INTRODUCCION

AL ANSYS 11.0

e Empezando ANSYS;
e construyendo el modelo (preprocessing);
e aplicando carga y obtener resultados (solution);

e visualizar los resultados (postprocessing)
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Figura 1: Iniciando el ANSYS.



INTRODUCCION AL ANSYS 11.0

Inicialmente debemos cambiar el nombre del trabajo y el directorio de trabajo.

Fi\aNsYS University Intermediate Utility Menu

File Select List  Plot  PlokCkrls  workPlane  Parameters  Ma

Clear & Start Mew ...
Zhange Jobname ...
Change Directory ...
Zhange Title ...

~

Resume Jobname.db ... Cambiar directorio de trabajo —
Resume From ... 3 donde seran generados los
ﬂ archivos de trabajo

Save as Jobname.db NODES
Save as ..,
Write DB log Filz ...

Read Input from ...

Siitch Cutput o ¥
Lisk k
File perations L4

AM3YS File Options ...

Impork: L
Export ...

Report Generatar ...

Exit ...

Figura 2: Cambiando nombre del trabajo, directorio y nombre del proyecto.



INTRODUCCION AL ANSYS 11.0 3

Fl\ansys University Intermediate Utility Menu

File Select List Flob  PlotCirls  ‘WorkPlane  Parameters Macro  MepuChrls  Help |

NECEOEKL

ANSYS Toolhar @

SawE_DEil RESLIM_DBl QLIITl F‘OWRGRPH' E-CF'.El CFSF'.'I.-'El CFRESLIMl CFCLEF'.Rl barra , de
herramienta

ANSYS

ANSYS Main Menu @

Preferences
Preprocessor

Solution

General Postproc
TimeHist Postpro
Topological Opt

ROM Tool /
Design Opt

Prob Design

Radiation Opt
Run-Time Stats entana grafica
Session Editor ANSYS
Finish

Menu principal de
ANSYS

\

£ Els |9 ]2

FAFFEFEFAEEARBE®

Pkl

| Pick. a menu item ar enter an AMNSYS Cormmand (BEGIN) | mat=1 | kvpe=1 | real=1

Figura 3: Ambiente ANSYS.

3.1 Menu utilitario ANSYS

File Select List  Plok  PlokCerls  WarkPlane  Parameters  Macra  MenuCtrls  Help

L Ayuda online

Ls | Controla menu secundario

—>| controla graficos (Grafico de ANSYS)

L. | Controla archivo, define nombre del archivo de trabajo (jobname)

Figura 4: Menu utilitario ANSYS.
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3.2 Menu Principal ANSYS

Contiene las funciones de ANSYS primarias:

ANSYS Main Menu &

modela y malla

Preferences

Preprocessor <—— |

TimeHist Postpro \
Topological Opt g
ROM Tool \
Design Opt

Prob Design

Radiation Opt

Run-Time Stats

Session Editor

=] Finish

Solution
General PMS define carga, control de solucién, y ejecucion
O\
N

Post-proceso General

AR EEE®EE

Figura 5: Menu principal ANSYS.

e Define elemento y sus parametros, propiedad del material.
Element Type, Real Constants, Material Props
e Geometria para modelacion de solidos
Modeling
e Definiciéon de parametros de malla
Meshing
e Mallado del modelo
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AMNSYS Main Menu

Preferences -

Element Type
Real Constants
Material Props
Sections

Meshing
Checking Ctrls
Mumbering Ctrls
Archive Model
Coupling / Ceqn
FSI Set Up
Loads

Physics

Path Operations

Modeling A i

Define tipo de elemento asi como sus
caracteristicas
Propiedad del material

Geomettria

Malla la geometria definida anteriormente

Figura 6: Menu principal ANSYS — Preprocessor.

e Define condiciones de borde y cargas (Define

Loads)

e Controla tipo de analisis y opciones, opciones de

paso de carga y salida
Opts).
¢ Inicia el calculo (Solve)

de datos (Load Step

mANS‘l"S University Intermediate UG

File Select Lisk  Plob  PlokCtrls

blzel8|s|z| 9l

AM3YS Toolbar

Wi

SP.'I.I'E_DBl RESLIM_DBl QLIITl PR

AMNSYS Main Menu

®|
Preferences -
Preprocessor
Ssolution
Analysis Type
Define Loads
Load Step Opts
Solve
FSI Set Up
Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
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e visualizacién de resultados (desplazamiento, tension, deformacion)
e lista de resultados

AHSYS Main Menu @ | ANSYS Main Menu @|
Preferences E| Preferences [=
Preprocessor Preprocessor

Solution Solution

[=RGeneral Postproc General Postproc

Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results

List Results
Query Results
Options for Outp
Results Yiewer
Write PGR File
MNodal Calcs
Element Table
Path Dperations
Load Case

Check Elem Shape Topological Opt
Write Results ROM Tool

ROM Operations = Design Opt
Submodeling Prob Design
Fatigue Radiation Opt
Gafety Factor Run-Time Stats

Define/Modify
Reset
TimeHist Postpro
Topological Opt
ROM Tool

Design Opk

Prob Design
Radiation Ot

HEHEBEBEEBE

a) pos proceso general

[E@TimeHist Postpro|

Yariable Yiewer
Settings

Store Data

Define ¥ariables
Read LSDYNA Data
List Yariables

List Extremes
Graph Yariables
Math Operations
Table Operations
Smooth Data
Generate Spectrm
Reset Postproc

Session Editor
Finish e

a) pos proceso de variables historicas
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Este ejemplo consiste en una placa en la cual se aplica una carga puntual hasta obtener el
colapso de la estructura. Las dimensiones y las condiciones de borde se muestran en la Figura 7.
La placa esta constituida por un material con las siguientes propiedades: Médulo de Young

E=2,0x10"N/m?; tensién de fluencia: c,=25X% 10° N/m?; densidad: p=7860kg/m?,
coeficiente de poisson: v=0,35. El médulo tangente elastoplastico (médulo tangente) sera

considerado con el valor de: E; =2,0x 10"° N/ m?.

0.003m

t

Figura 7: Placa — carga puntual en el centro.

Consideraciones:
Material

e Ley del comportamiento del material: no-lineal
e Plasticidad con endurecimiento isétropo
e von Mises

Elemento Finito

e FEl clemento finito empleado serd el elemento plano de cuatro nodos para placas, en
particular serd adoptado el elemento conocido en ANSYS como el shell 181.

Universidad Castilla- La Mancha Introduccién al ANSYS
Ciudad Real Por: Eduardo Chaves
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7.1 Preferences
Define tipo de problema: Estructural, Térmico, Magnético, etc.
x

[KEY¥W][/PMETH] Preferences For GUI Filkering
Individual disciplinefs bo show in the GUI

Electromagnetic:

Maote: IF noindividual disciplines are selected they will all shiow,

[ Skructural
[~ Thermal
[~ AMSYS Fluid

[~ FLOTRAN CFD

[~ Magretic-Nodal
[~ Magnetic-Edge
[ High Frequency

[~ Electric

Discipling options

04 |

f* h-Method
" p-Method Struct,

{~ p-Method Electr,

Cancel |

Help |

7.2 Guardando el proyecto

Por defecto ANSYS guarda el proyecto con el nombre:
[jobname.db]. Para guardar con otro nombre, el usuario
debera utilizar el comando Save as... como se ensefia en

la figura de al lado.

Abre proyecto *.db

R\ ANSYS University Intermediate Utility Me

File gelect List  Plob  PlobChrls  SworkPlane

Clear & Skark Mew ...
hange Jobname ...
Change Directory ...

Change Title ...

2d|)=' N

Re me.db ...
Resurne Fram ...

d POWRGRPH' ]

Save as Jobname. db

Read Input Fram ...
Siwitch Dukput bo

Lisk

File perations
AMSYS File Options ..

Irnport

Export .

Repork Generator ...

Exit ...
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7.3 Preprocessor

7.3.1 Tipo de Elemento

Elemento finito escogido: (she// 187) de cuatro nodos.

EiF 1\ aNsSYS University Intermediate Utility Menu

File Select List  Plot  PlotChrls  WworkPlane  Parameters  Macro  MenuCkrls  Help

B

AkSYS Toolbar

SAVE_DE | RESUM_DE | QUIT | PCWRERPH | E-CAE | CFSEYE | CFRESUM | CFCLEAR |

Element Types

ANSYS Main Menu

Preferences
[= Preprocessor
E Element Type
ndd/Edit;

Defined Element Types:

WORE DEFINED

Remove DOFs
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Mumbering Ctrls
Archive Model
Coupling / Ceqn
FSI Set Up
Loads

Physics

Path Operations
Solution

General Postproc
TimeHist Postpro

Delete |

Help |

Add... Options.. . |

Close |

mLihrary of Element Types

Only skruckural element bypes are shown

Skruckural Mass
Link.
Eeam
Fipe
Rigid
Solid

Library of Element Types

Elastic 4node 63
gnode 93
Plastic 4node143
Hyper 4nodeldl
Plastic 4node 43

Hyperelastic

Element type reference number

(04 |

dnodeld1

Help |

Universidad Castilla- La Mancha
Ciudad Real

Introduccién al ANSYS
Por: Eduardo Chaves
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Propiedad del elemento finito: espesor

Fi\ansYs university Intermediate Utility Menu

File  Select  List  Plab  PlobChkrls  \WorkPlane  Parameters  Macro Mepoct

i

AkSYS Toolbar

SAVE_DE | RESUM_DE | QUIT | PR GRPH I F-C4F I CF=AVE I CFRFSI M I

Real Constants |

Defined Real Conskant Sets

AMSYS Main Menu MOME DEFIMED

Preferences

= Preprocessor
Element Type
E Real Constants

Thickness Func
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqgn
FSI Set Up
Loads
Physics
Path Operations

Solution

H General Postproc Close | Help |

TimeHist Postpro

Edit... | Delete |

OBS.: PARA DETALLES DEL ELEMENTO O SIMPLIFICACIONES, VERIFICAR
MANUAL ANSYS

sity Intermediate Ukility Menu

k

Intermediate Utility Menu

st Plot  PlobkCkrls  WorkPlane  Parameters  Macro  MenuCtrls

~l8]a] 7] &)

QUIT| POWRGRPHl E—CF\El CFSAVEl CFRESUMl FiC

Help Topics

‘What's Mew
AMSYS Tuborials
AMSYS Website

Legal Motices
About ANSYS

Universidad Castilla- La Mancha Introduccion al ANSYS
Ciudad Real Por: Eduardo Chaves
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Fi1real Constant Set Number 1, for SHELL181

Element Type Reference Mo, 1

Real Constant Set Mo,

Real Constants for SHELL1S1
shell thickness at node I TE(T)

atnade 1 TE(TD

ak node K TECK)

atnode L TEL)
Element %-axis rokation  THETA
Added massfunit area  ADMSUA
Transverse sheat stiffress E11
Transverse shear stiffness EZZ
Transverse shear stiffness E12
Ctill skiff scale Fackar DRILL

Hourglass scale Factaor MEMERAMNE

Hourglass scale Factor  BEMDING

(04 apply

Zancel

0,003

Obs.:Como el espesor en el
elemento finito es constante,
es suficiente con poner el
valor del espesor en el nodo
I solamente.

LT

Help
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7.3.2  Propiedad del material
F\ansys university Intermediate Utility Menu =10l x|
File Select List  Plok  PlokCkrls  ‘WorkPlane  Parameters  Macro  MenuCkrls  Help |
E .
AMSYS Toolbar gl

SAVE_DE | RESUM_DE | QUIT | PotWRGRPH | E-CAE | CFSAYE | CFRESLIM | CFCLEAR. |

AMNSYS Main Menu

Preferences
= Preprocessor
Element Type
Real Constants
E Material Props
Material Library
Temperature Units
Electromag Units
Convert ALPx
Change Mat Mum
Write Lo File
Read from File
Sections
Modeling
Meshing
Checking Ctrls
Mumbering Ctrls
Archive Model
Coupling / Ceqn

| Pick. a menu item or enker an AMNSYS Command (PREPT) mat=1 | type=1 | real=1 | csys=0
Define Material Model Behavior -0 =]

Material Edit Help

— Material Models Defined
@ Material Model Mumber 1 =
=~
1 |+

— Material Models Available

@ Struckural
Linear
& morlinear
Elastic

@ Inelastic

@ Rate Independent
ﬁ Isotropic Hardening Plasticity
@ Mises Plaskicity
R iline o
£ Multiinear
£ Morlinear

(e Hill Dlackicibe
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Linear Isotropic Properties for Material Numbe Al

Linear Isotropic Material Properties For Material Mumber 1

Moédulo
de Young E

Temperatures E
Ex EE+DI 1

coeficiente
de Poisson Vv

Add Temperature | Delete Temperature | Graph |
(] Cancel | Help
Bilinear Isotropic Hardening for Material Number 1 k|

Bilinear Isotropic Hardening For Material Mumber 1

Si uno desea, para
visualizar la curva de

tensién deformacion en
na dimension

T1

Temperature E

Yield Skss
Tang Mod E+010

add Temperature | Delete Temperature | Add Row | Delete Row Graph

] | C | Hel
apretar OK después de anceE elp

dibujar el grafico.

{x10%%5]
4000

3600
Ja0o

2800
=]
Yield Stss 1 TangMod

z400
SIG onng
1600 EX
1200

500

400

0 (x10F%-3)

.5 1.5 2.5 3.5 4,5
EPZ

Figura 8: Curva tensién vs. deformaciéon (una dimension).

Universidad Castilla- La Mancha Introduccion al ANSYS
Ciudad Real Por: Eduardo Chaves
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mDeﬁne Material Model Behavior -0l x|
Material Edit  Help
r Makeri fefe e ned r Material Models Available
|ﬁ Material Model Mumber 1 =l @ Skructural -
@ Linzar Isotropic Linear
@ Bilinear Isotropic ﬁ Monlinear
Elastic
ﬁ Inelastic
@ Rate Independent
|ﬁ Isatropic Hardening Flasticity
(& Mises Plasticity
, , . —~ 2 Riinear
aqui estan las propiedades del Mm=Es
modelo, caso necesite alterar @ Muiiinear
i Monlinear
algan valor @
g11 [ Hill Dl =ckicik LI
l |+ . |+
7.3.3 Definiendo la geometria
Para definir la geometria se utiliza el subapartado de 3]
. . . ’ AMNSYS Main Menu
Preporcessor denominado de Modeling , a partir de ahi se crea
; p . .1 . E] Preferences =
puntos, lineas, areas y volumen si es el caso tridimensional. O Preprocessor
Element Type
Real Constants
Material Props
Sections
= Modeling
E Create
B Eeypoints
2 On Working Plane  —
&1 0n Line
#1 On Line w/Ratio
&1 0n Node

21 KP between KPs
A Fill between KPs
KP at center
Hard PT on line
Hard PT on area

Lines

Areas

Yolumes

Nodes

Elements

Contact Pair

Pining Models

Universidad Castilla- La Mancha
Ciudad Real

Introduccién al ANSYS
Por: Eduardo Chaves
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7.3.3.1 Creando puntos

In active CS

mtreate Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate Syskem
MPT  Keypaint number

A%, 2 Location in ackive C5

E E E
0, | apply | Cancel | Help |

Hacemos el mismo para los puntos 2, 3 y 4 con las siguientes coordenadas:

2 (x=0.15; y=0; z=0)
3 (x=0.15; y=0.1; z=0)
4 (x=0;y=0.10; z=0)

POINTE

ANSYS

HOR & ioo:
15:58:46

Universidad Castilla- La Mancha
Ciudad Real

Introduccién al ANSYS
Por: Eduardo Chaves
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7.3.3.2

Creando lineas

Straight Line — Crea lineas rectas sélo con picar en dos puntos previamente definidos.

ANSYS Main Menu

®|

Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
E Lines
= Lines
A
2 In Active Coord
1 Overlaid on Area
# Tangent to Line
& Tanto 2 Lines
21 Normal to Line
21 Norm to 2 Lines
Z At angle to line
1 Angle to 2 Lines
Arcs
Splines
1 Line Fillet
Areas
Yolumes
Nodes
Elements

Create Straight Line

{* pick i Tnpick
[y Sdingle " Box

) Polygon | Gircle
[ Loap

Count = 0
Maximum = z
Minimum = Z

EeyP MNo. =

¥ List of Items

i Min, Max, Inc

0K I Appli |
Beset | Cancel |
Picl A1 | Heln |

1
LINEH

TYPE NUM

linea 3

ANSYS

NOov  Z 2003
16:02:23

linea 4

I

klinea 1

nea 2

Universidad Castilla- La Mancha
Ciudad Real

Introduccién al ANSYS
Por: Eduardo Chaves
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7.3.3.3 Creando areas

By Lines — Crea area definida por lineas previamente creadas.

ANSYS Main Menu

Material Props
Sections
E Modeling
Bl Create
Keypoints
Lines
= Areas
B Arbitrary
#1 Through KPs
#1 Overlaid on Area
Ak Lines)
2 By skinning
2 By Offset
Rectangle
Circle
Polygon
21 Area Fillet
Yolumes
Modes
Elements
Contact Pair
Piping Models
Circuit
Transducers
Operate
Move / Modify

®
L

Create Area by Lines

* pick - Tnpick

v Single " Box

€ Bolyaon ) Circle
[ Loop

Conmat = 0
Maximum = 4
Minimum = Z
Line No. =

{* List of Items

[ Min, Max, Inc

OE I Apnlsy |

Deset | Cancel |

ik eiie Tl | Help |

LINEZ

TEFE WM

ANSYS

woig

16:09: 28
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cuatros puntos previamente definidos.

Ejercicio: Intentar crear la misma area sin crear previamente las lineas, solamente con los

7.3.4 Mallado (Meshing)

Una vez creada el area o el volumen (cuando sea el caso) ya podemos hacer la malla de

elementos finitos.

ANSYS Main Menu

®|

Meshing — Mesh — Area — Free

Modeling
E Meshing

Sin la alteraciéon en las caracteristicas de los parametros & Mesh Attributes

MeshTool

responsables para la generacion de la malla el programa por Size Cntrls
defecto adopta cierta valores, que no siempre son los mas & Mesher Opts

satisfactorios. Por ello necesitamos alterar dichos valores.

Concatenate
B Mesh

2 Keypoints
A Lines
[ Areas
Mapped
Ak e
2 Target Surf
Yolumes
Yolume Sweep
Tet Mesh From
Interface Mesh
Modify Mesh
Check Mesh
Clear

Checking Ctrls
Mumbering Ckrls
Archive Model
Coupling / Ceqn
[F1 FST Setlin

r

1

p— , ANSYS
hnea 3 WOl & Zooz
1532 32
linea 4
SAN linea P

> linea 1

Figura 9: Malla de elementos finitos.
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Vamos alterar la malla con la siguiente criterio: la linea 1 y 3, como se ensefia en la Figura 9,
tendra 10 divisiones. Los de la linea 2 y 4 tendran 8 divisiones, para ello:
Meshing — Size Cntrls —» ManualSize — Lines — Picked Lines

Element Size on Picke

Una vez
seleccionadas las
dos lineas

horizontales

[LESIZE] Element sizes on picked lines
SIZE  Element edge length
MNDIY Mo, of element divisions

(MDIY is used only if SIZE is blank or zera)
K¥MDIY SIZE,MDIY can be changed

[ Wes
SPACE Spacing rakio

AMSYS Main Menu )] & piek C Unpick
Modeling J
&l Meshing ~ v Single " Box
Mesh Attributes
MeshTool " Polygon (= fircle
[E Size Cntrls e
SmartSize 1
B ManualSize
Global Coume = 0
Areas m Maximum =
B Lines Minimam =
all Lines
H Line MNo. =
#1 Copy Divs |
#1 Flip I?las % List of Items
A Clr Size
Keypoints i Min, Max, Inc
Layers
Concentrat KPs
Mesher Opts ||
Concatenate
Mesh 3
Modify Mesh
Check Mesh ek ) Rpply |
Clear > NS~———
Checking Ctrls Peset | Cancel |
Numberina Ctrls s
Pick Alll Help |
4
5

AMGSIZ Division arc (degrees)

{ use AMGSIZ only if number of divisions (MDIY) and
element edge length {3IZE) are blank or zera)

Clear attached areas and volumes

QK |

[~ Mo

Apply | Cancel |

Help |

Hacer el mismo proceso para las lineas verticales.
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Para hacer el remallado con este nuevo criterio:
Meshing — Mesh — Area — Free
lELEIEHTS ANSYS
HoO 2 ZooZ
1&5:4z2: 22
H
7.4 Solucion
ARISYS Main Meny @
Preferences B

Una vez defino, el tipo de elemento, el material, modelo
constitutivo, la geometria y la malla, pasamos a la fase
siguiente, que es la aplicacion de las condiciones de contorno
y aplicacion de la carga
En este apartado seran definidos:

e [.as condiciones de botde;

e El proceso de carga.

Preprocessor
Sksolution|
Analysis Type
Define Loads
Load Step Opts
Solve
FSI Set Up
ADAMS Connection
Unabridged Menu
General Postproc
TimeHisk Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish
CivilFEM
Ciwvil Setup
Ciwil Preprocessor
Civil Solution
Civil Postprocesor

Seicmic Decinon

0@ EE EE
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7.4.1 Condiciones de contorno

Desplazamiento prescrito

Solution
— Define Loads
— Apply
— Structural
— Displacement

nudo

desplazamiento
en la direccién z
restringido
linea 4

nudo

Q1S Lrvversiy 1

File Select List Plot  FlobCerls  WorkPlane  Parameters Macro  MenuCkrls  Help

ANSYS Main Menu

@ |

Preferences
Preprocessor
E Solution
Analysis Type
B Define Loads
Settings
B Apply
E Structural
B Displacement
1 On Lines
2% On Areas
21 On Keypoints
PAJ0n Nodes|
#1 0On Node Components
Symmetry B.C.
Antisymm B.C.
Force/Moment
Pressure
Temperature
Inertia
Pretnsn Seckn
Gen Plane Strain
Other
Initial Condit’'n
Load Yector
Functions
Delete

HElE®HEE

=101

NECEELE

-3 |

ANSYS Main Menu

Lonlbar
@l ] Apply UROT on No

ferences

processor m 9 Ee @
::llanll:rsis Type i Single " Box
Define Loads © Polygom (" Circle
Settings T Loop
Bl Apply
= structural Coumnt = 1
H Displacement Tomlem o Ef
A 0n Lines e, e
Z1 0n Areas
21 On Keypoints L wetl We. = Z
Faon vodes N
Z1 On Node Componer {* List of Items
Symmetry B.C.
(. Min, Max, Inc

Antisyrmm B.C.
Force/Moment
Pressure ||

Temperature j
OE I

Al |+
| [D] Pick or enter nodes For displacerment cor

Apply |

Reset | Cancel |

nudo automaticamente sali el

2 Elols]

lslolelajzlajalalelale i

nimero del nudo, en este caso el
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mnpplr U,ROT on Nodes |

[0] Apply Displacerments (U,ROT) on Mades
Labz D[OFs to be constrained

Apply as IC:::nstant value j

If Conskant walue then;

VYoLUE Displacement walie ||:|
(04 | Apply Cancel | Help |

OK o APPLY permite seleccionar el nodo donde se deseas restringir el desplazamiento en la
direccion Z.

Cuando haya toda una linea que la que el movimiento esté restringido, es mas practico utilizar [Oz
Lines|

APLICACION DE LA CARGA

Para este ejemplo, hay dos formas de aplicar la carga para, una serfa aplicar directamente
la carga, la otra, la adoptada, sera aplicar un desplazamiento y obtener la reaccién de la fuerza en
este punto (reaction Force). El nudo es el nudo central de la placa, que segin la numeracién de lo
nudos tiene nimero 68, ver figura abajo.
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=101

File Select List Plob  PlotChrls  WorkPlane  Parameters Macro  MenuCtrls  Help ‘

Dlz|ale| s 7] =l

Lonlbiar iz

ANSYS Main Meriu @” P |
ferences [= Apply U,ROT on Nod
processor (Z |
ution * Pick ™ Unpick
fnalysis Type @ |
Define Loads ¥ Zingle " Box SIﬂ
Settings " Polygon (" gircle
= Apply (e Lioop EB |
B Structural
E Displacement Count -1
2 On Lines _ . s
A On Areas srium =

2 On Keypoints | | damim =
¥k rodes woas 0. (C_s2 ) <

24 On Node Componer

| [ekkRRRRRE[EF

symmetry B.C.  List of Ttens observar que el nudg
Antisymm B.C.
Force/Moment " Min, Max, Inc central es el de
Pressure numetro 68
Temperature d I
Ka [ +]
04 I Appl | —
| [0] Pick or enter nodes For displaceme Sha | mat=1 type=1 | real=1 | ceys=0
_ | | - -

Obs.: En este ejemplo el punto de aplicacion de la carga ha coincidido con un nodo de la
malla. Ni siempre se logra esto. Por eso antes de generar la malla, los puntos donde
hayan aplicacién de carga o movimientos prescritos deben ser previamente definido
en KeyPoints como visto en el apartado 7.3.3.7.

Aplicaremos un desplazamiento al nudo central (68) de —0.0001

mnpplr ULROT on Nodes |

[O] Apply Displacements (U,ROT) on Nodes

Labz [i3Fs ko be constrained all DoF -
(WS

LY
iz
ROTH

ROTY l

Apply as ICDnstant walue j

If Constant walue then:

WYaLLE Displacement value I -0.0001
Ik Apply | Cancel | Help |
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La aplicacion del desplazamiento sera hecha de forma gradual. Para este primero paso de carga
deberemos guardar en fichero, tomando el siguiente paso:

Solucion — Load Steps Ops — Write LS File

File Select List Plot PlotCrls WorkPlane Parameters Macro  MenuCtrls

BECEIEEEL

ANSYS Toolbar

ANSYS Main Menu

E Preferences
[ Preprocessor
= Solution
@ Analysis Type
Define Loads
B Load Step Opts
Output Ctrls
Other
Reset Options
Read LS File
B
Initial Stress
Solve
[# FSI Set Up
[H ADAMS Connection
Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
] Session Editor

lolels.

[
l4

|

tEpRERkERREREEeH

Finish
|E cCivilFEM -l
[ Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 type=1 real=1 csys=0

Fi\virite Load Step File

[L3WRITE] “rite Load Step Fie (Jobname. Sm)

LSMUM Load step file number n

]9

Apply

Cancel

Help
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ANSYS guardara este primero paso de carga en un fichero llamado [file.s01] tipo ASCII, donde
“file” es el nombre del trabajo definido inicialmente. El fichero se encuentra dentro del directorio
de trabajo. El formato del fichero se encuentra a continuacion:

[P file.s01 - Bloc de notas O] x|

Archivo  Edicion  Formato  Yer Ayuda

|/COM, ANSYS RELEASE 11.0 UP20070125 19:24:45 10/28/2008 =
JNOPR

JTITLE,

_LSHUM= 1

BFUNIF, TEMP, _TINY

KUSE, 0

TIME, 0.00000000
TREF, 0.00000000
ALPHAD, 0.00000000
EETAD, 0.00000000
DMPRAT, 0.00000000

CRPLIM, 0.100000000 . 0

CRPLIM, 0, 00000000 . 1

MCNY, 1, 0.00000000 ) 0, 0.00000000 » 0.00000000
NEQIT, 0]

ERESx, DEFA

ACEL, 0,00000000 » 0.00000000 , 0.00000000
OMEGA,  0.00000000 . 0.00000000 , 0.00000000, 0
DOMEGA,  0.00000000 . 0.00000000 » 0.00000000
CGLOC,  0.00000000 . 0.00000000 . 0.00000000
CGOMEGA,  0.00000000 . 0.00000000 , 0.00000000
DCGOMG,  0,00000000 . 0.00000000 , 0.00000000
IRLF, O

D, 1,uz , 0.00000000 » 0.00000000

o, 2,0z, 0.00000000 . 0.00000000

o, 12,0z , 0.00000000 . 0.00000000

D, 22,02 ,  0,00000000 , 0.00000000

D, i2,U2 ,  0.00000000 »  0.00000000

D, 33, U2, 0.00000000 »  0.00000000

D, 34,0z, 0.00000000 » 0.00000000

o, 35,0z, 0.00000000 . 0.00000000

o, 36, Uz, 0.00000000 . 0.00000000

D, 37, Uz, 0.00000000 , 0.00000000

D, i, Uz, 0.00000000 »  0.00000000

D, i9,U2 ,  0.00000000 »  0.00000000

D, 40,Uz ,  0.00000000 » 0.00000000

o, 81,uz ,-1.000000000E-04, 0.00000000

JGOPR

=
N
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El préoximo paso de carga sera definido como un factor de carga con relacién con el primero paso
de carga que fue de —0.0001.
El usuario debe seguir los siguientes pasos:

Solucion — Define Loads — Operate — Scale FE Loadas — Constraints

ANSYS University Intermediate Utility Menu —10) x|

Flle Select List Flot  FlatCtrls  ‘WorkPlane  Parameters Macro  MenuCtls  Help |

Dizlas|slo| 2= =l Z|

ANSYS Toolbar &) ‘

SAVE_DB| RESUM_DE| QUIT POWRGRPH| E-CAE CFSA\I‘E‘ CFRESUM| CFCLEF\R|

:usvs WMain Menu @| T L= @
E Preferences 1= ELEMENTS
Preprocessor o 0 @ @
[ Solution h
Analysis Type 9 @
O Define Loads & ’_3|ﬂ
8]

Settings
Apply
Delete
B Dperate
B Scale FE Loads
Eonsraints
Forces
Surface Loads
Nodal Body Ld
Elem Body Lds
Transfer to FE
Delete LS Files
Load Step Opts
Solve
FSI Set Up
ADAMS Connection
Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
E5 Finish
E CivilFEM
B3 Civil Setup
Civil Preprocessor
Civil Solution =l |

alalslel=|e[2|ole]slolefalalalala

| Pick & menu item ar enter an ANSYS Command (SOLUTION) | mat=1 | type=1 ‘ real=1 | csys=0

Scale DOF Constrainkts

[DOFSEL] [DSCALE] Scale DiOF Constrainks on All Selected Modes
[DOFSEL] DOFs to be scaled

[DSCALE]

REACT Scale Fackor Factor de .cscala de
10, es decir, -

—0,0001%x10=
-1,0x107°

TBASE Base temperature -

- used For temperature DOF only
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El siguiente paso es guardar en un fichero este paso de carga.

Solucion — Load Steps Ops — Write LS File

A

File Select  List  Plok  PlotCtrls

Macro  MenuCtrls  Help

blz|as| 8| &| 2

AMSYS Toolbar

SAVE_DE | RESUM_DE | QUIT | POWRGRPH | E-CAE | CFSAYE | CFRESUM | CFCLEAR |

AMNSYS Main Menu

Preferences
Preprocessor
[ Solution
Analysis Type
Define Loads
B Load Step Opts
Output Ctrls
Other
Reset Options
Read LS File
=
Initial Stress
Solve
FSI Set Up
ADAMS Connection
Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
inish
CivilFEM
Civil Setup
Civil Preprocessor
Civil Solution
Civil Postprocesor
Seismic Design
Flac3D
Soil Mechanics
Geotechnical module

Bridge and Civil Non Linearities j

I\ write Load Step File

[LSWRITE] ‘Write Load Step File {Jobname.Sn)

LSMUM Load step file number n

Cancel |

| Pick a menu item or enter an AMSYS Command (SOLUTIOMN)

| mat=1 | type=1

| csys=0

Con eso, ANSYS, guardar en un fichero de nombre |[file.s02] en el directorio de trabajo.
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7.4.2 Solve

AMNSYS Main Menu

Preferences
Preprocessor
E Solution
Analysis Type
Define Loads
Load Step Opts
E Solve
Current LS
FromLs e
Partial Solu
Adaptive Mesh
F5I Set Up

[P DnR A O ki

B SD"U'E Load Step Files

[ [L550LYE] Solve by Reading Data fram Load Skep (LS) Files
] LSMIM Starting LS File number

F Lsmax Ending LS file nurmber
[
f L3IMC File number increment

Ok | Zancel Help |

i
1]

-—m mm m

MTEHARIREEEEEE
-

Antes de anadir otro paso de carga vamos a visualizar los resultados.

ARISYS Main Menu @

Preferences
Preprocessor
Solution
5
Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
[E Options for Dutp
Results Yiewer
wEPeR Al | i S
Modal Calcs
Element Table
Path Operations
Load Case
Check Elem Shape
Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
Reset
TimeHist Postpro
Topological Dpt

Nuevo ambiente grafico, para
el post-proceso.
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Results Yiewer - file.rst

File Edit View Help

=l

3
|

2lelplel=[|t|o)e|s|olee|2|alalal2]a]e i

& 5l o]

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

mat=1

kype=1

real=1

csys=0
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escoge la variable a ser
visualizada
Results Yiewer - file.rst =

File Edit Wew Help

EI | -Component of stress
LUl

[58] Favorites =
f Modal Solution
(58 DOF Salution

ﬁ Skress

(7 - _omponent: of stress

A Y-Component of stress

) E'CDITIFlﬂl Result Ikem For Wiewing
G Y Shear skress

EE¥ W2 Shear stress

A %7 Shear skress

EE¥ Lst Principal stress

G 2nd Principal stress

EE¥ 3rd Principal stress

N Stress intensity |

=0l x|

JA91E+0T

PO IR o

[z lelelzlolelale|alalale |zl L

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

real=1

| csys=0
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File Help

File Select List Plot  PlokbCh Wwarl

e U9 oo Poof W ) Bl e S e ] S8
EI El El @I @l 7 m _.! Wariable List
ANSYS Toolbar / \

SAVE_DBl RESUM_DBl QL)ATl PCOMWeRGE

ANSYS Main Meriu / 6]
Preferences =
Preprocessor

Solution

General Postprg

imeHist Postpro|
Yariable Yigwer
Settings Calculakor \

Store Dala I =| \

1]

Define ¥ariables

Graph Yariables MIN  COM]  e™x
Math Operations
Table Operations
Snpooth Data RCL
enerate Spectrm
eset Postproc
Topological Opt NS MEM SCRT
[
// AES ATAN | K2 | 1 Z 3 =
| Picya meny ikem ar enter an F\NS'\"SCD},

T at+ib LM 7 =3 El i CLEAR

5TO LG 4 5 & * L

—=m

File Help
W'or|

S e =2 T e Y

r

X

Actualiza
ventana de
variables

Selecciona las
variables a

Lista los valotes
de la variable

seleccionada (en
azul)

Universidad Castilla- La Mancha Introduccion al ANSYS
Ciudad Real Por: Eduardo Chaves
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Add Time-History ¥ariable k|

— Resulk Ikem

Favarites ﬂ
@ Modal Solukion

DiOF Solukion

@ Stress
5 - Componient of stress
G v-Component of stress

W T e R LI
1| ILI

— Resulk Ikem Properties

Wariable Mame |S><_2
The faorce resulks are the Itl:ul:al forces j
Shell Resulks
Result is taken From the It-:up j
] | Apply | Cancel | Help

Mode for Data

{* pick [ Tnpick

[y Single " Box

. Polygen & Circle

T Lioap

Count = u}
Maximam = 1
Minimuam = 1
Node Mo, =

{* List of Itenms

[ Min, Max, Inc

|5l
O Apply 1’
Baset Cancel
Pick A1l Help
Universidad Castilla- La Mancha Introduccién al ANSYS

Ciudad Real Por: Eduardo Chaves
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Time History ¥ariables - file.rskt |
File Help
X ) @ e =S8 —
Yariable List - @l
Marne |Element |Mode |Resulk Item |Minimum |Maximum e\ | | ]
TIME Tirne G
averaged 68 omponent of stress -1, =+005 = +007
EPEL%_3  averaged 68 #-Component of elastic strain -0.000727125 -7.27125e-005
EPPLX_4  averaged 68 ¥-Component of plastic strain ] i}
Obs.: La variable seleccionada
sera la ordenada en el grafico, y =
« la que tiene el boton de X-Axis [v]
Caleulator \seleccionado sera la abscisa. @|
| S%_2 =|ansol(ss 5,1
{ ) | =l =
MIMN COMI s
[ a+ib LM 7 g 9 ! CLEAR
RCL
STO L3 4 5 & & s
INS MEM SORT
ABS ATAN w2 1 2 3 = E
]
INT1 IMAG T
E
MW | DERIV | REAL | u] | o | + | R

Obs 1.:La deformacién total es obtenida como la suma de la deformacién elastica y la
deformacion plastica, Ze.:

e=¢+¢’

Obs 2.:La deformacién plastica es la deformacién irrecuperable. En otras palabra, cuando
descargamos el material, la deformacion residual es la deformacion plastica, ver grafico abajo.

carga //
e=¢’+¢’

descarga

SP
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Time History ¥ariables - file.rst |
File Help
+ 8 B ) s e ) 6 R—
Wariable List @l
[ Mame |Element__ |MNode |Result Trem |Minirrwrm |Mazirnum |-ais | |«
Tirmne: 1 2
averaged 65 jponent of stress - -1 17
EPELX_3  aweraged 63 -Component of elaskic strain -0.000727125  -7.27125e-005
eraged 68 3-Component of plastic strain 0 0
skrain Calculated -0,000727125  -7.27125e-005
Deformacion
plastica 0, aun en € =
1| limite elastico [ »]
Calculator \/ &
SH_2 =|anso|(68 J3,m)
¢ | | =l [
MIN COMNI e
[ a+ib LN 7 g 9 ! CLEAR.
RCL
31O LG 4 S & * e
IMS MEM SQRT
ABS ATAN X2 1 z 3 - E
M
INT1 IMAG T
E
MY | DERIY | REAL | 1] | | + | R

Podemos verificar por la
alcanzado el limite elastico.

Para dibuja la grafica: @

[l0*+5
zoo

deformacion plastica (plastic strain) que el material todavia no ha

1

Q

=-Zoo

=400

—&00

tension

=&00

—1000

=-1lz00

=1400

—1l&00

=1500

[ 10**=-3]

deformacion

Como se puede observar, no podemos ver donde estan exactamente los pasos correspondientes.

Para marcar el paso de cada

paso, debemos alterar el grafico, para eso seguir los pasos:

Universidad Castilla- La Mancha
Ciudad Real

Introduccién al ANSYS
Por: Eduardo Chaves
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ermediate Utility Menu

PlotCerls  workPlane  Parameters  Macro  MenuCtrls

Pan Zoaom Raotate ..,
View Settings 4

I Mumbering ...
Symbaols ...

Hidden Line Options ...
Size and Shape

Font Conkrols r

Edge Options
Window Controls L4 9= P
Erase Options 4 Conkours

Graphs
F Animate L4 ez
. Colors

Annotation L

Light Source
Translucency
Texturing

Device Oplions ...
Redirect Ploks L4
Hard Capy 4

Wiewing Control
Modify Curve ...

Modify Grid ..
Modify dxes ..

Select AnnojGraph Font ...

Background
Mulkilegend Dptions
Floating Point Format ...

Save Plot Ckrls ..
Restore Plok Ckrls ..
Reset Plot Ctrls

Displacement Scaling ...

Capture Image ...
P 9 Weckor Arrow Scaling ...

I Restore Image ...
Mitike Mekafile r shell Mormals ...

Solid Model Facets ...

Symmekry Expansion

Mulki-Plot Controls ..
Mulki-*indaw Lavaut ...

Best Quality Image r

mturve Modifications for Graph Plots

[iaTHK] Thickness of curves
[IGROPT]LFILL Area under curve

[MGROPT], CURL Curve labels

IDu:nuI:-Ie

[t Filed

IIn Legend j

[MECOLUMM] Specify string label
CLURYE number (1-10)

LABEL Far curve

[iGMARKER] Specify marker tvpe For curve
CURYE number {1-10)

KEY to define marker bype

Increment (1-255)

(0] 4 | Apply |

Cancel |

Help |




INTRODUCCION AL ANSYS 11.0 36
{X10**E)
Z00
u)
—-£0oo
—400
—-&00
tension —z0n /
-lo00n0 /
-1200 ,/
-1ls00 v,
-lz00 2 / fxlO**—d)
-8 = —-4_8 3.2 -1. u}
-7z -5. & -4 -z.4 -.8
deformacion
Figura 10: Curva Tension x Deformacion.
APLICANDO MAS CARGAS
Tercero paso de carga: repitiendo el proceso anterior, desde del Factor de Escala, es decir
Solucion — Define Loads — Operate — Scale FE Loadas — Constraints
x

[DOFSEL] [D3CALE] Scale DOF Constrainks on &ll Selected Modes
[DOFSEL] DOFs ko be scaled

[DSCALE]
RFACT Scale Factor

TBASE Base bemperature -

- used For temperature DOF only

Ik, | Apply |

Cancel |

el desplazamiento sera
el antetrior

multiplicado por este
factor de escala:
—1,0x107°x2,5

Help |

Guarda este paso en el fichero:

Solucion — Load Steps Ops — Write LS File
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Fi\virite Load Step File x|

[L3WRITE] “rite Load Step Fie (Jobname. Sm)

LSMUM Load step file number n I 3

(0] 4 Applsy Cancel | Help |

SOLVE

=10l x

File Select Lisk Plob  PlobCtrls  ‘WorkPlane  Parameters Macro  MenuCtrls  Help

Dl=|e|a| &z | = e

Loolbar

30 |

ANSYS Main Menu @|

Preferences
Preprocessor
E Solution
Analysis Type
Define Loads
Load Step Opts
A Solve
Current LS

rom LS Files
Partial Solu Solve Load Step Files

= Adaptive Mesh
I S:I:pUI:E &5 [LSSOLYE] Solve by Reading Data From Load Step (LS) Files

ADAMS Connection |~ LSMIN Starting LS file nurnber
Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt

Prob Design Ok | Cancel Help |

2oz
o clle |2 |s

|

LSMax Ending LS File number

LSIMC File number increment

i
il

Vertificando el post-proceso de las variables historicas, TimeHist Postpro
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Time History ¥ariables - file.rskt |
File Help
X ) @ e =S8 —
Yariable List @l
Marne |Element |Mode |Resulk Item |Minimum |Maximum [iz-txis | | ]
TIME Time 1 3 0
S_2 averaged 68 #-_omponent, of stress -1,78313e+007 .
EPPL%_3  averaged 68 #-Component. of plastic strain 1] lﬂ
PELY_4  averaged 68 ¥-Component of elaskic strain 5 [ ]
podemos verificar que ya
hubo deformacion plastica, —
salimos de régimen elastico
4| [+
Caleulatar @l
{ ) | =l =
MIMN COMI s
[ a+ib LM 7 g 9 ! CLEAR
RCL
STO L3 4 5 & * s
INS MEM SORT
ABS ATAN w2 1 2 3 = E
]
INT1 IMAG T
E
MW | DERIV | REAL | u] | o | + | R

Ejercicio: Obtener otros pasos de carga con los siguientes factores de carga:
paso de carga 4:

mﬁcale DOF Consktrainks

[DOFSEL] [D3CALE] Scale DOF Constrainks on &ll Selected Modes
[DOFSEL] DOFs ko be scaled

[DSCALE]
RFACT Scale Factor 2.5

TBASE Base bemperature - I

- used For temperature DOF only

Ik, | Apply | Cancel | Help |
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paso de carga 5:
Ii5cale DOF Constraints |
[DOFSEL] [D3CALE] Scale DOF Constrainks on &ll Selected Modes

[DOFSEL] DOFs ko be scaled 1
LI

ROTH®
ROTY
ROTZ

[D3CALE]
RFACT Scale Factor 3

TBASE Base bemperature -

- used For temperature DOF only

(a4 | Apply | Cancel Help |

|

y el sexto ultimo paso de carga:

Ii5cale DOF Constraints |

[DOFSEL] [D3CALE] Scale DOF Constrainks on &ll Selected Modes
[DOFSEL] DOFs ko be scaled

[DSCALE]
RFACT Scale Factor 0.8

TBASE Base bemperature - I

- used For temperature DOF only

Ik, | Apply | Cancel | Help |

Universidad Castilla- La Mancha Introduccion al ANSYS
Ciudad Real Por: Eduardo Chaves



INTRODUCCION AL ANSYS 11.0 40

Solve

Tras solucion del problema, deberemos obtener los siguientes resultados:

Time History ¥ariables - file.rskt |
File Help
s Jrad L~ S =2 = | T Real =
Yariable List @l
Sa_2 averaged 68 #-_omponent, of stress =7.79087e4+005 -1,783153e+007 &
EPEL%_3  averaged 68 #-Component of elastic strain -0.00305641  -7.27125e-005 o
EPPLX_4  averaged 68 ¥-Component of plastic strain -0.0153816 i} s
skrain Caloulated -0.018438 -7.27125e-005 o
ka
4| I
Caleulatar @l
| strain =|{epeb_3)-+{epplx_4}f puede cremm‘ependientes de
las originales
¢ 3 | = - strain= la suma de la deformacion
elastica con la deformacién plastica.
MIMN COMI s .
No olvidar de hace
[ a+ib LM 7 g 9 ! CLEAR
RCL
STO L3 4 5 & & s
INS MEM SORT
ABS ATAN w2 1 2 3 = E
]
INT1 IMAG T
E
MW | DERIV | REAL | u] | o | + | R

Se puede también obtener las variables en valor absoluto

Time History ¥ariables - file.rst

File Help
s e~ STy =2 = | T O
Yariable List

Mame Element Mode Resulk Tkem Timirnum IMazimum H-Bis
N2 averaged 68 w-Compaonent of stress -7, 79087e4+0038 -1,78313e+007 [&
EPELX_3  aweraged 63 w-Component of elastic skrain -0.00308641  -7.27125e-005 [
EPPLY_4  aweraged &3 n-Component of plastic strain -0.0153816 0 i
skrain Calculated 7.27125e-005 0018438 o

J

Calculator  _————
— ~

| skrain = |absl[-[strain}-]l

Introduccién al ANSYS
Por: Eduardo Chaves

Universidad Castilla- La Mancha
Ciudad Real
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La grafica tension-deformacion total (en valor absoluto) para la direccion X en el nudo 68 debera
tener el aspecto del la Figura 11.

[xl0**5]
s00o

TE00

£400
EEOD
a4s00 ] ;

tension -/4‘/

S 3 descargs

Z300

1E00 2/ 16
&on /

0 1 [xlO**=z]

J1ES 275 BES WET5 1.1:25

deformacion

Figura 11: Curva Tension x Deformaciéon del nodo 68 (punto de aplicacion del desplazamiento)
en valor absoluto.

Obteniendo la curva fuerza desplazamiento en el nudo de aplicacion de al carga

Time History Yariables - file.rskt

File Help
BB & Eere =SS
Yariable List

Marie Element Mode Result Iter Minirnrn TSz H-fuxis

Sn_2 averaged 68 ¥-Component of stress -7.79087e4+008 -1.78313=4+007 .

EPEL¥_3  aweraged 68 #¥-Component of elastic skrain -0.00305641  -7.27125e-005 -

EFPLY_4  averaged 683 #-Component of plastic skrain -0.01535816 ] i

skrain Calculated 7.27125e-005 0.018433 .
_6 Calculated 3363.54 [ ]

uz_7 Calculated 0.0001 0.01875 o
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4000

3600

3200 et

T

Za00 e

2400 ]

Pl /

1a00 /

1z00 f x
gl /
400 f

0 [xl0%%-2)

Fuerza (nudo 68)
N
‘-b’-.

[}
=

.8 1.2 1.6 2
W2 .6 1 1.4 1.8

Desplazamiento

Figura 12: Curva Fuerza x Desplazamiento en el nodo 68 (punto de aplicacion del
desplazamiento) en valor absoluto.

Obs.: LAS UNIDADES DE SALIDA SON COMPATIBLES CON LAS DE ENTRADA




