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VASOS DE PRESSAO




VASOS DE PRESSAO

INTRODUCAO

Vasos de pressao sdo reservatorios que contém fluidos (liquidos ou gases)
que em geral estdo armazenados no seu interior. Eles devem ser projetados
para resistir com seguranga a pressoes internas e externas. De uso comum em
refinarias de petréleo, industrias quimicas e petroquimicas, os vasos de
pressao constituem um conjunto importante de equipamentos que abrangem os
mais variados usos. O projeto e a construcdo de vasos de pressao envolvem
uma série de cuidados especiais e exige o conhecimento de normas e
materiais adequados para cada tipo de aplicacdo, pois suas falhas podem
acarretar consequéncias catastroficas até mesmo com perda de vidas, sendo
considerados equipamentos de grande periculosidade. Podem ser de paredes
finas e de paredes espessas.

Coluna com espesswra de 12.7mm em ago carbono. com o
@1500mm x 14000mm

Figura 1 — Exemplos de vasos de pressao (fotos retiradas da internet).

Vasos de Pressdo de paredes finas e semi-espessas (Estruturas de
Cascas) — Podem-se citar com exemplo desse caso, 0s cascos de submarinos,
os tanques de ar comprimido, os extintores de incéndio, as latas de spray e etc.
Em geral, a seguinte relacdo é satisfeita: r / t >10, onde r € o raio et é a
espessura da parede do vaso de pressao. A figura 2 mostra a foto e 0 esquema
de um vaso de pressdo esférico. Essas estruturas podem ser estudadas

através de modelos estruturais de cascas (“Shell”).
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Figura 2 — Vaso de pressao esférico.

Vasos de Pressao de paredes espessas (Estruturas 3D) — Podem-se
citar com exemplo desse caso, 0S vasos sanguineos e as artérias, mostrados
esquematicamente na figura 3. Devem ser estudados através de modelos

sélidos tridimensionais.

VEIA ARTERIA

Figura 3 — Esquema de uma veia e uma artéria.

VASO DE PRESSAO CILINDRICO DE PAREDE FINA

O exemplo a ser apresentado € um vaso de pressao cilindrico ilustrado na
figura 4.
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Figura 4 — llustracdes de vasos de pressao cilindricos.

As tensdes na regido central do vaso de pressdao podem ser facilmente
calculadas com o auxilio da Resisténcia dos Materiais, pelas expressoes:

alzp—t:r

Figura 5 — Esquema de um trecho de um vaso de presséo cilindrico.

Como exemplo, a figura 6 mostra o esquema da secéo transversal de um
vaso de pressao feito em ferro fundido (E = 14.5 Msi e v = 0.21) e esta
submetido a uma presséo interna de p = 1700 psi que é apresentado em:

http://www.ndsu.edu/me/images/Kallmeyer/477/Pressure%20Vessel%20Examp
le.pdf

O vaso de presséo tem um diametro interno de 8 in, sendo sua espessura
em sua parte cilindrica de 0,5 in e possui tampas esféricas com 0,25 in de
espessura nas extremidades. Além disso, existem dois pequenos sulcos
circunferenciais na superficie interna de 1/8 in de raio e um sulco
circunferencial profundo de 2 in de largura por 0.25 in de espessura no centro
do cilindro.
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Figura 6 — Esquema da secao transversal do vaso de pressao.

Neste exemplo, o software ANSYS sera utilizado para analisar as tensfes
e deformacfes nas paredes do vaso de pressao, devido a presséo interna. Ja
gque o vaso de pressdo em estudo tem simetria axial sobre o seu eixo
longitudinal, uma andlise axissimétrica (modelo matematico a ser adotado)
poderd ser realizada, utilizando-se para tal um elemento finito plano (por
exemplo, o elemento Plane2 - triangular de 6 nés bidimensional), com a opg¢éo
de axissimetria ativada. Assim, o esforco computacional podera ser muito
reduzido pois apenas a quarta parte do vaso de pressao podera ser modelado,
ja que além da axissimetria (eixo longitudinal), existe também um plano
transversal de simetria. No software ANSYS, um modelo axissimétrico pode ser
criado de maneira que o eixo Y-global seja o eixo de axissimetria e assim, todo
o modelo devera aparecer no primeiro quadrante, ou seja, lado direito do eixo
Y-global (a0 longo do eixo X-global positivo). Nenhuma parte do modelo
(elementos, néds, etc.) pode ser definida com coordenada X negativa. Uma vez
que a opcdo de axissimetria esteja ativada, o software ANSYS aplicara
automaticamente condi¢des de contorno de simetria ao longo do eixo Y-global.

Para fins de validagdo do modelo axissimétrico, as tensdes segundo o eixo
longitudinal g, e segundo o eixo ©, gg nas paredes do vaso de presséao, longe
de qualquer dos entalhes podem ser estimadas utilizando as férmulas acima
especificadas. Embora o modelo néo satisfaca especificamente o critério para
ser considerado como um vaso de pressao de “paredes finas", essas equacgdes
ainda podem fornecer valores razoavelmente precisos para fins de validacéo
do modelo. Para um recipiente sob pressdo submetido a pressao interna,
apenas a tensao radial o, devera variar desde o, = -p = -1,7 ksi = -1700 psi em
pontos da superficie interna até o valor zero o, = 0 em pontos da superficie
exterior. Assim, as demais componentes de tensbes podem ser calculadas
como:

2 'a
P : —
4 t 2t
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|
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Ou seja, nos pontos de maior espessura (t = 0,5 in):
o, = 27.200 psi e o, =13.600 psi

E nos pontos de menor espessura (t = 0,25 in):

o =13.600psi e &, = 6.800 psi

PROPRIEDADES GEOMETRICAS, DOS MATERIAIS E CARGA

e Propriedades geométricas:
o Como na figura 6;
e Propriedades do material:

o Maodulo de Elasticidade: EX =14.5 Msi
o Coeficiente de Poisson: PRXY =0.21

e Carregamentos:
o Presséo interna: p = 1700 psi
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COMANDOS ANSYS®9.0ED

®1.

1.1.

1.2.

v

1.3.

INICIO DA ANALISE

Introduz o titulo do problema a ser resolvido:

No ANSYS Utility Menu clicar em “File” e acessar a op¢ao “Change
Title...”;

Na nova janela que aparecer, digitar novo titulo: “Vaso de presséao
cilindrico de paredes finas”;

Clicar em OK.

Altera o nome dos arquivos:
No ANSYS Utility Menu clicar em file e acessar a opcédo “Change

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

Escolhe o tipo de andlise que se pretende executar, visando filtrar

comandos a serem apresentados na telas de entrada:

v
v

No ANSYS Main Menu clicar em “Preferences”;

Na nova janela que aparecer, em “Discipline for filtering GUI Topics”,
selecionar a opgao “Structural”;

Clicar em OK.

ENTRA NA FASE DE PRE-PROCESSAMENTO
No ANSYS Main Menu, clicar em “Preprocessor”.

Escolhe o tipo de elemento finito que serd usado:

Dentro do “Preprocessor”, selecionar “Element Type”;

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

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

Outra janela se abrira, entdo no “Library of Element Types” selecionar o

elemento “Structural SOLID”, “Triangle 6node 2” e clicar em “OK”.
Clicar em “OK”;
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JA\ ANSYS ED Utility Menu (VPcil) - | X

_JLJL!:JJJ;J% EEEE

N\ Element Types = [

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

e

Only structural element types are shown

Library of Element Types

slebl:kbllkllkllbEpRlle

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

v

v

Ainda na janela “Element Types”, clicar em “Options” (para o elemento
Triangle 6node 2) e, na nova janela, selecionar;

o Element Behavior K3  Axisymmetric
Clicar em “OK”;

0| =] @] o] 2 | ¢ e EIEE]
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ment Types = [

Defined Element Types:
r— BLANED
[Type 1 2

General

Radiation Opt

Options for PLANE2, Element Type Ref. No. 1

Element behavior K3
Extra stress output K5

Element output K6

PoStpToc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design

OK

Cancel

|
=]
]
o
&

%

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

©

2.2.

v
v

Define as propriedades do material:

Dentro do “Preprocessor”, selecionar “Material Props”, “Material Models”;
Na nova janela que abrir, para o “Material Model Number 17, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>Isotropic”;
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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 Modulo de Elasticidade
do material e clicar em “OK”:

o EX = 14.5E6;
o PRXY =0.21;
v" Fechar a janela “Define Material Model Behavior”.

JAY ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtis WorkPlane Passmeters Macro Men He | ‘
BEFEEEE S|

Preferences

B Preprocessor
Element Type
Real Constants

viat del |
els :
A\ Linear Isotropic Properties for Material Number 1 =)
| Linear Isotropic Material Properties for Material Number 1

]
SetUp
ItiField Set Up

Graph

Cancel | Heb |

n
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool

d (PREP7) mat=1 [type=1 real=1

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 opcao
“‘Numbering”;
v" Na nova janela que aparecer, selecionar:
o Lines ON
v Clicar em “OK".
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JA\ ANSYS ED Utility Menu (VPcil)

- 3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= us & & 2 & B <=
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu

3|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
B Operate
Extrude
A Extend Line
B Booleans
B Intersect
B Add
A Volumes
A

A
Subtract
@ Divide
@ Glue
@ Overlap
Partition
[ Settings
Show Degeneracy
Scale
@ Calc Geom Items
& Move / Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector

=l

e = .
[\ Plot Numbering Controls

[/PNUM] Plot Numbering Controls

TYPE NUM

KP Keypoint numbers

LINE Line numbers

AREA Area numbers

VOLU Volume numbers

NODE Node numbers

Elem / Attrib numbering

TABN Table Names

SVAL Numeric contour values

[/NUM] Numbering shown with

[/REPLOT] Replot upon OK/Apply?

0K

‘ Apply

[~ Off

W On.

[~ Off
[~ Off

[~ Off
[~ Off
[~ Off

Cancel ‘ Help ‘

—

o cilindrico de paredes finas

sfplelnle 2 lelolelafala

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

“Circle”, “Solid Circle”;
v" Na nova janela que abrir, inserir:

o WPX

[
o

o WPY =0;
o Rad-1 =4;
v" Clicar em “APPLY”;

JA\ ANSYS ED Utility Menu (VPcil)

“Preprocessor” selecionar “Modeling”,

“Create”, “Area’,

- 3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
o= uo & & 2 & B <=
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu

6]

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create
Keypoints
Lines
B Areas
@ Arbitrary
@ Rectangle
B Circle

A Partial Annulus
A By End Points
By Dimensions
& Polygon
A Area Fillet
Volumes
Nodes
Elements
Contact Pair
@ Piping Models
@ Circuit
@ Transducers
Operate
Move / Modify
Copy
Reflect

=l

Reset Cancel
Help

paleols sl bl la

[1CVL4] Pick 2 WP focations -- center and radius
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FAY ANSYS ED Utility Menu (VPcil)
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & EEIE]

ANSYS Toolbar

SAVE_DB| RESUM_DB ‘QLJEJ POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create
Keypoints
Lines
B Areas
@ Arbitrary
@ Rectanglel
B Circle

TYPE NUM

@ Polygon
A AreaFillet]
Volumes

Nodes | Reset Cancel
Elements
] Contact Pair{ | Help
@ Piping Modelk
@ Gircuit
@ Transducers
Operate
Move / Modify

paleols sl bl la

Copy Vaso de pr o cilindrico de paredes finas
Reflect
[[CYL4] Pick 2 WP Tocations -- center and radius [mat=1 [type=t [real=1 coys=0 secn=1

v" Na nova janela que abrir, inserir:
o WPX =0;
o WPY =0;
o Rad-1

v" Clicar em “OK”;

[
-
N

al

PAY ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|=| 6o &l 2= ElEE

ANSYS Toolbar

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu

@l -
B Preferences - ANSYS
B Preprocessor MAY 25 2010
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
@ Keypoints
@ Lines
8 Areas |Global ® =
@ Arbitrary
Rectangle]
B Gir
Val
A Annuld |WP X
A Partial
A By End lm’ ¥ @
B By Diml|| Radius 4.25
Polygon

A Area Fillef

Volumes {|—_ % | 6woly |
@ Nodes | Reset | cCancel

@ Elements ———
[ Contact Pair| | Help
Piping Model
Circuit
Transducers

Operate
Move / Modify

4

¥ =
Z =

@ Copy Vaso de pressdo cilindrico de paredes finas
Reflect
[ [CYL4] Pick 2 WP locations -- center and radius mat=1 [type=1 real=1 csys=0 secn=1
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FA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

0z 0o 8 & 2| =i EEIE]

ANSYS Toolbar
SAVE_DB| RESUM_DB| QUIT| POWRGRPH _%}

ANSYS Main Menu ®|

Preferences AREAS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create

TYPE NUM

Keypoints

Lines

B Areas
@ Arbitrary
@ Rectangle
8 G

Patso!
A Ani
R Partial Annulus ]
A By End Points
By Dimensions
& Polygon
A Area Fillet
Volumes
Nodes
Elements
Contact Pair
@ Piping Models
@ Circuit
@ Transducers
Operate
Move / Modify
Py Vaso de pressdo cilindrico de paredes finas
Reflect

A El

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

v Dentro do “Preprocessor” selecionar “Modeling”, “Operate”, “Booleans”,
“Subtract”, “Areas”;

v Apontar area 2 (circulo grande) e clicar em “APPLY”;
v Apontar area 1 (circulo pequeno) e clicar em “OK?;

P4\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D= =8| & & 2 H EEE

ANSYS Toolbar
SAVE_DB| RESUM_DB| QUIT| POWRGRPH if

ANSYS Main Menu ®|

[ Preferences

8 Preprocessor
Element Type
Real Constants

Material Props
Sections

B Modeling )3~
Create
 Operate B
@ Extrude
A Extend Line

B Booleans
@ Intersect
Add
B Subtract
A Volumes

A Lines 77
B With Options
Divide
Glue
Overlap
Partition
[ Settings
@ Show Degeneracy
@ Scale
Calc Geom Items
Move / Modify
Copy

djplel=|e]t|ololslolelala]a

Reflect
Check Geom Vaso de pressdo cilindrico de paredes finas
& Delete &
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 [ real=1 [ csys=0 [ secn=1

v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Lines”,
“Lines”, “Straight Line”;

v" Clique nos “Keypoints” do circulo externo que estao no eixo X-global de
maneira a criar uma linha reta paralela ao eixo X-global.

v" Na sequéncia clique nos Keypoints do circulo externo que estdo no eixo

Y-global de maneira a criar uma linha reta paralela ao eixo Y-global.
v Clicar em “OK”

<\
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= 8|88l 7| &l S

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type

AREAS

TYPE NUM

Real Constants

Material Props
Sections
B Modeling
8 Create

Keypoints

B Lines

& Lin

Val

d
R Overlaid on Area
A Tangent to Line
A Tanto 2 Lines
A Normal to Line

A Norm to 2 Lines
A Atangle to line
R Angle to 2 Lines
& Arcs
Splines
A Line Fillet
Areas
Volumes
& Nodes
& Elements
B Contact Pair
Piping Models

paleols sl bl la

Circuit
Transducers Vaso de pressdo cilindrico de paredes finas
Operate &l
[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [real=1 [esys=0 [secn=1

v Dentro do “Preprocessor” selecionar “Modeling”, “Operate”, “Booleans”,

“Divide”, “Area by Line”;

v Selecione com 0 mouse a area remanescente e clique em “OK”;

v Selecione as duas linhas que foram criadas e clique em “OK”;

P4\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= =8| & & 2 H EEE

ANSYS Toolbar

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|(p= ANSYS

5 2010
34

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
B Operate
@ Extrude
R Extend Line
B Booleans
@ Intersect
Add
Subtract
B Divide
R Volume by Area
R Volu by WrkPlane

A Area by Volume
A Area by Area

R Area by WrkPlane
A Line by Volume
A Line by Area
A Line by Line
A Line by WrkPlane
R Lineinto 2 Ln's
R Line into N Ln's
A Lines w/ Options
With Options
@ Glue Vaso de pressdo cilindrico de paredes finas
@ Overlap &

palelols 2ol lale

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

v Dentro do “Preprocessor” selecionar “Modeling”, “Delete”, “Areas and

Below”;

v' Selecionar as trés areas, primeiro, segundo e terceiro quadrantes e

cligue em “OK?”;
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= 8|88l 7| &l

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

6]

Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling

& Check Geom
E Delete
A Keypoints
R Hard Points
A Lines Only
A Line and Below

A
R Volumes Only
R Volume and Below
A Nodes
A Elements
A Pre-tens Elemnts
@ Del Concats
@ Cyclic Sector
ms
B Genl plane strn
B Update Geom
Meshing
Checking Ctrls

=l

AREAS
TYPE NUM

Vaso de pressdo cilindrico de paredes finas

paleols sl bl la

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

v Dentro do “Preprocessor” selecionar “Modeling”,

“‘Rectangle”, “By Dimensions”;
v" Na nova janela que abrir, inserir:

o X -coordinates
o Y - coordinates

v" Clicar em “APPLY”;

FAY ANSYS ED Utility Menu (VPcil)

[esys=0

[secn=1

4.5;

7.75;

“Create”, “Area’,

-3 X
File Select List Plot PlotCtls WorkPlone Parameters Macro MenuCtls Help

RECECER SIEE

ANSYS Toolbar 3|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
@ Keypoints
@ Lines
8 Areas
Arbitrary
B Rectangle
A By 2 Corners
A By Centr & Cornr

@ Circle
@ Polygon
A AreaFillet
Volumes
Nodes
@ Elements
B Contact Pair
@ Piping Models
Circuit
Transducers
Operate
Move / Modify
Copy
@ Reflect
& Check Geom
Delete

=l

ARERS

TYPE NUM

[RECTNG] Create Rectangle by Dimensions
X1,X2 X-coordinates

Y1,Y2 Y-coordinates

Apply ‘

Cancel |

Vaso de pressdo cilindrico de paredes finas

Pick a menu item or enter an ANSYS Command (PREP7) mat=1 ‘ type=1 real=1

csys=0

secn=1
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

Di=laslsls e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

3|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create
Keypoints
Lines
B Areas
@ Arbitrary
B Rectangle
A By 2 Corners
A By Centr & Cornr
B

Cir
Polygon
A Area Fillet
@ Volumes
@ Nodes
Elements
[ Contact Pair
Piping Models
Circuit
@ Transducers
[ Operate
Move / Modify
Copy
Reflect
Check Geom
Delete

AREAS

TYPE NUM

o cilindrico de paredes finas

palelols sl bl la

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

[mat=1 [type=t

real=1 csys=0 secn=1 |

v" Na nova janela que abrir, inserir:
o X - coordinates
o Y - coordinates

v" Clicar em “OK”;

4.25 4.5;
6.75 1.75;

AblSYSEDUﬁIityMem(VPdI) - 3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

=N (A ElEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
& Create
Keypoints
Lines
@ Areas
@ Arbitrary
B Rectangle
A By 2 Corners

Circle
Polygon
A AreaFillet
@ Volumes
@ Nodes
Elements
B Contact Pair
Piping Models
Circuit
@ Transducers
@ Operate
Move / Modify
Copy
Reflect
Check Geom
Delete

3|

=l

AREAS

TYPE NUM

Vaso de pres

/A\[Create Rectangle by Dimensions-

[RECTNG] Create Rectangle by Dimensions

X1,X2 X-coordinates

YLY2 Y-coordinates

il
lo[ols[»

\i

Ed

o cilindrico de paredes finas

pleleelealaReele

e

Bl s s |0

-]

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

mat=1 [type=t

real=1 csys=0 secn=1 |
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

o= a8 & & 2| =i EIEIE

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences - AREAS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create
Keypoints
Lines
B Areas
@ Arbitrary
B Rectangle
A By 2 Corners
A By Centr & Cornr
B

TYPE NUM

Circle
Polygon
A Area Fillet
@ Volumes
@ Nodes
Elements
B Contact Pair
Piping Models
Circuit
@ Transducers
@ Operate
Move / Modify
Copy
Reflect
Check Geom Vaso de pressdo cilindrico de paredes finas

Delete j

paleols sl bl la

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

v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Area”,

“Circle”, “Solid Circle”;
v" Na nova janela que abrir, inserir:
o WPX =4;
o WPY =2,
o Rad-1
v" Clicar em “OK”;

I
|
S~~~

o

FA\ ANSYS ED Utility Menu (VPci)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Dz as| a8l & 2= EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

Preferences  aeeas ANSYS

B Preprocessor
Element Type

TYPE NUM MRY 25 2010
2 10

Sections

& Modeling & Pick © Unpick
B Create WP X =
@ Keypoints
@ Lines ¥ =
B Areas Global ¥ =

Arbitrary
Rectangle
a G

A
A Annulus ram C—
A Partial Annulyf
A By End Points| WP ¥ 2
[ By Dimension{ | o_ ..
Polygon Radius 1/8
A Area Fillet

@ Volumes oK fApply
& Nodes Reset Cancel

@ Elements

B Contact Pair

Piping Models

Circuit

@ Transducers
& Operate
B Move / Modify
opy Vaso de pressdo cilindrico de paredes finas
Reflect

9 I
?
Bl ile

o2l

%
@
2

EX|
8

8
[

@

lo?

dplelofs|slololslolelalelalajale|@|e i

[ [CYL4] Pick 2 WP locations -- center and radius mat=1 [type=1 real=1 csys=0 secn=1
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= 88| 8l & 7| &l S

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences AREAS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create
Keypoints
Lines
B Areas
@ Arbitrary
[ Rectangle
8 G

TYPE NUM

Patso!
A Ani
R Partial Annulus i
A By End Points
By Dimensions
& Polygon
A Area Fillet
Volumes
Nodes
Elements
Contact Pair
@ Piping Models
@ Circuit
@ Transducers
Operate
Move / Modify

dplelo|s|t|olplslololalajalajale|a|e

|
@
<)

®
]
@
2

3w

]

sl

@
L

Py Vaso de pressdo cilindrico de paredes finas
Reflect &l
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 [real=1 [esys=0 [secn=1

v Dentro do “Preprocessor” selecionar “Modeling”, “Operate

“Subtract”, “Areas”;

v" Apontar com o mouse o retangulo grande e clicar em “OK?”;
v Apontar com o mouse o retangulo pequeno e clicar em “OK”;

FA\ ANSYS ED Utility Menu (VPcil)

Booleans”,

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D)= =|8| 8 4| 2| & ElEE

ANSYS Toolbar

SAVE_DB RESUM_D_B‘ M POWRGRPH

ANSYS Main Menu ®|

Preferences AREAS

B Preprocessor
Element Type
Real Constants

TYPE NUM

Material Props
Sections
B Modeling
@ Create
B Operate
Extrude
A Extend Line
B Booleans
@ Intersect
@ Add
B Subtract
A Volumes

A
With Options
@ Divide
@ Glue
@ Overlap
[ Partition
[ Settings
Show Degeneracy
Scale
@ Calc Geom Items
& Move / Modify
Copy
Reflect

Vaso de pressdo cilindrico de paredes finas

Delete __J

okl |,

\i

4

2fple 2| s [oe [ olefee e @@ elalo &

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

v Dentro do “Preprocessor” selecionar “Modeling”, “Operate

“Subtract”, “Areas”;

v" Apontar com o0 mouse o retangulo grande e clicar em “OK”;

v" Apontar com o circulo e clicar em “OK”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls Help

D= 8|88l 7| &l

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

6]

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
B Operate
Extrude

A Extend Line

B Booleans

@ Intersect

@ Add

B Subtract
A

With Options

@ Divide
@ Glue
Overlap

Partition

[ Settings

Show Degeneracy

@ Scale

@ Calc Geom Items
Move / Modify

Copy
Reflect
Check Geom
Delete

AREAS

TYPE NUM

Vaso de pressdo cilindrico de paredes finas

=l

paleols sl bl la

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

[mat=1 [type=t

v Dentro do “Preprocessor” selecionar “Modeling”, “Operate”, “Booleans”,
“‘Add”, “Areas”;
v' Clicarem “PICK ALL”;

2.3.3. Cria linhas de concordancia nas transi¢cdes dos trechos mais finos:
v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Lines”, “Line
Fillet”;

v" Seleciona-se com o0 mouse as linhas 7 e 8 e clicar em “OK”;

v" Inserir, na nova janela:

o Radius =

v" Clicar em “OK”;

JA\ ANSYS ED Utility Menu (VPcil)

1/16

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls Help

D=8l 8 & ¢

ANSYS Toolbar

SAVE_DB| RESUM_DB AQE POWRGRPH

ANSYS Main Menu

3|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
& Create
Keypoints
B Lines
@ Lines

@ Arcs
@ Splines

Nodes
B Elements
[E Contact Pair

@ Piping Models

Gircuit
Transducers
Operate
Move / Modify
Copy
@ Reflect
Check Geom
Delete
Cydlic Sector
s
Genl plane st

AREAS

TYPE NUM

Vaso de pressdo cilindrico de

&

elala

palelols 2ol o]

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

mat=1 [type=1
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FAY ANSYS ED Utility Menu (VPcil) -3 X
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

D= ao 8 e H EIEE]

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH =

ANSYS Main Menu ®| ] @
Preferences B | o ANSYS Xl
B Preprocessor TYPE NUM MAY 25 2010 ® @
Element Type - 2. 27
Real Constants 8| e
Material Props @ o
Sections =
B Modeling (3]
B Create '/\ Line Fillet S
Keypoints | @| =
2 Lines [LFILLT] Create Fillet Line
Lines NLLNL2 Intersecting lines
@ Arcs
@ Splines RAD  Fillet radius
A

PCENT Number to assign -

@ Ar
Volumes - to generated keypoint at fillet center
Nodes
Elements
B8 Contact Pair =
@ Piping Models
@ Gircuit
Transducers
Operate
Move / Modify
Copy
Reflect
& Check Geom
Delete
Cyclic Sector
s
] Genl plane strn Vaso de pressdo cilindrico de
& Update Geom &

Apply

paleols sl bl 2la

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

v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Lines”, “Line
Fillet”;
v" Selecionam-se com o0 mouse as linhas 10 e 6 e clicar em “OK”;
v Inserir, na nova janela:
o Radius = 1/4
v" Clicar em “OK”;

PA ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= 08| 8| & 7| & =B

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH i‘
ANSYS Main Menu Bl — - @

Bl | areas ¢

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
@ Keypoints
B Lines
Lines
Arcs
Splines
Val

TYPE NUM

@@
e Z]ls

@ Areas
@ Volumes
Nodes
Elements
B Contact Pair =
Piping Models
@ Gircuit
@ Transducers
Operate
Move / Modify
Copy
Reflect
Check Geom
@& Delete
@ Cyclic Sector
ws
B Genl plane strn
[ Update Geom =

o cilindrico de pare:

splelols sl bpRRRER

[ Pick a menu item or enter an ANSYS Command (PREPT) mat=1 [type=1 real=1 csys=0 secn=1
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FA\ ANSYS ED Utility Menu (VPcil)

- 3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Djzlas s 2l 2 E EIEIE
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences “ARERS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
@ Lines
Lines
& Arcs
& Splines
A

TYPE NUM

Ars
Volumes
Nodes
Elements
Contact Pair
@ Piping Models
@ Circuit
Transducers

& Check Geom
Delete

enl plane strn
pdate Geom

A\ Line Fillet

[LFILLT] Create Fillet Line
NLLNL2 Intersecting lines

RAD  Fillet radius

PCENT Number to assign -

- to generated keypoint at fillet center

Apply

Vaso de pressdo cilindrico de pare

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

FA\ ANSYS ED Utility Menu (VPcil)

mat=1 [type=t real=1

csys=0

el |

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

|z 8o 8l & 2

ANSYS Toolbar

i)

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

[ Preferences AREAS
B Preprocessor

Element Type TYPE NUM

Sections
B Modeling
B Create
Keypoints
| Lines
@ Lines
@ Arcs

@ Sp

Areas
Volumes
Nodes

& Elements
[E Contact Pair
@ Piping Models
Gircuit
Transducers
perate
Move / Modify
Copy

Reflect

Check Geom
Delete

yclic Sector

2]
&3]
@

enl plane strn
Update Geom

Vaso de pressdo cilindrico de pare

okl |

Ii

|

splelols[: pllbpRpRakEbe ]

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

mat=1 [type=1 [ real=1

csys=0

[ secn=1 |

v' Dentro do “Preprocessor’” selecionar “Modeling”, “Create”, “Areas”,
“Arbitrary”, “By Lines”;

v' Selecionam-se com 0 mouse as duas

linhas retas e a

linha de

concordancia (6, 13 e 11) como na figura a seguir e clicar em “OK”;
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FA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

Di=as|sle e E

ANSYS Toolbar

EIEE]

®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH, =]
ANSYS Main Menu ®|
Preferences -

B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling

8 Create
Keypoints
Lines
B Areas

@ Arbitrary
A Through KPs
A Overlaid on Area

Maximum

Minimum

Line No

¢ List of Items

Al ing
A By Offset )
Rectangle

@ Circle € Min, Max, Inc
@ Polygon
A Area Fillet ﬁ
Volumes
Nodes -_—
Elements 4
2ppl.
ontact Pair
H Fiping Models Reset Cancel
@ Circuit

@ Transducers
Operate
Move / Modify
Copy

Reflect

v l

Help

Vaso de pressdo cilindrico de pare

[TAL] Pick or enter lines defining the area mat=1 [type=t real=1 coys=0 secn=1

Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

|z 8o 8l & 2 ElE

ANSYS Toolbar
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ

ANSYS Main Menu

[ Preferences
B Preprocessor
Element Type

AREAS

TYPE NUM

Sections

Transducers

Vaso de pressdo cilindrico de pare

Reflect

B Modeling @JP‘j
B Create
Keypoints
Lines
B hre @
B Arbitrary P}
A Through KPs
A on Area 1)
A By Skinning
A By Offset
@ Rectangle Q|
@ Circle 2
& Polygon
R Area Fillet @ |
Volumes
Nodes ey
Elements &
E Contact Pair J
@ Piping Models @)
@ Circuit
a
il
2|
<
&
&l

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

v' Dentro do “Preprocessor”
“Arbitrary”, “By Lines”;

v' Selecionam-se com o mouse as duas linhas retas e a
concordancia como na figura a seguir e clicar em “OK”;

selecionar “Modeling”, “Create”, “Areas’,

linha de
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FA\ ANSYS ED Utility Menu (VPcil) - | X

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘

D= us & & 2 & EEIE]

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB ‘QLJEJ POWRGRPH =

ANSYS Main Menu ®| =1 @

Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections

B Modeling e
B Create
Keypoints e J@ =
Lines -
B Areas : (o) =
B Arbitrary  Loop =
A Through KPs .
R Overlaid on Area Count = =
Maximm = 17
: @)
% ing Minimum = 2 ‘
A By Offset L || .
Rectangle E
@ Circle =
@ Polygon @ List of Items 2
R AreaFillet £ Min, Max. Tne o
Volumes
Nodes =

Elements
Contact Pair
@ Piping Models
@ Circuit
@ Transducers
Operate
Move / Modify
Copy
Reflect

Blelolss |0

-]

[TALY Pick or enter lines defining the area [mat=1 [type=t real=1 coys=0 secn=1

FA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= uo & & 2 & EIEE

ANSYS Toolbar ®|

SAVE_DB RESUMﬁﬂ QUIT| POWRGRPH j}
ANSYS Main Menu

Preferences ‘ ANSYS
B Preprocessor MAY 25 2010 @ _@
6

Element Type
Real Constants
Material Props
Sections

B Modeling |-
| Create
Keypoints ]
Lines
B Areas
8 Arbitrary

A Through KPs
A Overlaid on Area
Al

A By Skinning
R By Offset
Rectangle
Circle
& Polygon
A Area Fillet
@ Volumes
Nodes
Elements
B Contact Pair
Piping Models
@ Gircuit
@ Transducers
Operate
Move / Modify

paleols sl 2la

Copy Vaso de pressdo 4
Reflect
[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [real=1 [esys=0 [secn=1

v Dentro do “Preprocessor” selecionar “Modeling”, “Operate”, “Booleans”,
“‘Add”, “Areas”;
v" Clicar em “PICK ALL”;
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= 8|88l 7| &l

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences “ARERS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
B Operate
Extrude
A Extend Line
B Booleans
@ Intersect
8 Add
A Volumes
A

TYPE NUM

A Lines
Subtract
[@ Divide
@ Glue
@ Overlap
Partition
[ Settings
Show Degeneracy
Scale
@ Calc Geom Items
& Move / Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector

Vaso de pressdo cilindrico de paredes finas

pplelols sl bplla

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

2.4. Geraa malha de elementos finitos:
v Dentro do “Preprocessor” selecionar “Meshing”, “Mesh Tool”;
v Clicar em “Set”, junto ao “Size Controls”, “Global’;

FA\ ANSYS ED Utility Menu (VPcil)

e —
MeshTool
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

_DJ E’j E;] @J _éj @ _?_] 2] Element Attributes:

1= @
ANSYS Toolbar Global

<
@
2

SAVE_DB| RESUM_DB| QUIT| POWRGRPH ™ Smart Size

£l

ANSYS Main Menu ®|
Fine

[ Preferences - AREAS
B Preprocessor
Element Type

TYPE NUM Size Controls:

Global
Areas

Modeling
B Meshing Lines

Mesh Attributes

Mesher Opts
& Concatenate

ok |

EH

splelols[: pllbpRpRakEbe ]

Mesh
Modify Mesh
Check Mesh
@ [Aeas ]
CTi @ Quad
 Mapped
3or 4 sided |
Physics
Path Operations - Mesh Clear
Solution
General Postproc
imeHist Postpro
rop Test Refine at: [Elements ~|
opological Opt Vaso de pressdo cilindrico de paredes finas
ROM Tool &l e
E
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 coys=0 secn=11 ‘ Close | Help | l[

v" Na nova janela, inserir:
o SIZE =0.2
v Clicar em “OK”;
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JA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

\Tool

Element Attributes:

Di=laslsls e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

[ Smart Size

ANSYS Main Menu ®|

Preferences i=]
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing

Mesher Opts
@ Concatenate
& Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations
Solution
General Postproc
TimeHist Postpro
Drop Test

“aREas

TYPE NUM

'\ Global Element Sizes
[ESIZE] Global element sizes and divisions (applies only

to "unsized"” lines)

SIZE Element edge length
NDIV No. of element divisions -

- (used only if element edge length, SIZE, is blank or zero)

oK

K| |

Global

Areas
02
0

Cancel

Mesh Clear

splelnle s lelolelafala

s Refine at:  [Elements =
[ Topological Opt Vaso de pressdo cilindrico de paredes finas
ROM Tool & e
[
[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=t real=1 csys=0 secn:lJ Coss | Heb | l [

v" Clicar em “Mesh”, selecionar com o mouse a Area e clicar em “OK”;

ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D|z|as| a8l & 2=

ANSYS Toolbar

2 =

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
@ Mesh Attributes
=]

Size Cntrls
B Mesher Opts
Concatenate
Mesh
B Modify Mesh
@ Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations =
Solution
General Postproc
TimeHist Postpro

"ELEMENTS

L«

sl |

ale o2z plpklopRRRERER[RE

Drop Test

Topological Opt Vaso de pressdo cilindrico de paredes finas

ROM Tool &

v e Y|
[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [reat=1 [esys=0 [secn=1 |

2.4.1. Regides de transi¢cao podem ter a malha mais densificada:

v Dentro do “Preprocessor” selecionar “Meshing”, “Modify Mesh”, “Refine
at”, “Element”;

v Selecionar com 0 mouse o0s elementos das regides de transi¢ao e clicar

em “OK”;
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FA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

D= us & & 2 & EEIE]

ANSYS Toolbar

SAVE_DB| RESUM_DB ‘QLJEJ POWRGRPH

ANSYS Main Menu

3|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
B MeshTool

eCn

Refine at elements
@ pick " Unpick
(¢ single " Box
" Polygon (" circle
Count = 1
Maximm = 289
Minimm = 1
Elem No. = 241

@ List of Items

€ Min, Max, Inc

"ELEMENTS

Vaso de pressdo cilindrico de paredes fing

El

slolslelale

e

Blelolss |0

-]

refinement mat=1 [type=t real=1 coys=0 secn=1

FA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2 & EIEE

ANSYS Toolbar

SAVE_DB RESUMﬁﬂ M POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
B MeshTool

[ Size Cn

Refine at elements
@ pick (" Unpick
(¢ single " Box
" Polygon (" circle
Count s
Maximm = 289
Minimm = 1
Elem No. = 17

@ List of Items

" Min, Max, Inc

®|

. ELEMENTS ANSYS

MAY 25 2010

22:51:24

o cilindrico de pared

ppleols 2l bl fala

refinement mat=1 [type=1 real=1 csys=0 secn=1
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & oz @

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences Bl | erevents
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
B MeshTool
L FSizeCntds

Refine mesh at elements

@ pick " Unpick
(¢ single " Box

" Polygen (" circle
Count = 11
Maximum = 289
Minimm = 1

Elem No. = 282

(¢ List of Items

€ Min, Max, Inc

——

Vaso de pressdo cilindrico de paredeq

l

pplelols sl bplla

Apply i
HiE= Slial

refinement [mat=1 [type=1 [real=1 [esys=0 [secn=1 |

v" Na janela “Refine Mesh at Element”, selecionar:
o LEVEL 2
v" Clicar em “OK”;

FA\ ANSYS ED Utility Menu (VPcil)

=83 X |
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
o= uo & &2 & Bl =
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections

ELEMENTS

Modeling

& Meshing
MeshAMIites Refine Mesh at Element -
B MeshTool
Size Cntrls [EREF] Refine mesh at elements

Mesher Opts
Concatenate
Mesh Advanced options
B Modify Mesh
B Refine At
A Nodes

LEVEL Level of refinement

oK Cancel Help

VAl
A Lines
A Areas B
=0]
Improve Tets
B Change Tets
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up Vaso de pressdo cilindrico de pared
FSISet Up =

o Eo o2 |

plellzlbpkbpkRaoEpee s

Pick 2 menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |
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File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & EEIE]

ANSYS Toolbar

SAVE_DB| RESUM_DB ‘QLJEJ POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
B MeshTool
Size Cntris
[ Mesher Opts
Concatenate
Mesh
B Modify Mesh
B Refine At
A Nodes
A =

ELEMENTS

A K
A Lines
A Areas )
=1]
@ Improve Tets
B Change Tets
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up Vaso de pressdo cilindrico de paj
FSISet Up |

EEEEEE

Bl pkkpkRRE

[ Pick a menu item or enter an ANSYS Command (PREPT) mat=1 [type=t real=1 coys=0 secn=1

JA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help
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ANSYS Toolbar
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ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
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Mesh Attributes
[ MeshTool
Size Cntrls
Mesher Opts
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Mesh
B Modify Mesh
B Refine At
A Nodes
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il ELEMENTS
AY 25 2010
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nEEE&

A Keypoints
A Lines
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=]
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[ Change Tets
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
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Pick 2 menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1
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Y ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=as|sle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
B MeshTool
Size Cntris
[ Mesher Opts
Concatenate
Mesh
B Modify Mesh
B Refine At

@ Improve Tets
B Change Tets
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
FSISet Up |

ELEMENTS

Vaso de pressdo cilindrico dd

el pllkbblRRE

)

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

[mat=1

[type=1

[real=1

[esys=0

2.4.2. Salva analise no arquivo VPcil.db:
v" No “ANSYS Toolbar, clicar em “SAVE_DB”.

secn=1

2.5. Aplicar as condi¢fes de contorno na modelagem solida:
2.5.1. 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 a linha 18 (no topo do modelo) e clicar

em “OK”;

JAY ANSYS ED Utiity Menu (VPcil) =8 X |
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
bj=lals| sl &l e = ElEE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|

erences
»rocessor
lement Type
eal Constants
faterial Props
ections

todeling
teshing
hecking Ctrls
lumbering Ctris
rchive Model
oupling / Ceqn
LOTRAN Set Up
SISet Up
tultiField Set Up
oads
3 Analysis Type
g Fast Sol'n Optn
3 Define Loads
@ Settings
3 Apply
B Structural
Displacement
Force/Moment
B Pressure

A On Areas

A On Nodes

A On Node Components

A On Elements

R On Element Components |
»

K1l

LINES

Apply PRES on Lines
© Pick " Unpick
ngle (" Box

" Polygon (" circle

@ List of Items

" Min, Max, Inc

Pick All

Vaso de p

Cilindrico de paredes finas

o Eo o3|

wblbkkbbkRaaRpee s

)

| [SFL] Pick or enter lines for pressure loading

mat=1

[type=t

real=1

cays=0

secn=1
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2.5.2. Aplicar as cargas (pressao interna):
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural

, 'Pressure”,

On Lines.”;

v' Apontar as linhas da parte interna do modelo e clicar em “OK”;

v Na nova janela inserir o valor da carga a ser distribuida na linha:
o PRESS

v Clicar em “OK”;

PA1 ANSYS ED Utility Menu (VPcil)

1700;

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help 3
D|zale| s« 2| & | Z
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH
ANSYS Main Menu ®| - R
= sl
i) ) 8| @
LAz
:od':nng [SFL] Apply PRES on lines as a @ 37
heescl:‘ngg Ctris If Constant value then: QJ E
‘“'“hi"’:ih"“i:::“ VALUE Load PRES value @
E’:‘;g";"’f"/ s(e“l'J‘ ¥ Constant value then:
L o]
i E
R et oy Q|
]Deﬁne.loads g
S 4l
B Structural
; &
|
m
Vaso de p: &0 cilind d des £ ﬂ
< = =
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |
2.5.3. Salvando dados no arquivo VPcil.db
v" No ANSYS Toolbar clicar em “SAVE_DB".
®
3. SOLUCAO
v No ANSYS Main Menu dentro do “Solution” clicar em “Solve”, “Current
LS”;
v Clicar em “OK”.
v Na janela “Information: Solution is done” clicar em “CLOSE”.
v" No ANSYS Toolbar clicar em “SAVE_DB” para salvar os dados mais a
solucéo no arquivo.
O,
4. POS PROCESSAMENTO

4.1. Gera, lista e plota os resultados:

v

No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuracdo deformada
da estrutura;
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v" Na janela “Plot Deformed Shape”, selecionar a opgao “Def+undeformed”
e clicar em “OK”;

FA\ ANSYS ED Utility Menu (VPcil)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D|z|as| a8l o 2= EIEE

ANSYS Toolbar ®|
SAVE DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

Preferences DISPLACEMENT
Preprocessor
Solution
B General Postproc
[ Data & File Opts
[ Results Summary
Read Results
Failure Criteria
B Plot Results

Contour Plot

Vector Plot

Query Results
& Options for Outp
[ Results Viewer
[ Write PGR File
Nodal Cales
Element Table

Check Elem Shape
[ Write Results

el pklkbbRRE

&8
Vaso de pressdo cilindrico de pa:

)

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

v" No ANSYS Toolbar, clicar em “POWRGRPH?”;
v Na nova janela selecionar “OFF” e clicar em “OK”;

FA\ ANSYS ED Utility Menu (VPcil) - | X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

Di=leo s s e EIEE]

ANSYS Toolbar ®|
SAVE DE| ResUM_DB M POWRGRPH

ANSYS Main Menu

Preferences ~ DISPLACEMENT
Preprocessor
Solution

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

i =) O] %

[/GRAPHICS]  PowerGraphics

Vector Plot
lot Path Item

Query Results
[H Options for Outp Cancel

[ Results Viewer
Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations

OM Operations
ubmodeling
atigue T

Safety Factor Vaso de pressdo cilindrico de paredes finas
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[ Pick a menu item or enter an ANSYS Command (POSTL) [mat=1 [type=1 [real=1 [esys=0 [secn=1 |

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Nodal Solu”;
v" Na nova janela selecionar:
o Stress;
= 1st Principal Stress
v Clicar em “OK”;
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File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
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¢ Nodal Solution
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& XY Shear stress
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Preferences il
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Solution
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Read Results
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B Plot Results
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List Results
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[ Write PGR File
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Element Table
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[ Write Results
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)
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ANSYS Toolbar
SAVEDE| Resum_DB| qQuIT| POWRGRPH

ANSYS Main Menu ®|

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

®

B Preferences i )DAL SOLUTION
Preprocessor

?3[®

| 2]

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

Deformed Shape
& Contour Plot

o |

Element Solu
[ Elem Table
[ Line Elem Res

Concrete Plot
& ThinFilm
List Results

Query Results

& Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
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Load Case = .
Check Elem Shape 13215 17259
B Write Results ~| o de pressdo cilindrico de paredes finas

)

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

v" No ANSYS Toolbar, clicar em “POWRGRPH?”;
v Na nova janela selecionar “ON” e clicar em “OK”;
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File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘
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ANSYS Toolbar ®|
SAVE DE| Resum_DB| quiT| POWRGRPH
ANSYS Main Menu ®| 4 @
Preferences il
Preprocessor 1)
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B General Postproc
[ Data & File Opts
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Read Results
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B Plot Results
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Vector Plot
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List Results
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[ Write PGR File
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Element Table
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Load Case
Check Elem Shape
B Write Results |

Cancel

el pllkbblRRE

)

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

4.1.1. Expande modelo Axissimétrico para melhorar a visualizacdo:

v No “Ansys Utility Menu”, selecionar “Plot Ctrls”, “Style”, “Symmetry
Expansion”, “2D Axi-Symmetric...”;

v" Na nova janela, selecionar “Full expansion” e clicar em “OK”;

FA\ ANSYS ED Utility Menu (VPcil)
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| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=1 csys=0 secn=1 |
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l Pick a menu item or enter an ANSYS Command (POST1)
[i\ ANSYS ED Utility Menu (VPdl)

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

mat=1 [type=1 real=1 csys=0 secn=1

SALVANDO ARQUIVOS E SAINDO DO PROGRAMA:

5.

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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SUGESTAO:

Ler e criar o vaso de pressao do artigo do site:

http://www.mbari.org/education/internship/98interns/98internpapers/98heckman
-pdf

1) Three Dimensional Model
2) Symmetric Model
3) Axisymmetric Model

Figure 4

O artigo faz uma comparacdo dos resultados usando diversos modelos
matematicos.

Com o uso de diferentes elementos finitos existentes na biblioteca do
ANSYS.

Além disso, prop6e o uso de elementos de contato para a modelagem das
unides entre cilindro e tampas.
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