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Example — Gear axle 3D

Objective: E = 210000N/mm?
Compute the maximum stress von Mise v =03

Tasks: T =1000Nmm
How should this be modeled?

Topics:

Element type, Real constants, modeling,
Plot results, output graphics, select entities
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Example — Read Input from

File Select List Plot PlotCirls  WorkPlane Parameters Macro  MenuCirls  Help
Clear & Start Mew ...

Change Jobname ... Read File |

iChange Directory ...

Read input from Drirectaries: 0.
Change Title ... [ -

.—E-"I"._I".ﬁ'dfﬁﬁ‘u g=laui
Cancel
Resume Jobname.db ... gsviewddini ] [ Documents and Se = | 4'
seratch.hip E= Adminiztrator Hel
Resume fram ... £ Cookies J elp |

1 Dokurnenter

Save as Jobname.db £ Foretrukne

Sawe as ... E £ Menuen Stat = |

Write DB log file ... Lizt Files of Type: Drives:

Read Input from . | 41 Files = [=- ] Mework. |
Swritch OumUt o E Dptional line number or label

List b |

File Cperations 4

; ; [” Copy input to databaze log
AMNSYS File Options ...

Import 4

Export ...

Browse to find shaft-3d.Igw —

Report Generatar ...

Exit ...
ANSYS Example0303
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Example — Read Input from

ANSYS

FEE =23 2004
21:09:03
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Example — Create Areas by line

ANSYS Main Meny @|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
E Modeling
El Create
Keypoints
Lines
E Areas
=RArbitrar
A Through K
A Overlaid o

& By Lines®
2 By Skinnin
A By Dffset —
Rectangle
Circle
Polygon
# Area Fillet
Yolumes
MNodes
Elements
Contact Pair
Piping Models
Circuit
Racetrack Coil
Transducers
Operate
Move / Modify j

[ Mo

Create Area b

(o) Pick @ — Trprick

(o Single " Box

) olygon ) Circle
- Loop

1]
]

Conart

Marimuam 10

1]
[}

Minjimuam

Line MNo. =

{¥ List of Items

- Min, Max, Inc

O @—f——ippls

Select All lines

= | B

ANDTO

Computational Mechanics, AAU, Esbjerg

Beset Cancel
Picl: A1L Halp
Example0303

Press OK to finish



Example — Create Areas by line
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Example — Element Type

Preprocessor > Element Type > Add/Edit/Delete

Defined Element Types:

NONE DEFINED Library of Element Types

Element type reference number

04 |

Apply |

l\Library of Element Types 0

Structural Mass
Lirik
Beam
Pipe
Rigid

Cancel |

| I

Cuad 4node 42
dnode 182
Shode 1832
Shode 82

Triangle tnode 2

Quad 4node 42

Help |

Press Add

Add... |[@———&skene—+——nel g
Clase | Help |
ANSYS

Computational Mechanics, AAU, Esbjerg
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Example — Element Type

Preprocessor > Element Type > Add/Edit/Delete

Element Types i X
AR, l\Library of Element Types X|
Ve PLAMESZ Library of Element Types Structural Mass 5= Bnode 83 -
Link: __||Brick 8node 45
Bearn Bnode 185
Pipe

Rigid

20node 95

| 20nade 186

Element type reference number

04 | Aoy | Cancel | Help |

Add... @ Options— Belete Press Add
Close | Help |
ANSYS Example0303 8
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Example — Real Constants

No Real Constants are necessary for pure 3D solid models!

ANSYS Example0303
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Example - Material Properties

Preprocessor > Material Props > Material Models
I\Define Material Model Behavior

wWaterial  Edit Help

— Material Models Defined

o]

Double Click
to step in the

— Material Models Available mate”al tree
& Material Model Nurmber 1 ] ﬁ Structural =]
@ Linear
8 Elastic
@ [sofropicll g
€ Orthotropic
@ anisotro [T, Isotropic Properties for Material N X|
Monlinear
© Density Linear Isofropic Material Properties for Material Murmber 1
Thermal Expansior
€ Damping -
| 8 Friction Coefficient
= ] | Temperatures I
femn | e BA=dmwri= ] Teie
‘ ILI_‘ | EX
PR
Add Temperature | Delete Temperature Graph
k. Cancel Help
ANSYS Example0303 10
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Example - Material Properties

Preprocessor > Material Props > Material Models

Click here
Linear Isotropic Properties for Material [ x| Enter 210000 |
Modulus of elasticity to Close
Linear Isotropic Material Properties for Material Mumber 1
Enter 0.3
B Poisson’s ratio
Temperatures
EX
PRXY ] 0| x|
Material Edit Help
— Material Madels Defined — Material Madels Available
& Material Model Nurnber 1 izl @8 Structural =]
add Temperature | Delete Temperature | & Linear Isotropic &8 Linear
8 Elastic
® Ok | Cani
€ Orthotropic
& Anisofrapic
Monlinear |
& Density
Thermal Expansion Coef
# Darmping
PI’ESS OK - = @ Friction Coefficient
= (e | e B = im] Cumieane B
‘ Iﬂ_‘ J 2]
ANSYS Example0303
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Example - Meshing

Preprocessor > Meshing > Mesh > Areas > Mapped > 3 or 4 sided
®| |
Select individual areas

AMNSYS Main Menu ANSYS Main Menu AMNSYS Main Menu

Preferences
E Preprocessor

Preferences
E Preprocessor

Preferences
B Preprocessor

Element Type Element Type Element Type _
Real Constants Real Constants Real Constants * pick@——tmpick to be meshed
Material Props Material Props Material Props
Sectiu_ns Sectiu_ns Sectiu_ns * Single e
Modeling Modeling Modeling
E Meshing B Meshing B Meshing " Tolygonm ¢ Cirele
Mesh Attribute: Mesh Attributes Mesh Attributes . )
MeshTool MeshTool MeshTool N B . It IS Often
Size Cntrls Size Cntrls Size Cntrls '
Mesher Opts Mesher Dpts Mesher Opts Count = 0 0 n
Concatenate Concatenate Concatenate Maximum = 1 necessary to Clear
B Mesh B Mesh 2 Mesh
# Keypoints A Keypoints A Keypoints Minimum = 1 the mOdel for
& Lines A Lines # Lines .
Area No. =
o 8 Areas 5 Areas el example if Element
Mapped =i B Mapped
2 Free #1 By Corners 21 By Corners Ol hen Gf Tetme Type or mOdeI
#1 Target Sur 213 or 4 sided P2
Volumes Concatenate Concatenate

Yolume Swee

Tet Mesh Fro

Interface Me:
Modify Mesh
Check Mesh
Clear

Del Concats
& Free
A Target Surf
Yolumes
Volume Sweep
Tet Mesh From

Del Concats

# Free

- Min, Max, Inc

A Target Surf ||

Yolumes
Yolume Sweep
Tet Mesh From

Computational Mechanics, AAU, Esbjerg

geometry is to be
changed

Select all areas defined
to be meshed

Checking Ctrls Interface Mesh Interface Mesh 0E Apply
Numbering Ctrls Modify Mesh Modify Mesh
Archive Model Check Mesh Check Mesh Deset CaaeD
Coupling / Ceqgn Clear Clear
FLOTRAN Set Up Checking Ctrls Checking Ctrls i
F5I Set Up Numbering Ctrls Numbering Ctrls Pl‘:k.‘a‘ll Help
Loads Archive Model Archive Model j
| | [ |+
ANSYS Example0303
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Example - Meshing

1

ELEMENTS

ANSYS Example0303
Computational Mechanics, AAU, Esbjerg
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Example — Extrude — About AXIS

AMSYS Main Menu

@|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
E Modeling
Create
Bl Operate
B Extrude
Elem Ext Opts
SlAreas

Z1 About Axis
#1 Along Lines
Lines
Keypoints
Z Extend Line
Booleans
Scale
Calc Geom Items
Move / Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector
Genl plane strn
Update Geom
rMeshing
Checking Ctrls
Numbering Ctrls
Archive Model

- -

Z1 Along Normal @
&1 By X¥Z Dffset

| [ ]

-

]

Select All Areas —

Sweep Areas

Select KP1

Sweep Areas % Dick @ Thyiesle |
o = Tnhpick (% Single " Box
) rolygon { Cirel
¥ Singl i E ircle
ingle (" Box i and KP10
- Folygon (™ Circle
i~ Loop [ ramat = n
AN\ Sweep Areas about Axis
Count = u]
: B [WROTAT] Sweep Areas about Axis
Maximum = 1 o
Hinimm = 1 — ARC Arc length in degrees
Area Mo. =
{ MSEG Mo, of volume segments

{* List of Items

i Min, Max, Inc

{

Il_ o @ Aty =ateet
[ —
0E @ Apply
0E @ Zprrd Beset |95 o Tal W B
— Press OK
Ieset Canicel Pick A1L Heln
Pick All Help

ANSYS

Computational Mechanics, AAU, Esbjerg

Example0303

|F'il:l< or enter two keypoints defining the axis
Note: Bottom left corner of ANSYS GUI

—I [WVROTAT] Pick or enter areas to be swept about axis

14




Example — Extrude — About AXIs

ANSYS Example0303 15
Computational Mechanics, AAU, Esbjerg



Example — Mouse rotate

1
VOLUMES

TYFE NUM

ANSYS
Computational Mechanics, AAU, Esbjerg

Example0303

Rotate by
holding the
Ctrl key
down while
using the
right hand
mouse
button

16



Example — Volume Sweep

ANSYS Main Menu @|

= Preferences j

=1 Preprocessor
Element Type
Real Constants {* pick " Unpick
Material Props
Sections

[ Single " Baox

Modeling
B Meshing " Tolygon (" circle
Mesh Attributes ) Loop
MeshTool
Size Cntrls Comt = 0
mMesher Opts :
Concatenate LR
= mMesh Minimuam = 1
& Keypoints Tolu No. =
& Lines |
Areas
volumes ¢ Lizt of Items

=ERYolume Swee
Sweep Opts
# Sweep @——
Tet Mesh From I
Interface Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Mumbering Ctris
Archive Model
Coupling / Ceqgn
FLOTRAMN Set Up

+] FCQT Cat 1in j -
= = Select All

ANSYS Example0303
Computational Mechanics, AAU, Esbjerg

- Min, Max, Inc

0K Apply

Beset Cancel

@ Pick ill Help




Example — 3D Mesh

1
ELEMENTS

ANSYS Example0303
Computational Mechanics, AAU, Esbjerg
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Example — Analysis Type

Write Database Log l

Wiite D atabase Log to Directories:
i @ o hadminiztrator
Cancel |
= ot

| [=+ DOCUMEMNTS .&Nj Hel |
E= ADMINISTRATOI P
3 Cookies

3 Dokumenter

LI £ Foretrukne ﬂ
Solution > Analysis Type > New Analysis <t Al

IDatahase Log [ Igw] ;I I = ;I MHetwark. .. |
m New Ana I?ISis EI I'W'rite non-ezzential cmds as comments LI

[ANTYPE] Type of analysis

File > Write DB log file
Enter “example0303.Igw”

k

" Modal

" Harmonic

" Transient

" Spectrum

" Eigen Buckling
" Substructuring

oK | Cancel | Help |

ANSYS Example0303 19
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Example — Select entities

File Select List Plot PlotCirls  WorkPlane Parameters Macro MenuCirls  Help
Entities ...

* List of Items

Comp/assembly * Select E
Areas -
Everything | J
Everything Below * |I3'3,|r Num/Pick j
[
Select area * From Full
* Pick @ Thaprimle (" Reselect
* Single " Box — £ Also Select
" Palygon (" Circle " Unsgelect
" Loop
Sele All | Invert |
Count = 0
Teedowm = B Sele Nune| Sele Eelu|
Minjimuam = 1 2
Area No. = DK | Apply |
Plot | Flf:plut|

Cancel Help |

" Min, Max, Inc

Change to Areas

0K | Apply |
RBeset ‘ Cancel |
|_=» | |lL——— Select indicated areas (use isometric view)

ANSYS Example0303 20
Computational Mechanics, AAU, Esbjerg
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Example — Select entities

ANSYS

FEE £3 Z004
23:17:50

ANSYS Example0303
Computational Mechanics, AAU, Esbjerg




Example — Select entities

Mlselect E 2

|Elements j ®

|Attat:hed to j @

ELEMENT3S

" Modes

" Modes, all

" Yolumes

* From Full
" Reselect
" Also Select
" Unselect

Sele All &—tnvert—|
Sele Nunf:| Sele Bt:lu|

—O 0K | Apply |
Plot | Replot |
Canct:l| Help |

Change to Elements, Attached to, Areas, Sele All

— AEss OK Example0303 22
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Force/Moment > On Nodes
Note: If the model is remeshed all loads will be deleted with the element nodes

Apply F/M

1
ELEMENTS

* pick @ R ) 7y e 4

{* zingle {" Box

" Polygon { Circle SeleCt indicat

~

I
[}

Count
Maximuam 171
Minimuam

Node Mo.

[} [} ]
=

{* List of Items

(" Min, Max, Inc

0E @ Apply

Beset Cancel
Pifgk All Help
— Press OK
ANSYS Example0303 23
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Force/Moment > On Nodes

ANSYS
Computational Mechanics, AAU, Esbjerg

Change to FZ

I\ Apply F/M on Nodes | %]

[F] Apply ForceMoment on Maodes
Lab  Direction of force/marm

dpply as Fx e =

If Constant value then: [Fz

YALUE  Forcefmoment value
[Help |

(a4 OJ Apply Zancel

—

Press OK to finish Enter 22.2

Example0303 24



Apply F/M

Example — Define Loads

Solution > Define Loads > Apply > Structural > Force/Moment > On Nodes
Note: If the model is remeshed all loads will be deleted with the element nodes

* pick @

=
1 gy aje N -4

{* zingle

i Polygon
~

{" Box

(" Circle

Count
Maximuam
Minimuam

Node Mo.

171

{* List of Items

(" Min, Max, Inc

1

0E @+ Apply
Beset Cancel
Pick 411 Help
- Press OK
ANSYS

ELEMENTS

Select indicated ele

Example0303 25
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Force/Moment > On Nodes

ANSYS
Computational Mechanics, AAU, Esbjerg

Change to FZ

I\ Apply F/M on Nodes | %]

[F] Apply ForceMoment on Maodes
Lab  Direction of force/marm

dpply as Fx e =

If Constant value then: [Fz

YALUE  Forcefmoment value
[Help |

(a4 OJ Apply Zancel

—

Press OK to finish Enter -25

Example0303 26



Example - Save

1
ELEMENTS

Display of Analysis model

AMSYS Toolhar

Save the model
! SﬁWE_DE-l RESUM_DE-' QUITI F'DWRGRF'H! E-C:“-'«El

!

ANSYS Example0303 27
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Example — Select entities

File Select List Plot PlotCirls  WorkPlane Parameters Macro MenuCirls  Help

Entities ...
3 1
Compfbssembly A—
Select eler
Everything

(¥ pick " Tpick
Everything Below *

{* Single {" Box

SEIECt E J " Polygon ("~ Circle

~
-
Count = a
|I3'3..ur Num{Pick j Marimum = 4884
Minimum = 1
* From Full Elenm No. =
" Reselect
{* Lizt of Items
" Also Select
{ " Min, Max, Inc
" Unselect
Sele All | Invert | I

Sele Nune| Sele Belu|

— @ 0K | Apply | Oz Apply
Plot | Replot | Reset Bermmail
Cancel | HEIP | Pick A1l Help
Select Pick All
ANSYS Example0303 28
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Example — Select entities

li\select E x| T

ARELSG

|Art:as j TYFE HUM

By NumiPick <]

 From Full Q oz (" Unpick
" Reselect {* single ( Box
" Also Select (™ Polygon ¢ Cipcle
" Unselect (" Loop
Sele All | Invert  Cownt = O
Sele Nunf:| EEIEER =
Minimum = 1
e OK | Appl? | Area MNo. =
Plot | Flt:plut|
Cancel | HE“] | {* List of Items

(" Min, Max, Inc

0K Apply

Reset Cancel

Pick All* Fratyr |

Select Pick All

ANSYS Example0303 29
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Displacement > On Areas

Apply U,ROT . Select All DOF to fix/clamp the axle
@ pick & rpick I Apply UROT on Areas | x|

o Sl M Eo [Da] apply Displacements (U,ROTY on Areas i
" Polygon  cidele Select Areas Lab2 DOCFs to be constrained 4| DOF

e as indicated
on the next

: page

I
]

Count
Maximuam

Minjimuam

[} ] n
=~

Area No.

{¥ List of Items

All DOF

- Min, Max, Inc

Apply as ICDnstant value j
|| If Constant value then:

WallE  Displacement value I
0E @ PN o
4 .J Apply | Cancel | Help |
Reset Cancel

Pick All Help

— Press OK

ANSYS Example0303 30
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Example — Define Loads

1

TYFE NIUH

ANSYS Example0303
Computational Mechanics, AAU, Esbjerg
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Example - Solve

Solution > Solve > Current LS

ANSYS Main Menu @

Preferences

Preprocessor

B Solution
Analysis Type

pml o Solve Current LoadStep x
sty Opts Solve Current Load Step i x|

= rrE"t 5 o [SOLVE] Begin Solution of Current Load Step

From LS Files

Partial Solu Review the summary information in the lister window (entitled
Adaptive Mesh "/STATUS Command"), then press OK to start the solution.
FSI Set Up

ADAMS Connection
Unabridged Menu | e T
General Postproc Ok, Cancel Help
TimeHist Postpro

Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

HEREEEHEEBEA

Press OK

b Example0303
Computational Mechanics, AAU, Esbjerg




Example - Solve

Press Close
\i‘) Solution is done!
Press here
to Close
:
I /STATUS Command ' X|
File
[
SOLUTION OPTIONS
PROBLEH DIMENSIOMALITY. . » » v v v v o v . 30
OEGREES OF FREEDOH. . . . . . ez
T | SR N STATIC (STEADY-STATE)
LOAD STEP OFPTIONS
LOAD STEP MUKBER. » o v v v vooe e e e e e s 1
TIHE AT END OF THE LORD STEP. - - . . . . . .. 1.0000
NUHBER OF SUBSTEPS. . . . . . o o oo vn o 1
STEP CHANGE EOUNDARY CONDITIONS . . . . . . . . Hi
PRINT OUTPUT CONTROLS .+« .« v v o oo e o MO PRINTOUT
ORTRBASE DUTPUT CONTROLS. & - - o o o s ALL DATA HRITTE
FOR THE LAST SUBSTEP
ANSYS Example0303 33

Computational Mechanics, AAU, Esbjerg



Example - PostProcessing

AMSYS Main Menu

Preferences
Preprocessor
Solution
B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
= Plot Results
Deformed Shape
B Contour Plot
Element Solu
Elem Table
Line Elem Res
Yector Plot
Plot Path Item
Concrete Plot
List Results
Query Results
Options for Outp
Results Yiewer
Write PGR File
Modal Calcs
Element Table
Path Operations
Load Case
Check Elem Shape
Write Results
ROM Operations
Submodeling

F Fatirmo

s [ ]

El

KUND  Items fo be plotted

Fact Optional scale factor

[/EFACET] Interpolation Nodes

[4%PRIN] Eff MU for EQY strain

Item,Cormp  Item to be contoured

Apply |

@'l I\ Contour Nodal Solution Data

[PLMSOL] Contour Modal Solution Data

DOF solution

Strain-total
Strain-mech+hrm
Energy

Strain ener dens

Strain-elastic ;I

" Def shape only

3rd principal 53
Intensity  SINT

von Mises  SEQY
PlasEqwSirs SEPL
StressRatio SRAT

I von Mises  SEQW

* Def + undefarmed | @

" Def + undef edge

e

% Corner only
" Corner + midside

" all applicable

—

Cancel |

 I—

Help

Select “Def+undeformed”
and Press OK

ANSYS

Computational Mechanics, AAU, Esbjerg

Example0303
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Example - PostProcessing

1

HNODAL 5SO0LUTION

3TEP=1

— Read Maximum displacement: DMX

ANSYS Example0303
Computational Mechanics, AAU, Esbjerg

35



	Course in ANSYS
	Example – Gear axle 3D
	Example – Read Input from
	Example – Read Input from
	Example – Create Areas by line
	Example – Create Areas by line
	Example – Element Type
	Example – Element Type
	Example – Real Constants
	Example - Material Properties
	Example - Material Properties
	Example - Meshing
	Example - Meshing
	Example – Extrude – About Axis
	Example – Extrude – About Axis
	Example – Mouse rotate
	Example – Volume Sweep
	Example – 3D Mesh
	Example – Analysis Type
	Example – Select entities
	Example – Select entities
	Example – Select entities
	Example – Define Loads
	Example – Define Loads
	Example – Define Loads
	Example – Define Loads
	Example - Save
	Example – Select entities
	Example – Select entities
	Example – Define Loads
	Example – Define Loads
	Example - Solve
	Example - Solve
	Example - PostProcessing
	Example - PostProcessing

