‘eman ta zabel zazy

l DISENO MECANICO MEDIANTE ELEMENTOS FINITOS — OCW 2019 Q { - \Aj

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitatea

PRACTICA 6: Biela de bicicleta

1. ENUNCIADO

La figura muestra la biela de una bicicleta a la cual se le ha realizado un rebaje de seccién en la
zona media a fin de aligerar su peso. La carga que debe soportar es una carga puntual axial
centrada F = 500 N aplicada en el extremo de la barra de 80 mm de largo donde se apoya el
pedal. Las dimensiones son las mostradas en la figura (en mm). Las propiedades del acero son:
Médulo de Young E = 210 GPa; Mddulo de Poisson v = 0.3; Tensién de fluencia ag,, = 350 MPa.
Comprobar si el disefio es valido desde el punto de vista resistente estatico.
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DESCRIPCION DEL MODELO

Se trata de un andlisis tridimensional, ya que no se cumplen las condiciones de tensidn plana,
deformacién plana o axisimetria. El modelo se mallara con elementos finitos tridimensionales
de tipo hexaedro o tetraedro, utilizando herramientas de Ansys que permiten obtener una
malla éptima para este caso. Se empotraran las caras internas del agujero del extremo
izquierdo, y se aplicard una carga puntual vertical en el extremo de la barra de apoyo del
pedal. Se visualiza la deformada y las tensiones de Von Mises.
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2. RESOLUCION PASO A PASO

Preferences:

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtils Help |

T T Rl k] F 5

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

ANSYS Main Menu C A‘Prefemmes for GUI Filteris

B 4| (KEYWIL/PMETH) Preferences for GUI Filtering

B Preprocessor
Element Type

Individual discipline(s) to show in the GUI

Real Constants ¥ Structural
Material Props [ Themal 3 |[z -]
B Sections
Section Library [~ ANSYS Fluid [ ]
B Beam
5 Common Sections [T FLOTRAN CFD =)
Custom Sections Electromagnetic: =)
Taper Sections
Magnetic-Nodal
[ Plot Section I Magnetic-Nada a
[ Sect Control [~ Magnetic-Edge
[ NL Generalized i)
Shell [~ High Frequency
Pretension [~ Electric J
Joints Q
Reinforcing Note: If no individual disciplines are selected they will all show.
Pipe ﬂ
Af:is Discipline options =2
List Sections & h-Method KR
Delete Section
Modeling ¢ p-Method Struct. S
Meshing ¢ p-Method Electr. 4w
Checking Ctris _
Numbering Ctrls o)
Archive Model =
Coupling / Ceqn Cancel ]
Multi-field Set Up -
Loads >
Physics @
Path Operations
Solution
General Postoroc ] —
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1

Preprocessor>

> Element type > Add/Edit/Delete >Add: afiadir elemento tipo plane42 y solid45

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls  Help |
] i 1= | Z |
N\ Element Types =

Defined Element Types:

N\ Library of Element Type

Only structural element types are shown

Library of Element Types Structural Mass - -
Link = 4node 182
Beam s 8node 183
Pipe | 8node 52
| Axi-har 4node 25 2
Shell

Element type reference number
Options..
oK Apply Cancel Help

CYEINEEDENEEEEEEHE

ersT FOSTRrO a
Topological Opt J
ROM Tool )
Design Opt =
Prob Design 2
Radiation Opt =
Run-Time Stats k3

[ Session Editor s
[ Finish J
%
-
[Pick 2 menu item or enter an ANSYS Command (PREP7) mat=1 type=1 real=1 cxys=0 secn=1
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> Material Props > Material Models > Structural> Linear >Elastic > Isotropic: definir material

(E=210000N/mm?, v=0.3)

List Plot

s WorkPlane Parameters Macro

ANSYS Main Menu

[ Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
B Temperature Units Material Edit Faverite Help

B Hectromag Units
=]

Material Models Defined Material Models Available

B Convert ALPx

B Change Mat Num ) mb lal (&) Favorites
Failure Criteria A\ Linear Isotropic Properties for Material Number 1 E

= Write to File
Read from File
Sections
Modeling
Meshing T
Checking Ctris —
Numbering Ctrls
Archive Model EX
Coupling / Ceqn PRYY
Multi-field Set Up
Loads

Physics

Path Operations
Solution

Lincar Isotropic Material Propertics for Material Number1

Temperatures

Add Temperature | Delet Temperature Graph

imeHist Postpro _ o ‘

Cancel | Hel |

Design Opt
Prob Design
Radiation Opt
Run-Time Stats

[]
%
=1
|
&l

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

> Modeling >Create>Keypoints>In  active CS: introducir

(37,0,0),(119,0,0),(160,0,0)

keypoints

(OIOIO)I

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|=laa| &z 7| =

ANSVS Toolbar

| =] =

SAVE_DB| RESUM_DE| QUIT| POWRGRRH|

ANSYS Main Menu @)

Preferences
El Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
El Create
B Keypoints
2 On Working Plane
=] [K] Create Keypoints in Active Coordinate Systerm
A On Line
A On Line w/Ratio
1 On Node
A KP between KPs
A Fill between KPs
@ KP at center
Hard PT on line
Hard PT on area
Lines
Areas
Volumes
Nodes
Elements
B Contact Pair
Piping Models
Gircuit
B Racetrack Coil
Transducers
Operate
Move / Modify
Copy -

NPT Keypoint number

%Y,Z Location in active CS

=) Apply ‘ o] |

pklellslipokpklRRR

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 coys=0 secn=1
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>Modeling>Create>Lines>Circle>Arcs>By cent. and radius: crear circulos (de radio 10y 15 en
(0,0,0), de radio 3 en (37,0,0) y (119,0,0) y de radio 6 y 14 en (160,0,0)).

File Select List Plot PlotCtrls WorkPlane Parameters Macro  MenuCtrls  Help

e 2 s

ANSYS Toolbar

ElEIE]

SAVE_DB| RESUM_DB\M POWRGRPH|

ANSYS Main Menu @)

Preferences
Bl Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Bl Create
Keypoints
B Lines
Lines
B Arcs
A Through 3 KPs
A By End KPs & Rad
A By Cent & Radius
A

@ Splines
A Line Fillet -

[ Contact Pair
Piping Models
& Circuit

[ Racetrack Coil
Transducers

Check Geom J

Kl 5]

LINES

TYPE NUM

Full Circle

@ pick  { Unpick

Count
Maximum
Minimmum
WP X

¥
Global X

B

(" WP Coordinates

(¥ Clobal Cartesian

I

2pply
Cancel

sklellslsplekloklokll

| [CIRCLEIPick or enter 2 WP locations - center and @ paint on the circle

[ mat=1

[type=1

[ real=1

['esys=0

[seen=1

>Modeling>Create>Lines>Straight line: crear lineas entre los keypoints 6y 22,8y 24,14y 18y

16y 20

File Select List Plot PlotCtrls WorkPlane Papameters Macro MenuCtrls Help

D=l s|als e

ANSYS Toolbar

EIERE]

®|

sAve_DB| RESUMJB‘M POWRGRPH|

ANSVS Main Menu ®|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
El Modeling
B Create
Keypoints
B Lines
= Lines
A
A In Active Coord
A Overlaid on Area
A Tangent to Line
A Tanto 2 Lines
2 Normal to Line
A Norm to 2 Lines
A At angle to line
A Angle to 2 Lines
Arcs
Splines
A Line Fillet
Areas
Volumes
B Nodes
Elements
B Contact Pair
Piping Models
Gircuit
B Racetrack Coil
Transducers J

Kl 5]

" 1mES

TYPE NUM

Count
Maizum
Minimm

Key? No_

(¢ List of Items

(" Min, Max, Inc

Epply

Beset Cancel

Help

e 2|
e
8l |
I
]

5

shlellslsbleblpklkRaR

| [LSTR] Pick or enter end keypoints of line

mat=1

[type=1

real=1

csys=0

secn=1
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de interseccién

File Select List Plot PlotCtls WorkPlane Pamameters Macro MepuCtils Help

D|=lu o8z v E

ANSYS Toolbar

EIERE]

sAVE,DE\ RESUNLDB‘% PGWRGRPH‘

ANSYS Main Menu @|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
Bl Operate
Extrude
A Extend Line
B Booleans
Intersect
Add
Subtract
Divide
Glue
® Overlzp
B Partition
A Volumes
A Areas

[ Settings
Show Degeneracy
Scale
Calc Geom Items
Move / Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector El

1| Iz

LINES

TYPE NUM

Partition Lines

 Polygen
" Locp

Count
Masimum
Minimum

Line No.

@ List of

(" Min, Max, Iac

oK

Reset

Pick A11

Halp

Apply
==

Items

Cancel

plelelols s leklollRRR

| [LPTN] Pick or enter lines to be partitioned

[ mat=1 [ype=t [ real=1 [ csys=0 ['seen=1 |

>Modeling>Create>Lines>LineFillet: crear radio de acuerdos de radio 100 y 90 en el contorno

de la pieza

File Select List Plot PlotCtls WorkPlane Pamameters Macro MepuCtils Help

D|=lu ol s o v E

ANSYS Toolbar

EIERE]

sAVE,DE\ RESUNLDB‘% PGWRGRPH‘

ANSYS Main Menu @|

B Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
B Lines
@ Lines
Ares
Splines
A

Areas
Volumes
B Nodes
Elements
B Contact Pair -
Piping Models
Gircuit
B Racetrack Coil
Transducers
Operate
Move / Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector
Mms
Genl plane strn -

LINES
TYPE NUM

A\ Line Fillet

[LFILLT] Create Fillet Line
NLLNL2 Intersecting lines

RAD  Fillet radius

PCENT Number to assign -

- to generated keypoint at fillet center

Apply

Cancel | Help |

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

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




‘eman ta zabel zazy

Universidad Euskal Herriko U} Pi \'Af

del Pais Vasco  Unibertsitatea

>Modeling>Delete>Lines only: eliminar lineas innecesarias

File Gelect List Plot PlotGhds WorkPlane Parameters Macro  MepuClrls  Help

0| @ @ & & v EH + | &l %) @
ANSYS Toolbar

ve_0B | REsuM 08| QuIT| POWRGRPH

>Modeling>Create>Keypoints>In active CS: crear los keypoints (-5.25,-5.25), (-5.25,5.25),
(5.25,-5.25) y (5.25,5.25) con los que se definira el rectangulo de la izquierda de la pieza

File Gelect List Plot PlotGhds WorkPlane Parameters Macro  MepuClrls  Help

| || @| & & v @ o | & % D
obar

RESUM_0B| QUIT| POWRGRPH

ANSYS
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>Modeling>Create>Lines>Straight line: unir los 4 puntos recién creados para definir el
rectdngulo de la izquierda de la pieza

Ple Sesct Lot Plot Plott WorkPlane Pajsmeten Macro MenuCirhs belp
0| | 0| @ & & v| m - & ™|

ANSYS Toolbar @
saVE_DB| RESUM_0B| QuIT| POWRGRPH

2

2| |® |ee |

a3

h:]

>Modeling>Create>Areas>Arbitrary>ByLines: crear areas a partir de las lineas que las definen

file felect Lst Blol PloiGhis WokPlane Pajameters Macro MenuCids Help
I (=T | =l E| % £

ANSYS Toolbar @|
8| Resum o8| Quir| powgReH| =
n Menu 1+ |

[

a

=

@

a

]

[=1]

=]

Y

Q

<

# LSR5 [ ||| | |0

@ FLOTRAN Set Up

& Multi-field Set Up
B L
@ P
@ Path Operations

1AL] Pick or * typesl 0 1
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>Modeling>Operate>Extrude>Areas>Along Normal: extruir las areas (12 el area grande, 92 el
area circular)

Fie Select Lot Plot PloiChs WlorkPlane Pasmeters Macro MenuCirs Help
0l o8 e v 5 - | ®| 3

S Teclbar

AN
avE_ba| Resum.o8| quit| por

ANSYS Main Menu

e

5 Preterences
El Preprocassor
 Element Type
& Real Constants
B Material Props
& Sections
B Modeiing ST Length of etrusion
Modeln DIST Length of e
B Operate HING Keypoint increment
B Extrude "
5 Blem Ext Opts
© Areas
A
A By X¥Z
Aa

Along Lines
@ Lines
Bl Keypoints

eslelelrplrzeez|e

ic

@ Check Geom
@ Delete
B Cychic Sector

B Checking Ctrls
@ Numbering Ctrls
@ Archive Model
B Coupling / Cean
& FLOTRAN Set Up
B Muli-ficld Set Up
 Loads
 Physics
B Path Operations
9 Solution
& General Postproc
3 TimeHist Postpro
 Topological Opt
ROM Teal
9 Design Opt
@ Prob Design
1 Radiation Opt

2 |& |2 4o |0 |2 |5 @

K 2 |2

Pick & menu tem or enter sn ANSYS Command (PREPT] mat=1 type=1 resicl caps=0 sacn=l

>Modeling>Operate>Glue>Volumes: pegar todos los volumenes

Fie Select Lot Plot PloiCis WlorkPlane Pasmeters Mocro MenuCirs Help
0l o8 e v 5 - | ®| 3

S Teclbar

AN
avE_ba| Resum.o8| quit| por

ANSYS Main Menu

e

5 Preferences
2 Preprocessor
@ Hement Type
& Resl Constants
& Materia Props
& Sections
& Modeling
@ Create
& Operate

eslelelrmlajazz|e

ic

@ Show Degeneracy
B Scale
B Cak Geom Items
@ Move / Modify
apy

& Reflect

B Check Geam

@ Delete

B Cyehe Sector
s

[ Genl planc strn
B Update Geom
 Meshing
B Checking Ctris
8 Numbering Ctris
B Archive Model
@ Coupling / Cean
B FLOTRAN Set Up
B Multi-fieid Set Up
B Loads
 Phy
 Path Operations
Solution
I General Postproc
& TimeHist Postpro
@ Topolegical Opt

2 |& [ | | |2 |5 |0

K 2 |2

VGLUE] Pick or enter volumes to be glued mat=1 type=1 resicl caps=0 sacn=l
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>Meshing>SizeCntrls>ManualSize>Areas>Picked areas: especificar tamafio de los elementos
de malla de las areas frontales (tamafio 2)

Do @ @ @ @ v w5 =l & T &
ANSYS Toolbar e

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

@ Archive Model
%) Coupling / Ceqn

@ FLOTRAN Set Up
8 Multi-fleld Set Up

>Meshing> Mesh> Areas> By Pick: mallar areas frontales

fle Seet L Bl Ploicuh WodPane Paameen Msco MenCis bep
BT ER- | SR
20515 Tootbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

5 Preferences
Bl Prepracessor
® Element Type
B Real Constants
B Material Props
& Sections
 Modeiing
8 Meshing
B Mesh Attributes
[ Meshlool
@ Sire Crtrls
5 Mesher Opts
te

k-]

B Areas
& Mapped

ploprenaaelee s

A Target Surt

BEE

B e Mesh
@ Madify Mesh
@ Check Mesh

B Clear
B Checking Ctris
& Numbering Ciris
@ Archive Model
® Coupling / Ceqn
& FLOTRAN Set Up
B Multi-field Set Up
 Loads
@ Physics
B Path Operations

Bl Sohtion

) General Pastproc

1 TimeHist Postpro

B Topological Opt

1 ROM Tool

El Design Opt

1 Prob Design

1 Radiation Opt

2l |82 20| |e || |5 |2

1 Run-Time Stats
[ Session Editor
5 Finish

IAMESH] Pick or enter aress 10 be meshed mat=1 typesl real1 cays=0 secn=1

10
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>Meshing>Mesh>VolumeSweep>Sweep: mallar los voliumenes “rellenandolos” por extrusion
de la malla de las areas

P— .
I ANSYS Mtiphysics Gty Wems orrar v

Fle Scect Lt Plot PloiCs WortPlne Popmeters Mscro MenuCtls Help

D= Q@ 8l e e & -l | E|| % B

ANSYS Toolbar ®
SAVE 08| RESuM_08| QUIT| PoWRGRPH| =
ANSYS Main Menu ®

[ Preferences
& Preprocessor
& Hement Type
& Real Constants
@ Material Props
@ Sections
& Modeling
£ Meshing
@ Mesh Attributes
1 Me

B Size Catrls

B Mesher Opts
@ Concatenate

2}
& Check Mesh
@ Clear
B Checking Ctrls
& Numbering Ctrls
@ Archive Model
& Coupling / Ceqn
& FLOTRAN Set Up
) Multi-field Set Up
@ Loads
@ Physics
B Path Operations
@ Solution
@ General Postproc
@ TimeHist Postpro

@ Design Opt
@ Prob Design

@ Radiation Opt
@ Run-Time Stats
5 Session Fditor
3 Finish

Pick or enter volumes to be swept mat=1 type=1 real=1 o =1

s EAVNEREER N\ o .noe

>Loads>Define Loads>Apply>Structural>Displacement>OnAreas: empotrar las caras
interiores del agujero rectangular

I ANSYS Mutiphysics URiRy Memy (orrar

Eile Select List P
D& B3 8 &

S Toolbar

Ctrls WorkPlane Paameters Macro MenuCtis  Help

?| & o | & |

o8| resum o8| qurt| P

ANSYS Main Menu ®
[ Preferences
& Preprocessor
& Hement Type
& Real Constants
@ Material Props
 Sections
3 Modefing
& Meshing
@ Checking Ctris
@ Numbering Ctrls
& Archive Model
& Coupling / Ceqn
@ FLOTRAN Set Up
@ Molti-field Set Up

o Loads
& Analysis Type
) Fast Soi'n Optn

B Define Loads
2] )

If Constant value then

VALUE Displacement value

@ Operate
 Load Step Opts
& Phy,
& Path Operations
@ Solution
@ General Postproc
TimeHist Postpro

[Pick s menu

11
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>Loads>Define Loads>Apply>Structural>Force/Moment>OnKeypoints: aplicar la fuerza
vertical en el extremo del soporte del pedal

[ Preferences

@ Preprocessor
8 Hement Type
@ Real Constants YPE NUM
@ Material Props
@ Sections
2 Modeling
5 Meshing
@ Checking Ctris
@ Numbering Ctrts
@ Aschive Model
& Coupling / Ceqn
& FLOTRAN Set Up
@ Molti-field Set Up
B Loads

& Anslysis Type

Force/Moment on Keypoints

[ Pretnsn Sectn
[ Gen Plane Strain
@ Other

B Field Surface Intr
@ Field Volume Intr
B Initial Condit'n

@ Physics
& Path Operations
@ Solution
@ General Postproc
@ TimeHist Postpro
@ Topological Opt
@ ROM Tool g |

[Pick s menu i

Solution>

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

I\ ANSYS Multiphysics URiRy Memy (orrar

file Select List Plot PlotCtrls

jorkPlane Papameters
Dz 2o a8 e e B ol E] % D

S Toolbar

o MenuCtis Help

06| Resum_08| QurT| powRGRPH

ANSYS Main Menu
[ Preferences
@ Preprocessor
& Solution
& Analysis Type
@ Define Loads
 Load Step Opts
@ SE Management (CMS)
5] Resaults Tracking
a ol

] y
@ Manual Rezoning
@ Multi-field Set Up
& ADAMS Connection
& Disgnostics
[ Unabridged Menu

@ General Postproc : 3 §TE

@ TimeHist Postpro z & 10D lsmenie

@ Topological Opt PR

@ ROM Tool

@ peimon e 12

Prob Design

@ Radiation Opt

@ Run-Time Stats

[ Session Editor

5 Finish

[Pick s menu ite

12
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General Postproc>

>PlotResults>DeformedShape: dibujar la deformada

I\ ANSYS Mutiphysics URiRy Memy (orrar

File Select List Plot Plotg

WorkPlane  Papameters Mscro  MepuCtris  Help

il | =l | E|| % B

ANSYS Toolbar

AVE_DB| RESUM_DB| QUIT| POWRGRPH|

ANSYS Main Men ®

I3 Preferences

@ Preprocessor

@ Solution

) Generai Postproc
[ Data & File Opts
51 Results Summary
& Read Results
@ Failure Criteria

| Plot Deformed Shape
Hems to be plotted
Def shape only
& Def + undeformed

Def + undef edge

@ Query Results
5 Options for Outp
5 Results Viewer
5] Write PGR File
 Nodal Galcs

@ Eement Table

& Path Operations
& Surface Operations
@ Load Case
& Check Elem Shape
=) Write Results
& ROM Operations.
& Submodeling
@ Fatigue
B Safety Factor
& Define/Modify
[ Nonlincar Disgnostics
1 Reset
S Manual Rezoning

@ TimeHist Postpro

@ Run-Time Stats
5 Session Editor
5 Finish

>Plot Results>Contour Plot> Nodal Solution >vonMises stress: dibujar las tensiones de
VonMises

— —

I\ ANSYS Multiphysics URiRy Memy (orrar

file Select List Plot PlotCtrls

jorkPlane Papameters Mscro MepuCtts  Help
Dz 2o a8 e e B ol E] % D

S Toolbar

5aVE_DB| Resum_08| QUIT| POWRGRPH|
ANSYS Main Mena ®
3 Preferences
@ Preprocessor
@ Solution
& General Postproc

[ Data & File Opts

51 Results Summary

@ Read Results

@ Faure Citeria

Resuit

& Vector Plot
& Plot Path Item
B Concrete Plot
& Thinfilm
 List Results
@ Query Results
5 Options for Outp
5] Results Viewer
{5 Write PGR File
& Nodal Calcs
@ Eement Table
& Path Operations

Undisplaced shape key
& Surface Operations

@ Load Case ndisplaced shape key
@ Check Hlem Shape s
Scale Factor
5] Write Results iy
& ROM Operations
@ Submodeling Additional Options
@ Fatigue

B Safety Factor
@ Define/Modiy
[ Nonlinear Disgnostics

B Prob Design
@ Radiation Opt
@ Run-Time Stats
[ Session Editor
[ Finish

[Pick s menu tem o en S Co

mat=1 type=l real=1

wry =1

Bl CEc|Ax]- e, T

13
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3. RESOLUCION EN APDL

!**************ana’lisis Structural***************

/COM,

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

/COM, Structural

[ 3% 3k ke ok ok ke ok ok sk ok ok sk ok sk sk ok ok sk ok ok ok ok ok ok o oK ok 3k oK ok sk oK ok sk ok ok sk ok ok ok ok ok ok

[ % % %ok Kok ok ok k ko k DREPROCESADQR® * * % % o %ok ok o ok

[ 3% 3k ke ok ok ke ok ok sk ok ok sk ok sk sk ok ok sk ok ok ok ok ok ok o oK ok sk oK ok sk oK ok sk ok ok sk ok ok ok ok ok ok

/PREP7

|**************tipo de elemento™ * ** % ** %k %k sk xk %

ET,1,PLANE42
ET,2,S0LID45

!**************material***************

MPTEMP,,,,,,,,
MPTEMP,1,0
MPDATA,EX,1,,210000
MPDATA,PRXY,1,,0.3
k,1,0,0,0

k,2,37,0,0

k,3,119,0,0
k,4,160,0,0

FLST,2,2,8
FITEM,2,0,0,0
FITEM,2,10,0,0
CIRCLE,P51X, , , ,360,,
FLST,2,2,8
FITEM,2,0,0,0
FITEM,2,15,0,0
CIRCLE,P51X, , , ,360,,
FLST,2,2,8
FITEM,2,37,0,0
FITEM,2,40,0,0
CIRCLE,P51X, , , ,360,,
FLST,2,2,8
FITEM,2,119,0,0
FITEM,2,122,0,0
CIRCLE,P51X, , , ,360,,
FLST,2,2,8
FITEM,2,160,0,0
FITEM,2,166,0,0
CIRCLE,P51X, , , ,360,,
FLST,2,2,8
FITEM,2,160,0,0
FITEM,2,174,0,0

oCW

14
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CIRCLE,P51X, , , ,360,,
LSTR, 14, 18
LSTR, 16, 20
LSTR, 6, 22
LSTR, 8, 24
LSTR, 6, 22
LSTR, 8, 24
LSTR, 14, 18
LSTR, 16, 20

LPTN,5,22,27
LPTN,8,23,28
LFILLT,35,31,100, ,
LFILLT,27,39,100, ,
LFILLT,33,35,90,,
LFILLT,39,38,90,,
LDELE,1

LDELE,2

LDELE,3

LDELE, 4

LDELE,5
LDELE,22
LDELE,29
LDELE,30
LDELE,32
LDELE,34
LDELE,36
LDELE,37
LDELE,9
LDELE,12
LDELE,14
LDELE,15
K,101,-5.25,-5.25,,
K,102,-5.25,5.25,,
K,103,5.25,5.25,,
K,104,5.25,-5.25,,
LSTR, 101, 102
LSTR, 102, 103
LSTR, 103, 104
LSTR, 104, 101
ALALL
FLST,2,4,4
FITEM,2,17
FITEM,2,20
FITEM,2,19

OCW
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FITEM,2,18
AL,P51X
VOFFST,1,12,
VOFFST,2,92,
VGLUE,ALL

[ % o Kok K ok ok ok ok K ok ok o L 1 9 ] O K K R KR K Kk ok K ok ko
AESIZE,ALL,2,

AMESH,3

AMESH,32

VSWEEP,ALL

!**************Condiciones de Iigadura***************

DA,18,ALL,

DA,19,ALL,

DA,20,ALL,

DA,21,ALL,
!**************fuerza***************
FK,70,FY,-500

FINISH
!*******************************************

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

/SOL
/STATUS,SOLU
SOLVE

FINISH

| % 3k >k 3k 3k ok >k 5k ok ok >k %k k %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 >k 3k 3k ok >k 5k ok ok >k %k ok %k 5k >k 5k >k 5k >k >k %k %k 5k >k 5k >k %k >k %k 3k *k 5k >k 5k >k %k %k *k %k *k >k k
/POST1

|**********dibujar deformada**********

/POST1

PLDISP,1

[rEx®xpExEXdibujar tensidn de vonmises™ ** ¥k xkx
PLNSOL, S,EQV, 0,1.0

NOTA: Todas las imdgenes de este documento son propias
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