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ANALISE ESTATICA LINEAR DE UM PUXADOR

INTRODUCAO

Neste exemplo vamos analisar um puxador, feito de ago, submetido a um
carregamento estético. Puxadores de aco sdo utilizados em uma grande
variedade de objetos. Neste exemplo vamos assumir que o puxador em
questdo € um dos puxadores usados para levantar um vaso depressao,
conforme mostra a figura 8.26. Além disso, assume-se que 0 puxador esta
devidamente soldado ao vaso de pressdo. De acordo com o American
Petrolium Institute Standard 650, puxadores de tanques de petréleo devem ser
capazes de resistir a carga, aplicada de uma maneira razoavel, de duas vezes
0 peso do tanque vazio, usando-se o fator de seguranca 4. O objetivo da nossa
andlise é entdo determinar a maxima carga que pode ser aplicada no puxador
para que ndo ocorra plastificacdo na peca. Em nossa analise vamos considerar
apenas as cargas verticais. Assumindo que a solda deve ser analisada
separadamente, pode-se considerar a fixacdo da solda como engaste perfeito
em nosso modelo.

PROPRIEDADES GEOMETRICAS E DOS MATERIAIS

e As dimensdes do puxador sao;
o h=12,7cm=5in;
o b=7,71cm=3in;
o d=5,08cm=2in;
o t=0,254cm=0,1in;

J4 que a espessura é pequena e 0 carregamento € vertical, pode-se
assumir que se trata de um problema plano de tensées. O material € assumido
como elastico linear com Médulo de Young E=30x106 Ib/in> com tens&o limite
de escoamento S, = 36.000 Ib/in® e coeficiente de Poisson n = 0,3. Assumindo-
se gue a carga total de 100 Ib esta aplicada em uma regido, englobando um
angulo de 60° em torno do eixo vertical, pode-se pela consideracéo de simetria
adotar uma carga de P=50 Ib atuando em metade da peca e aplicada a um
segmento de:

_ 307R
180

= 0,52365

Ou ainda, em uma area de 0,052365, o que resulta uma presséo (carga
distribuida por unidade de &area) 50/(0,052)= 955 Ib/in?.

Faremos preliminarmente uma analise utilizando-se o gerador de malhas
do programa ANSYS com seus valores default. Apds, realizaremos uma nova
analise, impondo uma densidade de malha a ser gerada, e finalmente
utilizaremos o adaptador automatico de malhas.
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Figura 2 — Esquema do puxador a ser analisado.
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RESOLUCAO

O procedimento de resolucdo pode ser demonstrado no seguinte fluxograma:
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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¢ao “Change
Title...”;
v" Na nova janela que aparecer, digitar novo titulo: “Estado Plano de
Tensdes - Puxador”;
v Clicar em OK.

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

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

1.3. Introduz os valores para os dados paramétricos (define valor para
constantes criadas pelo usuério):
v" No “ANSYS Utility Menu”, clicar em “Parameters”, “Scalar Parameters”;
v" Na janela “Scalar Parameters”, no campo “Selection” inserir:
o b2=15;
Clicar em “Accept’;
h =5;
Clicar em “Accept”;
r=1;
Clicar em “Accept’;
t=0.1;
o Clicar em “Accept’;
v Clicar em “OK”.

O O O O O O
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/\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| 8 o 2| 1= @

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®| [t-] 2‘

4 Scalar Parameters 8| @

8| 2|
Fll=
8] %

[FHceep™|  Delete | Close Help

el pkkbbRRBR

)

Pick 2 menu item or enter an ANSYS Command (BEGIN) mat=1 [type=1 real=1 csys=0 secn=1 |

1.4

v
v

Escolhe o tipo de andlise que se pretende executar, visando filtrar
comandos a serem apresentados na telas de entrada:

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”.

2.1

<\

Escolhe o tipo de elemento finito que sera 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”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

Pagina 6



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

o= 6l 5| #| 2| 0| EIEE]

N\ Element Types =

|

ment Types:

Le|

N\ Library of Element Types =
Y yp

- |[Quaddnode 22 -
3| 4 182

Help

Only structural element types are shown

Library of Element Types Structural Mass
Link

Solid-Shell

Element type reference number 1
oK Apply Cancel

tekkkkkkhRRpRkE

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

e
v

8 [ [

Pick 2 menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1

v Ainda na janela “Element Types”, clicar em “Options” (para o elemento
Triangle 6node 2) e, na nova janela, selecionar;
o Element Behavior K3  Plane strs w/thk
v" Clicar em “OK”;

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

BEFEEEE EIEE]]

N\ Element Types =

|

Le|

Defined Element Types:

o @
D23

elolelels

/\ PLANE2 element type options
Options for PLANE2, Element Type Ref. No. 1

Element behavior K’

Extra stress output K5

Element output K6

Cancel

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

Prob Design
Radiation Opt

e
v

B [ [

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

C

O 2.2. Define as propriedades geométricas do modelo:
v Dentro do “Preprocessor”, selecionar “Real Constants”;
v" Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;
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v Na nova janela que abrir, clicar em “Add...” para adicionar novas
constantes geométricas;
v Uma nova janela se abrird entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;
v A janela “Real Constants Set Number 1, for “PLANE 2” irda aparecer.
Deve-se inserir:
o Real Constant Set No. =1
o Thickness THK =0.1
v Clicar em “OK”.

/\ ANSYS ED Utility Menu (Puxador) ol ][s=

_JLJ:JJJ_JJE EEE

A\ Real Constants =

]

NONE DEFINED 3]

o [

onEr?

N\ Real Constant Set Number 1, for PLANE2

Element Type Reference No. 1

Real Constant Set No. 1
01
Concel |

Real Constant for Plane Stress with Thickness (KEYOPT(3)=3)
Thickness THK

oK Apply ‘

&
YEEEEEEEEEEEEE

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

O,

2.3. 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>lsotropic”;

v Dar um duplo cliqgue 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 = 30ES6;
o PRXY =0.3;
v' Fechar a janela “Define Material Model Behavior”.
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/\ ANSYS ED Utility Menu (Puxador)

_JLJL!:JJJ;J% EEEE

e o] s u] o] v

Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
Temperature Units
Electromag Units Material Models Defined Material Models Available

M\ Define Material Model Behavior

4| ) Favorites
A\ Linear Isotropic Properties for Material Number 1

=]

B Convert ALPx

[ Change Mat Num

Failure Criteria

Write to File

Read from File Linear Isotropic Material Properties for Material Number 1
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSI Set Up
MultiField Set Up

Loads
Zhy:ig Add Temperature | Delete Temperature Graph
ath Operations

Solution

& General Postproc ok | camcel | He |

TimeHist Postpro
Drop Test
Topological Opt
ROM Tool

[zl

el lo]e

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

2.4. Cria o modelo geométrico:

2.4.1. Numera area, lines e keypoints:

v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opcgao

“‘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 |l ][s=
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
o= o & & 2 & Bl =

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

3 Preferences -
Preprocessor m A\ Plot Numbering Controls

Element Type [/PNUM] Plot Numbering Controls

Real Constants

B Material Props
Material Library
Temperature Units
Electromag Units

KP Keypoint numbers
LINE Line numbers

AREA Area numbers ¥ On

B Change Mat Num VOLU Volume numbers I~ Off

Failure Criteria
Write to File

Read from File Elem / Attrib numbering [Norumbeing 5]

NODE Node numbers [~ Off

Sections
Modeling TABN Table Names I off
Meshing
Checking Ctrls SVAL Numeric contour values I off

Numbering Ctrls

Archive Model [/NUM] Numbering shown with Colors & numbers hd

Coupling / Ceqn
FSI Set Up [/REPLOT] Replot upon OK/Apply? [Repot =
MultiField Set Up
Loads
Physics oK Apply Cancel | Help |
Path Operations

Solution

General Postproc

TimeHist Postpro

o Els [ le

plell:bpkbphRaaRpee

Drop Test

Topological Opt

ROM Tool _'j |
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |
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2.4.2. Cria 0 modelo geométrico:
v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Area’,
“Circle”, “Partial Annulus +”;

v" Na nova janela que abrir, inserir:
o WPX =0;

WPY =0;

Rad-1 =r;

Theta-1 = 60;

Rad-2 =b2;
o Theta-2 = 90.

v Clicar em “APPLY”;

0O O O O

/\ ANSYS ED Utility Menu (Puxador)

S @)=
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help
D= uo & & 2 & B <=
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu ®| )
Preferences
B Preprocesso 2| @
;':;'I‘e A\ Part Annular Circ Area 8la
Mated @ Pick  Unpick @5
Sectid
& Mode] T ¥ | g
B Crq Y
1 =]
o | Glomal x = >
=} ¥ = 8|
z- 8|
WP ¥ C— Nl
WPy Fu—
Rad—1 O Q
Theta-1 (C— 5
Rad-2 pz J@*
g Theta-2 o J@*
o | ety | =
Reset Cancel | @)
= [ -Ance ~ ol
e | s
opl
Move / Modify E
Copy Estado Plano
Reflect ~| i

[ [CYLa] Pick 3 WP locations - center, inner rad/theta, outer rad/theta [mat=1 [type=1 real=1 csys=0 secn=1 |

v" Na nova janela que abrir, inserir:
o WPX =0;

WPY =0;

Rad-1 =r;

Theta-1 -90;

Rad-2 =b2;
o Theta-2 = 60.

v Clicar em “OK”.

0O O O O
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/\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=laslsle e E Talal

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu ®|

Preferences .
B Preprocessor | /\ Part Annular Circ Area
Element Tyl @ Pick " Unpick
Real Consta
Material Pro| WP X =

Sections v -
B Modeling
E Create | Global ¥ =
@ Keypol e
@ Lines
B Areas Z=
Arb|

@ Red WP X ]

E’;’ uP ¥ P
;» Rad-1 P
}.‘ Theta-1 |7‘m
B § Rad-2 [pz

Pok

R Are| Theta-2 [ —

@ Volum|

@ Nodes| oK Apply
Eleme;
B Conta{ __ Reset Cancel ‘
Piping Help
Circu
@ Transd
@ Operate
Move / Modify
Copy
Reflect |

tcers

Estado Plano de Tensdes - Puxador

Bl pkkbbRRBR

[ [CYL4] Pick 3 WP locations — center, inner rad/theta, outer rad/theta [mat=1 [type=1 [real=1 [esys=0 [secn=1

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

“‘Rectangle”, “By 2 Corners +7;
v" Na nova janela que abrir, inserir:
o WPX =0;
o WPY = b2-h;
o Width =b2;
o Height = h-b2;
v Clicar em “OK”

/\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| s 2| EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB —QETJ POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element
Real Con
Material | & Pick © Unpick
Sections

© Modeling VP ¥ =
B Creat: v =

& Key

@ Lin| Global ¥ =

B Ar v =

A\ Rectangle by 2 Comers 2

a8 Z =
WP % o
Wp ¥ b2-h
5]
@ | Width b2
A i =
Tl Height h-b2
Elef 0K Apply
B Cor Reset Cancel
& Pip|
& Cir Help

Tra
Operate
Move / Modify
Copy
Reflect
@ Check Geom Estado Plano de TensSes - Puxador
Delete |

[elolelzlololslole

)

[ BLCA] Pick 2 WP locations - the 2 diagonal comers [mat=1 [type=1 [reat=1 [csys=0 [secn=1

v Dentro do “Preprocessor” selecionar “Modeling”,
“Circle”, “Partial Annulus +7;
v" Na nova janela que abrir, inserir:

“Create”,

“Area”,
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WPX =0;
WPY =0;
Rad-1 =0;
Theta-1 =-90;
Rad-2 =b2;
o Theta-2
v" Clicar em “OK”;

0O O O O O

I
©

J\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

0
i
2

0|z 6o &l o ¢ = EIFE

ANSYS Toolbar

®

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

[ Preferences
B Preprocessor
Element Type

A\ Part Annular Circ Area
Real Constants

@ Pick © Unpick
Sections =
B Modeling Y &
B Create ¥ -
Keypoints| _
Fpi Global X =
B Areas '
@ Arbitral
@ Rectan z.2
B Gircle

A solid ¥P ¥ 9
A Ann{ yP ¥ ®
A Byg| Rad-1 [

ByD Theta-1 [oe
@ Polygo

A AreaFil| Rad-2 h2
Volumes | ypoe. o ’ﬂ—
Nodes
Elements
[ Contact P oK Apply
B Piping Moy Reset Cancel
@ Circuit
Transduce| Help

Operate
Move / Modify
Copy Estado Plano de Ten
Reflect

2 Zlole |

wbllEpkkbbRRERRRR6R

)

| [CYL4] Pick 3 WP focations -- center, inner rad/theta, outer rad/theta mat=1 [type=1 real=1 csys=0 secn=1 |

A\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

5w

@

D= ul o & & 2 El B

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type

Sections
B Modeling
Create
& Operate
@ Extrude
A Extend Line

[
Sc
@ Calc Geom Items

Check Geom

Delete
Cyclic Sector
MS

B Genl plane strn
Update Geom
Meshing
Checking Ctrls

@ Numbering Ctrls

SISet Up

MultiField Set Up
Loads Estado Plano de Tensdes - Puxador
Physics

el pkkpbbRRER

)

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

v’ Para operar as areas: Area 5 = Area 3 — Area 4;

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

“Subtract”, “Areas”;
v' Apontar area 3 e clicar em “APPLY”;
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v' Apontar area 4 e clicar em “OK”;

/\" ANSYS ED Utility Menu (Puxador) =05

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= 6 o] 8| & 7| & =B

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH _jJ

ANSYS Main Menu ®|

Preferences -
B Preprocessor

Element Type

Real Constants

Material Props

Sections
B Modeling | "y
Create
& Operate 8
® Extrude
A Extend Line @
B Booleans &
Intersect
Add 8|

B Subtract
A

ines
With Options
Divide
Glue
Overlap
[ Partition
[ Settings
B Show Degeneracy
Scale
Calc Geom Items
Move / Modify
Copy

lelo|e |t |@le)s|o|e

Reflect

Check Geom Estado Plano de TensSes - Puxador

B Delet s

@ Delete ~| —
[ Pick @ 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”,
“Glue”, “Areas”;
v Clicar em “PICK ALL”;

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

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D|z|a a8l & 2= EIEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB —QETJ POWRGRPH _jJ

ANSYS Main Menu ®|

Preferences -
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
B Operate
@ Extrude
A Extend Line
B Booleans
Intersect
Add
Subtract
® Divide

Overlap
Partition
B Settings
@ Show Degeneracy
@ Scale
Calc Geom Items
Move / Modify
Copy
Reflect
Check Geom
@ Delete Estado Plano de Tensdes - Puxador
Cyclic Sector ~|

ekl pkkbbRRER

)

[ Pick @ menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [reat=1 [csys=0 [secn=1

v’ Para operar as areas: Area 2 = Area 1 + Area 3 + Area 4

v" Dentro do “Preprocessor” selecionar “Modeling”, “Operate”, “Booleans”,
“‘Add”, “Areas”;

v' Apontar areas 1,3 e 4 e clicar em “OK”.
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/\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=laslsle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

B Preprocessor
Element Type
Real Constants

Material Props
Sections
B Modeling

@ pick

@ single

| A Areas

" Unpick

€ Box

 Polygon ( cirele

Create € Loop

B Operate
@ Extrude
R Extend Line
B Booleans
Intersect
B Add

A Volumes
rema

Areas
A Lines
Subtract
Divide
Glue
B Overlap
& Partition
(B Settings
Show Degeneracy
Scale
Calc Geom Items
Move / Modify

Copy

B Reflect

Check Geom

Delete Estado Plano de TensSes - Puxador

Cyclic Sector | .
[ TAADD] Pick o enter areas to be added mat=1 [type=1 real=1 csys=0 secn=1 |
J\"ANSVS ED Utility Menu (Puxador) (=N
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
0|z 8|6 &l & 2 & B
ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QuIT| POWRGRPH j
ANSYS Main Menu ®|

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

Areas
A Lines
@ Subtract
@ Divide
@ Glue
Overlap
Partition
[ Settings
Show Degeneracy
@ Scale
@ Calc Geom Items
Move / Modify

Delete Estado

Cyclic Sector ~|

Plano de Te - Puxador

2 ool

wbllEpkkbbRRpERRERE

)

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

[ mat=1

[type=1

[real=1 ['csys=0 secn=1 |

2.4.3. Salva analise no arquivo Aula7.db:
v" No “ANSYS Toolbar, clicar em “SAVE_DB”.

O,

2.5.

Aplicar as condi¢cdes de contorno na modelagem solida:

2.5.1. Fornece condi¢do de contorno:
v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”, “

Displacement

tE 1]
)

Symmetry B.C.”, “On Lines”;

v" Na nova janela que abrir apontar as linhas 2, 8 e 11 e clicar em “OK”;

v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”,

Displacement

On Keypoints”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

Pagina 14



v Apontar os Keypoints 9 e 10 e clicar em “OK”;
v' QOutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opcao “ALL DOF” e selecionar:
o KEXPND Yes;
v Clicar em “OK”;

/\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|z|alo| s« 2| E Jz @

ANSYS Toolbar )]
SAVE_DB| RESUM_DB SﬂJ POWRGRPH ﬂ
ANSYS Main Menu ®|

eferences -

eprocessor

Element Type

Real Constants

Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads

Analysis Type

A\ Apply UROT on KPs

[DK] Apply Displacements (U,ROT) on Keypoints
Lab2 DOFs to be constrained

Apply as
If Constant value then:
VALUE Displacement value

e Zllo [ |

Fast Sol'n Optn
B Define Loads

KEXPND Expand disp to nodes? W e

ok | Apply_ | Cancel ‘ Help |

cbllibkkkklpkbepber)

A .with Area
A On Areas R4l |Estado Plano de TensSes - Puxador

]

)

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

2.5.2. Aplicar as cargas:
v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”’, “Pressure”, “On Lines.”;
v" Apontar a linha 3 e clicar em “OK”;
v" Na nova janela inserir o valor da carga a ser distribuida na linha:
o VALI 955;
o VALJ 0;

v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Puxador)

S @ =
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Di=laslsls e E i)
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH ﬂ

ANSYS Main Menu

erences
»rocessor
lement Type
al Constants
taterial Props
ections
Todeling

Teshing

hecking Ctris
lumbering Ctrls
rchive Model
oupling / Ceqn
SISet Up
lultiField Set Up
oads

3 Analysis Type
3 Fast Sol'n Optn
3 Define Loads
Settings
2 Apply
B Structural
B Displacement
@ Force/Moment
B Pre:

Al

A On Areas
A On Nodes

R On Node Components
R On Elements

A On Element Components
[ From Fluid Analy

L ———] ]

AREAS
TYPE NUM

A\ Apply PRES on lines
[SFL] Apply PRES on lines as a

If Constant value then:
VALUE Load PRES value

If Constant value then:

Optional PRES values at end J of line

(leave blank for uniform PRES )

Value

Constant value 5

955

Cancel

Estado Plano de Tensdes - Puxador

Bl pkkbbRRBR

! 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 Aula7.db
v" No ANSYS Toolbar clicar em “SAVE_DB”.

G

2.6. Geraa malha de elementos finitos:
v Dentro do “Preprocessor” selecionar “Meshing”, “Mesh”, “Areas”, “Free”;
v" Clicar em “PICK ALL”;

v" Clicar em “OK”

/\" ANSYS ED Utility Menu (Puxador) [E=S[IEE T
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
o= uo &l & 2 & B =

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ]J

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
E) Meshing
Mesh Attributes
[ MeshTool
Size Cntris
B Mesher Opts
Concatenate
B Mesh
A Keypoints
A Lines
B Areas
Mapped
AR

A Target Surf
@ Volumes
@ Volume Sweep
Tet Mesh From
Interface Mesh
Modify Mesh

Check Mesh

Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn

" ELEMENTS

Estado Plano

de TensSes - Puxador

o Els [ le

[Blelofe|slelelslolelalelalalale|@le @

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

mat=1 [ type=1

real=1

csys=0 secn=1
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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.

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;

v" Na janela “Plot Deformed Shape”, selecionar a opgéo “Def+undeformed”
e clicar em “OK”;

I\ ANSYS ED Utility Menu (Puxador) [E=R[EET
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D=8 & & 2 &l - E
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu ®| )
Preferences -]
Preprocessor @
Solution
B General Postproc 2
Data & File Opts 3+
B Results Summary
Read Results )
Failure Criteria

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm

List Results

ery Results

eck Elem Shape
] Write Results
ROM Operations
Submodeling
Fatigue

Safety Factor )| |Estado Plano de TensSes - Puxador

K1 i

[ Pick a menu item or enter an ANSYS Comman d (POSTL) [ mat=1 [type=1 [reat=1 [csys=0 [secn=1

wlltbkklpRRuekkee

)

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Nodal Solu”;
v" Na nova janela selecionar:
o Stress;
= Von Mises Stress
v Clicar em “OK”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 17



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

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Egg@@ @Jﬂ B /\ Contour Nodal Solution Data ==

ANSYS Toolbar Item to be contoured ®|

SAVE_DB| RESUM_DB glﬂj POWRGRPH & XY Shear stress =] j
&) VZ Shear stress

ANSYS Main Menu ®| & XZ Shear stress

Preferences B & 1st Principal stress
Preprocessor & 2nd Principal stress ®| @
Solution

& 3rd Principal stress

B General Postproc @ Stress intensity

[ Data & File Opts
Results Summary
Read Results
Failure Criteria

@

G Stress state ratio

astic equivalent stress

=] élo;R;:sultsd e @ Hydrostatic pressure
eformed Shape
o G P & Total Strain

& Elastic Strain
Fesentante & Plastic Strain 5
em Tal
[ Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
Options for Outp
Results Viewer
B Write PGR File
Nodal Calcs
Flement Table
Path Operations
Surface Operations

E3 |

Undisplaced shape key

Undisplaced shape key ~[Deformed shape only od |

Scale Factor [Auto Calculated

Additional Options

el pkkbbRRBR

Load Case
Check Elem Shape
[ Write Results R4l |Estado Plano de Tens - Puxador
ol i
[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1 |
\' ANSYS ED Utility Menu (Puxador) (=2 ]

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

b= a8 &l & 2 &l Xz @

ANSYS Toolbar
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

L |®

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

o Els [ le

[ Element 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
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case 107
Check Elem Shape
[ Write Results Estado Plano

wllbpkbbeRhaaRpee s

)

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

4.1.1. Esconde a malha de elementos finitos e plota a estrutura
indeformada:
v" No “ANSYS Utility Menu”, selecionar “Plot Ctls”, “Style”, “Edge Options”;
v" Na nova janela, Escolher:
o [/GLINE] Element outline style... None
o [/IREPLOT] Replot
v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & oz @

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor

Solution
B General Postproc
[ Data & File Opts Edge Options
Results Summary s NJEBEER
Read Results [/EDGE] [/GLINE] Edge Options
Failure Criteria WN  Window number Window 1 =
B Plot Results =
Deformed Shape [/EDGE] Element outlines for non-contour/contour plots

All / Edge Only S

Edge tolerance angle
Elem Table
E Line Elem Res [/GLINE] Element outline style
Vector Plot
lot Path Item [/REPLOT] Replot upon OK/Apply?

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

urface Operations
oad Case

heck Elem Shape
[ Write Results

eblbkkbkReRl

)

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

v" No “ANSYS Utility Menu”, selecionar “Plot Ctls”, “Style”, “Displacement

Scaling”;
v" Na nova janela, Escolher:
o [/IDSCALE] Scaling of Displacement Displays
o DMULT 0.0 (off);
v" Clicar em “OK”;

I\ ANSYS ED Utility Menu (Puxador) = @<
Flle Select List Plot PlotCtls WorkPlane Papsmeters Macro MenuCtls Help ‘
D|=| 6o &l o ¢ = EIEE

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

ANSYS Main Menu

[ Preferences
Preprocessor
Solution

B General Postproc [/DSCALE] Scaling of Displacement Displays

Data & File Opts

Results Summa 7 2

S WN  Window number [Windowl =]

Failure Criteria =

| Plot Results
Deformed Shape € Auto calculated

A\ Displacement Display Scaling

DMULT Displacement scale factor

€ 10 (true scale)

Element Solu

[ Elem Table N
[ Line Elem Res  User specified
V;(t;r :Ic;t User specified factor 694.084145777:
t Path Item

oncrete Plot
/REPLOT] Replot upon OK/Apply? =
@ ThinFilm 0 1 Replot up Pply Replot

List Results
Query Results
& Options for Outp
Results Viewer
Write PGR File Cancel
lodal Calcs

lement Table

ath Operations
urface Operations

107.62

51

Estado Plano de T - Puxador

2 ool

sl kkkppRRRRREEO

)

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

4.1.2. Continuacao dos resultados:

v No “ANSYS Main Menu” dentro do “General Postproc” clicar em “List
Results”, “Nodal Solution” para listar resultados dos ndés e elementos;

v Selecionar na janela que abrir:
o Stress
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= Stress Intensity;
v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Puxador)

S@ =
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrls Help ‘
Di=lasaeleH EIEE
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH _jJ
ANSYS Main Menu ®| - ®
Preferences i ODAL SOLUTION A\ List Nodal Solution

Preprocessor 8| e
° Item to be listed
Solution

B General Postproc
[ Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
[ Detailed Summary
[E Iteration Summry
B Percent Error
Sorted Listing
rarpoEReTER

& Favorites
& Nodal Solution
& DOF Solution
& Stress
&3 X-Component of stress
&> Y-Component of stress
@ Z-Component of stress
@ XY Shear stress
& YZ Shear stress
G XZ Shear stress
@ 1st Principal stress
& 2nd Principal stress
& 3rd Princip

[Nodal Solution)
Element Solution
Section Solution =
[ Superelem DOF
[ SpotWeld Solution
Reaction Solu
Nodal Loads
Elem Table Data J
Vector Data
Path Items
[ Linearized Strs
Query Results
Options for Outp
Results Viewer

Write PGR File 62 z ————
Nodal Calcs
Element Table ~|

1321

Estado Planc de - Puxador

wbllpkkbbRRER

)

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

I\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

]
@
i

|z 8o 8l & 2

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

L |®

ANSYS Main Menu ®|
Preferences =
Preprocessor
Solution /\ PRNSOL Command
B General Postproc F
Data & File Opts :

PRINT §  HODAL SOLUTION PER HODE

kork POSTL HODAL STRESS LISTING skkkk
PouerGraphics Is Currently Enabled

LOAD STEP= 1 SUBSTEP= 1
TIHE= .0000 LOAD CASE= 0

HODAL RESULTS ARE FOR HATERIAL 1
HODE

Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
[ Detailed Summary
Iteration Summry
Percent Error
Sorted Listing
Nodal Solution]

81 82 83 SINT SEQY
216.66 79.895 . 0001 .66 189.7.

lement Solution
B Section Solution
[ Superelem DOF
& SpotWeld Solution
Reaction Solu
Nodal Loads
Elem Table Data
B Vector Data
B Path Items
Linearized Strs
Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table

Estado Plano de

o Ells |2l

wllbkkbbeRaaRkee s

)

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

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

clicar em “List

Results”, “Reaction Solution” para listar as reacdes nodais;

v Inserir na janela que abrir:
o Lab
v" Clicar em “OK”;

All Struc Force F
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/\ ANSYS ED Utility Menu (Puxador)

o &=
File Select List Plot PlotCtils WorkPlane Parameters Macro MenuCtrls Help
o= uo & & 2 & B <=
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH _JJ
ANSYS Main Menu ®| 2
Preferences & 7IICI‘M SOLUTION @
Preprocessor
S /\ PRRSOL Command == P
B General Postproc File J
B Data & File Opts | 3iv
Results 5um,,',’a,y PRINT F REACTION SOLUTIONS PER HODE =
Read Results stk POSTL TOTHL REACTION SOLUTION LISTING ke 8

Failure Criteria

Plot Results
B List Results
[ Detaile

potWel
JReaction Sob
Nodal Loads
Elem Table Data
Vector

Options for Outp
Results Viewer
ite PGR File
Nodal Calcs
Element Table

LOAD STEP= 1 SUBSTEP= 1
THe=  1.0000 LORD CASE= O

THE FOLLOHING ¥,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES
&

d Summary

Data
n:

[elole[zlelelslolelalolala@le@|e i

)

I Pick a menu item or enter an ANSYS Command (POST1)

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

B) SEGUNDO ESTUDO (melhorar malha de elementos finitos visando

melhorar os resultados obtidos)

REINICIO DA ANALISE
Limpa meméria:

No “ANSYS Utility Menu”, clicar em “File”, “Clear and Start New”

Na nova janela, selecionar “Do Not Read File” e clicar em “OK”;
Uma nova janela aparecera, entao confirmar clicando em “Yes”

Carrega arquivo previamente salvo:
No “ANSYS Utility Menu”, clicar em “File”, “Resume from...”;
Abrir o arquivo “Aula7.db”.

ENTRA NO PRE-PROCESSAMENTO

Definindo uma nova densidade para a malha de elementos finitos:
No “ANSYS Main Menu” dentro do “Preprocessor” clicar em “Meshing”,

” o«

“Size Cntrls”, “Manual Size”, “Keypoints”, “Picked KPs”;
Apontar os Keypoints 3, 2,4, 1 e 11 e clicar em “APPLY?;
Na nova janela inserir [KESIZE]:

o SIZE 0.12;
Clicar em “APPLY”;
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/\ ANSYS ED Utility Menu (Aula)

o & |[=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help
Dizlas s &l 2 E EIEIE
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences aRERS

B Preprocessor
Element Type
Real Constants u
Material Props
Sections
Modeling
! e:nh;": eesy /\ Element Size at Picked Keypoints

TYPE NUM

[ MeshTool [KESIZE] Element size at picked keypoints
SIZE Element edge length

B Size Cntrls
SmartSize
B ManualSize

@ Global

@ Areas

@ Lines

8 Keypoints
=]

Show more options

oK Cancel

® Layers
® Concentrat KPs

Mesher Opts

Concatenate

Checking Ctrls

Bl pkkbbRRBR

Numbering Ctrls
Archive Model Estado Plano de Tensdes - Puxador
L
[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [real=1 [csys=0 [secn=1

v" Apontar o keypoint 8 e clicar em “APPLY”;
v" Na nova janela inserir [KESIZE]:

o SIZE 0.30;
v" Clicar em “APPLY”;

/\ ANSYS ED Utility Menu (Aula)

o & |[=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Dizlasl s &l 2 ElEIE
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences aREAs
B Preprocessor
Element Type
Real Constants u
Material Props
Sections
Modeling
= e:nh;": ey N\ Element Size at Picked Keypoints
B MeshTool [KESIZE] Element size at picked keypoints
Bl Stze Catris SIZE Element edge length
SmartSize
B ManualSize
B Global
B Areas
@ Lines
B Keypoints
=]

TYPE NUM

Show more options

oK Cancel

VAl
A dr Size
@ Layers
@ Concentrat KPs
Mesher Opts
Concatenate
Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model Estado Plano de Tensdes - Puxador

Bl pkkbbRRBR

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

v" Apontar o keypoint 11 e clicar em “OK”;
v" Na nova janela inserir [KESIZE]:

o SIZE 0.75;
v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Aula) o |[&@][=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2| & EEIE]

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB ‘Q—l—JEJ POWRGRPH

ANSYS Main Menu

Preferences AREAS

el B
Element Type e 5: 9 EM @
Real Constants U -
Material Props
ections

Modeling
B Meshing
Mesh Attributes

Nl
B MeshTool [KESIZE] Element size at picked keypoints @
6|

\ Element Size at Picked Keypoints

B Size Cntrls
SmartSize
=] gagrall’sllze Show more options @J

oba
B Areas
& Lines
8 Keypoints
[ AllKPs

SIZE Element edge length

oK Cancel

AL
A Cir Size
@ Layers
@ Concentrat KPs

Mesher Opts
Concatenate
Mesh
Modify Mesh

Checking Ctris
Numbering Ctrls
Archive Model Estado Plano de Tensdes - Puxador

fle sz plelelols

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

v" No “ANSYS Main Menu” dentro do “Preprocessor” clicar em “Meshing”,
“‘Mesh”, “Areas”, “Free”,
v" Apontar a area 2 e clicar em “OK”.

/\ ANSYSED Utility Menu (Aula) =05 X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

Diz|as| s 2| EIEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH.
ANSYS Main Menu ®|

[ Preferences o 3 ELEMENTS
B Preprocessor
Element Type

TYPE NUM

| Ells 2 |e

B Meshing
Mesh Attributes
MeshTool
Size Cntris
B Mesher Opts
Concatenate
B Mesh
A Keypoints
A Lines
B Areas
& Mapped

A Target Surf
Volumes
Volume Sweep
@ Tet Mesh From
@ Interface Mesh

Modify Mesh

eck Mesh

ear

Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn ;J Estado Planc de T Ses - Puxador

[elo]e[zlolelslolealalalaEle@|e @

)

[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 [ANSY £D Utilty Menu (Aula) |

7. 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”.
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M
O 8. POS PROCESSAMENTO
4.1. Gera, lista e plota os resultados:

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

Results”, “Contour Plot”, “Nodal Solu”;
v" Na nova janela selecionar:
o Stress;
= Von Mises Stress
v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Aula)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

DKo 8l & 2B | A ContourNodalSolutionDets =

ANSYS Toolbar Item to be contoured

SAVE_DB| RESUM_DB| QUIT| POWRGRPH (&8 DOF Solution j

o Stress
G X-Component of stress
@ Y-Component of stress

ANSYS Main Menu ®|

Preferences Bl | eevens
Preprocessor Z-Component of stress
2 b TYPE NUM @ £

3|

Solution

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

& XY Shear stress
@ YZ Shear stress
& XZ Shear stress
G 1st Principal stress
& 2nd Principal stress

& Plot Results & 3rd Principal stress
) Stress inf tensity
Lo Mis -

E3 |

[ Vector Plot
@ Plot Path Item
cre

Undisplaced shape key

s
@ Plastic equivalent stress |

Undisplaced shape key [Deformed shape only =

Scale Factor [Auto Calculated =l

Additional Options

topy | cancel | hep

)| |Estado Plano de Tensdes -

K1 ol

l# Zlole |

ebllibpkkllpkpkpoe)

)

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

[Portugués (Brasil

v No “ANSYS Main Menu” dentro do “General Postproc”

clicar em “List

Results”, “Nodal Solution” para listar resultados dos nds e elementos;

v Selecionar na janela que abrir:
o Stress
= Stress Intensity;
v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Aula) o |[& [ =R

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2 & EIE!

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB .QEJ POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor

Solution /\ PRNSOL Command

Vector Data 2990.4 0.0000

Path Items

[ Linearized Strs
Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table

2990.4 2989.6

B General Postproc File
[ Data & File Opts a 3+
Results SUM',’MY PRINT §  HODAL SOLUTION PER HODE Q‘ ]
Read Results ke POSTI NODAL STRESS LISTING ek = 3| °s
Failure Criteria
Plot Resits LORD STEP= 1 SUBSTEP- 1 =4
5 THE=  1.0000 LOAD CASE= O
B List Results &
R ol Sumauy i oBa dew opw  onm ik
Iteration Summry 2 @523 6066 00000  4%.03 0508 =4
Percent Error 4 333 .8 00000 3B 28043
Sorted Listing 6 1518 0.0000 10738 1283 41570 &
rEpTrem 8 46155  0.000 58904 4745 46483
- e 10 82455 00000 -0.6880 825,23 82489
Element Solution 12 14313 19.278  0.0000 14313 14921.8
Section Solution 14 134 0000 15439 B0 14310 Q
B Superelem DOF 16 14918 140 D.0000 14918 1486.2
; 1 867.04 00000 -37.95  O0S.00  886.63 =
B SpotWeld Solution 20 5L 00000 9781 349.22  3%6.56 =2
s || £ g G e M
Mol | s % 20598  0.87545  0.0000  2059.8  2059.4 @
Elem Table Data 28 2565.5  1.0852  0.0000  2565.5  2565.0 a
@
£
a
@
L
<

)

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

| Portugués (Brasil) |

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

ANSYS ED Utility Menu (Aula) o [ =
y

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| s 4 2| EIEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor
So‘:ﬁo" A\ PRERR  Command
B General Postproc File
Data & File Opts |
[ Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
Detailed Summary
Iteration Summry
[EfPercent Error}

STRUCTURAL PERCENTRGE ERROR IN ENERGY HORH (SEPC) =  18.586

o Sl [2 [

Sorted Listi
Nodal Solution
Element Solution
Section Solution
Superelem DOF
[ SpotWeld Solution
[ Reaction Solu
Nodal Loads
Elem Table Data
Vector Data
Path Items
Linearized Strs
Query Results
& Options for Outp
Results Viewer
Write PGR File 1
Nodal Calcs
Element Table

wbllRkkbbRRpREpRe s

)

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

v Erro = 18.586.

[Partuanés (Rrasin|

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Reaction Solution” para listar as reagcdes nodais;
v Inserir na janela que abrir:
o Lab All Struc Force F
v Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Aula)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2 & EIE!

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

& NODAL _SOLUTION

)
: " e
::.',’:;::emr /\ PRRSOL Command
B General Postproc File == =
[ Data & File Opts I 2
e PRINT . REACTION SOLUTIONS PER NODE i~
et Koty erk POSTA TOTRL RERCTION SOLUTION LISTING ek —
Failure Criteria U
ot TIHE: 10000 LORD CASE- O
B List Results

[E Detailed Summary THE FOLLOWING ¥,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES
&

B SpotWel
[Reaction Soiy
Nodal Loads
Elem Table Data
Vector Data

=) n:

Options for Outp
Results Viewer
ite PGR File
Nodal Calcs
Element Table

[elole[zlolelslolelalolalale @|e i

)

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

Portuqués (Brasil)

C) TERCEIRO ESTUDO (melhorar malha de elementos finitos visando
melhorar os resultados obtidos)

9. REINICIO DA ANALISE

9.1. Limpa memoria:
v" No “ANSYS Utility Menu”, clicar em “File”, “Clear and Start New”;
v" Na nova janela, selecionar “Do Not Read File” e clicar em “OK?”;
v" Uma nova janela aparecera, entao confirmar clicando em “Yes”

9.2. Carregaarquivo previamente salvo:
v" No “ANSYS Utility Menu”, clicar em “File”, “Resume from...”;
v" Abrir 0 arquivo “Aula7.db”.

10.ENTRA NO PRE-PROCESSAMENTO
10.1. Definindo uma nova densidade para a malha de elementos finitos
usando o adaptador de malhas — com método h - utiliza redefinicdo de
malha:

v" No “ANSYS Utility Menu” clicar em “Macro”, “Execute Macro”;

v" Na nova janela, inserir:

o Name of macro to be executed adapt
v" Clicar em “OK”.
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/\ ANSYS ED Utility Menu (Aula)

So=

File Select List Plot PlotCtrls WorkPlane Parsmeters Macro MenuCtrls Help ‘
Di=las sl H N\ Execute "Unknown Command” Macro
ANSYS Toolbar Neapie ok iebicen s bt ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
5ave.g| Resum_0| QurT| PowRGRPH| ARGl Argument1
ANSYS Main Menu @| GRG2 S Argument 2 = @
[ Preferences B ARG3  Argument 3 -
Preprocessor @

; ARGE  Argument 4
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

54
)| |Estado Plano de Tens|

ARGS  Argument 5
ARGE  Argument6
ARG7  Argument7
ARG8  Argument8
ARGY  Argument9
ARI0  Argument 10
ARIL  Argument 11
ARL2  Argument12
ARI3  Argument13
ARI4  Argument 14
ARIS  Argument15
ARI6  Argument 16
ARL7  Argument17

ARI8  Argument18

oK Apply

Cancel

el pkkbbRRBR

)

[ Pick @ menu item or enter an ANSYS Command (SOLUTION) |

| Portugués (Brasil)

v" A Macro resolvera o problema utilizando varias malhas de forma a obter

a malha que produz um melhor resultado.

/\ ANSYSED Utility Menu (Aula) = E
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
b= e8| & & 2] H - E| 3

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|
[ Preferences = |
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

54
_J Estado Plano de Tens

5 i

solelelala
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)

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

mat=1 [type=1 real=1

csys=0

secn=1

[Partuanés (Rrasin]

11.POS PROCESSAMENTO

4.1. Gera, lista e plota os resultados:

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Nodal Solu”;
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v" Na

nova janela selecionar:
o Stress;

= \on Mises Stress
v" Clicar em “OK”;

N ANSYS ED Utility Menu (Aula) [F=nen
File Select List Plot PlotCtls WorkPlane Papameters Macro MenuCtis Help ‘
b= a8 & & 2] H R -

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

[ Preferences

Preprocessor

Solution

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

B Plot Resuits
Deformed Shape
8 Co

Element 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
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results

5
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)

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

real=1

csys=0

secn=1

[Portuqués (Brasil)|

v No “ANSYS Main Menu” dentro do “General Postproc” clicar em “List
Results”, “Nodal Solution” para listar resultados dos nds e elementos;
v Selecionar na janela que abrir:

o Stress
= Stress Intensity;

v" Clicar em “OK”;

A\ ANSYS ED Utility Menu (Aula)

S @ =
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
bj=lalo|sl &l e = EIEE
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
Plot Results
B List Results
Detailed Summary
Iteration Summry
Percent Error
Sorted L

s
B Element Solution
Section Solution
Superelem DOF
SpotWeld Solution
Reaction Solu
Nodal Loads
[ Elem Table Data
B Vector Data
Path Items
Linearized Strs
Query Results
Options for Outp
Results Viewer
[ Write PGR File
Nodal Calcs
Element Table

/\ PRNSOL Command
File

|
PRINT §  HODAL SOLUTION PER HODE
kkkk POST] NODAL STRESS LISTING #eiekkk

LOAD STEP= 0 SUBSTEP= 1
THe=  1.0000 LORD CASE=

546
Estado Plano de Tensdes

o Sl s |[»
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| Pick a menu item or enter an

ANSYS Command (POSTL) mat=1 [type=1

real=1

csys=0

secn=1

[Portugués (Brasil)|
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v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Percent Error” para listar a porcentagem de erro;

/\ ANSYS ED Utility Menu (Aula)

0
L
23

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

0|z 6o &l 4 ¢ = EIEE

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
Plot Results
B List Results

Detailed Summary

A\ PRERR  Command
File

STRUCTURAL PERCENTRGE ERROR IN ENERGY HORH (SEPC) =  4.3408

lor Ells 2|

Sorted Listing

[ Nodal Solution
[ Element Solution
Section Solution
Superelem DOF
SpotWeld Solution
Reaction Solu

5 Nodal Loads

[ Elem Table Data
Vector Data
Path Items
Linearized Strs
Query Results
Options for Outp
[ Results Viewer

[ Write PGR File

wbllEpkkbbRRRRRERbR

Nodal Calcs 1484
Element Table s - Puxador
—~ |
| Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1 |

[Portuqués (Brasin]

v' Erro = 4.3408.

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Reaction Solution” para listar as reagcdes nodais;
v" Inserir na janela que abrir:
o Lab All Struc Force F
v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Aula) o |[&@ ][ =
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= a6 s el 2 H EIEEE

ANSYS Toolbar @‘

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu v @
[ Preferences
Preprocessor @ele
2 /\ PRRSOL Command
Solution 8| 2
B General Postproc File
Data & File Opts | - [=RIER]
Recults Siiiacy PRINTF REACTION SOLUTIONS PER HODE
Read Results ek POST TOTRL REACTION SOLUTION LISTING ot B "8
e LOAD STEP= 0 SUBSTEP= 1
Flot Resilts TIHE 10000 LORD CRSE- O i
| List Results &
Detailed Summary THE FOLLOWING #,Y,2 SOLUTIONS ARE N GLOBAL CODRDINATES
Iteration Summry WODE B Fy (i)
Percent Error 1-0.70502  -2.2164
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[ Element Solution 5 -ios  -10.4%
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B Nodal Loads s
B Elem Table Data % 008
Vector Data 0.4199% ey
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Query Results o)
Options for Outp a
[ Results Viewer ®
[ Write PGR File 2 =
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Element Table - Puxadoxr
— L
| Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1 |

[Portugués (Brasil)|
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12.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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