Exercise 1: Axle Structural Static Analysis

The purpose of this exercise is to cover the basic functionality of the
Mechanical Toolbar (MTB) in the context of performing an actual analysis.
Details of each command, along with an explanation of why you are using the
command, are provided prior to each step.

This will be a simple problem that will be performed entirely within the MTB to
give the student a quick overview of the MTB functionality. This exercise will
use the very minimum of input required to progress through the steps and
obtain results. The model will employ the no defeature/repair option during
import of a solid 3D part, MTB materials, Smartsize meshing, simple area
constraints, and area force loading.

The analysis will be performed on a 3-D solid model of an automobile front
wheel axle. The model has already been sufficiently defeatured to facilitate
building the finite element model. You will use the MTB to determine
maximum stress and deflection and if the axle can withstand the given loads
without yielding.

Important: Please Read the Following

This exercise contains the step by step instructions to complete the problem
described above. All instructions to the exercise are denoted by Blue colored
text.

This exercise also contains detailed information about the functions on
Mechanical Toolbar. The information that is provided covers the required
functions necessary to complete this exercise. Other functions will be covered
in later exercises. The information should be read before proceeding with the
instructions. The detailed information is denoted by the Black colored text.
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Step-by-step Instructions:

Before beginning this problem, create a separate folder on your computer for
this job and copy the axle Parasolid part file (axle.xmt_txt) to this folder.

1. Launch ANSYS/Professional and Activate the Mechanical
Toolbar (MTB)

1.1. Launch ANSYS using your start menu.
A. Browse to select the working directory you just created for this job.
B. Change the Graphics device name to 3D

C. Enter a job name (axle). All ANSYS files created for this problem will
have a filename of axle followed by a unique extension.

D. Change the Memory Requested for Total Workspace and for
Database sizes for this job to be 256 and 64 respectively.

E. Click RUN to start the ANSYS GUI.

nj“.‘ Interactive 5.6

@ Product selection | N5YS Mecharical U [
‘Working directory |i:\ansys'\a>:le § 1.1.A
Graphics device name a0 - 1.1.B
Imitial jobrame |a:4|e 1 1 C

temary requested [megabytes]

far Tatal Workspace |255
< 1.1.D

for Database |54

Read START.AMS file at ztart-up? [ -

G configuration

Parameters to be defined |
[-parl wall -par? val2 ]

Language Selection |[english] j

Execute a customized ANSYS executable

1.1.E Run Close Reset | Cancel ‘ About
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The following step is required only if you are not running ANSYS
Professional.

1.2. Activate the Mechanical Toolbar (MTB).
A. Click on MenuCtrls

B. Click on Mechanical Toolbar. The Mechanical Toolbar (MTB) will

now appear and replace the Main Menu, Input Window, and the
Toolbar.

40 ANSYS /Mechanical U Utility Menu
File Select List Plot PlotChl:  WorkPlane Parameters  Macro JSERERGE

1.2.A

JVANSYS Input v tain benu
v [hput wWindow

I v Graphics Window
v Toolbar

Pick a menu item or enter ANSYS command bel

Mechanical Toaolbar

|pdate Toolbar
Edit Toaolbar ...
Save Toalbar ..
Restare Toalbar ...

tdessage Contrals ...

Save Menu Lagout

By default the MTB will first display the Setup tab. This is where you will
specify the analysis settings. The MTB options will vary depending on
which Tab is currently active.

4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db

i Jetup ] Mcu:lel] Load ] Solkve ] Hesults] ‘L 0 |EF;J H 7 1 EH @j}
i IStructuraI _:_i IStatic _‘:_i Im-kg-s-f _'_i |ANS"|’S Analyziz JL @le ‘ l
i_@ | .@J@J@J ‘Ej | |.Material colnrirgg“.—:ﬂl | g| %JJ | | |
l t Shuctural l Static m-kg-sC t
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2. Setup

On the Setup tab, you are required to specify the engineering discipline,
analysis type, unit system, and the graphics title for the analysis. You also
have options for setting your MTB preferences and inputting user information.

2.1. Set the Engineering Discipline

To set the engineering discipline, click on the Engineering Discipline drop
down list and select either Structural or Thermal. The selected option will
directly affect which options are presented to you in the Analysis Type drop

down list.
% ANSYS Mechanical Toolbar - J:\ansys\axleVAxle db
setup | Mods | | ] ] D|=(3] ?‘EHJ
|Structural i M |m-kg-8-+5 | [ANSYS Analysis F(EE
fructural
= - t aterial colaring J ‘ ’7 ‘ J
| Structural | Static | m-kg-s-"C |

A. Set the Engineering Discipline to Structural

2.2. Analysis Type

To set the analysis type, click on the Analysis Type drop down list and
select the type. If the Engineering Discipline is set to Structural, you have
the options of either Static or Modal. If the Engineering Discipline is set to
Thermal, then you only have the option of Steady-State.

4% ANSYS Mechanical Toolbar - J:\ansys\azle\Axle.db

SEtUD]ModeI] ] ] ] D‘EF;|H c@|g”@
|Structural j Static "2.2.A° j |ANSYS Analvsis E [{I
M @ ﬂ kdiodal - - g @
| | Structural | Static m-kg-z-"C |

A. Set the Analysis Type to Static
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2.3. Unit System

To set the unit system, click on the Unit System drop down list and select
the unit system that you want to work in. You also have the option to define
a new unit system. The unit system that you choose has no effect on
existing data or completed analyses. It is only used to define labels on the
plots for convenience. If you change units during the modeling process,
ANSYS does not perform a unit conversion for you. That is your
responsibility. Be consistent with your units.

4% ANSYS Mechanical Toolbar - J:\ansys\azle\Axle.db

o | ] ] ] ol 2]l 6]
|Structural j |Statiu: ﬂ |I‘I‘|-kg-$-°E sis =T

— . ; ; cr-g-3-"C
nl @ @ ‘ & | M atenial colaring boat-slug-s-F

| | Structural | Static m-kg-z-C |

The unit system options include:

e m-kg-sec-°C

e cm-g-sec-°C

¢ foot-slug-sec-°F

e inch-lbm-sec-°F

e mm-kg-sec-°C

e Add Unit System

A. Set the Unit System to m-kg-s-°C

2.4. Graphic Title

To name the analysis, click in the Graphic Title input window, delete the
default name (ANSYS Analysis), and type in the new name. You are
allowed up to 72 alphanumeric characters.

% ANSYS Mechanical Toolbar - J:\ansps\axle\Axle.db [_ [O] x|
setup | Modsl | ] ] ] D[] =] ?‘QHQ
|Struclural ﬂ |Static ﬂ |m-kg-s-°C ﬂ ’W_ E I:a

M Eﬂ @ *F ‘ﬂ“h‘laterial colaring ﬂ HE @

| | Structural | Static | rrkg-z-"C |

A. Enter a Graphic Title for the analysis: Axle Analysis.
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2.5. Toolbar Properties

Toolbar Properties button contains options to allow you to affect the
behavior of the MTB. To modify these options, click on the Toolbar
Properties button. Three tabs appear on the dialog box: General, User Info,

and About.
R ANSYS Mechanical Toolbar - J:\ansys\axle\Axle. db
setup | Mods! | ] ] ] D23 2= @
[ stuctural = |static =] |mkasT | [astel analysis alm

M @ @ *p ‘ﬂHMaterialcolnring j HE @

| | Structural | Static m-kg-z-"C |

General Tab

¢ Click the General tab to change the start-up configuration of the MTB, to
define a system calculator or system editor, or to enable PostScript
printing. (for Windows NT systems only)

e If the *ABBR Toolbar or the Input Window has been turned off via the
MenuCitrls in the full ANSYS menu system, you must turn off the
Mechanical Toolbar and then turn it back on after choosing either of
these configuration options from the Toolbar Properties dialog box.
Otherwise, they will not appear in the interface.

Toolbar Properties x|

General ] Llserlnh:u] Abaout ]

Start Configuration Systern Litiities
Calculatar
[ *ABBER Toolbar |n:a||:
[ Input Window Editor
|nu:ntepad

[ Resize graphics window
[ Enable PS print

] | Cancel ‘ Help
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e Toggling ON the *ABBR Toolbar allows you to access the ANSYS GUI
component known as the *ABBR Toolbar. This toolbar contains a set of
push buttons that execute commonly used ANSYS functions. You can

customize this toolbar by adding or removing functions.

4% ANSYS Toolbar E

SAVE_DB
RESUM_DE

POWRGRPH

e Toggling on the Input Window allows you to access the ANSYS GUI
component known as the Input Window. Using this window, allows you

to input commands directly to ANSYS.
70 ANSYS Input

Pick a menu item or enter ANEYSE Command below (PREFP?>

e The System Utilities-Calculator allows you to input the name of your
preferred system calculator in the text entry box. The MTB will start the
defined calculator when you click the System Calculator button on the

MTB. @

Toolbar Properties x|

General ] Llserlnh:u] Abaout ]

— Start Configuration ——————  — System Uhlities
Calculator
[~ =ABER Toolbar |,:_3|,:
[T Input "Window Editor
notepad
¥ Flesize graphics window I
[~ Enable PS print

] Cancel Help

e The System Utilities-Editor allows you to input the name of your
preferred system text editor. The Mechanical Toolbar will invoke the

defined editor when you click the System Editor button on the MTB. =E
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e The System Utilities-Enable PS print (Windows NT systems only).
Check this box if you are using a PostScript-enabled printer for better
print quality.

User Info Tab

¢ Click the User Info tab to provide user information for Analysis. You can
record your name, company name, and company address in the
corresponding text entry boxes. The Mechanical Toolbar uses these
entries when creating the report.

Toolbar Properties E

General USETWD] Ahaut ]

M ame |._I|:|hn Smith

Compatny |.-'-‘-.N S5

Addresz

k. Cancel Help

About Tab

e Click the About tab to verify which version of the Mechanical Toolbar
you are using. Just in case you forgot.

Toolbar Properties |

General ] User Info Ahout ]
AM5YS Mechanical Toolbar

Feleaze 2.1
Copyright 1939 SAS |F, Inc.

k. Cancel Help
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e To put your changes into effect and exit the Toolbar Properties dialog
box, click OK. To put any Start Configuration changes into effect, you
must also restart the Mechanical Toolbar.

A. Click on the Toolbar Properties button.

4% ANSYS Mechanical Toolbar - J:\ansys\axzle\Axle.db

setup | Mods! | ] ] ] D= 2|=| @

|Structural ﬂ |Static j |m-kg-s-°C j |ﬁ1‘-.:-:le|.~'-\nal_l,lsi$

M @ @ *p ‘ﬂHMaterialcolnring j HE @

| | Structural | Static | m-kg-z-"C |

B. The Toolbar Properties dialog will appear. Click on the User Info tab.

Toolbar Properties x|

General USE”ﬂfD{ 2.5.B
Mame |Jahn Smith

25C |
Company AMSYS

Addresz

ok < 25D ‘ Help

C. Enter your name, and if you want, company name and address.
D. Click OK when finished.
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3. Model

Under the Model tab is where you import the geometry, assign shell element
thickness, material properties and mesh the part.

With the MTB you do not have the capability to create the volumes or areas,
therefore the geometry must be imported.

% AN5YS Mechanical Toolbar - J:\ansys\axle\axle.db _ (O]
e Modsl| - | ] D|zd| 2| &

|
%“ ﬂ%' ﬂ@ Illll‘ullllJﬁ E[{I
M Eﬂ & ﬂHMaterial coloring j |’E|@

| | Structural | Static rrkg-z-"C |

3.1. Model Preparation

The following are a few tips on how to prepare the geometry before
importing it into ANSYS.
e Create a copy of the model in your CAD system. Modify the copy by

simplifying the geometry to better facilitate the building of the finite
element model.

e Suppress unnecessary features in the model such as external fillets,
small holes, and any feature that is not essential to the analysis.

e Cut the model on all symmetry planes. Only keep the smallest unique
piece that can be mirrored or copied (note that the loads and boundary
conditions must also be symmetric).

e Remove or suppress everything from the model that isn't part of the
model's geometry, such as dimensions, construction lines, etc.

e Either move the model near the geometric center of the coordinate
system or create an output coordinate system near the geometric center
of the model.

e Analyze the model and look for any small slivers or poor geometry.
Remove these areas or correct the geometry.
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3.2. Importing Models

2.|® To load a model into the Mechanical Toolbar, click the Import
Geometry button. The Import Geometry — Select File dialog will

appear.
% ANSYS Mechanical Toolbar - J:\ansys\axle\axle.db M=

o 4 e | s st EEEE

|
2] -1 = | 48, 0 =] a|m
M @ @ *p ‘ﬂHMaterialcolnring j HE @

| | Structural | Static: | m-kg-z-"C |

e Click on the Files of type drop down list and select one of the import

types.

Import Geometry - Select File BE
Lock in: |El avle j gl
axle. wrnt_kst
File name: Open I
Files of twpe: [0 Cancel |

IGES [*ig*s]

[AMSYS [* db®
z F ':-:.:_::-: ”

SAT [not hicensed) [*-ML-]
Fro/E [not licenzed) [*-ML-]
I1G [naot hcensed] [5-ML-]

e Change the directory to the directory containing the file to be imported.

¢ Highlight the desired file name and click Open. The Import Geometry -
Select Import Method dialog will appear.
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e Use the Import Geometry - Select Import Method dialog box to decide
which method to use when importing a model. Specify whether the
model is a 3-D Solid or a Shell or 2-D Solid.

Import Geometry - Select Import Method E

'ou muzt identify the type of geamety on the Parazalid file

" Shell or 2D Salid

“'ou mugt decide if wou want to clean-up the model if the import Fails

o+ Mo model clean-up [fastern)]

" Allow model clean-up and defeaturing

] Cancel Help

¢ You have two additional choices to make concerning your model

e No model clean-up - This is the preferred method; it's faster and
more reliable.

e Allow model clean-up and defeaturing - Using this method
activates the defeaturing tools. A better method is to remove all
unnecessary features from your model in the CAD system.

¢ Click OK to proceed with the geometry import.

| A. Import the geometry for this exercise. Click on the Model tab on the
MTB.

Setup\ bdodel 32A ] D|Er;‘|‘ ?‘QHQ

2V 328 [ =& | 8], 4, ]
M Eﬂ @ k) ‘ﬂ“h‘laterialcolnring ﬂ HE @

| | Structural | Static | rrkg-z-"C |

] a|m

B. Click on the Import geometry button to bring up the Import Geometry
— Select File dialog box.
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C. Change the Files of type: option to Parasolid.
Import Geometry - Select File |

Laok jr Ia arle 'g 3.2.D
axle.xmt_tst < 3.2.E

File name:

| Open <3.2 .F
Cahcel |

Filez of type:

IGES [*.ig%s)

AMEYS [* db”
Parazolid [*.5% *

SAT [not licensed) [*-ML-]
Fra/E [not hcenzed) [*-ML-]
I1G [not licenzed)] [F-ML-]

D. Change the directory to the directory containing the axle parasolid.
E. In the file list, highlight the file named axle.xmt_txt.

F. Click Open. The Import Geometry - Select Import Method dialog will
appear.

Import Geometry - Select Import Method |

— 'ou muzt identify the type of geometiy on the Parazolid file
130 50id< 3.2.G

™ Shell or 20 Solid

— "Tou muzt decide if pou want to clean-up the model if the impart fails -
% Mo model clean-up [fasten< 3.2.H

" Allow model clean-up and defeaturing

ark. 3.2.1 | Help

G. Select 3-D Solid.
H. Leave the No model clean-up (faster) option set.

I. Click OK. ANSYS will import the Parasolid file and draw the part in the
graphics window.
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3.3. Viewing the model

There are several buttons on the Mechanical Toolbar that allow you to
manipulate graphic plots. These buttons and their functions include:

% ANSYS Mechanical Toolbar - |:\ansys\axlehaxle.db M= E
Setup\MUde']LDEd] ] ] D|E"|‘ ?‘QH'@

2| = & foimn = 8] M K alo

M @ @ *p ‘ﬂHMaterialcolnring j HE @

| | Structural | Static: | m-kg-z-"C |

e Plot: To access a fly-out toolbar of plotting options, do the following:

AL

e Position the cursor on the Plot button.

¢ Press and hold the left mouse button until the fly-out toolbar appears.

A A [T AT AT A

e The fly-out toolbar contains the following buttons: Keypoint Plot, Line
Plot, Area Plot, Volume Plot, Node Plot, and Element Plot.

¢ Release the left mouse button.

¢ Position the cursor on the desired fly-out button and click.

=15 Oblique View: Sets the view of the graphic window to oblique.

(]| « View: Sets the view of the graphic window. To access a fly-out toolbar:

e Position the cursor on the View button.

¢ Press and hold the left mouse button until the fly-out toolbar appears.

T I|F|D|D| |4 |D

e The fly-out toolbar contains the following View option buttons: Top View,
Bottom View, Front View, Back View, Left View, Right View, Oblique
View, Working Plane View, and Isometric View.
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7 | ¢« Pan-Zoom-Rotate: This option activates the Pan-Zoom-
Rotate control, which allows you manipulate the model
view by panning, zooming, or rotating the model. Note: m
This is a good option to leave on while working on the

model. Top

e To change the view, click on the desired view button m

(Top, Front, Iso, etc)

. . Left || Right
¢ You can choose a Zoom method. Your options include:

Zoom, Box Zoom, Win Zoom, and Back Up (UnZoom). -
£0om Back Up

e Pan/Zoom buttons: Pan up/down left/right using the ;
arrows. Small dot zooms out and the large dot zooms

in. The Rate slider located below the rotate buttons "
controls the amount of change in model size from

zooming in or out. :’ n n I:

e The Rotate buttons allow you to define the axis of ﬂ
rotation. The rate slider that is below the rotate buttons

controls the amount of rotation. m -

. ) +¥X

e Dynamic Mode: This option allows you to use your - -
mouse buttons to pan/zoom/rotate. When this is on, Y-G|[D+Y
the left mouse button pans, the middle mouse button

zooms, and the right mouse button rotates.

e Lighting: This option allows you to control the light
source location, intensity, and the reflectance of your
model. When this option is ON the mouse buttons
function as follows: Left Button: Move in X-direction to
increase or decrease the reflectance of your model.
Move in the Y-direction to change the intensity of the
directional lights (there are two directional lights, one in
front and one behind your model). Middle Button: Move
in the X-direction to rotate the directional lights about
the screen Z-axis. Move in the Y-direction to change
the intensity of the ambient light. Right Button: Move in the X-
direction to rotate the directional lights about the screen Y-axis. Move
in the Y-direction to rotate the lights about the screen X-axis.

@ Lighiz

¢ Fit: Automatically adjusts that amount of zoom in the active window
so that your entire model can be seen within the window.

e Reset: Removes any Pan-Zoom-Rotate changes in the active
window. Your model will be displayed in its default orientation and
sized to fit within the active widow.

e Close: Dismisses the Pan-Zoom-Rotate dialog box.
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¢ Alternatives to using the Pan-Zoom-Rotate control :

Pan — Hold down the CTRL key and press the left mouse button.
Move the mouse left, right, up, or down to move the model in the
desired direction.

Zoom — Hold down the CTRL key and press the middle mouse
button. Move the mouse up to zoom in. Move the mouse down to
zoom out. If you are using a two-button mouse, you may be able to
mimic the action of a middle mouse button by holding down the
SHIFT key and pressing the right mouse button.

Rotate about Z axis — Hold down the CTRL key and press the
middle mouse button. Move the mouse left or right to rotate the model
about the Z axis. If you are using a two-button mouse, you may be
able to mimic the action of a middle mouse button by holding down
the CTRL-SHIFT keys and pressing the right mouse button.

Rotate about X or Y axis—Hold down the CTRL key and press the
right mouse button. Move the mouse to rotate the model about the X
(up/down) or Y (left/right) axis.

e Redraw Model: Redraws (refreshes) the contents of the graphic
window.

e Render Model: This option allows you to set the render options for the
model. The render options include material coloring, material texturing,
thickness, translucency, wireframe, gray scale, and show edges.

e Boundary Conditions: Toggles boundary condition symbols on and off.

¢ Print Hardcopy: Prints a hardcopy of the graphic window contents.

A. Select the Pan-Zoom-Rotate button. The Pan-Zoom-Rotate dialog
will appear .

#% AN5YS Mechanical Toolbar - J:\ansys\axle\axle.db

Setup | tdodel ]

|

(=] E3

0|2 2= o

=l

@‘ ‘ ﬂ | |Mal3fia| coloring [ | ’E

et
5| | d8| AL
=l

] a|m

| Structural | Static rrkg-z-"C |
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B. Thoroughly inspect the model by Panning, zooming,
and rotating the model. Play with the light source

option. [ =]

C. Return the view to Oblique when you are finished.
Leave the Pan-Zoom-Rotate control open for the rest

of the exercise. Im

e AN
338 >

A
A |e]p

v

B ANSYS Graphics VPLOT type=1 mat=2 real=1 csys=0

| X- O [[9+X]

ANSYS Analysis

% ANSYS Graphics VYPLOT type=1 mat=2 real=1 csys=0

[ atuminom AN [
D ielod= W Light:
<

AMNSYS Analysis
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3.4. Material Properties

By default, there are three materials that are available for use with the
Mechanical Toolbar: these are ANSYS-supplied aluminum, steel, and
titanium. In addition to these ANSYS-supplied materials, you can add other
materials to create your own personal material library.

Creating a Personal Material Library

To create a new material that will be added to your personal material
library, you need to be on the Model tab. Follow these steps:

¢ Click on the Default Material drop down list and select New Material, or
place the cursor over the Default Material drop down list, click the right
mouse button and select New from the list of options. The Material
Properties dialog box appears. Three tabs appear on the dialog box:

4% ANSYS Mechanical Toolbar - J-\ansys\axle\asle.db

Setup | MDdE|] Load ] Solve ] Hesults] Mwihat's Thiz? O |ﬁ'| HH 74 | = ” @l
Lbﬂ’l | [Soid - ﬁl | Aluminum ~|| Mew _H El & |%|

Steel a _I:l:ll:l_lrl

EH E’lﬂl@||;m|‘lmTitanium v|
|

(I = )

Delete

| Properties | mhasT I
M aterial Properties E
Dizplay ] Structural] Thermal ]
Mame |New b aterial
b aterial texture [30 devices)
Source |
] Cancel Help

Display, Structural, and Thermal.

e On the Display tab, type a unique name for the new material into the
Name window. Material names are limited to 32 characters.

¢ Click on the arrow to the right of the Material Texture button. When the
texture options appear, click the texture of your choice to select it. The
Mechanical Toolbar will use the texture that you choose to depict the
material in graphic plots.
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e Use the Source input window to record information about the source
that you referred to for the definition of the material (up to 64 characters,
including spaces).

e Click on the Structural or Thermal tab (as applicable) and type in the

M aterial Properties x|

Dizplay | SUUCWTE|] Thermal]

— Phyzical Constants

Elaztic rmodulus | pzi
S pecific weight | Ibvfin™3
Thermal expanzion coeff | 1/°F
Poizzons ratio I
] | Cancel | Help
Material Properties E

Display ] Stuctural  Thermal ]

Fhyzical Constants

Conductivity | Biudzecdin °F

Specific heat | Btudlb °F

k. Cancel Help

physical constants that are necessary to define the new material.

¢ Click OK to put your changes into effect and exit the Material Properties
dialog box. The new material will be added to your personal material
library and will always appear in the Default Material drop down list box
on your system.

Copy, Delete, and Modifying Material Properties

e Place the cursor over the Default Material drop down list, click the right
mouse button and select Copy, Delete, or Properties.
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Assigning Material Properties

Any unassigned model entities will take on the material that is currently
displayed in the Default Material drop down list. To assign a material to
entities in a model, you need to be on the Model tab. Follow these steps:

4B ANSYS Mechanical Toolbar - J:\ansys\axle\axle.db M=l E3

Setup j MUdE'I Load] Solve]ﬂesults] 0 ||3q| HH ?lgl‘ @l
;-ﬁ',”ISc-Iid ﬂﬁl | i jﬁl .....J.J...._Hﬂl | Elgl

EH Ef]lﬂll El“h’laterialcoloring ﬂ HE|@
|

| Structural | Static | mrkag-s-"C |

8 | o Click on the Assign Material button. The Material for Assignment dialog
will appear.

M aterial for Azsignment E

AlLiminunm

Steel
Titarum
Copper
Select Yolumes for Materi. ..
Continue Cancel

¢ In the Material for Assignment dialog box, select the
desired material and then click Continue. The ANSYS
Picker will appear.

¢ In the picker, make the desired picker selections (for
example, Single pick, Box pick, and so on).

¢ In the graphic window, select those parts of the model
to which you want to assign the material.

o Click Apply in the picker.

e Repeat steps 1 through 5 until you have assigned a
material to all appropriate entities in the model.

¢ Click OK in the picker.

| ipply
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2 A. Next we want to change the material properties from the default of
Aluminum to Steel. Click on the Assign Material button in the MTB.

% ANSYS Mechanical Toolbar - J:-\ansys\axle\axle db _ [0

e M| bosd | s 0 |zl els] @l
JgJ‘|smm :J-§§J | fdumirum ~| 81( 3.4.A o __J|J§H ﬁiléél

E” Eﬂlﬂll EHIMaterialcoloring j |F‘§|
|

| Structural | Static | m-kg-s-C |

B. ANSYS has built in M atenal for Assignment [ x| |

properties for Aluminum, =, .
Steel and Titanium.

(s pick . Inpick
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3.5. Meshing the model with Smart Sizing

Meshing the model is performed on the Model tab.

e Click on the Mesh SmartSize slider and move it from left (fine mesh) to
right (coarse mesh) to define the overall element size for the mesh. As
you move the Mesh SmartSize slider, notice that the Mesh Model icon
that appears to the right of the slider changes in size as you move the

slider.
4% ANSYS Mechanical Toolbar - J-\ansps\axle\axle.db M=l B

Setup\ MDdE'} Lnad] Solve]ﬂesults] Dlﬁln” ?l%”@l
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|| x]

e You can use Smart Sizing to set different mesh sizes for different parts
of a model. To do so, set a Smart Sizing level and mesh only those
entities in the model that should have that level. Then continue setting
levels and meshing entities (one or more entity at a time), until all
entities in the model are meshed.

e Set the level of the Smart Size by moving the slider either to the left or
the right, then select the Mesh Model button.
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:
*®(| 3.6. The MeshTool provides access to more advanced Meshloo!

meshing controls and meshing operations.

Element Attribute Controls
e Element Attribute Controls on the MeshTool are ignored
when the Mechanical Toolbar is active.
SmartSizing Controls

e Clicking the Smart Size check box toggles SmartSizing on
and off. This option is identical to SmartSizing on the
Mechanical Toolbar's Model tab.

Size Controls Provide more control over element size
specifications.

e Global: Controls the setting and clearing of global
element edge lengths.

¢ Clicking Set opens a dialog box for setting the global
edge length

i Global Element Sizes

3 or 4 sided =]

¢ Clicking Clear clears this specification.

e Areas: Controls the setting and clearing of element edge
lengths on selected areas.

e Clicking Set opens a picking dialog for selecting areas, followed by a
dialog box for setting element edge lengths on the selected areas

i Element 5ize at Picked Areas

o | e | cemeer || weny

¢ Clicking Clear allows you to select areas and clear this specification.
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¢ Lines: Controls the setting and clearing of the divisions
and spacing ratios on selected unmeshed lines.

¢ Clicking Set opens a picking dialog for selecting lines,
followed by a dialog box for setting divisions.

i Element Sizes on Picked Lines [}

¢ Clicking Clear opens a picking dialog for selecting lines
to be cleared of divisions.

e Clicking Copy opens a picking dialog to let you copy
line divisions (including spacing ratios) from one line
onto other unmeshed lines. First, pick the line from
which divisions will be copied, then click OK in the
picking dialog. Next, pick the lines to which the divisions [3ordsided [
should be copied, then click OK in the picking dialog. If
previously set line divisions exist, the copied divisions
overwrite them.

e Clicking Flip opens a picking dialog to let you flip the
spacing ratio of line divisions (from one end to the other) T
on an unmeshed line. First pick the line to be flipped,

then click OK in the picking dialog.
_Close _Help

e Layer: Layer meshing is used in the modeling of fluid flow.
It is not of use to Mechanical Toolbar users.

o Keypts: Controls the setting and clearing of the edge lengths of the
elements near a selected keypoint or keypoints. Clicking Set opens a
picking dialog for selecting keypoints, followed by a dialog box for
setting edge lengths. Clicking Clear opens a picking dialog for selecting
the keypoints for which you wish to clear the keypoint sizing
specifications.

Meshing Operation Controls

e Mesh: Controls which type of entity is being meshed. For Mechanical
Toolbar users, only Volumes (for solids) and Areas (for shells and
planes) are valid choices.
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e Shape: Controls the shape of the elements used to create
a mesh (quadrilateral, triangle, hexahedral, or tetrahedral).
Mechanical Toolbar users should leave this control set to
Tet when meshing volumes, and Quad when meshing
areas.

e Mesher: Controls which type of meshing (free or mapped)
is used to mesh a model. Mechanical Toolbar users should
leave this control set to Free for both volume and area
meshing.

e Mesh: Starts the meshing operation. Clicking Mesh opens
a picking dialog that lets you select the entity to be
meshed. You can also start a meshing operation by
clicking the Mesh Model button on the Model tab of the
Mechanical Toolbar.

e Clear: Clears the selected volumes, areas, lines, and
keypoints (i.e., vertices) of their meshes. Clicking Clear
opens a picking dialog that lets you select the entity to be
cleared.

Refinement Controls

flanpzd B Swasn
¢ Refine at: Controls the general location at which mesh o
refinement occurs. Clicking the drop down list box causes (Sordsiced |7
a list of available choices—Nodes, Elements, KeyPoints,

Lines, Areas, and All Elems—to appear.

e Refine: Starts the refinement operation. Clicking Refine
opens a picking dialog box that lets you select the specific
area(s), line(s), etc. at which you want refinement to occur. [Elemens =]

Close Closes the MeshTool.

Help Displays the full ANSYS product's help for the MeshTool.
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Meshing: We will use the default SmartSize meshing to create a mesh on
the part. The resultant mesh will be good enough to run the preliminary
analysis.

A. The slider bar in the MTB controls the SmartSize mesh density in
various levels from very fine (left most setting) to very course (right
most setting). We will use the default (center setting).

B. Since there is only 1 volume in the model, click on the Mesh Model
button to create the mesh. The ANSYS meshing process may take a
few minutes. When meshing is complete, the mesh will appear in the
graphics window.

C. Take a look at the nodes. In the MTB, click and hold on the Plot
button momentarily until the fly-out options appear.

4% ANSYS Mechanical Toolbar - J-\ansys\axle\asle.db

e o] tead | e lie] 0 ——— olzla] 2ls] @
i-ﬁ',HISolid | ﬁl | i | 3.5.A . .J.J. . 3.5.B Elgl
ELl( 3.5.C |E|“Matelialcololing | HE %

|_| E-|—I [ZI E[I [I.[I E[{\/ 35D | Stuctural | Shatic | mkas'C I

D. Click on the Plot Nodes Button. Notice that the Render Model option
has changed to Show Edges.

ﬂANSYS Graphics EPLOT tppe=1 mat=2 real=1 csyz=0

B stec=l

NG

Axle Analysis
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E. Click on Render Model. Try some of the other Render Model options.
Return to Material Coloring when you are finished

4% ANSYS Mechanical Toolbar - J-\ansps\axle\axle.db M=l B

Setup\ MDdE'} Lnad] Solve]ﬂesults] Dlﬁln” ?l%”@l
iﬁﬂ,HISolid ﬂﬁl | i jﬂ .....J.J...._||E| E|%|

mi 35F |EH I aterial coloring 35E
|

T - i

|Mat8|al c:nlmng j Sl Static mkgs-*C I
Thickneszs =

Tr:an_slucency ﬂ

F. Click and hold on the Plot Button and pick Plot Elements.
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4. Loads and Boundary Conditions

Now that we have completed the model definition phase, it’'s time to apply
the loads and boundary conditions.

4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db M= E
Setup ] tdodel " Load 1 Solve ] Fiesults]

D|=(a| ?|=] ol
IEnvironmenH ﬂ ‘Fi” @l@” Elg{l@l@l ?”@l El%l
@| @lﬂl@”g“Malerialcolnring j |F|@
|

I Structural I Static: m-kg-z-"C I

4.1. Environment

An environment is a set of boundary conditions (loadcases) applied to the
model. You are allowed to define multiple environments. This is useful when

you want to examine and compare the behavior of the model under different
loads or boundary conditions.

The MTB allows you to add, copy, rename, or delete an environment.
4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db

M [=] E3

Setup ] tdodel " Load 1 Solve fhat'& This? | |Eﬁr| n” 7 | E” @l
- Mew
et |, || Elslalmlv)lE o
Copy Ervirohiment.... - I— EBIEtBt. H IE | @l
Cy i T L TOpertes
I — I Structural I Static m-kg-z-"C I
New Environment

e To create a new environment and assign a name, perform the following:

e Select the New Environment... option from the Load Environment
drop down list box, or Right-click the mouse while it is positioned over
the Load Environment drop down list and click on New. The New

Environment dialog box appears.
e Type the name of the new environment. Names are limited to 32

New Environment [ |

Ervironment name IEnvianment q |

] | Cancel | Help |

characters.

e Click OK. The new environment name now appears in the list of
existing environment names.

ANSYS Professional Exercise Book CD 30



Copy Environment

following:

To copy an existing environment to a new environment, perform the

e Select the Copy Environment... option from the Load Environment

drop down list box. The Copy Environment [Erwiorment 1
dialog appears.

Mew Environment. .

Copy Environment. .

e Select the environment to be copied in the ™-
window.

||

From window, and type in the new environment name in the To

From I Ervironment 1 j

] | Cancel |

To IEn'-.firu:unment |

Help

e Click OK

Delete Environment

To delete an environment perform the following:
e Select the Delete Environment... option from the
Load Environment drop down list box. The Delete
Environment dialog appears.

Mew Ervironment. .. -
Copy Environment...

e Select the environment to be deleted and click OK.

Delete Environment [ |

Delete envaronment ||[Aaegii=a

] 4 Cancel |

Rename Environment

To Rename an environment perform the following:

e Select the Rename Environment... option from the Load Environment
drop down list box. The Rename Environment dialog appears.
e Select the environment to be renamed.

e Type in a new name and click OK.
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4.2. Adding or Deleting Loads and Boundary Conditions

Fﬂ In the Mechanical Toolbar, you specify whether you want to add or delete a

-1 load before selecting the specific type of load. Click the Add B.C. or the
Delete B.C. button, and then click the button representing the load type you
want to add or delete.

4% ANSYS Mechanical Toolbar - J:\ansys\axle\axle.db M=l E3

Setup ] Maodel " Load ] Salve ] Flesults] 0 ||3q| HH 7 | QH @l

[ermbonment | x| ells| ol | e]m] ¥ @ @&
EH @lﬂll El“h’laterialcoloring ﬂ HE|@
|

| Structural | Static | mrkag-s-"C |

Make sure the proper Environment is set prior to creating a load or boundary
condition.

After you click on a load type button, a picker appears that allows you to select
the entity to which you are applying the load, or from which you are deleting
the load.

Boundary Conditions

To create boundary conditions
e Choose the environment for which this B.C. applies.

e Click the Add B.C. button.

@ Constraint
4% ANSYS Mechanical Toolbar - J:\ansys\axle\axle.db =] E3
Setup | Modsl  Load | Sone | Re Dlﬁ"vlﬂ” “E’l%”@l
Ervremen [+ x| ala| wlslm]m] ¥ m) &o)

E” @lﬁl@l‘E|||Malerialcolnring j“ﬁ @l
|

I Structural I Static I rrkg-z-"C I

e Select Constraint to remove one or more degrees of freedom from the
selected object type.

e With the cursor positioned on the Constraint button, hold down the
left mouse button. A fly-out toolbar appears. You can constrain a
keypoint, a line, or an area.

B lslal
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¢ Click on the button representing the entity constraint you want.

e A picker appears. Select the keypoints, lines, or areas to be
constrained. Click OK. A Constrain dialog box appears. Select the

direction(s) in which you want to constrain the model.

— Motion — Fatation
[T ¥ direction [T about ¥ axis
[T direction [T about axis
[T Z direction [ about Z avis

Ok,

Cancel

Coaordinate Sustern | (Bl = IRETG=SE

Help

e Select the coordinate system you want to use to specify the direction
if other than the default Global Cartesian system.

e Click OK.

@ Fixed

4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db

Setup ] Model  Load 1 Solve ] Hesults]

IEnvironment'l ﬂ H:i” @l@.” ng{l@[l@[' ?”@l

M=l 3

D|=|a| 7[=|

@l

1= | &

El | @l ﬂl @ | ‘ El | IMateriaI coloring
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e Select Fixed to remove all degrees of freedom from the selected object

type.

e With the cursor positioned on the Fixed button, hold down the left
mouse button. A fly-out toolbar appears. You can fix a keypoint, a
line, or an area.

S

¢ Click on the button representing the entity you want to fix.

e A picker appears. Select the keypoints, lines, or areas to be fixed.

¢ Click OK.
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Apply the boundary constraints to the model

A. Click on the Load tab in the MTB. Notice that the current environment
is Environment 1.

F #. | B. Make sure the Add button is depressed.

4 ANSYS Mec 42A ilbar - J-\ansys\axle\axle db _ O] ]

Setup ] tdadel " Load Solve ] Flesults] 0 |Dq| HH 7 | QH @l

[Emiomen 1 | 428 A+ x| &l|5)| L] =] s ol | m] m ||

mf 4.2.C ‘ E” Matelrialcolnring 5\42D
I_E-L E[ E[i | Structural | Static | m-kg-z"C |

C. Change the graphics to a Volume plot to hide the elements. Click and
hold the cursor on Plot to get the fly-out toolbar. Click on Volume
Plot.

D. Change the Render Model option from Material Coloring to Show
Edges. This will make it easier to view the areas

*# | E. Click on the Pan-Zoom-Rotate button (if it not already activated) and
orient the plot approximately as shown

4V ANSYS Graphics YPLOT type=1 mat=2 real=1 csys=11

ANSYS Analysis

ANSYS Professional Exercise Book CD 34




F. Click and hold the cursor on the Constraint button to get the fly-out
toolbar. Click on Constrain Area. The Picker dialog will appear.

4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db
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G. Pick the 2 inside face of the 3 holes as shown (total of 6 faces). You
may want to zoom in on the individual holes to pick the faces and then
Fit the view to move on to the next hole. Tip: Click and hold the left
mouse button and move the cursor around the hole faces until the
correct face highlights, then let go of the mouse button. (The selection
does not occur until you release the mouse button). Do the same for
all faces. If you accidentally select an incorrect area, click the right
mouse button. The cursor will toggle from an up arrow (select) to a
down arrow (deselect). You can then deselect the incorrect area.
Click the right mouse button again to toggle back to select, and try
again.

4V ANSYS Graphics VYPLOT type=1 mat=2 real=1 csys=11

Select Yolumes for Materi...

H. When all 6 faces have been selected, click OK on the Picker dialog.
The Constrain Area dialog will appear.
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2,

|. We are going to constrain the inside faces of the holes from translating

in the X and Y direction. Click on the check boxes next to X direction
and Y direction.

— Mation — Rotation — Plane
————\ ¥ iidimction || T aboutX ais
4.2.1

¥ v direction

[T Z direction

[T about'y axis

[ about Z axiz

[ out of plane

Coordinate System IGI:::I:uaI Cartezian

42.J

Ok

Cancel |

hd

Help

J. Click OK. The symbols for the constraints will now appear on the

inside hole faces of the model.

If the symbols disappear, you may

need to click on the Boundary Conditions button to display them.

K. Click on the Constrain Area button again.

appear.

IEnvianment 1

4% ANS5YS Mechanical Toolbar - J:\ansys\axle\axle.db

Setup] Mcu:lel\ Load 1 Solve | Fesults
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L. Pick the bottom face of the counterbored hole on both the upper and
lower attachment locations as shown. (Just the 2 holes shown)

JVANSYS Graphics YPLOT type=1 mat=2 real=1 csys=0

Select Yolumes for Materi...

O
L
L]

JVANSYS Graphics YPLOT type=1 mat=2 real=1 csys=0

Select Yolumes for Materi...

O
{ ]
@

4.2.M

M. Click OK on the Picker dialog. The Constrain Area dialog will appear.
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N. Constrain these areas in the Z direction only. Check on only the Z
direction check box. Click OK. The constraint symbols will appear
on these 2 faces.

P atian — Ratation ———  — Plans
[T % direction [ about = axis [~ out of plane
[T ¥ direction [T about axis

42.N W 2 direction [T about Z axis

hd

Cancel | Help

Coaordinate Systemn |[Es =A==

42N > Ok

VY ANSYS Graphics YPLOT type=1 mat=3 real=1 csys=0

Axle Analysis
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4.3. Loads

To create loads
e Choose the environment for which this Load applies.

e Click the Add B.C. button.

% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db _ O] ]
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E[l Force

e Select Force to apply a force to the selected object(s).

e With the cursor positioned on the Force button, hold down the left
mouse button. A fly-out toolbar appears. You can apply a force on a
keypoint, a line, or an area.

B

¢ Click on the button representing the type force you want.

Total Force on Area E
Forze along the »-asiz i | M
Force along the v'-asis | M
Force along the £-awiz | M
Coordinate System IGI:::I:uaI Cartezian j

] | Cancel | Help |

e A picker appears. Select the keypoints, lines, or areas for applying
the force. Click OK.

e A Total Force on dialog box appears. Specify the value of the force in
the required direction(s). This is the total force applied to all selected
objects.

e Select the coordinate system you want to apply if other than the
Global Cartesian system. If you choose New Coordinate System,
special conditions apply.

e Click OK.
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EI Moment

4% AN5YS Mechanical Toolbar - J:\ansys\axle\axle.db
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e Select Moment to apply a moment to the selected Object(s)

e With the cursor positioned on the Moment button, hold down the left
mouse button. A fly-out toolbar appears. You can apply a moment to
a keypoint, a line, or an area.

|
~ el
e Click on the button representing type of entity you want to apply
moment to.

e A picker appears. Select the keypoints, lines, or areas to apply the
moment to. Click OK.

e A Total Moment on dialog box appears. Specify the value of the
moment in the required direction(s).

Total Moment on Area E
b aoment about the K-a:-:isl | -
Moment about the - axis | M-m
koment about the 2-axiz | [ -
Coordinate System IGI:::I:uaI Carteszian j

] Cancel | Help |

e Select the coordinate system you want to apply if other than the
Global Cartesian system.

e Click OK.
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@I Displacement

4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db
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e Select Displacement to set an initial displacement on the selected
object.

¢ With the cursor positioned on the Displacement button, hold down the
left mouse button. A fly-out toolbar appears. You can displace a
keypoint, a line, or an area.

=
==t =]
e Click on the button representing type of entity you want to apply
displacement to.

e A picker appears. Select the keypoints, lines, or areas to be
displaced. Click OK. A Total Displacement on dialog box appears.

Total Displacement on Area E
Dizplacement along the #-axis I | 1]
Dizplacement along the *r'-axis | m
Dizplacement along the £-axis I m
Coordinate System IGI:::I:uaI Cartezian j

0k | Cancel | Help |

Specify the displacement along the appropriate axes.

e Select the coordinate system you want to apply if other than the
Global Cartesian system.

e Click OK.
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Eﬁl Pressure
% ANSYS Mechanical Toolbar - J:-\ansys\axle\axle db _ [0
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e Select Pressure to apply a pressure to either a line or area

e With the cursor positioned on the Pressure button, hold down the left
mouse button. A fly-out toolbar appears. You can apply pressure to a
line or an area.

|
~ oo
e Click on the button representing type of entity you want to apply
pressure to.

e A picker appears. Select the lines or areas you are applying a
pressure to and click OK.

¢ A Pressure on dialog box appears. Enter the pressure value you want

to apply.
Pressure on Area k |
Frezsure I | Fa
] | Cancel | Help |
e Click OK.
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ﬂ Body Load

% ANSYS Mechanical Toolbar - J:\ansys\axle\axle db M=l E
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¢ Select Body Load to apply a volumetric or field load. In the MTB, you
can apply gravity, temperature, and angular velocity as body loads.

¢ Click on the Body Load button.
¢ A Whole Body Loads dialog box appears.

e To apply gravity body loads, click the Gravity tab, enter the
gravitational acceleration load values for the X, Y, and/or Z directions,
then click OK.

e To apply temperature body loads, click the Temperature tab and
make choices depending on whether the temperature load is uniform
or is a result of a thermal analysis.

e For a uniform temperature load, click the Uniform radio button and
enter the load temperature and the reference temperature, then click

OK.
Whole Body Loads x| Whole Body Loads E
Giravity ] Temperature ] Angular "-.-"elu:u:it_l,l] Gravity \ Temperature ] Angular "»-"el-:n:it_l,l]
along the ¥-axis [0 mes 2 Model Temperature
. . f* Unifarm
along the v-awiz |EI mizs" 2
T
along the Z-axis |0 mes 2
" Applied from thermal analysis
Reference Temperature
E T
ak, Cancel Help ] ‘ Cancel Help
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e To apply angular velocity body loads, click the Angular Velocity tab,
enter the rotational speeds about the X, Y, and/or Z axes in
revolutions per minute (RPM), then click OK.

Grawity ] Temperature \ Angular Yelacity ]
about the #-asis IEI rpm
about the v'-axiz |EI rpm
about the £-axis IEI rpm

0k Cancel Help

@ Model Symmetry

4% ANSYS Mechanical Toolbar - J-\ansps\axle\axle.db
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e Select Model Symmetry, if you are a constructing a symmetric
model, to define symmetry boundary conditions. These can be
represented as an area on a 3-D model or a line on a 2-D (or 3-D
shell) model.

¢ Click the Model Symmetry button. A picker appears.

e Select the line (for a 2-D model or 3-D shell model) or area (for a 3-D
model) on which to define the symmetry boundary conditions.

e Click OK.
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Apply the loads to the model

1| A. Change the view to better facilitate the loads application. Click on the
Oblique View button.

LLL| B. Click and hold the left mouse button on Force to get the fly out
~ toolbar. Click on Area force. The Picker dialog will appear

4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db
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C. Select the small area as shown (you may want to zoom up on the
area) and click OK. The Total Force on Area dialog will appear.

W ANSYS Graphics VPLOT type=1 mat=2 real=1 csys=0

axleZ Analysis
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D. Input 600 newtons for the force along the Y-axis and —1450 newtons
for the Force along the Z-axis. Click on OK. The symbols for the
force will appear on the small area.

Total Force on Area x|
Force along the #-amz I i
Force along the v'-axiz |EI]EI i

43D |
Force along the £-axz |-1450 i
Coordinate System IGI-::I:uaI Cartezian j

W ANSYS Graphics VPLOT type=1 mat=2 real=1 csys=0

)_!‘___X

axleZ Analysis
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Q E. Pick the Area Force button again. The Picker will appear
4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db

Setup] tdodel " Load 1

| Fesuis]
|Envir0nment1 ﬂ ‘ Fﬂ‘ o | Lf 4 3.E ﬂ | ﬂ =) Eg|
M @ @ P ‘ﬂHMaterial coloning j HE | @

| | Structural | Static: | m-kg-z-"C |

0|2 2= o

F. Pick the 4 areas on the axle as shown and select OK

4R ANSYS Graphics VPLOT type=1 mat=2 real=1 csys=0 M=l E

}“‘___X

axleZ Analysis

G. Input —2780 newtons for the Force along the X-axis and 8230
newtons for the Force along the Z-axis.

Total Force on Area x|
Force along the =-awiz |-2?8EI i
Forze along the v'-axiz 43.G N
Force along the £-anmz |823E| | i
Coordinate System IGI-:nI:-aI Cartesian j

o < 4.3D Help

H. Click on OK. The symbols for the forces will appear on the axle.
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5. Model Solution

Use the Solve tab to solve the analysis. You can choose to solve now or solve
later.

4% ANSYS Mechanical Toolbar - J-\ansys\azle\axle.db
Setup]Model] Load\ SC'WB] ] D|Eﬁ"” ?‘QH @

|S|:|Ive i % E EI@
Wqﬂ“smwedges hd |’E|@

| | Structural | Static: m-kg-z-"C |

5.1. Solve Now

To solve now, select Solve Now from the Solve Time drop down list box
and click the Solve Problem button.

¢ If you defined a single environment for a structural static or thermal
steady-state analysis, a Solve Environment(s) dialog box appears
stating that the environment is ready to be solved. Click the OK button
to initiate the solution.

Solve Environment[s] |

Feady to zolve environment "E nvironment 1"

[ iDon't show this prompt again.

] Cancel

e If you defined a single environment for a modal analysis, a Solve
Environment(s) dialog box appears. Enter the number of mode shapes
you want to view and the frequency range (if desired), then click OK to
initiate the solution.

Solve Environment(s) E

Mode Shapes

Mumber of mode shapes to view || |

Frequency range

Lower pper |

k., ‘ Cancel ‘ Help ‘
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e If you defined multiple environments for a structural static or thermal
steady-state analysis, a Solve Environment(s) dialog box appears.
Choose the environment(s) you want to solve and click OK to initiate the
solution(s).

Solve Environment(s] E

— Environment(z) to Saolve
Ervvironment 1
Ervironment 2
Ervviranment 3

] Cancel Help

e When the solution is finished, the Mechanical Toolbar brings up the
Results tab and automatically displays an appropriate plot (based on the
discipline) and a text window that lists the environment(s), and summary
information based on the discipline.

5.2. Solve Later

To solve later, follow these steps:

e Select Solve Later... from the Solve Time drop down list box. A Solve
Time dialog box appears.

e Enter the date and time you want the solution to begin and click OK.

e Click the Solve Problem button. A Solve Environment(s) dialog box
appears whose content varies depending on the number of
environments you want to solve and whether the problem involves a
modal analysis .

e Enter any required information in the Solve Environment(s) dialog box
and click OK. A Solve Later Information dialog box appears which
displays the solution start time that you entered, the working directory
name and location where files will be stored, and a statement specifying
that system specific processes must be running before using the solve
later option.

e If these systems are running, click OK to accept the name and location
of the working directory, or specify another name and location for the
working directory by clicking Browse..., choosing the name and
directory location in the Solve Later Browse Working Directory dialog
box, then clicking OK.
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Solve the exercise
El A. Click on the Solve tab on the MTB.

4% ANSYS Mechanical Toolbar - J-\anzuz\avlebagle. db M=l E3

Setup] Model] Load " Solve 52A Dlﬁ:ln” ?lﬁ”@l
ISolvenow j 52B El%l
g‘ E]lﬂl@l|@“h’lalelialcolming j‘lg|@
I I Structural I Static I mrkig-z-"C I
B. Click on the Solve Problem button. The
Solve Environment(s) dialog will appear
since there is 0n|y one environment. Feady to zolve environment "'E nvironment 1"

C. Click OK to proceed with the solution. ™ :Dan't show this prompt again.
This may take a few minutes

D. When finished, a text window will appear Ok 52.C |
showing that the solution successfully
completed and will list the maximum displacement and stress. The
graphics display will show the Von Mises Equivalent Stress plot. Note
that the maximum stress value is well within the yield limit stress of
steel.

0 ANSYS Graphics PLNS.5.EQV =] B

ANSYS 5.6

AUG 5 Z000
17:23:5%9
814.401
.228E+08
LA5EE+DE
. GE4E+0S
. 91ZE+08
L114E+02
L137E+09
.1e0E+D2
.1B8ZE+09
.205E+09
Fa

Equivalent Stress

BUO0O0ON

File

Maximum Maximum

% Displacement Equiv Stress
é Environment Name Solwve OE? (m 1 (Fa 1

Environment 1 Tes 0.90366E-03 0.20521E+09

Axle Analysis
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6. Results

After completing a successful solution, it's now time to post process the model
and take a look at the results. By default the MTB will select the Results tab
after a successful solution.

To look at the results, click on the Results tab

4% ANSYS Mechanical Toolbar - J:\ansys\axlebaxle.db M=l E3

| oup | Mo | Lot | Sobe e | nols(ad] ?/s] @
IEnvianmenH j IEquivaIentStless j ilﬂl:_—gl:l | ﬁl El@l

E” Eﬂlﬂll E”IShowedges j|ﬂ”§|
|

| Structural | Static | m-kg-s-°C |

If you solved multiple load environments, you can view the results for each of
them by:

¢ Clicking on the Load Environment drop down list box.
e Clicking on the environment for which you want to see results.

6.1. Results Item

e You can view any of the following types of result information for a
structural static analysis by clicking on the Results Item drop down list:

e Equivalent stress - (Von Mises stress) a representation of any
arbitrary stress state as a single positive stress value.

¢ Displaced shape - physical displacement of the model.

e Stress intensity - the difference between the maximum (1st) and
minimum (3rd) principal stresses.

e 1st and 3rd principal stresses - The maximum and minimum
principal stresses.

e Stress in the global X, Y, or Z direction - individual stress
components for each direction in the global Cartesian system.

=4| ¢ After selecting the Results Item click on Plot Results

4% ANSYS Mechanical Toolbar - J:\ansys\axle\axle.db M=l E3

o |Modl| oot | sabe Fesi] | nlsld] 2]s] @
IEnvianment'l j IEquivaIentStless j ilﬂl:_—zl:l | ﬁl E|%|

E” @lﬁl@l‘@|l5huwedges j|ﬂ| @l
|

I Structural I Static m-kg-z-°C I
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6.2. Results Display

You can plot, query, animate, or list the result item shown in the Result Item
drop down list box.

4% ANSYS Mechanical Toolbar - J:\ansys\axlehaxle.db M=l E3

Setup ] Model] Load ] Salve ; F‘ESU“S] 1 ||£| EH 7 | QH @l
IEnvianmenH j IEquivaIent Stress j :l ﬂ :_-@:I:l | EI E | %l

wl alal|| &f|fses | 4| &
|

| Structural | Static | m-kg-s-°C |

Iﬂ

¢ Click on the Plot Result button to plot the selected Results Item

=% | » To query the results, click the Query Result button. A picker appears.
Hold the left mouse button down and drag it over the area of interest.
Result values appear both on the plot as well as in the picker dialog.

=4 |-| * To animate the results, click the Animate Result button. Click the black
arrow to the right of the icon to specify the number of frames to animate
(default = 10 frames).

=4 F-I Animation Controller
2 4 G a

10 15| 20 25

e An Animation Controller appears that allows you to
start or stop the animation, play continuously or
forward only, or apply delay.

¢ Click on the List Result button to see a tabular listing of

the results.
4% PRNS0L Command
= Stark it
File k H
s .
:I Mt Previous
*®EFE% POSTL NODAL STRELSS LISTING ##*&++%
TowerGraphics Is Currently Enabled
Cloze Help
LOAD 5TEFPR= 1 ASUBSTEFR= 1
TIME= 1.0000 LOAD CASE= u]

NODAL BESULTS AFE FOR MATERIAL 3

HODE 3l i 33 3INT SEQV
1 0.Z21031E+09 0.Z9139E+405 0.49379E+07 0.20537E+09 0.19441E+09
Z  0.7763ZE+07-0.42641E4+07-0.88743E+07 0.16638E+058 0. 14575E+05
3 -0.34199E+07-0. 28487E+05-0. 20573E+09 0.20531E409 0. 19399E+05
4 0.757Z5E+07 0.Z7943E+4+07-0.24307E+08 0.31879E+08 0. Z3779E+05
5 -0.24116E+07-0.59176E4+07-0.11944E+09 0.11703E+09 0.11531E+409
6 0.95210E+05 0.38753E407-0.704531E+06 0.95915E4+08 0. 96300E+05
7 -0.37967E+07-0.91013E407-0.11460E+09 0.11080E+09 0.108Z6E+09
G 0.61074E+05 0.16554E+4+07-0.73870E+06 0.61513E+06 0.60637E+05
9 -0.25116E+06-0.41908E4+07-0. 15671E+058 0.154159E4+08 0. 13879E+05
in N SNACECT NS N 1112920 ne N A0 0% N S0anN9Tane N 2018w ne ;I
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Let’s view the Result Items for this exercise

A. Change the Results Item to Displaced Shape

4B ANSYS Mechanical Toolbar - J-\ansys\axle\asle.db

Setup] Model | Load ] Solve i HE$U|t$1

Im 6.2.A izplaced Shape j :ﬁ 6.2.B H|ﬁ|

0|=|@|| 7|®] @
@)

all| glals|| k|l ] 4| 8]
|

I Structural I Static

m-kig-z-"C

il B. Click on the Plot Results button. The Displacement Shape plot will
appear. The displacement are small in comparison to the thickness of
the model indicating good compliance with small displacement theory

R ANSYS Graphics PLNS.U.SUM k

Dizplaced Shape

S T

Axle Analysis

BCCCE000N

.100E-03
LE201E-03
L. 301E-03
L40ZE-03
LO0E2E-03
.60ZE-03
LFO0ZE-032
.B03E-03
. 904E-03

[_[O]=]

C. Plot the other result items for kicks.

D. Return the plot to Equivalent Stress when you are done having fun.
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QH E. Animate the results. Click on the arrow next to the Animate button

4% ANSYS Mechanical Toolbar - J:\ansys\axlehaxle.db M=l E3

Setup ] Model] Load ] Solve F‘ESU“S] | |Ij"| EH 7 | QH @l
IEnvianmenH j IDispIaced Shape 62' ?ﬂ élﬁ: 62EG El@l

E” Eﬂlﬂll E”IShowedges j|ﬂ”§|
|

| Structural | Static l m-kg-s-"C H

Animation fﬂ:ntmller

_Hl | F. Change the number of frames to 8

=1 G. Click on the Animate button to start the
animation

H. Click on Close when you are satisfied.

|. Query the results. Click on the Query Results

button. The Picker will appear. -

o
J. Click on the Min and Max buttons on the picker

to display a label indicating max and min stress. -
K. With your cursor click on some other areas to

display the stress. If you click and hold the left
mouse button down and move it over the model
the system will temporally display the stress

values.
40 ANSYS Graphics PLNS.S.EQY '( [_[O] =]
5 ANSYS 5.6
Eguivalent Stress AUE 5 2000

18:01:0%9

im0
. 45 624—08

1 -

l:l . BE4E+08

E:] .91ZE+08

[:] .114E+0%

1 - 137E+09

[:] .1e0E+02
. +

| 18ZE+09

Query Subgrid R es*lts

 pick [ Unpick

.205E+09
Fa

CRID No. =

Global X =

T =

SEQV =

[~ generate 3D Annc

£ 1 sery |
Reset | Can:ell
v | £ 6.2.]
Help |
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El 6.3. Reports

You can generate a report using a predefined format (template) or you can
generate a report using a template that you created. You can also view an
existing report. All reports are generated in standard HTML. You can forward
them electronically, post them on a web site, or print them.

4% ANSYS Mechanical Toolbar - J:\ansys\axlebaxle.db M=l E3

Setup ] Model] Load ] Solve ; F‘ESU“S] 1 ||j"| EH 7 | QH @l
IEnvianmenH j IDispIaced Shape j il ﬂ :__Elll | EI E | %l

wl alal|| &f|fses | 4| &
|

| Structural | Static | m-kg-s-°C |

General Report Format

The General Report format includes the following items:

e Title page - name of analysis (taken from the Graphic Title entry in the
Setup tab), name of analyst/designer (taken from the User Info tab
[Toolbar Properties button within the main Setup tab]), date of report,
links to Summary, Model Information, Analysis Information, and Results
Information sections.

e Summary - ANSYS plot of the original model, text summary including
information on analysis type, environments, and results data.

¢ Model Information - source of model file, ANSYS mesh plot, tabular
details of the finite element model and material properties.

e Analysis Information - ANSYS plot and tabular listings of loads and
boundary conditions.

¢ Results Information - ANSYS plots and tabular listings of results data.
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To generate an HTML report using the predefined format, do the following:
¢ Click on the Show Report button. The Report Options dialog appears.

¢ Click on the Create a new report radio button.
¢ Click on the General Report option.

e Click OK. The report is generated in the default HTML browser, and a
directory named reportn is created (where n increments with each
report generated) that includes the report's HTML file and all graphics
files associated with the report.

Viewing an Existing Report

To view an existing report, do the following:
/¥ Report Options M=l E

HTML Report Options

¥ iCreate a new repark

General Report
Ilzer Defined

™ iew an existing report

| |

] Cancel | Help |

¢ Click the Show Report button. The Report Options dialog box appears.
e Click the View an existing report radio button.

e Type the directory path and file name of the HTML report file you want
to view and click OK or use the Browse button to look through the
directories and locate the report.
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Create a Report
El A. Click on the Show Report button

4% ANSYS Mechanical Toolbar - J:\ansys\axlehaxle.db

Setup ] Model] Load ] Solve i F‘ESU"S] | |EF:| n” 7 | E” @l
IEnvironmenH j IDispIaced Shape j il ﬂ Z_—EH | ﬁ63A E | %l

@| @lﬂl@”g“Showedges j|ﬂ @
|

I Structural I Static I m-kg-s-"C I

B. Toggle ON the Create a new report options and click on General
Report

#% Report Options H=]
HTML Report Options

i* Create a new repork

6.3.B

Idzer Defined

™ Wiew an existing repart

| |

k. 6.2.C | Help |

C. Click OK. The report generation may take a few minutes. ANSYS will
generate a professional looking report summarizing the model
definition including element type, number of nodes and elements,
applied loads, and constraints. All stresses, displacements and
reaction force components will be plotted and summarized as well.

D. When complete, ANSYS will launch the report in your Internet
browser. Take a few moments to review each section. This report
can be customized and included in other documentation by cut and
paste, or through hyperlinks.

E. For a sample HTML report, click here.
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7. Conclusion:

The true intent of this exercise was to guide you through the Mechanical
Toolbar and explain the various options that are available to you. The
analysis of the axle showed that the part displayed no signs of yield under
the given loading condition. Mesh refinements can be made in localized
areas to determine more accurate stress values, but we will explore that in
later exercises.

8. Additional Functions:

4% ANSYS Mechanical Toolbar - J:\ansys\axle\axle.db

Setup ] Modell Load ] Solve ] Fiesults] D |@| EH 7 | gH @l
IStrucluraI j IStatic j Im-kg-s-°C j I.fl‘-.:-:le Analysis = = %l

E” @lﬁl@”EHIShUwedges j|ﬂ| @l
|

I Structural I Static: m-kg-z-"C I

E 8.1. New Model:

This option allows you to clears the database stored in memory and start
with a new one.

% 8.2. Resume Model:

Restores the database from the database file as it was at the last time that
it was saved. This button is valid only for resuming database files that were
generated using the Mechanical Toolbar. If you want to bring an ANSYS
model into the Mechanical Toolbar, you need to use the Import Geometry
button instead.

8.3. Save Model:
Saves the current model to a database file.
A. Let’s save our work. Click on the Save button in the MTB.
ﬂ 8.4. Context Help:

Invokes your system's default Web browser and displays the table of
contents for the Mechanical Toolbar's HTML-based help.

ﬂ 8.5. Tour:

Displays the Mechanical Toolbar's tour help. The tour provides an overview
of the Mechanical Toolbar, its controls, and how to use it to perform an
analysis.

@ s.6. Fully Functional ANSYS:

Switches to full ANSYS functionality. Note that only one environment may
be brought over.
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@ 8.7. System Calculator:

Invokes the system calculator Use the Toolbar Properties dialog box to
define the system calculator.

@ 8.8. System Editor:

Invokes the system editor (if one is available). Use the Toolbar Properties
dialog box to define the system editor.
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