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PRACTICA 4: Chapa perforada

1. ENUNCIADO

Analizar el comportamiento de una chapa perforada bajo una carga puntual axial centrada
F=10000 N. La pieza tiene un espesor de 1 mm y las dimensiones mostradas en la figura (en
mm). Las propiedades del acero son: médulo de Young E = 210 GPa; mddulo de Poissonv = 0.3.
Se pide obtener la distribucidn de tensiones en la seccién media de la pieza.
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2. DESCRIPCION DEL MODELO

Se trata de un andlisis bidimensional de tensién plana. Por tanto, la geometria sera una
superficie, y se mallara con elementos bidimensionales de tipo cuadriladtero y/o tridangulo.

Aprovechando la simetria del sistema, se analizara sélo un cuarto de la pieza, aplicando las
condiciones de contorno que permitan que las caras de simetria se deformen como lo harian
en la pieza completa real. Al haber una zona de concentracién de tensiones en el contorno del
agujero, se refinard esta zona, prestando atencidn a la existencia de elementos tridngulo y a
elementos con mala relacion de aspecto. Se visualiza la deformacién y las tensiones normales
en la pieza, asi como la distribucién de tensiones en la seccién central critica donde se ve el
efecto de la concentracidn de tensiones.
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3. RESOLUCION PASO A PASO
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>Elementtype>Add/Edit/Delete>Options: tensidn plana (espesor de la pieza igual a 1)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtils Help
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A\ Element Types
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Defined Element Types:

J\ PLANE42 clement type opti

Options for PLANEAZ, Element Type Ref. No.1

Element coord system defined KL @
Include -

Plane stress -
No extra output -

Mo extra output -

Help ‘

Extra displacement shapes K2
Element behavior [}
Edrastress output K5

Optiens... | Delete | | Extra surface output K6
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[ Picka menu item or enter an ANSYS Command (PREPT) [mat-1 [ype1 [real=1 [esys=0 [Seen-t |

> Material Props > Material Models > Structural> Linear >Elastic > Isotropic: definir material
(E=210000 N/mm?, v=0.3)
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B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
B Temperature Units
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Material Edit Faverite Help

Material Models Defined Material Models Available

B Convert ALPx

{2 Change Mat Num @ JM—J‘_‘_EMES—@
Failure Criteria I\ Linear Isotropic Properties for Material Number 1

Write to File
Read from File
Sections
Modeling
Meshing T
Checking Ctrls
Numbering Ctris
Archive Model EX [210000
Coupling / Ceqn PRXY 03
Multi-field Set Up
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Path Operations
Solution Add Temperature | Delete Temperature
General Postproc
TimeHist Postpro _— oK ‘
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Run-Time Stats =l
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Dimensions:
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introducir drea rectangular por

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtils Help
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ANSYS Main Menu @

E Preferences =]
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Bl Create
Keypoints
Lines
B Areas
Arbitrary
B Rectangle
A By 2 Corners
A By Centr & Cornr
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Gircle
Polygon
A Area Fillet Ll
Volumes
Nodes
Elements
B Contact Pair
Piping Models
Gircuit
B Racetrack Coil
Transducers
Operate
Move / Modify
Copy
Reflect
Check Geom
Delete
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[RECTNG] Create Rectangle by Dimensions

XLX2 X-coordinates

Y1,¥2 Y-coordinates
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| Pick a menu item or enter an ANSYS Command (PREP7)

[ mat=1

[type=1

[ real=1

csys=0

[seen=1

>Modeling>Create>Areas>Circle>Solid circle: crear circulo (de radio 10 con centro en (0,0) y

de radio 10)
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Piping Models
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B Racetrack Coil
Transducers
Operate
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Copy
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[ [CVL4] Pick 2 WP locations -- center and radius
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>Modeling> Operate> Booleans> Substract> Areas: sustraer el circulo del rectangulo
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Material Props
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Create
B Operate
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A Extend Line
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Intersect
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A Volumes
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TYPE NUM

A Lines
With Options

[ Settings
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B Scale
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lave / Modify
Copy
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[TASBAT Pick or enter base areas from which to subtract

[mat-1 [ype1 [real=1 [esys=0 [Seen-t |

>Meshing>MeshAttributes>AllAreas: especificar propiedades de la malla del drea (material 1,

real constant 1, element type 1)
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B All Keypoints
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MeshTool
Size Cntrls
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Check Mesh
Clear
Checking Ctrls
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FLOTRAN Set Up
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la malla (tamafio 10)

OCW

elementos de
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Element Type
Real Constants
Material Props
Sections
Modeling
Bl Meshing
Mesh Attributes
B MeshTool
B Size Cntrls
SmartSize
B ManualSize
® Global
 Areas
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2 Picked Areas

A Ci Size
Lines
Keypoints
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Concentrat KPs
Mesher Opts
Concatenate
Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
Multi-field Set Up

I\ Element Sizes on All Selected A

TAESIZE] Element sizes on all selected areas

SIZE Element edge length

Cancel |

o Sl [ole)

plelols2oplkblrkRRRpRsE

)

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

[ mat=1 [type=1

[ real=1
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>Meshing> Modify Mesh> Refine At> Lines: refinar el mallado de en la linea circular (nivel de

refinado 1)
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>Meshing> Modify Mesh> Refine At> Keypoints: refinar el mallado de en el punto superior de

la linea circular (nivel de refinado 1)

File Select List Plot PlotCtrls WorkPlane Parameters Macro  MenuCtrls  Help
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Size Cntrls
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| Pick a menu item or enter an ANSYS Command (PREP7) | mat=1 [type=1 [ real=1 ['esys=0 ['seen=1 |

>Loads> Define Loads>Apply>Structural>Displacement>OnLines: introducir condiciones de

ligadura en la linea seleccionada (ux igual a 0 en la linea izquierda)
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| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1
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>Loads> Define Loads>Apply>Structural>Displacement>OnLines: introducir condiciones de

ligadura en la linea seleccionada (uy igual a 0 en la linea inferior)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtils Help

Dl=lee| sz e &

ANSYS Toolbar

| E =] @

sAVE,DE\ RESUMJ]E‘ QUN‘ PGWRGRPH‘

] A\ Apply UROT on Lines
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[ Picka menu item or enter an ANSYS Command (PREP7) [mat-1 [type1 = [esys=0 [Seen-t |

>Loads> Define Loads>Apply>Structural>Force/Moment>OnKeypoints: introducir una fuerza
o momento en el keypoint seleccionado (fuerza Fx=5000 en el keypoint de abajo a la derecha)
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Solution>

>Solve>Current LS: analiza el modelo generado en el preprocesador

A\ Note

[

@ Solution is done!

ELEMEN

Preprocessor
B Solution

Analysis Type

Define Loads

Load Step Opts

SE Management (CMS)

Results Tracking

B Solve

B From LS Files
[ Partial Solu
Manual Rezoning
Multi-field Set Up

ADAMS Connection
Diagnostics

B Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool

Design Opt

Prob Design
Radiation Opt
Run-Time Stats

[ Session Editor

[ Finish
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OPTIOHS

LOARD STEP OPTIOHS
LOAD STEP MUHBER. . . .
TIHE AT END OF THE LOAD

PRINT OUTPUT CONTROLS . . . . .
DATRBASE OUTPUT CONTROLS.
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| Pick a menu item or enter an ANSYS Command (SOLUTION)

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

General Postproc>

>Path Operations>Define Path > By Location: crear un path entre los puntos (0,10,0) y (0,50,0)

File Select List Plot PlotCtrls WorkPlane Parameters Macro

MenuCtrls  Help
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ANSYS Toolbar
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ANSYS Main Menu @)

[ Preferences
Preprocessor
Solution
B General Postproc
Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
Options for Outp
Results Viewer
B Write PGR File
Nodal Calcs
Element Table
[ Path Operations
B Define Path
A By Nodes
[5 On Working Plane

@ Path Status
[ Modify Path
B Path Options
Delete Path
[ Plot Paths
[ Recall Path
B Map onto Path
Plot Path Item
Linearized Strs
List Linearized
B Add
B Muttinks

NPT Path point number

%YZ Location in Global CS

€5 Interpolation CS

NOTE: The number of defined path points must equal
the number of specificd paints (PATH command)
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>Path Operations> Plot Paths: dibujar el path recién creado

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

Preferences
Preprocessor
Solution
Bl General Postproc
[ Data & File Opts
[ Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
[ Options for Outp
[ Results Viewer
El Write PGR File
Nodal Cales
Element Table
El Path Operations
Define Path
El Delete Path
[ By Name
= Al Paths

Recall Path
Map onto Path
Plot Path Item
[ Linearized Strs
[ List Linearized
E Add

Multiply
Divide
Exponentiate
B Differentiate
P Intenrate
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| Pick a menu item or enter an ANSYS Command (POST1) [ mat=1 [type=1 [ real=1 [ esys=0 ['seen=1 |

>Path Operations>Map onto path> Stress > Stress> X-direction: definir la variable cuyo valor a
lo largo del path queremos obtener

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtils Help |
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SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

ANSYS Main Menu

[ Preferences
Preprocessor
Solution
B General Postproc
B Data & File Opts
B3 Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
B Options for Outp
B Results Viewer
B Write PGR File
Nodal Cales
Element Table
B Path Operations
Define Path

[PDEF] Map Result ltems onto Path
Lab

User label for item

ftem,Comp Item to be mapped DOF solution
V-direction SY
Z-direction SZ
Energy XV-shear  SXV
Strain-clastic VZshear SYZ -
Strain-thermal

Strain-plastic | [X-direction SX

|
|
|
|
[AVPRIN] EFf NU for EQV strain :| ! J
Average results across element [ Yes J
i
i
i
i
i
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B Delete Path -

[ By Name [/PBC] Show boundary condition symbol

B All Paths Show path on display I No
B Plot Paths

B Recall Path

|72}

Plot Path [tem
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[ List Linearized

B Add
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[ Divide
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>Path Operations> Plot Path item > On Graph > Sx: dibujar en un grafico la variable Sx

File Select List Plot PlotCtls WorkPlane Pamameters Macro MenuCtrls Help |
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ANSYS Toolbar

save_DB| Resum_DE| quiT| PowRGRPH|

ANSYS Main Menu @)

= Preferences

Preprocessor

Solution

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

r::;esu:: [PLPATH] Path Plot on Graph
& esul

Query Results 2743 Labl-6 Path items to be graphed
Options for Outp
[ Results Viewer
[ Write PGR File
Nodal Calcs
Element Table -
I Path Operations

Define Path

Delete Path

Plot Paths

Recall Path

Map onto Path

Bl Plot Path Item
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Apply ‘ Cancel

[ On Geometry

[ List Path [tems

[ Path Range
Linearized Strs
List Linearized
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4. RESOLUCION EN APDL

[ Kok Kok ook ok Kok ok ok g A Tcic gtryCtUrg % % %k ok kk ok x

/COM,

/COM,Preferences for GUI filtering have been set to display:

/COM, Structural

| % 3k >k 3k %k 3k >k 3k 3k 5k 3k %k %k ok 5k >k 3k >k 5k >k ok %k ok 3k >k 5k %k %k 3k >k 3k %k 3k >k 3k %k %k %k %k %k *k %k *k

| % 3k >k 3k %k 3k >k 3k 3k ok 3k %k k ok 5k ok 3k >k 5k >k ok %k ok 3k >k 3k >k %k 3k >k 3k %k 3k >k 3k %k %k %k *k %k *k >k *k

/PREP7

ET,1,PLANE42
KEYOPT,1,1,0
KEYOPT,1,2,0
KEYOPT,1,3,0
KEYOPT,1,5,0
KEYOPT,1,6,0
MPTEMP,,,,,,,,
MPTEMP,1,0
MPDATA,EX,1,,210000
MPDATA,PRXY,1,,0.3

RECTNG,0,150,0,50,

CYL4,0,0,10

ASBA, 1, 2
!**************ma”ado***************
AATT, 1,,1, O,

AESIZE, 3,10,

AMESH,3

LREFINE, 5,,, 1,,,

KREFINE, 6, ,, 1,,,

!**************Condiciones de |igadura***************

DL,10, ,UX,0

DL,9, ,UY,0
!**************fuerza***************
FK,2,FX,5000

FINISH

| % 3k >k 3k 3k ok >k 5k ok 5k >k %k ok %k 5k >k 5k >k ok >k %k %k %k 5k >k 5k >k %k >k %k 3k %k 5k >k 5k >k %k >k *k %k *k >k k

| % 3k 3k 3k 3k ok ok ok ok ok ok %k 5k ok sk ok ok ok ok ok ok %k ok ok ok ok >k ok ok ok sk ok ok ok ok ok ok ok Kk ok k ok ok

/SOL
/STATUS,SOLU
SOLVE

FINISH

| % 3k 3k %k 3k ok ok ok ok ok ok 3k sk ok sk ok ok ok ok ok ok %k ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok Kk ok Kk k k

OCW
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/POST1

[rafkxkxxik*definirpath en la seccidn critica™*#****xk*
PATH,secc,2,30,20,

PPATH,1,0,0,10,0,0,

PPATH,2,0,0,50,0,0,

[r#kxakxxk* definir variables a plotear en el path**#**#®x**
PDEF, ,S,X,AVG

[rafkxskxx*k*dibujar variables del path en un grafico®**#****xx*
PLPATH,SX

NOTA: Todas las imdgenes de este documento son propias

13




