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DIAPASAO

INTRODUCAO

Muitos dos soélidos que devem ser projetados ndo tém como ter seus
modelos matematicos simplificados e, portanto a alternativa € a utilizacdo de
modelos sélidos na sua modelagem. O exemplo a seguir, € apresentado por
Sara Cinnamon e seu intuito é modelar um diapasédo e determinar o modo
principal de vibracdo para descobrir a nota emitida quando seu garfo é
golpeado contra uma superficie. Diapasdo é um instrumento metalico em forma
de garfo, que serve para afinar instrumentos e vozes através da vibracdo de
um som musical de determinada altura. Foi inventado por John Shore,
trompetista de Georg Friedrich Haendel. A forquilha é afinada em uma
determinada frequéncia (atualmente o mais usual € o L& de 440 Hz). Ao ser
golpeado contra uma superficie, as duas extremidades da forquilha do
diapaséao vibram produzindo a nota que serd utilizada para afinar o instrumento
musical. Em geral, é necessério encostar a outra extremidade do diapasdo na
caixa de ressonancia do instrumento para amplificar seu som e permitir que
seja ouvido a distancia. Neste momento, o interesse nosso é na modelagem do
diapasdo e na determinacdo das tensdes a que ele esta submetido no
momento do carregamento.
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Figura 1 — Foto de um diapasédo e modelo a ser construido com dimensfes em
metros.
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PROPRIEDADES GEOMETRICAS E DOS MATERIAIS

O material que sera utilizado € o Aluminio 6061 e suas propriedades serédo
obtidas a partir da biblioteca de materiais do programa ANSYS. Para escolher
um material da biblioteca preexistente, primeiro é necessario definir qual o
diretorio da biblioteca, ou seja, informando-se o local a partir do qual seréo
lidos os dados do material, como por exemplo, Programas/ ANSYSInc/ v90/
ANSYSED/ matlib. Como o sistema de unidades escolhido foi o Sl, sera
utilizado o arquivo chamado Al_a6061-T6. SI_MPL, obtendo-se assim o0s
valores da densidade, Modulo de Elasticidade e Coeficiente de Poisson.
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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: “Modelo de um
diapaséo’;

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:
“Diapasao”;
Clicar em OK.

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

comandos a serem apresentados na telas de entrada:

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”.

v
v
2.
v
)
2.1

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”, “Brick 20 Nodes95” e clicar em “OK”.
Clicar em “OK”;
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JL ANSYS ED Utility Menu (Diapasao) s e x
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5 A Element Types [ [
MY Defined Element Types:
& P N D
8 P

a

N\ Library of Element Types

Only structural element types are shown

Library of Element Types Structural Mass
in
Beam

—
Shell

Solid-Shell

Element type reference number ’1—
[t [ [options..|
oK Apply Cancel Help

- 8node 83 -
|| |Brick8node 45
5 8node 185

20node 186

~20node 95 |-

20node 95

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

Prob Design
Radiation Opt

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

v' Ainda na janela “Element Types”, clicar em “Options”, na nova janela,
selecionar;
o Extra element output K5 Nodal Stress
v" Clicar em “OK”;

bl el @l o] & 2 2 H EEE

N Element Types = [

blole
leblele| |

Le

LI Defined Element Types:

=L (MTyee 1 SOLIDSS. |
a

J\ SOLIDI5 element type optit

Options for SOLIDIS, Element Type Ref. No. 1

Element Coordinate System K1 Solid Orientat'n v
NGaia

Extra element output K5

Bxtrasufaceoutput K6 No extra output =
| | Integration Rule K1 14 Point Rule z

oK Cancel | Help |

EEEEEEEEREEEEEBE

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

Prob Design
Radiation Opt

ElblEEkEEERRRpRbEE

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

©

2.2. Define as propriedades do material:
v' Dentro do “Preprocessor”, selecionar “Material Props”, “Mat Library”,
“Library Path”;
v" Na nova janela, em “Path for READING files”, clicar em “Browse...”;
v Escolher:
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o C:\Program Files\ANSYS Inc\vO0O\ANSYSED\matlib
v" Clicar em “OK”;

Y ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

b= u 8 &l &2 &l ElE=lE

ANSYS Toolbar

SAVE_DB| RESUM _DB| QUIT| POWRGRPH ﬂ

ANSYS Main Menu ®|

[ Preferences -
B Preprocessor
Element Type
Real Constants
B Material Props
B Material Library

=]l

B Lib Path Status

Import Library

B Export Library

B Select Units
Temperature Units [/MPLIB] Set Material Library READ / WRITE Paths
B Electromag Units

B
B Material Models PATH  Path for READING ﬂ!esl(:\ngram Files (xB6)\Ansys Inc\vO0\ANSYSE[ Browse ... @
ey

Convert ALPx
Change Mat Num PATH  Path for WRITING files [D:\Meus Documentos\Ansys ED Browse...
@ Failure Criteria
Write to File
Read from File OR Concel | Heb |

Sections

Modeling

Meshing

Checking Ctrls =]

v

Blalols s olols

Path Operations
Solution &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”, selecionar “Material Props”, “Mat Library”,
“Import Library”;
v Escolher o sistema de unidades em uso:
o SI(MKYS);
v" Clicar em “OK”;

JAY ANSYS ED Utility Menu (Diapasao)

-3 X
Flle Select List Plot PlotCtls WorkPlone Parsmeters Macro MenuCtls Help ‘
D=us & & 2 & EIEE

ANSYS Toolbar 3|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH i}
ANSYS Main Menu Bl -
——— = ANSYS
B Preprocessor MAY 31 2010
Element Type o8
Real Constants
B Material Props

/UNITS] Select the UNITS system matching your model

(Note: The units must be selected to allow for proper filtering,

NO conversion is done by setting the units.)

Select Um;w Specify Working Units
[E Temperature Units ¢ ES]
[ Electromag Units N
Material Models cGs

Convert ALPx
Change Mat Num
@ Failure Criteria
Write to File

[ Read from File
Sections

" BFT

Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
hysics
Path Operations
olution
s El

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

v" Na janela “File Material library file” clicar em “Browse” e selecionar o
arquivo:
o Al _a6061-T6.SI_MPL;
v Clicar em “Abrir”, e depois em “OK”;
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P\ ANSYS ED Utility Menu (Diapasao)

EEEEEE

i)

Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
B Material Library
B Library Path
Lib Path Status
Simport Libran]
[ Export Library
Select Units
Temperature Units
= Electromag Units
Material Models
[ Convert ALPx
[ Change Mat Num
Failure Criteria
rite to File
Read from File

SISet Up
MultiField Set Up
Loads
Physics
Path Operations

Solution

&l

[E| Documentos

Pastas ~

Nome
mtb

| ALa2024-T3.SLMPL

|| AIL36061-T6.SL MPL

| ALa7079-T6.SLMPL
Cu_pureSLMPL

| emagCopperSLMPL

] emagVB3.SLMPL
emagM54.SLMPL

] emagSal010.5L MPL

|| emagSilicon.SLMPL
emagVanad.S_MPL

|1 Mg_AZ318-H24.5 MPL

|| Mg_HK31A-H24.SL_MPL
Ni_pure.SLMPL

Nome: Al_a6061-T6.SI_MPL

Modificado em

Tamanho

v [rsim -]

[ Abi |v] [ canceler |

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

mat=1 | type=1

real=1

csys=0 secn=1 |

P\ ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|=| 6o 8l & ¢ E

ANSYS Toolbar

- E =

SAVE_DB| RESUM_DB w POWRGRPH

ANSYS Main Menu

®|

[ Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
Bl Material Library
B Library Path
B Lib Path Status
port Library
Select Units
emperature Units
Electromag Units
[ Material Models
[ Convert ALPx
Change Mat Num
Failure Criteria
Write to File
Read from File
Sections

N\ Import Material Library File
[MAT] [MPREAD] Import Material Library File

MAT  Read into material

FILE Material library file

0K

—

[ C:\Program Files (86)\Ansys Inc\v0\AN Browse.
Cancel

Help

Llefelal=

5

Blel»[s [t PR

Physics
Path Operations
@ Soluti
s, Bl =l
| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=1 [ real=1 [ csys=0 [ secn=1 |
N ansuitm;v) Command -
File
LIST HATERIALS 1m 18Y 1 =
PROPERTY= ALL
PROPERTY TRBLE EX  HAT= 1 HUH. POINTS= 1
TEHPERATURE DATH  TEHPERATURE DATR  TEHPERATURE DATH
0.0000 0.73000E+11
PROPERTY TRBLE HUXY HAT= 1 HUH. POINTS= 1
TEHPERATURE DATH  TEHPERATURE DATR  TEHPERATURE DATH

0.0000 0.33000
PROPERTY TRBLE ALPX HAT=

1

TEHPERATURE

TEHPERATURE

HUH
DATH  TEHPERATURE

0.0000 0.24300E-04
PROPERTY TRBLE DENS HAT= 1 H

ORTA  TEHPERATURE

. POINTS= 1

REFERENCE TEHP. =  0.00

DATH  TEHPERATURE DATH

UH. POINTS= 1

DATA  TEHPERATURE DRTA

0.0000 2700.0
PROPERTY TRBLE Kx¥  HAT= 1 HUH. POINTS= 1
TEHPERATURE DRTA  TEHPERATURE DATA  TEHPERATURE DATA
0.0000 156.00
PROPERTY TRBLE C HAT= 1 HUH. POINTS= 1 i

m
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2.3. Cria o modelo geométrico:

2.3.1. Cria 0 modelo geométrico:
v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Volume”,
“Cylinder”, “By Dimensions”;
v" Na nova janela que abrir, inserir:
o RAD1 =0.01080;
o RAD2 = 0.00318;

o 721,272 = 0.06350;
o THETAl =

o THETA2 = 360;
v" Clicar em “OK”;

JAY ANSYS ED Utility Menu (Diapasac)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

b= ds & &l & ElE=lE

ANSYS Toolbar

3|
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

[ Preferences

B Preprocessor
Element Type
Real Constants
Material Props

Sections
B Modeling /\ Create Cylinder by Dimensiol
2 e:'“ - [CYLIND] Create Cylinder by Dimensions
@ Keypoints

@ Lines RADL Outer radius 001080
SC:::“ES RAD2 Optional inner radius 000318

Arbitrary

7122 Z-coordinates o [omm
Block
B Cylinder THETAL Starting angle (degrees) T
;;ﬂl‘;&y?;s:éﬂ il THETA2 Ending angle (degrees) 360
R Partial Cylinder
A By End Pts & 7
2] By Dimensions
Prism Sancel ‘
Sphere
Cone
B Torus
@ Nodes

@ Elements
B Contact Pair
Piping Models
Circuit
@ Transducers
[ Operate
@ Move / Modify

=

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 (Diapasao)

File Select List Plot PlotCtrils WorkPlane Parameters Macro MenuCtris Help

D= 8|88l 7| &l

ANSYS Toolbar

- ==

3
SAVE_DB| RESUM_DB| QUIT| POWRGRPH jf
ANSYS Main Menu ®| e @
Preferences - ‘J

B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
Lines
Areas
B Volumes
@ Arbitrary
@ Block
B Cylinder
A Solid Cylinder
A Hollow Cylinder
A Partial Cylinder
Ay
s
@ Prism
Sphere
Cone
Torus
Nodes
B Elements
[ Contact Pair
@ Piping Models
Circuit
Transducers
Operate
Move / Modify

s =l

UMES

TYPE NUM

Modelagem de um diapasdo

sfplelnle 2 olelollafala

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

v’ Para criar exportar imagens, ir em:

v" No “Ansys Utility Menu”, clicar em “Report Generation”;
v" Na nova janela selecionar “Append” e clicar em “OK”;

P\ ANSYS ED Utility Menu (Diapasao)

[esys=0

secn=1

-3 x
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Dj=als| sl &l e = ElEE
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

[ Preferences -
B Preprocessor
Element Type

Sections
B Modeling
B Create
Keypoints
Lines
@ Areas
8 Volumes

@ Arbitrary

Block

8 Cylinder
A Solid Cylinder
A Hollow Cylinder
A Partial Cylinder

Sphere
Cone
B Torus
@ Nodes
@ Elements
Contact Pair
Piping Models
Circuit
Transducers
Operate
@ Move / Modify 5

VOLUMES
TYPE NUM

F Choose Report Location

|Diapasac_report

@ Append

" Overwrite

0K Cancel

Modelagem de um diapasdo

MAY 31

lefelal=

5

ol [ s [+ oo s

2

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

[ csys=0

[ secn=1

v" Entdo, clicar no icone com a camera fotografica;
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Y ANSYS ED Utility Menu

(Diapasac)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

b= a|a sl

ANSYS Toolbar

&) 2| =

- E e

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

6]

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create
Keypoints
Lines
Areas
B Volumes
@ Arbitrary
@ Block
B Cylinder

A Solid Cylinder

A Hollow Cylinder Fl
A Partial Cylinder

P ByEnd Pts&Z

@ Prism
@ Sphere
Cone
E Torus
Nodes
@ Elements
B Contact Pair
@ Piping Models
Circuit
Transducers
Operate
ove / Modify

I

voLmES
TYPE ¥OM

Modelagem de um diapasio

I\ ANSYS Report Generation

l

M

3
L.

&)

Close Help

s gl
— AT R

o[ e [0 ]2 [2 0] 1

[ mat=1 [type=1

[ real=1

[ csys=0 [ secn=1 |

v' Dentro do “Preprocessor’ selecionar “Modeling”, “Create”, “Volume”,
“Block”, “By Dimensions”;

v" Na nova janela que abrir, inserir:

v" Clicar em “OK”;

o X1, X2
o Y1,Y2
o Z1,72

JA\ ANSYS ED Utility Menu (Diapasao)

-0.00508
-0.01200
0.03048

0.00508;
0.01200;
0.06350;

File Select List Plot Pl

lotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=laslsls e &

ANSYS Toolbar

EIEIEN

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

6]

Preferences
B Preprocessor
Element Type
eal Constants
Material Props
Sections
B Modeling

8 Create

@ Keypoints
Lines
Areas
B Volumes
@ Arbitrary
B Block

f/\ Create Block by Dimensions v_

[BLOCK] Create Block by Dimensions

A By 2 Corners & Z
A By Centr,.Cornr,Z

=By Dime
Cylinder
Prism
@ Sphere
@ Cone
B Torus
Nodes
Elements
B Contact Pair
Piping Models
@ Circuit
@ Transducers
Operate
Move / Modify
Py
Reflect

=l

XLX2 X-coordinates

I YLY2 Y-coordinates

71,22 Z-coordinates

Apply

-0.00508 0.00508
-0.01200 0.01200
0.03048 0.06350

Cancel | Help |

Modelagem de um diapasdo

=)
—

splelnle 2 lelolalala

Pick a menu item or enter an ANSYS Command (PREP7)
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JA\ ANSYS ED Utility Menu (Diapasac)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

0|z @ o &8l 2=

ANSYS Toolbar

A E &

SAVE_DB| RESUM_DB ﬂl POWRGRPH

{save}
ANSYS enu 3|
Preferences -
B Preprocessor

Element Type

VOLUMES
TYPE NUM

Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
Lines
Areas
8 Volumes
Arbitrary
2 Block
A By2Comers &2
A By Centr.Cornr.Z
16y Dimensiony

@ Cylinder
@ Prism
& Sphere
@ Cone
Torus
Nodes
Elements

Operate
Move / Modify
Copy Modelagem de um diapasdo
Reflect S|

dplelo[s|tolelslolofalala

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

| secn=1 |

v" Para mudar o sistema de coordenadas de referéncia:

v No “Ansys Utility Menu”, clicar em “Offset WP by Increments”

v' Inserir:

o XY, Z Offsets

o XY, YZ, ZX Angles
v" Clicar em “OK”;

P\ ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

0,0.012,0.03048

0,-90,0

D|=| 6o 8l & ¢ E

ANSYS Toolbar

- = @

Offset WP

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|

[ Preferences
B Preprocessor
Element Type

Real Constants
Material Props

[F=lss]
o= S
[z=] Loz ] f

|

; ﬂJ
Snaps

X.Y.Z Offsets

0,0.012,0.03048

Sections
B Modeling
apeesd Fa
Keypoints
@ tines
@ Areas
B Volumes (z-0]
Arbitrary 0
B Block < o

A By 2 Comners &Z

Sphere
Cone
Torus
@ Nodes
@ Elements
B Contact Pair
@ Piping Models
Circuit
Transducers
Operate
Move / Modify
@ Copy Modelagem de um diapasdo
& Reflect —_1

Degrees
XY, Y2, 2% Angles

0,-30,0

GlobalX= 0
Y= 0
z= 0

[ Dynamlc Mode

Reset Cancel
Help

elefelzla

5

Blelnls [t PIBL

>

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

v' Dentro do “Preprocessor”

“Cylinder”,

“‘By Dimensions”;

selecionar

[ real=1 csys=0

[ secn=1 |

“Modeling”, “Create”,

v" Na nova janela que abrir, inserir:
o RAD1 = 0.00508;
o RAD2 =0.0;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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o Z1,72 =0 -0.0240;
o THETA1l =0;
o THETAZ2 = 360;

v" Clicar em “OK”;

P\ ANSYS ED Utility Menu (Diapasao)

- x
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help

Dl=as| &8 2| H 1= @

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences VOLUMES

B Preprocessor
Element Type
Real Constants
Material Props
Sections

TYPE NUM

o Sl o |2

B Modeling
8 Create
ﬁr_eypoim& RAD1 Outer radius 0.00508
ines
Areas RAD2 Optional inner radius 0
B Volumes
B Arbitrary 71,72 Z-coordinates 0 -0.024
g g"f_f'; THETAL Starting angle (degrees) 0
ylinder
A Solid Cylinder THETA2 Ending angle (degrees) 360
A Hollow Cylinder

A Partial Cylinder

Cancel ‘ Help ‘

Elements

B Contact Pair

@ Piping Models

@ Circuit

B Racetrack Coil

Transducers
[ Onarsta

Modelagem de um diapasdo

plelrlzl: plkpbrRRERREe

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

P\ ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help ‘

D= 6o & & 2 El BN

ANSYS Toolbar ®|
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
Areas
B Volumes
Arbitrary
® Block
B Cylinder
A Solid Cylinder
A Hollow Cylinder
A Partial Cylinder
A z

TxF}.Z NUM 4 @ @

@ Prism

& Sphere

@ Cone

B Torus
Nodes
Elements
Contact Pair
@ Piping Models
@ Circuit
Racetrack Coil
Transducers

[ Onarsta

Modelagem de um diapasdo

plelolsFllkkkRRR

| 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”, “Operate”, “Booleans”,
“‘Add”, “Volumes”;

v" Apontar os ultimos dois volumes criados (prisma retangulo e cilindro
menor) e clicar em “OK”;
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P\ ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtds WorkPlane Parameters Macro

MenuCtrls  Help

Di=as|sle 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
@ Create
B Operate
@ Extrude
R Extend Line
B Booleans
Intersect
B Add
B Voiumes
A Areas
A Lines
Subtract
Divide
Glue
@ Overlap
[ Partition
[ Settings

Show Degeneracy

Scale

Calc Geom Items

Move / Modify
Copy

B Reflect
Check Geom
Delete

Bl Curlic Gartne

" VoLmeES
Add Volumes

@ pick " Unpick

(' Single " Box

(" Polygon (" circle

pa
Count = 2
Maximm = 3
Minimm = 2
Volu No. = 2

@ List of Items

€ Min, Max, Inc

|

OK Apply
Reset Cancel
Pick All Help

|

um diapasédo

plelolsFllkkkRRR

[ [VADD] Pick or enter volumes to be added

v

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

“Subtract”, “Volumes”;

Apontar com o0 mouse o cilindro maior e clicar em “OK”;
Apontar com o mouse o0 outro volume “OK?”;

JAY ANSYS ED Utility Menu (Diapasac)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro MenuCtrls  Help

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

|z 8o &l & 2

ANSYS Toolbar

- E =

3|

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu

®|

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

With Options

@ Divide
@ Glue
Overlap
Partition
Settings

Show Degeneracy

@ Scale

@ Calc Geom Items
& Move / Modify
Copy
Reflect
Check Geom
@ Nalate

UMES

TYPE NUM

Modelagem de um diapasdo

l# Els o2

plelrlelz pllklppRRREEREE

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

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

2.4.

Gera a malha de elementos finitos:

v" Dentro do “Preprocessor” selecionar “Meshing”, “Mesh Tool”;
v Clicar em “Set”, junto ao “Size Controls”, “Global”;
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v" Na nova janela, inserir:
o SIZE element edge lenght
v Clicar em “OK”;

P\ ANSYS ED Utility Menu (Diapasao)

= 0.006350

X
MeshTool =i
File Select List Plot PlotCtrils WorkPlane Parameters Macro MenuCtris Help _
| Element Attributes:
NECEDERE EIEE |
ANSYS Toolbar tm‘m'— =] s | . 3|
£ W
SAVE DE| Resum_DB| quiT| POWRGRPH [ SmestSiss
ANSYS Main Menu - Fine 5 Coares 7
Preferences VOLUMES
=] eSrOtes?Tr TYPE NUM Size Controls: @J
@ Element Type = 23
Global 5_] M ij
@ Sections oo J = %
Modeling F E
£l Mg [ESIZE] Global el d di (applies onl " = :BJ
3 obal element sizes and divisions (applies onl
Mesh Attributes PP vy Copy Fip
[MeshToo to "unsized” lines)
Size Cntris
e SIZE Element edge length Lyer St | ﬂ]
Concatenate NDIV No. of element divisions -
S Kewiz S [Es50| Se= |
& Modify Mesh - (used only if element edge length, SIZE, is blank or zero)
@ Check Mesh
Clear Mesh: Volumes -
Checking Ctrls 5
Numbering Ctrls oK Shore T e e
Cfed © e

ath Operations
Solution

General Postproc
TimeHist Postpro
Drop Test

1 Tonnlanical One

Modelagem de um diapasdo

Mesh Clear

Refine ot [Elements v

_I Refine

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

csys=0

Y —— |
sensl | 1 oo | Hep |

v

Clicar em “Mesh”, selecionar com o mouse o volume e clicar em “OK”;

P4 ANSYS ED Utility Menu (Diapasao) (=aX
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
0|z 8|6 &l o 2 & B =

ANSYS Toolbar 3|

SAVE'DE| RESUM_DB M POWRGRPH

ANSYS Main Menu

3|

ELEMENTS

[ Preferences
B Preprocessor
Element Type

Mesher Opts
Concatenate

Clear
Checking Ctris
Numbering Ctrls

rchive Model
‘oupling / Ceqn
LOTRAN Set Up
FSISet Up

Solution
General Postproc
TimeHist Postpro
Drop Test

. Tannlnnical One

Modelagem de um diapasdo

| Els [l |2

Bl pkkbbhkRpeEbeq

| Pick a menu item or enter an ANSYS Command (PREP7) [type=1 [ reat=1 ['esys=0

mat=1

[ secn=1 |

v
v
Selecionar as linhas:

o bbebh6;
Clicar em “OK?”;
Na nova janela, inserir:

Dentro do “Preprocessor” selecionar “Meshing’
Clicar em “Set”, junto ao “Size Controls”,

' “Mesh Tool”;
“Lines”;
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o NDIV No. of element divisions =4
v" Clicar em “OK”;

JAY ANSYS D Utiity Menu Diapaso0) |

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help Element Attributes:

ojz|a|sl &l &l 2] E EIEIE]

ANSYS Toolbar
SAVE BB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

Preferences Bl | ceens Size Contols:
& Preprocessor

Global Set Clear
Element Type \ Element Sizes on Picked Lines ) _] _[
Real Constants Areas Set Clear

Material Props

y x|

Global - ﬂ

I Smart Size

K|

Fine

o

Coarse

[LESIZE] Element sizes on picked lines

aalacacac)

SM:;:;; SIZE Element edge length [— Lines Clear
E] Meshing NDIV No. of element divisions . e Fip
[ Mesh Attributes
[MeshTool (NDIV is used only if SIZE is blank or zero) e e o

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

M Tanal

KYNDIV SIZE,NDIV can be changed v Yes

oms_om | o

SPACE  Spacing ratio

||

ANGSIZ Division arc (degrees)

Mesh: [ volumes -

Pl (use ANGSIZ only if number of divisions (NDIV) and B =
Shape: & Tet " Hex

element edge length (SIZE) are blank or zero)

® Free i
Clear attached areas and volumes

3ot 4 sided

Mesh Clear

Cancel

Refine at: |Elements i

Modelagem de um diap Refine

[ 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 “Meshing”, “Mesh Tool”;
v Clicar em “Set”, junto ao “Size Controls”, “Lines”;
v Selecionar as linhas:
o 5,6,7€e8;
v" Clicar em “OK”;
v" Na nova janela, inserir:
o NDIV No. of element divisions =2
v" Clicar em “OK”;

i ANSYS ED Utiity Menu (Diapasso) e

File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrls Help Elettercslibites

blzlds ala el EIEEE o &

ANSYS Toolbar =
Savee e[| e e L -

Fine Coarse
ANSYS Main Menu ®|

[ Preferences Bl | sieens Size Controls:
B Preprocessor

) Global Set Clear
Element Type /\ Element Sizes on Picked Lines ) 41 J
Real Constants Areas Set Clear

Material Props
Lines Set Clear

[LESIZE] Element sizes on picked lines
Sections

CADIACACACA| B P -

Modeling SIZE Element edge length "—
B Meshing NDIV No. of element divisions . B o
Mesh Attributes
[MeshTool (NDIV s used only if SIZE is blank or zero) e - o

Size Cntris

Elaion KYNDIV SIZENDIV can be changed ¥ Yes
B Mesher Opts

Ko _Sot | Cha |

@ Concatenate SPACE Spacing ratio

Mesh

Modify Mesh ANGSIZ Division arc (degrees)

Check Mesh Mesh:  ["volumes -
Clear Pl (use ANGSIZ only if number of divisions (NDIV) and

Sh & ¥
Checking Ctris 3pe: Tet Hex

Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
FSISet Up
MultiField Set Up =
Loads
Physics
Path Operations

Solution

General Postproc

TimeHist Postpro

Drop Test

A Tannlnnical Ons

element edge length (SIZE) are blank or zero)

& Free O o
Mesh Clear

Clear attached areas and volumes

Refine at: |Elements -
Modelagem de um diapasdo Refine

Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1
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v" Clicar em “Mesh”, selecionar com o mouse o volume e clicar em “OK”;

v Uma adverténcia aparecerd, perguntando se deseja remalhar a peca.
Clicar em “Yes”;

Y ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help ‘

b= ul o &l & 2 &l BN

ANSYS Toolbar ®|
SAVE BE| ResUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

Preferences

ELEMENTS

Real Constants
Material Props
Sections
Modeling
B Meshing

@ Mesh Attributes

o Sl ol le

r Opts
Concatenate
Mesh
B Modify Mesh
@ Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
FSISet Up
MultiField Set Up =
Loads
Physics
Path Operations
Solution

Modelagem de um diapasdo

plelolsFelekblRplRpoeEo

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

2.4.1. Salva andlise no arquivo Diapasao.db:
v" No “ANSYS Toolbar, clicar em “SAVE_DB”.

©

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”, “On Areas.”;
v" Na nova janela que abrir apontar a area 1 e clicar em “OK”;
v’ Selecionar:
o ALLDOF;

v" Clicar em “OK”;
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P\ ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= us & & 2 & EIE!

ANSYS Toolbar

3
SAVE DE| Resum_DB| QuIT| POWRGRPH
ANSYS Main Menu e @
eferences " ELeMENTS
S 5 ®| @
Element Type [\ Apply UROT on Areas A
Real Constatits [DA] Apply Displacements (U,ROT) on Areas 8| e
Material Proj S
Sections ” Lab2 DOFs to be constrained i Q‘@
Modeling B3
Meshing

Checking Ctrls
Numbering Ctrls
Archive Model

Coupling / Ceqn

FLOTRAN Set Up

FSISet Up

MultiField Set Up AlIDOF
Loads

25t Sol'n Optn
B Define Loads ﬂ If Constant value then:
Settings
B Apply
B Structural
B Displacement 5

A On Lines Seety cancel [
R,
A On Keypoints
A On Nodes
A On Node Components
B Symmetry B.C
@ Antisymm B.C

plellsFllkbkRRR

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

2.5.2. Aplicar as cargas:
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Force/Moment”, “On Keypoints”;
v’ Selecionar o keypoint 11 e clicar em “OK”;
v Na nova janela inserir o valor da carga:
o FX 10;
v" Clicar em “APPLY”;

JAY ANSYS ED Utility Menu (Diapasao)

(=8 x
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtds Help
0|z a6l s H 15 @
ANSYS Toolbar ®|

SAVE DE| RESUM_DB glﬂ] POWRGRPH

ANSYS Main Menu 3|

eferences -
eprocessor

Element Type

Real Constants

Material Props

Sections

Modeling

Meshing

Checking Ctrls

Numbering Ctris

Archive Model Lab  Direction of force/mom
Efgglllt?NIS(:thp Apply == Constant value -
FSISet Up If Constant value then:

Multitield Set Up VALUE Force/moment value o
Loads —

@ Analysis Type
Fast Sol'n Optn
B Define Loads

o Sl 2|2 |2

[FK] Apply Force/Moment on Keypoints

Cancel |

Settings
B Apply
8 Structural
Displacement

A On Node Components
[ From Reactions
[ From Mag Analy
Pressure =]

Modelagem de um diapasd

o R

pleloslokklblRaagRpo

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

v Selecionar o keypoint 9 e clicar em “OK”;

v" Na nova janela inserir o valor da carga:
o FX -10;

v Clicar em “OK”;
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JA\ ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Dizluo s e B

ANSYS Toolbar

®|

SAVE BB ResuM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

eferences izl ELEMENTS
‘eprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
FSISet Up
MultiField Set Up
Loads =
& Analysis Type
Fast Sol'n Optn
B Define Loads
Settings
B Apply
B Structural

o Sl 2] |2

plelolslopklblRaagRpo

[ 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 Diapasao.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”.

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 configuragcdo deformada
da estrutura;

Na janela “Plot Deformed Shape”, selecionar a opg¢ao “Def+undeformed”
e clicar em “OK”;
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Y ANSYS ED Utility Menu (Diapasao)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= uo 8 & 2 & EIE

ANSYS Toolbar ®|
SAVE DE| Resum_DB| quiT| POWRGRPH

ANSYS Main Menu ®| =] @]
Preferences Bl | orseraceEm

Preprocesor | 5|

Solution

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

Contour Plot

Vector Plot

Plot Path Item

Concrete Plot

& ThinFilm

List Results

Query Results

[ Options for Outp

[ Results Viewer

Write PGR File

Nodal Cales

Element Table

Path Operations

Surface Operations

Load Case

Check Elem Shape

Write Results

ROM Operations

Submodeling

plelolsFllkkkRRR

Fatigue =
R |
[ 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;
= Von Mises Stress
v" Clicar em “OK”;

A\ ANSYS ED Utility Menu (Diapasac) -l X
File Select List Plot PlotCtrils WorkPlane Parameters Macro MenuCtrls Help ‘

> \ Contour Nodal Solution Data 2 =)
|z alo 8l ¢ E .

ANSYS Toolbar ‘ Item to be contoured

SAVE'BE| RESUM_DB| QUIT| POWRGRPH 0 Stress 1]

@ X-Component of stress

®

ANSYS Main Menu ®| @ Y-Component of stress
Preferences B »JISPLA:IE'_EIU & Z-Component of stress
Preprocessor @ XY Shear stress
Solution

& YZ Shear stress
G XZ Shear stress
@ 1st Principal stress
& 2nd Principal stress
& 3rd Principal stress
@ Stress intensity

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

153E-04

o Ells s |2

MORMEES SlES
G Plastic equivalent stress
@ Stress state ratio -l

Element Solu
[ Elem Table
Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot I
ThinFilm
List Results
Query Results
Options for Outp
Results Viewer
[ Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case

L et i B]| |rocelagem de um aiapasio

|

Undisplaced shape key

Undisplaced shape key ~[Deformed shape only =

Scale Factor [Auto Calculated =l

Additional Options

Apply | Cancel ‘ Help ‘

plelsspkklblRaEkRpo

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

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= 6o & & 2 &l B

ANSYS Toolbar ®|
SAVE BE| ResUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

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

Element Solu
Elem Table
B Line Elem Res
@ Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
Options for Outp
Results Viewer
[ Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
(=R

K1

E+07 .264E+07 .395E+07 .526E+07
.199E+07 .330E+07 -461E+07 .591E+07

Blelele|s olelslolele@]a

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

5. SALVANDO ARQUIVOS E SAINDO DO PROGRAMA:

v" No ANSYS Tollbar, clicar em “SAVE_DB” para salvar no Data Base;

v" Ainda no ANSYS Toolbar, clicar em “QUIT”;

v" Na nova janela, selecionar a opg¢ao “Save everything” e clicar em “OK”.
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