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ANALISE DINAMICA DE TRELICAS

INTRODUCAO

Este material tem como objetivo apresentar exemplos e discutir resultados
de andlises dindmicas de algumas estruturas de barras utilizando o Método dos
Elementos Finitos através da versao educacional do software Ansys 9.0.

Analise Modal de Trelica Plana

O exemplo apresentado a seguir visa 0 estudo das caracteristicas
dindmicas de uma trelica plana. Estas caracteristicas sdo as frequéncias
naturais e os modos de vibracdo natural da estrutura que sdo obtidos através
da chamada analise modal. Trata-se de uma trelica plana formando um
cavalete com 6 metros de altura e 2 metros de largura. A figura 1 apresenta a
geometria e o0 modelo de elementos finitos para esta trelica com
contraventamento tipo K.
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Figura 1 — Geometria e malha de elementos finitos utilizada.

Na andlise modal, a geracdo do modelo € idéntica a executada em uma
analise estatica. Apenas 0s carregamentos ndo sao fornecidos, pois, seriam
desprezados na analise modal.
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PROPRIEDADES GEOMETRICAS

e Area das secbes transversais das barras que compde as colunas
(montantes): 9.27E-4 [m?] (L 76.2 x 6.35);

e Area das se¢6es transversais das diagonais: 7.66E-4 [m?] (L 63.5 x
6.35).

PROPRIEDADES DOS MATERIAIS

e Mbdulo de elasticidade do material das barras: 2.05E11 [N/m?] (ago
estrutural);

¢ Densidade volumétrica: 7850 Kg/m?3 (aco estrutural).

COMANDOS ANSYS®9.0ED

A) CONTRAVENTAMENTO TIPO K:

elemento

™
1. INICIO DA ANALISE

1.1. Introduz o titulo do problema a ser resolvido:
v" No ANSYS Utility Menu clicar em file e acessar a op¢do “Change
Title...”;
v Na nova janela que aparecer, digitar novo titulo: “Andlise modal -
trelica 17
v" Clicar em OK.

1.2. Alterao nome dos arquivos:
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v" No ANSYS Utility Menu clicar em file e acessar a opcdo “Change
Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo:
“Trelical”;
v Clicar em OK.

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

I\ ANSYS ED Utility Menu (Aula) o |[éP ][ &R
File Select List Plot PlotCtrls WorkPlane Parameters Mscro MenuCtrls Help ‘
D|=| 6o &l 4 2| = B =
ANSYS Toolbar 3|
save_pB| REsuM_DB| QuIT| POWRGRPH| ; = |
ANSYS Main Menu ®| I\ Preferences for GUI Filtering = 2
[KEYW][/PMETH] Preferences for GUI Filtering 3
Individual discipline(s) to show in the GUI ®
¥ Structural ;)
[~ Thermal @
[~ ANSYS Fluid 2
[~ FLOTRAN CFD 3=
[~ Magnetic-Nodal E

n Opt
n-Time Stats I Magnetic-Edge
o [~ High Frequency
B Fi

[ Electric

Note: If no individual disciplines are selected they will all show.
Discipline options
@ h-Method
€ p-Method Struct.
" p-Method Electr.

" LS-DYNA Explicit

Blelsle|tlolelslolealalalalz|alele

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

2. ENTRA NA FASE DE PRE-PROCESSAMENTO

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

2.1. Escolhe o tipo de elemento finito que sera usado:
v Dentro do “Preprocessor”, selecionar “Element Type”;
v Dentro do “Element Type”, selecionar “ Add/Edit/Delete”;
v" Na nova janela que abrir, clicar em “Add...” para selecionar um novo
elemento;
v" QOutra janela se abrira, entdo no “Library of Element Types” selecionar o

M

elemento “Link”, “2D spar 1” e clicar em OK.
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/\ ANSYS ED Utility Menu (Aula) o |[& [ =R

PEFEEET E|EE
= =1 /N Element Types =
€ 06| Rt 06 lgure Defined Element Types:
[NONE DEFINED

[ Preferences
B Preprocessor
1

m
[ Add DOF

[ Remove

Elem Tech Control
Real Constants
Material Props

Sections
Modeling
Meshing

Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up

FSISet Up

MultiField Set Up

Loads
Physics

Path Operations

Solution

b Design
Radiation Opt

neral Postproc
eHist Postpro

N\ Library of Element Types =
20 spar__1
3D finit stn 180

spar 8

bilinear 10

actuator 11

Library of Element Types

DOFs

EllllEbEEEERRRL

[Picka menu item

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

O
2.2.

o0 mod
v

v
v

Define as constantes geométricas da secdo das barras que compde
elo:

Dentro do “Preprocessor”, selecionar “Real Constants”;

Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;

Na nova janela que abrir, clicar em “Add...” para adicionar uma nova
area de secao transversal,

Uma nova janela se abrird entdo selecionar o tipo de elemento em
“Choose element type” (no caso, havera o elemento LINK 1) e clicar em
OK;

A janela “Real Constants Set Number 1, for LINK 1” ira aparecer. Deve-
se inserir:

o Real Constant Set No. =1

o Cross-sectional Area AREA =9.27E-4
Clicar em “Apply”.

A janela “Real Constants Set Number 1, for LINK 1” ira aparecer. Deve-
se inserir:

o Real Constant Set No. =2

o Cross-sectional Area AREA = 7.66E-4
Clicar em “OK”;

Verificar na janela “Real Constants” se as duas constantes de secao
geométrica, “Set 1” e “Set 2” foram criadas;
Clicar em “CLOSE”.
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2.3.

<\

Define as propriedades do material que compde as barras:
Dentro do “Preprocessor”, selecionar “Material Props”;
Dentro do “Material Props”, selecionar “Material Models”;
Na nova janela que abrir, para o “Material Model Number 17, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>Isotropic”;
Dar um duplo clique em “Isotropic”;
A janela “Linear Isotropic Material Properties for Material Number 1 ira
abrir. Inserir na lacuna “EX” o valor referente ao Modulo de Elasticidade
do material e clicar em “OK”:

o EX=2.05E11,;
Na janela, para o “Material Model Number 1”7, no quadro “Material
Models Available” selecionar: “Structural>Density”;
Dar um duplo clique em “Density” e inserir;

o DENS 7850;
Clicar em “OK” e fechar a janela do “Material Props”;

©

2.4.

Cria 0 modelo geométrico:

2.4.1. Cria 0s n6s que compde a malha de elementos finitos no sistema de

v

v

coordenadas ativo:
Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, ©
Active CS”;
Na nova janela que abrir, inserir um namero para o né que sera criado
em “NODE Node Number” e as coordenadas X e Y;
Para criar o primeiro né:

o NODE Node Number : 1;

o X,Y,Z Location in active CS : X=0 Y =0;
Clicar em “APLY”;

In

Para criar o proximo no:

o NODE Node Number : 9:
o X,Y,Z Location in active CS : X=0 Y =6;
Clicar em “OK”;

Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “Fill
Between Nodes” (esta ferramenta serve para criar nos entre noés
preexistentes);

Na nova janela que abrir, apontar os nés 1 e 9, anteriormente criados, e
clicar em “OK?”;

Uma nova janela se abrird. Entdo determinar:
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o NFILL (nimero de nds a serem criados entre 0s nés
selecionados) = 3;
o NINC (Inc. between filled nodes) = 2;
o SPACE (Spacing ratio) = 1.
v Clicar em “OK” e os nés 3, 5 e 7 serdo criados entre os nés 1 e 9.

v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “In

Active CS”;
v' Para criar o préximo né:
o NODE Node Number: 2;
o X,)Y,Z Location in active CS : X=2 Y =0;

v Clicar em “APLY”;
v Para criar o préximo no:
o NODE Node Number: 10;
o X,Y,Z Location in active CS : X=2 Y = 6;
v" Clicar em “OK”;
v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “Fill
Between Nodes”;
v" Na nova janela que abrir, apontar os nos 2 e 10, anteriormente criados,
e clicar em “OK”;
v" Uma nova janela se abrird. Entdo determinar:
o NFILL (ndmero de nés a serem criados entre 0s nos
selecionados) = 3;
o NINC (Inc. between filled nodes) = 2;
o SPACE (Spacing Ratio) = 1.
v Clicar em “OK” e os nés 4, 6 e 8 serao criados entre 0s noés 2 e 10.
v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “In

Active CS”;
v Para criar o préximo no:
o NODE Node Number: 11;
o X,Y,Z Location in active CS : X=1 Y=15;

v Clicar em “APLY”;
v Para criar o proximo no:
o NODE Node Number: 14;
o X,Y,Z Location in active CS : X=1 Y = 6;
v Clicar em “OK”;
v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “Fill
Between Nodes”;
v" Na nova janela que abrir, apontar os nés 11 e 14 anteriormente criados,
e clicar em “OK?”;
v" Uma nova janela se abrird. Entdo determinar:
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o NFILL (nimero de nds a serem criados entre 0s nés

selecionados) = 2;
o NINC (Inc. between filled nodes) = 1;
o SPACE (Spacing Ratio) = 1.

Clicar em “OK” e 0os n6s 12 e 13 serao criados entre os nés 11 e 14.

2.4.2. Numera os noés e elementos:

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

“Numbering”;
v" Na nova janela que aparecer, selecionar:
o NODE Node Numbers ON
o Elem-Attrib numering Element Numbers

v" Clicar em “OK”.

/\ ANSYS ED Utility Menu (Contrav_k)

.
S @)=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help |
Dis|as| sl 2| EIEE
ANSYS Toolbar ®|
SAVE_DB| RESUM_DE| QUIT| POWRGRPH
ANSYS Main Menu ®| ITH &)
[ Preferences B oDES :
B Preprocessor A\ Plot Numbering Controls @| &
Element Type [/PNUM] Plot Numbering Controls
Real Constants 8| 2|
terial Props kP Keypoint numbers I off &=
Sections e :
B Modeling ine numbers I off | °g
B Create
Keypiiiis AREA Area numbers I off a
g lA':‘:; VOLU Volume numbers I off fizi)
6 Voksmies NODE Node numbers 7 on ]
8 Nodes on o
A On Working Plane Elem / Attrib numbering e RTbes = &
B In Active CS
A At Curvature Ctr TABN Table Names I off
A On Keypoint =
b alFill between Nas SVAL Numeric contour values r off Q|
A Quadratic Fill 2
B Rotate Node CS [/NUM] Numbering shown with Colon BinGbas &
[ Write Node File @&
o
o
il
@
L
<

[E] Read Node File [/REPLOT] Replot upon OK/Apply? Replot vj
A ha
C ct Pair

oK Apply Cancel ‘ Help ‘

Operate
Move / Modify
Copy

Reflect Contraventamento Tipo K
& Check Geom =

)

[Picka

menu item or enter an ANSYS Comman d (PREP7) [mat=1 [type=1 real=1 csys=0 secn=1 |

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

2.4.3. Cria os elementos:

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos nos
itens 2.2 e 2.3 devem ser inseridos nos elementos que seréo criados;

v" Na nova janela que abrir escolher:

o TYPE 1
o MAT 1
o REAL 1

v" Clicar em “OK”".

v Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,

“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;

v" Na nova janela que abrir, apontar os n6s 1 e 3 e clicar em “APPLY”

(entdo o elemento “1” sera criado entre os nés 1 e 3);

v" Apontar nés 2 e 4 e clicar em “APPLY?;
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Apontar nés 3 e 5 e clicar em “APPLY”;
Apontar nos 4 e 6 e clicar em “APPLY”;
Apontar nos 5 e 7 e clicar em “APPLY”;
Apontar nos 6 e 8 e clicar em “APPLY”;
Apontar nés 7 e 9 e clicar em “APPLY”;
Apontar nés 8 e 10 e clicar em “OK”;

SRR NN NN

\

Dentro do “Preprocessor’ selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para modificar os atributos dos elementos a serem
criados na sequéncia (as diagonais da torre);

v" Na nova janela que abrir escolher:

o TYPE 1
o MAT 1
o REAL 2

v" Clicar em “OK”.

v' Para criar os elementos que compde as diagonais da torre: dentro do
“Preprocessor” selecionar “Modeling”, “Create”, “Elements”, “Auto
Numbered”, “Thru Nodes”;

Na nova janela que aparecer apontar os nés 1 e 11 e clicar em “APPLY”;
Apontar os nés 2 e 11 e clicar em “APPLY”;

Apontar os nés 3 e 12 e clicar em “APPLY”;

Apontar os nés 4 e 12 e clicar em “APPLY?”;

Apontar os n6s 5 e 13 e clicar em “APPLY?”;

Apontar 0os nés 6 e 13 e clicar em “APPLY?”;

Apontar 0os n6s 7 e 14 e clicar em “APPLY?”;

Apontar os nés 8 e 14 e clicar em “APPLY”;

Apontar os nés 3 e 11 e clicar em “APPLY”;

Apontar os nés 4 e 11 e clicar em “APPLY”;

Apontar os n6s 5 e 12 e clicar em “APPLY”;

Apontar 0s n6s 6 e 12 e clicar em “APPLY?”;

Apontar os n6s 7 e 13 e clicar em “APPLY?”;

Apontar os nés 8 e 13 e clicar em “APPLY?”;

Apontar 0os n6s 9 e 14 e clicar em “APPLY?”;

Apontar os nés 10 e 14 e clicar em “OK?”;

A geometria da torre esta pronta.

NN N N N N N N N N N NN AN
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/\" ANSYS ED Utility Menu (Contrav_k) o)==
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘
Di=lass ol 2H = =

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

B Preferenc es > " ELEMENTS
B Preprocessor
ment Type

ELEM NUM

ion
User Numbered

] Write Elem File
] Read Elem File
e

Operate Contraventamento Tipo K
B Move / Modify |

2 Eolls

[elo]e[zlolelsloleelalajaalelale

)

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

©

2.5. Aplicar as condi¢cfes de contorno:
2.5.1. Aplicar apoios:

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

“Structural”, “Displacement”, “On Nodes”;
v" Na nova janela que abrir apontar o n6 1 e clicar em “APPLY”;

v' Qutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opgao “ALL DOF” (ir& restringir o movimento do n6 1 em

todas as direcdes) e clicar em “APPLY;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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\ ANSYS ED Utility Menu (Contrav_k)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|=| 6o 8l ¢ E ElEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

Lo

‘references B ELEMENTS
'reprocessor

7 Element Type
3 Real Constants
g ;A:cttei::lpwps N\ Apply UROT on Nodes

8 Modeling [D] Apply Displacements (U,ROT) on Nodes
2 Meshing

et cii Lab2 DOFsto be constrained

7 Numbering Ctrls
8 Archive Model
8 Coupling / Ceqn
3 FSISet Up

ELEM NUM

o Els [ ls

3 [‘o';:":w” Setlip Apply as Constant value >
3 Loads
skl Types _ If Constant value then:
B Fast So'n Optn VALUE Displacement value [
& Define Loads
Settings

& Apply
B Structural ok | Apply | Concel |

e lole[zlolelsloleelalalal=]e oo

)

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

v" Da mesma forma, apontar o n6 2 e clicar em “APPLY”;

v' Outra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opg¢ao “ALL DOF” (ira restringir o movimento do n6 2 em
todas as dire¢des) e clicar em “OK”;

2.5.2. Salvando dados no arquivo trelical.db
v" No ANSYS Toolbar clicar em “SAVE_DB".

3. SOLUCAO
3.1. Escolhados parametros da analise modal:
v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,
“‘New Analysis”;
v" Na nova janela selecionar a opcao “Modal e clicar em “OK”;
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JAY ANSYS ED Utility Menu (trelica) o =@ x

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

o= uo & & 2 & oz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu ®| 14 @
Preferences " ELEMENTS
W ,, ; @l
B Solution J
B Analysis Type E-U @

E“”?’;’Z‘ﬁ"ﬁ e

B Restart

Sol'n Controls [ANTYPE] Type of analysis B3~

Define Loads :
Load Step Opts " Static @ EJ
SE Management (CMS) & {Modal}
[ Results Tracking
Solve  Harmonic
Manual Rezoning
FSI Set Up
MultiField Set Up " Spectrum
ADAMS Connection
Diagnostics
[ Unabridged Menu -
General Postproc
TimeHist Postpro
Drop Test & Help
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

" Transient

 Eigen Buckling

Substructuring/CMS

el pllkbblRRE

AfeEEaEa

Analise modal - treliga 1

)

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

v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,
“Analysis Options”;
v" Na nova janela selecionar:
o [MODOPT] Subspace
o No. of modes to extract 10
o [MXPAND]
o Expand mode shapes Yes
o NMODE 10
v Clicar em “OK”;

FA\ ANSYS ED Utility Menu (trelical) -3 X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= uo & & 2 & EIEE

RIS colber A Modal Analysis ) ®J]
SAVE_DB| RESUM_DB| QUIT| POWRGRPH =
—*] —*‘ Q_J 4 [MODOPT] Mode extraction method B
= € Block Lanczos
ANSYS Main Menu ®| o 1o @
Preferences i © Subspace
Preprocessor i  Powerdynamics )
B Solution J
B Analysis Type € Reduced 8| &
& New Analysis € Unsymmetric 9|2
B ExpansionPass
i) " Damped ] | EM]
Def :
Load Step Opts £ QR Damped 9| s
SE Management (CMS) No. of modes to extract [
B Results Tracking o
Solve (must be specified for all methods except the Reduced method) 8
Manual Rezoning
FSISet Up [MEEAND] @
MuitiField Set Up Expand mode shapes v Yes
ADAMS Connection
: 5 NMODE No. of modes to expand 10
Diagnostics Q
[ Unabridged Menu Elcalc Calculate elem results? ™ No
General Postproc 2
TimeHist Postpro [LUMPM] Use lumped mass approx? I~ No
Drop Test @&
Topological Opt -For Powerdynamics lumped mass approx will be used ®\
ROM Tool [PSTRES] Incl prestress effects? I~ No J
DesignXplorer VT i
Design Opt [MSAVE] Memory save ™ No
;;:Z?;:.i%‘pc -only applies if the PowerDynamnics method is selected “:’
Run-Time Stats ®
Session Editor -
Finish <

oK Cancel Help

)

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

v" Uma nova janela ira abrir [MODOPT]. Clicar em “OK”;
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Y ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtds WorkPlane Parameters Macro

MenuCtrls  Help

Di=laslsls e E

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

A\ Subspace Modal Analysis

ANSYS Main Menu

®|

Preferences
Preprocessor
8 Solution
B Analysis Type
B New Analysis

ELEMENTS

ExpansionPass
Analysis O
Define Loads
Load Step Opts
SE Management (CMS)
[ Results Tracking
Ive

ey

nual Rezoning
SetUp
ItiField Set Up

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

Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

Analise modal -

[MODOPT] Mode Extraction Options
FREQB Start Freq (initial shift)
FREQE End Frequency

Nrmkey Normalize mode shapes

[RIGID] Known rigid body modes

[SUBOPT] Subspace iteration options
SUBSIZ Subspace working size

NPAD  No. of extra vectors

NPERBK No of modes/memory block

Number of subspace iterations
NUMSSI Maximum number

NSHIFT Min, before shift

Strmck Sturm sequence check

[elolezlolelslole@lala

)

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

mat=1 [type=1

real=2 csys=0 secn=1 |

3.2.
v

Executa a solucéao:
No ANSYS Main Menu dentro do “Solution” clicar em “Solve”, “Current

LS” (Resolve o LS atual);

\

Clicar em “OK” (information: solution is done).
Na janela “Information: Solution is done” clicar em “CLOSE”.
No ANSYS Toolbar clicar em “SAVE_DB”.

O,

4. POS PROCESSAMENTO

41. Gera, lista e
contraventamento:

plota os

resultados para o primeiro tipo de

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

Results”,
calculadas;

“‘Detailed Summary” para listar as frequéncias naturais

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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FA\ ANSYS ED Utility Menu (trelical)

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 ®| g @
Preferences
Preprocessod N\ SETUST Command 2] )
Solution 2 FIES
[ General Postproc File ...
[ Data & File Opts I a| o
Results Summary
siek JHDEX OF DATA SETS ON RESULTS FILE ewkrk
Read Results B[
Failure Criteria SET  TIHE/FREQ  LOAD STEP  SUBSTEP CUHULATIVE
Plot Results 180 1 1 1 | "
i finaliss nodal - trelica 1
= Detaile ary 2 12198 1 2 2 il
B Iteration Summiy finalise nodal - trelica 1 a
Percent Error 3 138.10 1 3 3
Sorted Listing fnalise nodal - trelica 1 @
Nodal Solution =]
2 5 4 0458 1 q 4 @
Element Solution finalise nodal - trelica 1 @
Section Solution
Becemtor | SEE k¢ ey
LS
Reaction Solu 6 346.06 1 6 6
Nodal Loads finalise nodal - trelica 1 @
Elem Table Data 7 a6t s 7 7
Vector Data | fnalise nodal - trelica 1 a
[ Path Items P — e
B Linearized Strs _J
Query Results »
Options for Outp =
Results Viewer 4
Write PGR File .
Nodal Calcs v
Element Table
Path Operations _] b
[ Pick a menu item or enter an ANSYS Command (POSTL) [mat=1 [type=1 [real=2 [esys=0 [secn=1 |

v

v

Cada modo de vibracdo é armazenado como um caso de carga
independente;

No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “First Set” para carregar o primeiro caso de carga,

No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuracdo deformada
da estrutura;

Na janela “Plot Deformed Shape”, selecionar a opg¢ao “Def+undeformed”
e clicar em “OK” para ver a deformada do primeiro modo de vibracéo;

FA\ ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

Dl=las|sls e &

ANSYS Toolbar

- =2

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
Preprocessor
Solution

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

@
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

Fatigue

Safety Factor
Define/Modify -l

bl pkkpkRRE

Analise modal - trelica 1

)

[Pick a menu item

v

Método

or enter an ANSYS Command (POSTL) [mat=1 [type=1 [real=2 [esys=0 [secn=1 |

No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “Next Set” para carregar o prOximo caso de carga,
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v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuragdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opgao “Def+undeformed”
e clicar em “OK” para ver a deformada do segundo modo de vibracao;

FA\ ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

b= d 8 &l & 2 &l Xz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

ral Postproc
ta & File Opts
sults Summary

=
Read Results
Failure Criteria

l# Els [l [2

Vector Plot
& Plot Path Item
@ Concrete Plot

Options for Outp
Results Viewer
Write PGR File
Cales

wllbkklbbebaaRpRe

Analise modal -

)

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

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “Next Set” para carregar o proximo caso de carga;

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuragdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opgéo “Def+undeformed”
e clicar em “OK” para ver a deformada do terceiro modo de vibracéao;
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Y ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtrls WorkPlane Parameters Macro

MenuCtrls

D= 8|88l & 7| &

ANSYS Toolbar

EIEE]

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

Preprocessor

Solution

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

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
Fatigue

Safety Factor

Define/Modify |

DISPLACEMENT

Analise modal - trelica 1

Bl pkkpkRRE

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

[mat=1

[type=1 [real=2 [esys=0

[secn=1

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

Results”, “Next Set” para carregar o proximo caso de carga,

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuragdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opgao “Def+undeformed”
e clicar em “OK” para ver a deformada do quarto modo de vibracao;

PA\ ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|=| 8|8 &l & 2 &

ANSYS Toolbar

| E

El

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|

[ Preferences

Preprocessor

Solution

B General Postproc
Data & File Opts
Results Summary

Read Results
Failure Criteria
B Plot Results

& Contour Plot
B Nodal Solu

[ Element Solu
Elem Table
[l Line Elem Res
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 |

DISPLACEMENT

Analise modal - trelica 1

L«

| Els [l |2

e lole[zlolelslolealalala@le oo

)

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

[ mat=1

[type=1 real=2 [ esys=0

[ secn=1

v" No ANSYS Utility Menu clicar em “Plot Ctrls”, “Animate”, “Mode Shape”
pra fazer uma animacéo com a configuracdo deformada da estrutura;
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File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

mgg@@ Pan Zoom Rotate ...

View Settings L
ANSYS Toolbar

- ==

——————  Numbering ..

SAVE_DB| RESUM_DB| Q Symbols ..
e Style U
A i M o Ee »

Preferences Window Controls 2

Preprocessor

Solution

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

Erase Options

Annotation Cyc Traveling Wave
Deformed Shape ...
Deformed Results ...

P Redirect Plots O
ot | esuﬁts Hard Copy » ver Time ...
[=]D 2 Time-harmonic ...
8 é”x":""s"’“ Save Plot Ctls ... Over Results ...
odal Solu
oo oo Restore Plot Ctrs ... Q-Slice Contours ...
Elemn Table Reset Plot Ctrls Q-Slice Vectors ...
i e Isosurfaces ...
B Line Elem R P T sosurfaces
@ Vector Plot Particle Flow ...
Restore Image ...
Write Metafile »| Replay Animation ...

Multi-Plot Controls ...
Multi-Window Layout ...

List Results Save Animation ...

Query Results
Options for Outp
Results Viewer

[ Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case

Check Elem Shape
[ Write Results

ROM Operations

Restore Animation ...

Best Quality Image

Analise modal - trelica 1

clojefzlolelslolealala

)

[ Pick a menu item or enter an ANSYS Command (POSTL) [mat=1 [type=1 real=2 csys=0 secn=1 |
v" Na nova janela, inserir:
o No. of frames to create 10
o Time delay 0.5
v" Clicar em “OK”;
FA1 ANSYS ED Utility Menu (trelical) [=]

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

|z alo 8 s ¢ E

ANSYS Toolbar

- = @

®

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

nimate Mode Sha

Preferences -
Preprocessor Animation data

Solution No. of frames to create

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

s

Time delay (seconds)

Deforr
tour Plot
Nodal Solu Nodal Solution Data
[ Element Solu Decilay Tone
Elem Table /by

Line Elem Res

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 i |

Analise modal - trelica 1

@ Linear

" Sinusoidal

Deform:
Def + undeformed
Def + undef edge
|| Translation UX

0%

Strain-elastic

Strain-thermal Deformed Shape

Cancel Help

| Els ol [2

wblbkklbbeRaakpRe s

)

[Pick a menu item or enter an ANSYS Command (POSTL) mat=1

[type=1 real=2 csys=0 secn=1

v" No ANSYS Toolbar clicar em “SAVE_DB”.
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RESULTADOS

As 10 primeiras frequéncias naturais para esta estrutura estdo listadas no
quadro abaixo:

Modo Frequéncia (Hz)
41.880
121.98
138.10
249.58
324.65
346.06
401.61
413.91
471.05
518.39

Blo|o|~N|o|jo|swN|e

Influéncia da mudanca da geometria

O que muda nas caracteristicas dinAmicas desta trelica se alterarmos sua
geometria, conforme a figura a seguir ?

B) CONTRAVENTAMENTO EM DIAMANTE:

5. INICIO DA ANALISE
5.1. Introduz o titulo do problema a ser resolvido:
v No ANSYS Utility Menu clicar em file e acessar a opgdo “Change
Title...”;
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5.2.

Na nova janela que aparecer, digitar novo titulo: “Analise modal —
trelica 2” (ignorar erro);
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:
“trelica2”;
Clicar em OK.

ENTRA NA FASE DE PRE-PROCESSAMENTO
No ANSYS Main Menu, clicar em “Preprocessor” para alterar o modelo
geomeétrico.

6.1.

Alterar a estrutura:

6.1.1. Deletar elementos e noés:

AN N N NN

Dentro do “Preprocessor” selecionar “Modeling”, “Delete”, “Elements”;
Apontar os elementos 11, 12, 15, 16, 19, 20, 23 e 24.

Clicar em “OK”;

Dentro do “Preprocessor” selecionar “Modeling”, “Delete”, “Nodes”;
Apontar os nés 12 e 14;

Clicar em “OK”.

6.1.2. Criar novos elementos:

v

v

Dentro do “Preprocessor’ selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para modificar os atributos dos elementos a serem
criados na sequéncia (as diagonais da torre);

Na nova janela que abrir escolher:

o TYPE 1

o MAT 1

o REAL 2
Clicar em “OK”.

Para criar os elementos que compde as diagonais da torre: dentro do
“Preprocessor” selecionar “Modeling”, “Create”, “Elements”, “User
Numbered”, “Thru Nodes”;
Na nova janela “Enter number to be assigned to element”:

o Inserir: 11 e clicar em “APPLY”;

o Apontar nés 5 e 11 e clicar em “APPLY”;
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7\ ANSYS ED Utifity Menu (Contrav_diam) S =
Flle Select List Plot PlotCtis WorkPlone Pameters Macro MenuCtls Help |
Diz|a|ol a2 2| E | Z

ANSYS Toolbar 3|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

®|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
E Modeling
B Create
Keypoints
Lines
@ Areas
@ Volumes
@ Nodes
B Elements
B Elem Attributes
Auto Numbered
Surf / Contact
& SpotWeld
@ Pretension

Read Elem File
@ Superelements
[EJ Contact Pair
& Piping Models
@ Circuit
Transducers
Operate
Move / Modify

ELEMENTS

ELEM NUM

N Create Elems User-Num

Number to assign to element

Apply

o]

1

lelo]e[zlolelslolol@lala

Copy B2l |cContraventamento em Diamante
A | | —
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=2 csys=0 secn=1
T sm o o m s os mon or !
/\ANSYS ED Utility Menu (Contrav_diam) S &=
Fie Select L&t Plot) Ploich WorkPlane Pagameters Micro | MeguCiis, Hielp ‘
BEEEEER EEE
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®| 1xl &
[ Preferences - " ELEMENTS
B Preprocessor ol @ @
Homeat Tyiic B C/cote Elems User-Num 8 2
Real Constants J _.J
aterial Props |3~
Sections
B Modeling | g
B Create
Keypoints B8] ‘
@ Lines
& Volumes Maximum 2 @
Nodes . ]
B Elements e @J
Elem Attributes I Hooe Hos
Auto Numbered
® Surf / Contact & List of Items
® SpotWeld ; g
@ Pretension CiiMin,  ¥ax, Inc 2
11 &
File
[ Read Elem File  —————— S‘
® Superelements o N
pply q@
[ Contact Pair J
B Piping Models Reset Cancel o)
Circuit 4| =
Transducers Help @
Operate =
Move / Modify <
Copy R4l |contraventamento em Diamante
] 2] =
[ [EN] Pick or enter nodes defining the element mat=1 [type=1 real=2 csys=0 secn=1

v" Na janela “Enter number to be assigned to element”:

o

o Apontar nés 6 e 11 e clicar em “APPLY?;
v" Na janela “Enter number to be assigned to element”:

©)

o Apontar nés 9 e 13 e clicar em “APPLY”;
v" Na janela “Enter number to be assigned to element”:

o

o Apontar nés 10 e 13 e clicar em “APPLY”;
v" Na janela “Enter number to be assigned to element”:

o

Inserir: 12 e clicar em “APPLY”;

Inserir: 15 e clicar em “APPLY”;

Inserir: 16 e clicar em “APPLY”;

Inserir: 23 e clicar em “APPLY”;
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o Apontar nés 9 e 10 e clicar em “OK”;
v' A geometria da torre esta pronta.

\' ANSYS ED Utility Menu (Contrav_diam)

1
=
File Select List Plot PlotCtils WorkPlane Parameters Macro MenuCtrls Help ‘

D= 6o & & 2 &l B

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

Bl | e
3 Preprocessor ® @
& El e 55
a

ELEM NUM

es
Nodes
B Elements

[ Elem Attributes

@ Auto Numbered
@ Surf / Contact
SpotWeld

t
@ Transducers
Operate

Move / Modify
Copy ~| x em Diamante

i i |

wblpkkbbRRER

)

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

6.1.3. Salvando dados no arquivo trelica2.db
v" No ANSYS Toolbar clicar em “SAVE_DB".

O,
7. SOLUCAO

7.1. Escolhados parametros da analise modal:
v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,
“‘New Analysis”;
v" Na nova janela selecionar a opcao “Modal e clicar em “OK”;
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VA ANSYS ED Utility Menu (Contrav_diam) - 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 = ELEMENTS
Preprocessor
8 Solution
B Analysis Type
= [New Analysis
estart
Sol'n Controls [ANTYPE] Type of analysis
Define Loads
Load Step Opts
SE Management (CMS) & Modal !
[ Results Tracking
Sotic  Harmonic
Manual Rezoning
FSI Set Up
MultiField Set Up " Spectrum
ADAMS Connection
Diagnostics
[ Unabridged Menu -
General Postproc
TimeHist Postpro
Drop Test Cancel Help
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

(" Static

" Transient

 Eigen Buckling

Substructuring/CMS

AfeEEaEa

Contraventamento em Diamante

el pllkbblRRE

)

[ Pick a menu item or enter an ANSYS Command (SOLUTION) [mat=1 [type=1 [real=2 [esys=0 [secn=1

v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,

“Analysis Options”;
v" Na nova janela selecionar:

o [MODOPT] Subspace

o No. of modes to extract 10

o [MXPAND]

o Expand mode shapes Yes

o NMODE 10
v Clicar em “OK”;

FA\ ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2 & EIEE

ANSYS Toolbar 4 A\ Modal Analysis

SAVE_DB| RESUM_DB| QUIT| POWRGRPH
—*] —*‘ Q_J 4 [MODOPT] Mode extraction method

= € Block Lanczos
ANSYS Main Menu ®|
1 5
Preferences ELEMEN Subspace
Préprocessol v  Powerdynamics
B Solution J _
B Analysis Type € Reduced
B ewc Ayt € Unsymmetric
B ExpansionPass
pti  Damped
De -
Load Step Opts QR Damped

SE Management (CMS)
[ Results Tracking
Solve

Manual Rezoning

No. of modes to extract 10

(must be specified for all methods except the Reduced method)

FSISet Up (MaEAM
MultiField Set Up Expand mode shapes [ Yes
ADAMS Connection
Digisnics NMODE No. of modes to expand 10
[ Unabridged Menu Elcalc Calculate elem results? ™ No
General Postproc
TimeHist Postpro [LUMPM] Use lumped mass approx? I~ No
Drop Test
Topological Opt -For Powerdynamics lumped mass approx will be used
ROM Tool [PSTRES] Incl prestress effects? I~ No
DesignXplorer VT
Design Opt [MSAVE] Memory save ™~ No
;;:Z?;:.%‘pc -only applies if the PowerDynamnics method is selected
Run-Time Stats
Session Editor
Finish

oK Cancel Help

L ®

[ @
| 3|
8| @
8| 2|
B
8] %

@ |y BE@@ £5 E@@@@

)

[ Pick a menu item or enter an ANSYS Command (SOLUTION) [ mat=1 [type=1 [ real=2 [esys=0 [ secn=1

v" Uma nova janela ira abrir [MODOPT]. Clicar em “OK”;
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Y ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtds WorkPlane Parameters Macro

MenuCtrls  Help

Di=laslsls e E

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

A\ Subspace Modal Analysis

= [MODOPT] Mode Extraction Options
ANSYS Main Menu ®|
Preferences
Preprocessor
B Solution
B Analysis Type
B New Analysis
ExpansionPass
Analysis O
Define Loads
Load Step Opts
SE Management (CMS)
[ Results Tracking
lve

z ELEMENTS FREQB Start Freq (initial shift)
U FREQE End Frequency

Nrmkey Normalize mode shapes

[RIGID] Known rigid body modes

ey

[SUBOPT] Subspace iteration options
SUBSIZ Subspace working size

nual Rezoning
SetUp

tiField Set Up NPAD  No. of extra vectors

NPERBK No of modes/memory block

Number of subspace iterations
TimeHist Postpro NUMSSI Maximum number
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats

NSHIFT Min, before shift

Strmck Sturm sequence check

Session Editor

Finish

Analise modal -

[elolezlolelslole@lala

)

| Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=1 real=2

csys=0

el |

7.2.
v

Executa a solucéao:

LS” (Resolve o LS atual);

\

No ANSYS Main Menu dentro do “Solution” clicar em “Solve”, “Current

Clicar em “OK” (information: solution is done).
Na janela “Information: Solution is done” clicar em “CLOSE”.
No ANSYS Toolbar clicar em “SAVE_DB”.

©

8. POS PROCESSAMENTO
4.1. Gera, lista e plota os
contraventamento:

resultados para o segundo tipo de

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

Results”, “Detailed Summary” para
calculadas;

listar as frequéncias naturais
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JiY ANSYS D bty Menu Contrav diom) =@ X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= ao 8 & 2 & EIEE!

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH
ANSYS Main Menu ®| =] @]
Preferences T ELEMENTS
/\ SETUST Command ®| 2
File 8| @

8] 2|
B|p
8] %
=)

skek JHDEX OF DATA SETS ON RESULTS FILE ewkrk
SET  TIHE/FREQ  LOAD STEP  SUBSTEP CUMULATIVE
1 38.849 1 1 1

s for
Results Viewer 7 442
Write PGR File g gg;gg
ol Calcs 10 633,89

Reset

[2le [z lolelzlolelel@]a

v' Cada modo de vibracdo é armazenado como um caso de carga
independente;

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “First Set” para carregar o primeiro caso de carga;

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 opg¢ao “Def+undeformed”

e clicar em “OK” para ver a deformada do primeiro modo de vibracéo;

P\ ANSYS ED Utility Menu (Contrav.diam)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help ‘

D= u o & & 2 El Xz @

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

ral
a & File Opts
Results Summary
Read Results

e

o Sl o |22

Vector Plot
Plot Path Item
ret

s
Vi
Write PGR File
& Nodal Calcs

e 2
B ®

@ Path Operations
@ Surface Operations
d Case

Check Elem Shape
E Write Results Contraventamento em Diamante
ROM Operations

wllbkklbbebaaRpRe

)

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

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “Next Set” para carregar o prOximo caso de carga,
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v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuragdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opg¢ao “Def+undeformed”
e clicar em “OK” para ver a deformada do segundo modo de vibracao;

Y ANSYS ED Utility Menu (Contrav.diam)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

b= d 8 &l & 2 &l Xz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

ral Postproc

ta & File Opts
sults Summary
Read Results
Failure Criteria

l# Els [l [2

lem
@ Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Resul

Re: wer
Write PGR File
Nodal Calcs

ment Table
th Operations

B
B

wllbkklbbebaaRpRe

Check Elem Shape
B8 Write Results Contraventamento em Diamante

ROM Operations

)

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

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “Next Set” para carregar o proximo caso de carga;

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuragdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opgéo “Def+undeformed”
e clicar em “OK” para ver a deformada do terceiro modo de vibracéao;
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FA\ ANSYS ED Utility Menu (Contrav_diam)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

o= a8 & & 2| =i EIEIE

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

Preferences =]
Preprocessor
Solution
B General Postproc
B Data & File Opts
Results Summary
Read Results
Failure Criteria
8 Plot

B¢
[ Nodal Solu
Element Solu
Elem Table
B Line Elem Res

Vector Plot

Plot Path Item

Concrete Plot
ThinFilm
List Results ol
Query Results
Options for Outp
Results Viewer
[ Write PGR File
Nodal Calcs
Element Table
Path Operations

Surface Operations
Load Case

Check Elem Shape
[ Write Results Contraventamento em Diamante
ROM Operations |

clojefzlolelslolealala

)

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

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “Next Set” para carregar o proximo caso de carga;

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuragdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opgéo “Def+undeformed”
e clicar em “OK” para ver a deformada do quarto modo de vibracao;

A\ ANSYS ED Utility Menu (Contrav_diam)

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 1= ~ DISPLACEMENT

Preprocessor

Solution
B General Postproc
Data & File Opts
[ Results Summary
Read Results
Failure Criteria
B Plot Results
0
& Contour Plot
Nodal Solu
B Element Solu
B 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

| Els )2 |2

Load Case

wbllRkkbkkRpRaoee

Check Elem Shape

Write Results Contraventamento em Diamante

ROM Operati

® perations 5] &/
[ Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=1 [real=2 [csys=0 [ secn=1

v" No ANSYS Toolbar clicar em “SAVE_DB”.
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RESULTADOS

As 10 primeiras frequéncias naturais para a trelica com contraventamento
modificado (trelica 2) estéo listadas na tabela abaixo:

Frequéncia (Hz)
Modo Trelica 1l Trelica 2
1 41.880 38.849
2 121.98 113.84
3 138.10 136.40
4 249.58 229.43
5 324.65 241.68
6 346.06 360.89
7 401.61 444.27
8 413.91 497.34
9 471.05 572.30
10 518.39 633.89

Verificamos que as frequéncias mais baixas diminuiram e as frequéncias
mais altas aumentaram.

Influéncia da mudanca darigidez e massa

Qual a mudanca nas caracteristicas dindmicas desta trelica se alterarmos a
rigidez e massa de alguns elementos?

Vamos alterar a rigidez e massa das colunas da trelica mudando a area da
secao transversal para 12.5 x 10-4 m2.

A partir do arquivo trelical.db vamos executar os seguintes comando do
ANSYS:

C) CONTRAVENTAMENTO K, COM MUDANCA DE RIGIDEZ E MASSA:

O,
9. INICIO 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, entdo confirmar clicando em “Yes”

9.2. Carregaarquivo previamente salvo:
v" No “ANSYS Utility Menu”, clicar em “File”, “Resume from...”;
v Abrir o arquivo “trelical.db”.
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9.3.

9.4.

Introduz o titulo do problema a ser resolvido:

No ANSYS Utility Menu clicar em file e acessar a opgao “Change
Title...”;

Na nova janela que aparecer, digitar novo titulo: “Analise modal —
trelica 3” (ignorar erro);

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 nhovo nome do arquivo:
“trelica 37;
Clicar em OK.

.ENTRA NA FASE DE PRE-PROCESSAMENTO

No ANSYS Main Menu, clicar em “Preprocessor” para alterar o modelo
geomeétrico.

Alterar a massa e arigidez da estrutura:
Dentro do “Preprocessor”, selecionar “Real Constants”;
Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;
Na nova janela que abrir, selecionar “Set 2” clicar em “Edit...” para editar
a area de secdao transversal,
Uma nova janela se abrird entdo selecionar o tipo de elemento em
“Choose element type” (no caso, havera o elemento LINK 1) e clicar em
OK;
A janela “Real Constants Set Number 2, for LINK 1” ira aparecer. Deve-
se inserir:

o Real Constant Set No. =2

o Cross-sectional Area AREA = 12.5E-4
Clicar em “OK”;
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i\ ANSYS ED Utility Menu (trelica3) o =@ x

JﬁJﬂJJJ;J% EEEE

A Real Constants =]
A |
St 2 |
Pr|
B Pr
=

A\ Real Constant Set Number

Element Type Reference No. 1
Real Constant Set No.

Cross-sectional area  AREA 12564

Initial strain ISTRN

T

T

[z [ e lleezs |

EEEEREEEEEEEBGE

oK Apply Cancel j Help |

ol o=l =]
p

TimeHist Postpro

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT

Design Opt

Prob Design

Radiation Opt

Run-Time Stats

[ Session Editor _]

i

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

v' Fechar a janela;

10.1.1. Salvando dados no arquivo trelica3.db
v" No ANSYS Toolbar clicar em “SAVE_DB".

©
11.SOLUCAO

11.1. Escolhados parametros da analise modal:
v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,
“‘New Analysis”;
v" Na nova janela selecionar a opcao “Modal e clicar em “OK”;
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JiY ANSYS ED Utility Menu (trelica3) o =@ x

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
B Solution
B Analysis Type
e e Aiysi

ExpansionPas
B ExpansionPass -
Analysis Options [ANTYPE] Type of analysis @ ERd|
Define Loads :
Load Step Opts " Static @ EJ
SE Management (CMS) & {Modal}
[ Results Tracking
Solve  Harmonic
Manual Rezoning
FSI Set Up
MultiField Set Up " Spectrum
ADAMS Connection
Diagnostics
[ Unabridged Menu -
General Postproc
TimeHist Postpro
Drop Test & Help
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

" Transient

 Eigen Buckling

Substructuring/CMS

el pllkbblRRE

AfeEEaEa

)

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

v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,
“Analysis Options”;
v" Na nova janela selecionar:
o [MODOPT] Subspace
o No. of modes to extract 10
o [MXPAND]
o Expand mode shapes Yes
o NMODE 10
v Clicar em “OK”;

FA\ ANSYS ED Utility Menu (trelical) -3 X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= uo & & 2 & EIEE

RIS colber A Modal Analysis ) ®J]
SAVE_DB| RESUM_DB| QUIT| POWRGRPH =
—*] —*‘ Q_J 4 [MODOPT] Mode extraction method B
€ Block Lanczos
ANSYS Main Menu ®| 1o @
Preferences Rt & Subspace
Preprocessor =  Powerdynamics @ o)
B Solution J
B Analysis Type € Reduced 8| &
& New Analysis € Unsymmetric 9|2
[ ExpansionPass
i) " Damped ] | EM]
Def :
Load Step Opts £ QR Damped 9| s
SE Management (CMS) No. of modes to extract [
[ Results Tracking @
Solve (must be specified for all methods except the Reduced method) a
Manual Rezoning
FSISet Up [MEEAND] @
MuitiField Set Up Expand mode shapes v Yes
ADAMS Connection
: 5 NMODE No. of modes to expand 10
Diagnostics Q
[ Unabridged Menu Elcalc Calculate elem results? ™ No
General Postproc 3
TimeHist Postpro [LUMPM] Use lumped mass approx? I~ No
Drop Test @&
Topological Opt -For Powerdynamics lumped mass approx will be used ®\
ROM Tool [PSTRES] Incl prestress effects? I~ No J
DesignXplorer VT i
Design Opt [MSAVE] Memory save ™ No
;;:Z?;:.%‘pc -only applies if the PowerDynamnics method is selected “:’
Run-Time Stats ®
Session Editor -
Finish <

oK Cancel Help

)

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

v" Uma nova janela ira abrir [MODOPT]. Clicar em “OK”;
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Y ANSYS ED Utility Menu (trelical)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=laslsls e E

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

A\ Subspace Modal Analysis

= [MODOPT] Mode Extraction Options
ANSYS Main Menu

®|

Preferences FREQE Start Freq (nitial shift)
Preprocessor
8 Solution
@ Analysis Type
B New Analysis
ExpansionPass
Analysis O
Define Loads
Load Step Opts
SE Management (CMS)
[ Results Tracking
lve

g ELEMENTS
U FREQE End Frequency

Nrmkey Normalize mode shapes

[RIGID] Known rigid body modes

ey

[SUBOPT] Subspace iteration options
SUBSIZ Subspace working size

nual Rezoning
SetUp

BT Ser Up NPAD No. of extra vectors

NPERBK No of modes/memory block

Number of subspace iterations
TimeHist Postpro NUMSSI Maximum number
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats

NSHIFT Min, before shift

Strmck Sturm sequence check

Session Editor

Finish

Analise modal -

[elolezlolelslole@lala

)

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

mat=1 [type=1

real=2 csys=0 secn=1 |

11.2.
v

Executa a solucéao:

No ANSYS Main Menu dentro
LS” (Resolve o LS atual);
Clicar em “OK” (information: so

\

do “Solution” clicar em “Solve”, “Current

lution is done).

Na janela “Information: Solution is done” clicar em “CLOSE”.
No ANSYS Toolbar clicar em “SAVE_DB”.

12.POS PROCESSAMENTO
4.1. Gera, lista e plota os
contraventamento:

resultados para o terceiro tipo de

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

Results”,
calculadas;

“‘Detailed Summary” para

listar as frequéncias naturais
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FA\ ANSYS ED Utility Menu (trelica3)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls

Di=as|sle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®| 14 @

Preferences

zremtessor \ SETUST Command 1)

olution =

B General Postproc File —E-U @
B D 9|2

skt INOER OF DATH SETS ON RESULTS FILE v 8|5

Failure Criteria SET THE/FREQ  LORD STEP  SUBSTEP CUMULATIVE
Plot Results 1 B F el
List Results 3 1222 1 3 3 a
Query Results 4 16 1 4 4
[ Options for Outp g gig;g % g 2 &
Results Viewer 7 6.5 1 ? 7
Write PGR File § o i B B @
Nodal Calcs :
i 10 52986 1 0 10
Path Operations
Surface Operations al
Load Case 5
Check Elem Shape
Write Results ®
ROM Operations
Submodeling Q
Fatigue 7
Safety Factor =l
Define/Modify y o)
Nonlinear Diagnostics / -
Reset = ©
Manual Rezoning -

TimeHist Postpro ~

Drop Test

Topological Opt = =

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

v

v

Cada modo de vibracdo é armazenado como um caso de carga
independente;

No ANSYS Main Menu dentro do “General Postproc” clicar em “Read
Results”, “First Set” para carregar o primeiro caso de carga,

No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuracdo deformada
da estrutura;

Na janela “Plot Deformed Shape”, selecionar a opg¢ao “Def+undeformed”
e clicar em “OK” para ver a deformada do primeiro modo de vibracéo;

FA\ ANSYS ED Utility Menu (trelica3)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
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ANSYS Toolbar

- e

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

Preprocessor

Solution

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

[Defc d Shap]
& Contour Plot
[ Nodal Solu
[ Element Solu
Elem
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
Write Results
ROM Operations -l

Table

bl pkkpkRRE

Analise modal - trelica 3

)

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

v
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v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuragdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opgao “Def+undeformed”
e clicar em “OK” para ver a deformada do segundo modo de vibracao;

FA\ ANSYS ED Utility Menu (trelica3)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
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ANSYS Toolbar ®|
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Plot Path Item
Concrete Plot
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List Results
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Check Elem Shape
[ Write Results Analise modal -
ROM Operations

)

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

v" No ANSYS Toolbar clicar em “SAVE_DB”.

O,

13. 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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RESULTADOS

As 10 primeiras frequéncias naturais para as trelicas 1, 2 e 3 estdo listadas

no quadro abaixo:

Frequéncia (Hz)

Modo Trelica 1 Trelica 2 Trelica 3
1 41.880 38.849 39.607
2 121.98 113.84 118.69
3 138.10 136.40 122.32
4 249.58 229.43 251.63
5 324.65 241.68 310.75
6 346.06 360.89 340.59
7 401.61 444.27 396.58
8 413.91 497.34 416.60
9 471.05 572.30 518.59
10 518.39 633.89 529.86

Verificamos que, com o0 aumento de rigidez e de massa das colunas da

trelica, a 1la freqiéncia natural (fundamental) diminuiu.
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