento.

v" QOutra janela se abrira, entdo no “Library of Element Types” selecionar o

elemento “Structural SOLID”, “Triangle 6node 2” e clicar em “OK”;
v' Fechar a janela “Element Types”.

/\ ANSYS ED Utility Menu (Puxador) o |[& ][ =R

<\

EEFEEEE] B

| A\ Element Types =
P

B Pr
& Prf

i

o]

I\ Library of Element Types =

Only structural element types are shown

Library of Element Types Structural Mass ~|[Quaddnode 42 z
in £

5

(e Tri S -
e ~ || Triangle 6node

Element type reference number 1

Sd
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

I
o
3—)‘
2|

L

[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |

©

2.2. Define as propriedades do material:

v Dentro do “Preprocessor”, selecionar “Material Props”, “Material Models”;

v" Na nova janela que abrir, para o “Material Model Number 1”7, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>Isotropic”;

v" Dar um duplo clique em “Isotropic”;

v" A janela “Linear Isotropic Material Properties for Material Number 1 ir4
abrir. Inserir na lacuna “EX” o valor referente ao Mdodulo de Elasticidade
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do material e na lacuna PRXY o valor do Coeficiente de Poisson e clicar
em “OK”:
o EX = 3E10;
o PRXY =0.3;
v" Fechar a janela “Define Material Model Behavior”.

O
2.3. Cria o modelo geométrico:
2.3.1. Numera area, lines e keypoints:
v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opc¢ao
“Numbering”;
v" Na nova janela que aparecer, selecionar:
o Keypoints ON
o Lines ON
o AREA ON
v Clicar em “OK”.

/\ ANSYS ED Utility Menu (Puxador) o @[ =

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= us & & 2 & EEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Typ

= A\ Plot Numbering Controls

e [/PNUM] Plot Numbering Controls
its

KP Keypoint numbers ¥ On

o Sl |2 &

LINE Line numbers ¥ On
AREA Area numbers Fion
VOLU Volume numbers I off
NODE Node numbers I off

Elem / Attrib numbering No numbering
TABN Table Names [~ Off

SVAL Numeric contour values [~ Off

[/NUM] Numbering shown with [Colors & numbers =]
[/REPLOT] Replot upon OK/Apply? Replot -

oK Apply Cancel ‘ Help ‘

th
Solution
General Postproc
TimeHist Postpro

el kpklbpkRuoEkee s

Drop Test

Topological Opt

ROM Tool -l .
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |

2.3.2. Cria 0 modelo geométrico:
v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Rectangle”,
“By 2 corners”;
v" Na nova janela que abrir, inserir:
o WPX =0;
o WPY =0;
o Width = 6;
o Height = 6;
v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Circular) o |[& ][ =

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D|z|alo s s ¢ E 4 = 8

ANSYS Toolbar
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling

L |®

\

L«

o Elo o[

A\ Rectangle by 2 Comers

e & Pick € Unpick
@ Keypoints WP X =
Lines
B Areas 2 =
Arbitrary Global & =
B Re:
A s
A By Centr &| z =
[ By Dimens

Gircle WP X O

Polygon
A Area Fillet WP ¥ 0

@ Volumes Width [ —

& Nodes

& Elements Height 6

B Contact Pair

Piping Models oK Apply
Circuit
Reset Cancel

@ Transducers
Operate
Move / Modify
Copy

Reflect

Check Geom
Delete

Blelofe|slolelslolelalelalaale oo

| [BLC4] Pick 2 WP locations -- the 2 diagonal comers [ mat=1 [type=1 [ real=1 [ esys=0 [ secn=1 |

/\" ANSYS ED Utility Menu (Circular) =) ]

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

ol=us s &2 E EEIE]

ANSYS Toolbar ®|
SAVLDEI RESUM_DB M POWRGRPH. ﬂ

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props

Sections
B Modeling
B Create
@ Keypoints
@ Lines
8 Areas
Arbitrary
B Re

" aREAS : ! @ @

TYPE NUM

A
R By Centr & Cornr
By Dimensions
@ Circle
@ Polygon
R Area Fillet
Volumes
Nodes
Elements
B Contact Pair
@ Piping Models
@ Circuit
Transducers
Operate
Move / Modify

el pkkbkea

Copy

Reflect

[ Check Geom Concentragdo de T - Bula 2 - Placa com orificio circular

Delet: -

[ Delete ~| =
[ Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=1 [reat=1 [esy5=0 [ANSY55.0 Output Window |

v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Circle”, “Solid
Circle™;
v" Na nova janela que abrir inserir:
o WPX =0;
o WPY =0;
o Radius 0.5;
v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Circular) o |[&@][=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Di=aslsl e E i)

ANSYS Toolbar

3
SAVLDEI RESUM_DB ‘QLJEJ POWRGRPH. ﬂ

ANSYS Main Menu ®| - 1x] B

Preferences - AREAS

B Preprocessor e ® o
Element Type Lo 2

Real Constants

;d:::;:l froes A\ solid Circular Area =
B Modeling & Pick © Unpick
B Create
@ Keypoints WP X
[ Lines v
B Areas
Arbitrary Global X
Rectangle
B Girde

[

Y
z

A Annulus
A Partial Annuli| WP ¥ ]
A ByEnd Pointy yp ¢ C—
[ By Dimensior

Polygon Radius ps

A Area Fillet
@ Volumes oK Apply
@ Nodes

& Elements Reset Cancel
B Contact Pair Help

Piping Models
Circuit
[ Transducers
Operate
Move / Modify

Blelz el

Copy Concentragdo de Tensdes - Bula 2 - Placa com orificio circular
Reflect j
[ 1CVL4] Pick 2 WP locations -- center and radius mat=1 [type=1 [real=1 [csys=0 [secn=1

v" Dentro do “Preprocessor” selecionar “Modeling”, “Operate”, “Booleans”,
“Subtract”, “Areas”; (Subtrair area 2 da area 1)

v" Na nova janela apontar a area 1 e clicar em “APPLY”;

v Apontar area 2 e clicar em “OK”;

/\" ANSYS ED Utility Menu (Circular) =) ]

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= w8 & & 2 &l EEIE]

ANSYS Toolbar ®|
SAVLDEI RESUM_DB M POWRGRPH. ﬂ

ANSYS Main Menu ®|

Calc Geom Items k 3

Move / Modify
Copy

Preferences ix " aREAS
B Preprocessor e 5 @ @
Element Type * : 2:19:43 E?J 2
Real Constants =
Material Props |5
Sections
B Modeling | *
Create
B Operate =4
@ Extrude
A Extend Line ,@J
B Booleans &
Intersect
Add 8|
8 Subtract
2 Volumes
Pal/reas |
iines al
With Options 2
Divide
Glue @
Overlap
@ Partition a
[ Settings ®
@ Show Degeneracy _‘
Scale o
-
il
1
>

Reflect

[ Check Geom Concentragdo de Tensdes - Rula 2 - Placa com orificio circular

Delet. -

@ Delete sy ———————————— | <
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1

®
2.4. Aplicar as condi¢fes de contorno na modelagem sdlida:
2.4.1. Fornece condicdo de contorno:
v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”, “Displacement”, “Symmetry B.C.”, “On Lines”;
v" Na nova janela que abrir apontar as linhas 9 e 10 e clicar em “OK”;
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2.4.2. Aplicar as cargas:
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural

, Pressure’,
v Apontar a linha 2 e clicar em “OK”;
v" Na nova janela inserir o valor da carga a ser distribuida na linha:

On Lines.”;

. . . _ ~ ot s ”
o VALUE -1000; (sinal negativo = presséao “saindo” do corpo)
. I ”,
v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Gircular) S @<
File Select List Plot PlotCtls WorkPlane Papameters Macro MenuCtis Help ‘
D=us & 2 & EEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j
ANSYS Main Menu ®| Q)
eeeee = -/ . 2|
»rocessor m i N\ Apply PRES on lines @
I::Z::‘ST:;:; [SFL] Apply PRES on lines as a _@
Extertal Props If Constant value then: 3
Sctions VALUE Load PRES value E
todeli

teshing.

hecking Ctrls I Constant value then:

|umPering Ctrls Optional PRES values at end J of line

Ichive Model (leave blank for uniform PRES )

oupling / Ceqn

SSet Up Value

ultiField Set Up

oads

3 Analysis Type =
3 Fast Sol'n Optn
3 Define Loads
Settings
B Apply
B Structural

clojelzlolelslolelalelalaalela|e i

)

l Pick a menu item or enter an ANSYS Command (PREP7)

mat=1 [type=1

real=1

csys=0 secn=1

2.4.3. Salvando dados no arquivo circular.db
v" No ANSYS Toolbar clicar em “SAVE_DB".

3. SOLUTION

3.1.Gera a malha de elementos finitos e soluciona o exemplo:

v Dentro do “Solution” clicar em “Unabridge Menu”;

v Ainda dentro do “Solution”, selecionar “Solve”, “Adaptative Mesh”;
v" Na janela “Adaptative Mesh and Solution”, inserir:

o NSOLN
o STARGT
o FACMN
o FACMX

v" Clicar em “OK”

35;
2;
0.25;
2;
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/\ ANSYS ED Utility Menu (Circular) o |[& ][ =R
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=aslsl e E i)

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬁ

ANSYS Main Menu

Preferences
Preprocessor
B Solution
Analysis Type
B Fast Sol'n Optn
Define Loads
Load Step Opts
Physics
SE Management (CMS)
Results Tracking
8 Solve
B Current LS
From LS Files

AREAS
TYPE NUM

\ Adaptive Meshing and Solution

[ADAPT] Do Adaptive Meshing and Solution

NSOLN  Number of solutions
STARGT Structural

FACMN Min. size change factor

—
—
—

FACMX Max. size change factor

KYKPS  Element size changed at

anual Rezoning
LOTRAN Set Up
E Run FLOTRAN
FSI Set Up
ultiField Set Up

DAMS Connection oK Cancel
iagnostics
bridged Menu
General Postproc
TimeHist Postpro
Drop Test
Topological Opt L
ROM Tool

DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

KYMAC Use user ADAPT macros?

Concentragdo de TensGes - Rula 2 - Placa com orificio circular

Blelz el

[ Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=1 [real=1 [csys=0 [secn=1

v" O programa criard uma malha com 115 elementos e 268 nos.

4. POS PROCESSAMENTO
4.1. Gera, lista e plota os resultados:

/\" ANSYS ED Utility Menu (Circular) E=mEE )
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D=als & & 2 &l - E|| @

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬁ

ANSYS Main Menu @

[ Preferences -l OLUTION
Preprocessor

Solution

General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
[ Session Editor

[ Finish

lololo

lo? ]

e |l [z lolelslolelalalala@]e @0

)

| Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=1 real=1 csys=0 secn=1

v SEQV = 2944 Pa;

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Percent Error” para listar a porcentagem de erro no valor da

energia;
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/\ ANSYSED Utility Menu (Circular)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Dl=le o s s ¢ E EIEE]

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences

Preprocessor
Solution /\ PRERR  Command

B General Postproc File

[ Data & File Opts
[ Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
Detailed Summary

STRUCTURAL PERCENTRGE ERROR IN ENERGY HORH (SEPC) =  1.9830

odal Solution
lement Solution
B Section Solution
Superelem DOF
[ SpotWeld Solution
[ Reaction Solu
Nodal Loads

Elem Table Data

Query Results
& Options for Outp
[ Results Viewer
Write PGR File

051 1682 2313

10
2

- Placa com orificio circular

Path Operations ~|

clole|t@@s|o|e

)

[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1

v Erro = 1.9830;

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot

Results”, “Contour Plot”, “Nodal Solu”;
v" Na nova janela selecionar:
o Stress;
= X - Component of Stress
v" Clicar em “OK”;

N ANSYS ED Utility Menu (Circular) e e
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
D= ls & & 2 &l - Zl| @

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu 1o

[ Preferences

Preprocessor

Solution

B General Postproc
Data & File Opts
[ Results Summary
Read Results
Failure Criteria
B Plot Resuits

Deformed Shape

B nt Solu
[ Elem Table
[ Line Elem Res

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm

List Results

Query Results

[ Options for Outp

Results Viewer

=] Write PGR File

urface Operations
Load Case
Check Elem Shape

B Write Results - Aula 2 - Placa com orificio circular

ROM Operations

lof Ells |2 ls

Lleelaelalesele

"

ez [t ol

)

| Pick a menu item or enter an ANSYS Command (POST1) [mat=1 [type=1 real=1 csys=0 secn=1 |

v' Méxima SX = 2974 Pa.

v Dar um zoom na regido da fissura para verificar a distribuicdo das

tensoes;
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J\"ANSYS ED Utility Menu (Circular) = o e
File Select List Plot PlotCtris WorkPlane Parameters Macro MenuCtrls Help ‘
Di=aslsl e E i)

ANSYS Toolbar ®|
SAVLDEI RESUM_DB QLJEJ POWRGRPH. ﬂ

ANSYS Main Menu ®|
Preferences il
Preprocessor

Solution
B General Postproc
[ Data & File Opts
Results Summary
Read Results
Failure Criteria
B Plot Results
Deformed Shape
2 Contour

Element Solu
Elem Table
B Line Elem Res
@ Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results Ly
Query Results
Options for Outp
Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B3 Write Results
ROM Operations -l

[ Pick a menu item or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=1 [csys=0 [secn=1

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot

Results”, “Contour Plot”, “Element Solu”;
v" Na nova janela selecionar:
o Stress;
= X - Component of Stress
v Clicar em “OK”;

I\ ANSYS ED Utility Menu (Circular)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= a8 &l & 2 &l ElE=|E

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences Bl | ecevent sovuTzon
Preprocessor

Solution

B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
8 Plot Results

[ Deformed Shape
& Contour Plot

E Elem Table
Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results I
Query Results
Options for Outp
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case -102.255 "
Check Elem Shape 256.69 . 1692 2410
- Placa com orificio circular

B Write Results Concentragdo de T
ROM Operations |

| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=1 real=1 csys=0 secn=1

v Méxima SX = 3128 Pa

v Dar um zoom na regido da fissura para verificar a distribuicdo das

tensoes;
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\' ANSYS ED Utility Menu (Circular)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls Help

[E=mEE

D= 8|88l 7| &l

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor
Solution
B General Postproc
[ Data & File Opts
Results Summary
Read Results
Failure Criteria
B Plot Results
Deformed Shape
B Contour Plot
[ Nodal Solu
a

Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
E Write Results
ROM Operations

3 ELEMENT SOLUTION

el pklkbbRRBR

)

l Pick a menu item or enter an ANSYS Command (POST1) mat=1

[type=1

real=1

csys=0

secn=1

5. SALVANDO ARQUIVOS E SAINDO DO PROGRAMA:

v" No ANSYS Tollbar, clicar em “SAVE_DB” para salvar no Data Base;
v Ainda no ANSYS Toolbar, clicar em “QUIT”;
v" Na nova janela, selecionar a opgao “Save everything” e clicar em “OK”.
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