Finite Element Course

ANSYS Mechanical Tutorial

Tutorial 3 — Cantilever Beam

Problem Specification

Consider the beam in the figure below. Itis clamped on the left side and has a point force
of 8kN acting downward on the right end of the beam. The beam has a length of 4 meters,
width of 0.346 meters and height of 0.346 meters (cross-section is a square). Additionally,
the beam is composed of a material which has a Young's Modulus of 2.8x10710 Pa. Using
ANSYS, calculate the following:

1. Deformation of the beam
2. Maximum bending stress along the beam
3. Bending moment along the beam
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Step 1: Start-up & preliminary set-up

Pre-Analysis

We'll start by carrying out hand calculations to predict the expected maximum bending
stress and deformation. We'll later compare the ANSYS values to these hand-calculation
results.

Calculate the Maximum Bending Stress at x=0m

The maximum bending stress is calculated using Euler-Bernoulli beam theory.
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Calculate the Total Deformation at x=4m

u’ = %, u'(0) =0, u(0) =0
M:PL(1— %)

u*’:fu"dm— (1 )dm——?( —%)-l-cl
Z(0)=0 - u (m )
o B (5o

w(0)=0.. u= "2~ (“’“——5)

(8000N)(4mn) ((4m)2  (4m)?

4 —
u(4m) (2.821010) ((D.346m)(0.346m)3 2 6(4m)

) = (0.005103m
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Start-Up

Optimizing Monitor Real Estate

This tutorial is specially configured, so the user can have both the tutorial and ANSYS
open at the same time as shown below. It will be beneficial to have both ANSYS and
your internet browser displayed on your monitor. Your internet browser should consume
approximately one third of the screen width while ANSYS should take the other two
thirds.
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Open ANSYS Workbench
Click on the Start button, then click on All Programs. Depending on where you are
attempting to access ANSYS, it may be under ANSYS 13.0, ANSYS, or Class. Once you

locate ANSYS click on the the workbench button, # workbench |t may take some time for
ANSYS to open. Once ANSYS opens your computer monitor should look comparable to
the image below.
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Static Structural Analysis System

The problem at hand is a static structural problem, so click and hold down the mouse

button on the Static Structural (ANSYS) button, B Static Structural (3NSYS) 514 drag it over to
the project schematic window. When you begin to drag the Static Structural (ANSYS)
button over to the Project Schematic window a green dashed box should appear as seen
in the image below.
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Drag the Static Structural (ANSYS) button into the green box until it turns red and has the
text "Create standalone system" within it, then release the mouse button.
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Change the name of the project to cantilever and your workbench window should look
similar to the image below.
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Engineering Data

The specific properties of our material needs to be inputted into ANSYS. Start by right
clicking on Engineering Data and then clicking on Edit.. as seen below.
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At this point a new window will open. Under Outline of Schematic A2: Engineering
Data there will be a box with text inside that says "Click here to add a new material".

We'll call our material "Cornellian®. Click on that box and type in cornel1ian and then
press enter.

fl‘ Unsaved l'-'r-njr:r.-l - Waorkbench
Fie Eck View Tooks (Unks Help

D qMew Fopen... bl Save [l Savess..  #9icconnect @ Refresh Progect o Updaby
[r]

o
H Phiysical Propertias

B Linear Elastic

[ Expesimental Stress Strain Daka
B Hyperelastic

B Plasticiky

H Life

@ Strength

3 %% structural Soee! o=
L]

4 g Correlian

Oick here to add & new materisl

|
|



Now, expand the Linear Elastic tab on the left and double click on Isotropic Elasticity.

Toolbox x

Physical Properties

[l Linear Elastic

= |

'fﬂ Orthotropic Elasticity

2 Anisotropic EIasticithsDtrDDi[ Elas

Tﬂ Viscoelaskic

[ Experimental Stress Strain Data
E Hyperelastic

[E Plasticity

[ Life

Now, the properties of "Cornellian" need to be entered. Set the Young's Modulus
to2.8e10 Pascals and set Poisson's Ratio to 0. 4. Note that the stiffness matrix for the
beam element is independent of the Poisson's Ratio. Hence the solution will not change
if a different Poisson's Ratio is used.

Properties of Outline Row 4: Cornellium X
A B C D |E

1 Property value Unit <Ly
2 |E T8 1sotropic Elasticity [
3 Derive from Youndg's... ;]
4 Young's Modulus 2.8E+10 Pa [
5 Poisson's Ratio 0.4 [
6 Bulk Modulus 4.6667E+10 i Pa [l
7 Shear Modulus 1E+10 Pa [

The material "Cornellian" will be assigned to our model in a later step. Here we have
just input its Young's Modulus and Poisson's ratio.

At this point the project can be returned to. Click on the Return to Project

@ Return bo Project

button, at the top.

Saving

It would be of best interest, to save the project at this point. Click on the "Save As.."

button, Bl3aveas.. \yhich is located on the top of the Workbench window. Save the
project as "Cantilever” in a suitable folder. When you save in ANSYS a file and a folder
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will be created. For instance if you save as "Cantilever”, a "cantilever.wbpj" file and a
folder called "cantilever_files" will appear. In order to reopen the ANSYS files in the future
you will need both the ".wbpj" file and the folder. If you do not have BOTH, you will not be
able to access your project.

Step 2: Geometry

Enter the Preprocessor module

For users of ANSYS 15.0, follow the following procedures for turning on the Auto
Constraint feature before creating sketches in DesignModeler.

It is very important to check that the Auto Constraints feature is turned on before creating
any sketches in DesignModeler. Otherwise, vertices and lines in your sketches will not be
coincident with the coordinate axes. This can cause problems in your solution later on.
The Auto Constraint feature is not turned on by default in ANSYS 15.0. This tip
demonstrates how to turn on the Auto Constraint feature in DesignModeler.

Procedure

Before creating a sketch, click on the "sketching" tab.

Drraw | ﬂ

" Line
.f; Tangent Line
6 Line by 2 Tangents

" Palyline Click on
(=#Polygon "Sketching"
] Rectangle

b Rectangle by 3 Points

&2 Oval

L -
/ Dirmensions
/ Constraints

Settings

Sketching | Modeling |




Next, click on Contraints and keep scrolling untill Auto Contraints appear.

Draw
Modify
Dirmensions
Constraints | -

= f;didpoint ~
AN et i " . "
*ymmety Click on "Contraints
# Parallel
Concentric
* Equal Radius _ _
«* Equal Length Keep scrolling untill "Auto

«Z#Equal Distance Contraints" show up

PoM fsuto Constraints

Finally, click on Auto Contraints and check the boxes next to Global and Cursor.

Drraw
Madify
Dimensions
Constraints -

== Midpoint _ _
% Symmetry Click on Auto Contrains,
# Parallel then check the boxes next
Concentric to Global and Cursaor

*, Equal Radius

@Equal Length \
#E}‘Equal Distance

ALTO

ton Auto Constraints Global: W Cursor:

Settings | -

Okay, all set! Have fun sketching and modelling!
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Overview

The process we'll follow is:

Sketch a line representing the undeformed neutral axis of the beam.

Turn this "line sketch" into a "line body". Only "bodies" can be meshed in ANSYS.

Define the beam cross-section and assign it to the "line body". ANSYS will then use the cross-
section geometry to calculate the moment of inertia while forming the beam element stiffness
matrices.

Initial settings

In order to make sure the geometry data gets transferred to the Model a couple of steps
must be taken; First, right click on Geometry then click on Properties . Under
Properties of Schematic A3: Geometry expand Basic Geometry Options and check
the box to the right of Line Bodies as seen below. If you are using a later version such
as ANSYS 15.0, you can skip this step.

= Advanced Geometry Cptions

I 15 Binahbyss Type

) -
16 Use Acsociatiaty [+
17 Trpent Coordinate Systems M
T Impoet Wark Poinks O
19 Readsr Mods Saves Updabed Fil ]
0 Tmpart Using Instances [+
" Sart CAD Update 1
= Erclosure and Symmetry Processing [
.z Mied Iinpart Resohitian None -

Double-click on the geometry button, @) Geometry ; in the Project Schematic area, which
should launch the Design Modeler in ANSYS. A window should pop up asking for units.
Units are in meters, so select Meters and press Ok . A folder called A: Static Structural
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(ANSYS) should be expanded in the tree outline of the Design Modeler; If it is not
expanded, then expand it now.

DI &: Static Structural [AMEYS) - Designiodeler

Fie Creste Concept Took Wiew Help
AHE @ © G select: | *; - MR @@ ~
KiPlane - M| icenerate W9
Tres Outhine g
= 88| A: Stabic Structural (ANSYS)
o e KiPlane
o TePlane

7 YZPlane
@ 0Parts, 0 Bodies

Proper Orientation

Click once on the XYPlane button, 3= ¥Flane ; Next, click once on the royal blue Z vector
(displayed below) which should be in the bottom right section of the Design Modeler
window.

Now, you should be looking directly at the XY plane and the axes in the bottom right
corner should be oriented as they are in the image below.
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Line Sketching

First instinct is to make a rectangular solid as a model for our cantilever. This would create
3D elements which would be one way of modeling the beam. Here we will use a different
modeling approach using 1D beam elements. In effect, we are only modeling the neutral
axis of the beam and calculating its deformation directly. All other results such as bending
stress and bending moment are derived from the deformation of the neutral axis.

Let's create a line corresponding to the undeformed neutral axis. Click once on

theSketching tab, _Sketdingwhich appears at the bottom of the Tree Outline. Click once

on the Line button, “eli"® in the Draw tab, ¥ that automatically appears. Then
place the mouse cursor directly over the origin of the XY plane until a P appears
(the P indicates that the cursor is co-incident with the Point at the origin). If you don't see
the P, you need to turn on the Auto Constraint feature as shown here. This step is
necessary in version 15.0 as noted at the top of this page. In other versions, the Auto
Constraint feature is turned on by default.

Once the P appears then click once on the mouse. Next, move the mouse over to the
right so it lies somewhere on the positive x axis; Prior, to clicking again make sure that a
C appears (the C indicates that the cursor is Co-incident with the horizontal axis).

R —

You should now have a line that starts at the origin and terminates somewhere on the
positive axis.

At this point, the dimension of the line needs to be specified, so click once on the

Dimensions tab, [imensiens  Click on the line and place the dimension as shown below.
You should see a dimension labeled H1 above the horizontal line as shown below. Note
that there is an Undo button in the sketching mode that you can use if you make a
mistake.
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Now, the length of the line will be manually edited. Underneath the Sketching
Toolboxes there will be a column called Details View. In Details View there is a
subcategory called Dimensions: 1. Change the numerical value of H1 to 4 meters and
press enter.

DetsisView ’
[=| Details of Sketchl

Sketch Sketchl

Sketch Visibility Show Sketch

Show Constraints? | Mo

=] Dimensions: 1

[ HL 4m
= Edges: 1
Line 'Ln?

Line Body

The next step is to turn our "line sketch” into a "line body". In ANSYS, only "bodies" can
be meshed. In order to do this click on Concept which will be on top of the Design
Modeler window, then click on Lines from Sketches, as can be seen in the following
picture.
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DUl A; Static Structural (ANSYS) - DesigniModel

File Create Concept Tools View Help
“4 E ®=e Lines From Paints Select:
Y¥Plane el Lines From Sketches

Sketching Toolb E Lines From Edges
Y 30 Curve

¢ Surfaces From Sketches
&P General Cross Section 4

k= Horizontal

Next, click on the blue horizontal line that you drew. The blue horizontal line should
have changed from blue to yellow as can be seen below.

’

In the Details View column a yellow box to the right of Base Objects should be
highlighted in yellow. Click on the yellow box and then click apply . Then, click on

theGenerate button * Generate ; it is located on the top left portion of the Design
Modeler.
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Cross Section

Now, the beam cross section will be defined. First go to Concept then click on Cross
Section then finally click on Rectangular, as shown below.

o A: Static Structural [AHSYS]) - Designiodeler

Fie Creste | Conoept Tools View Help

<] |l || * Unes From Pores se: M - ME W@ .
¥iPlane | £ Unes From Sketches 55 || -fGenerste W
Tram Cuthe | (D) Lines From Edges a
B L
= f#‘-“"ﬂfdﬁ

wh susfaces From Edgas
e g8 Surfanes From Sketches
!

Cross Section + il W Rectangular

+ M@ | Part, 1 Body 4 Circular
& Cireular Tubs
B channel Section
X 15ection
L 2 Section
L. L Section
A T Seckion
gL Hat Saction
Bl recrargular Tubs
B User Integraced
g8 User Diefined

Now, the width and height of the cross section need to be defined; Under "Details View"
set Bto 0.346 meters and set Hto 0.346 meters, as can be seen below:

Dretails Wiew o
= | Details of Rectl
Skatch Reck]
Shawy CorptramlsT | No
- Dimnensions: 2
5] 0,348 m
LT - >
- Edges: 4
Lime L4
Line: Lnl5
Lirie Lalé
Line _Lnl?
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:j Generake
Then click on the Generate button,

move dimensions

This is an optional step that will only change the way the cross-section is displayed, so
you can choose to skip it. You can right click on the dimension and select Move
Dimensions and move the dimensions closer to the cross section. The cross section

will be easier to see if you click on the zoom to fit tool 3

D Select Loops / Chains
> Select Smooth Chains
I2] Move Dimensions

Selection Filter

& Isometric View
150

wpu Set
13° Restore Default
Q Zoom to Fit

Cursor Mode 4
View >
#9 Look At

i Select All

-/ Generate

l

Assign the Cross Section to the Line Body

Now the defined cross section will be assigned to the line body. ANSYS will then use this
cross-section to calculate the moment of inertia while forming the element stiffness
matrices. First, expand "1 Part, 1 Body" which is located in the Tree Outline. Next, click
on Line Body , and there should be a yellow box to the right of Cross Section under
the Details of Line Body. Click on the yellow box and select rectl as seen below.
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Deaitails Wiess n
-/ Details of Line Body

Bochy Line Body

Faces 1]

Edges 1

Wertices

Cross Section LNTET L]

Verify Geometry

We can visualize the beam in 3D by getting ANSYS to wrap the cross-section around
the line in the display. Click on View > Cross Section Solids, as shown below;

L‘-rﬂ A: Static Structural (ANSYS) - DesignModeler

File Create Concept Tools | View Help

AEHE & Du v Shaded Exterior and Edges 1
E¥Plane v e | ke Shaded Exterior ™
Tree Outline Wireframe
= ./ A: Satic Struckural (AN | o Frozen Biody Tramsparency
3t XiPlane Edge Jonts
29 Sketchi ]
‘(ﬂ;_ 7¥Plane »  Cross Sechion Algnments
7= YZFlane Cross Section Solids
| ,ﬂ:ﬁ Line2
- @ 1 Cross Section | ¥ Ruler
B Rectt v Triad
[= ¢ﬁ 1 Part, 1 Body
= Ling Body Catlires 3
Windows k

If you click on the 1 Cross Section ,

click on the light blue dot,
beam in an isometric view. Note that this is
only a line.

El ----- " ﬂ 1 Cross Seckion

, in the Tree Outline and then

, you should now see a three dimensionally rendered

merely a visualization; our beam model is

17



At this point, the Design Modeler window can be closed. Then, click on Save.
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Step 3: Mesh

Open the Model

Right click on model button, @ odel , in the Workbench window then click onEdit... as
shown below.

—_— ) . w
7= Static Structural (ANSYS)

2 Q Engineering Data v 4

3 ﬂi’ Geometry ? .

4 | @ Model 2 .

s | @8 setup (%) Edit..

B Solutig 3 Duplicate

7 @ Result Transfer Data To New 2

j
Clear Generated Data
Reset
EE Rename
Properties
Quick Help

Expand "Model (A4)", [l Model (4) it it is not already expanded.

Specify the Element Size

Begin by clicking once on mesh, @ Mesh  Next, expand sizing under Details of "Mesh" if
it is not already expanded. To create ten elements along the beam, set the element size

to 4m/10 = 0.4m. Then, click on Update, ¥ "%
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| Filter: Name <
Project
£l [ Model (A4)
£, Geometry
. Ly~ Line Body
M-,k Coordinate Systems
£ 5[2] Static Structural (AS)
-7 Analysis Settings
-7l Solution (A6)
3] Solution Information

Details of "Mesh” a
=l Defaults
Physics Preference Mechanical
| | Relevance 0
=l Sizing
Use Advanced Size Function | Off
Relevance Center Coarse
|| Element Size 0.40 m
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Coarse
Minimum Edge Length 4.0 m
[+ Tnflatinn

At this point you should see a similar image to the one below. The mesh is composed of ten
elements.

g
Click on z ax@ L_. x

view along z
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The mesh has now been set.

Note

In the above mesh view, ANSYS is wrapping the cross-section around the line
elements. To view the line elements and the corresponding nodes, click onView and
uncheck Thick Shells and Beams. ANSYS will calculate the displacements and slopes
at the nodes shown in this view.

L-..

Step 4: Physics Setup

Assign Material Properties

The material Cornellian that was created earlier needs to be applied to the beam. In order

to do so, expand Geometry, #/ Geometry Next, click once on Line Body, % Line Body
, which will appear underneath Geometry. Then expand Material which is located
under Details of Line Body. Then click on the arrow on the far right and change the
specified material to Cornellian as shown below. Now ANSY'S will use the correct Young's
Modulus while forming the element stiffness matrices.

Dwstads of “Lires Boshy™
+ Grapheds Properties
- Dediniticn
SUDpTeSed Ko
Coondnate SyEtem Doef il Conr chinadis Syl it
Referance Tasperstud By Ervandnimant
iffgmt Mo Foafrash on Updste
Ozt Type ey osd
= Material
ATl Rrudhursl Shisl :';I
Mordrew Effects Yo R b |
Thermal Strain Effects | Yes
+ Bounding Bost
+ Properties
+ Statistics
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Fix The Left Side of the Beam
First, click on the box 2=l Static Structural (A5) in the Outline Window. Next, click on the

vertex pointer option, , which is on the top of the Setup window. Next, click on the left
edge of the line body. A green box should appear on the left end of the line body as seen
below.

%

Now, right click on the Static Structural folder, then click Insert and then select Fixed
Support as shown in the image below.

F # : Static Structural {AMSYS) - Mechanical [AMSYS Academic Teaching

File Edk View Units Took Hep || @  fsove - T w0 1 [A] @)
Ervirorment L Inertisl = O Loads = G Supports = | B

H| Project
= g3 Model (84)
« M@ Geometry
# i Coordnshe Systems
A Mesh

= 3 W
O R BT o e
= 5 sobve 60 Standard Earth Gravity
: &, Rotational Velacky
2 Clean

&, Force
Al Renarme =

‘9_- Remote Force

.'ﬁ- Beranng Load

“l] Bolk Pretersicn

9, Moment

E..- Ling Prassure

B Thesma Condtion
7 Joink Load

B, Flud Sold Interface

q, Fixad Support
G Displacement
@ Remote Displacemant
S Frictionless Support
@, Cylindrical Support
#, Simpiy Supported
@, Fixed Rotation

G, Flastic Suppart

B Motion Loads. ..

[@ commands
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This will set the x and y displacements as well as the slope to zero for the node at the left
end of the neutral axis.

Apply a Point Force to The Right Side of The Beam

Once again, click on the vertex pointer option, , but now click the right edge of the
line body. A green box should now appear on the right side of the line body as seen below.

[k »

Right click on the Static Structural folder again, then click Insert and this time select
Force as shown below.

M A : Static Structural [ANSYS] - Mechanical [AMSYS Academic Teach

File Edt View Units Tools Heb || ¢@ | <fsohe - F mf (2] [A] |
Environment B Inertial = T Loads = T Supports = | B

! Project

= @] Model (A1)
+ ﬁ GEomEtry
H) - pats Coordinate Systems
:‘g Mesh
SR Wﬂl
o ' oo
5 ol s 5 sove ] Standard Earth Gravky
4 68, Ratational Yelocity
< Gean fi,
db Renare
B, Remabs Forcs
'.1; Baaring Load
“uf] Bolt Pratansion
fi, Mament

ﬁ. Line Prassura

Wy Thermal Condition
@ Joint Load

B8, Fluid Sobd Interface

ﬁ;’, Fized Support

ﬁ;’, Displacement

ﬁ;, Remote Displacement
$n Frictionless Support
@, Cylndrical Suppert
. Sirply Supporked
&, Fixed Rotation

ﬁ, Elastic Support

o Mation Loads. .,

& Commands
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At this point, there should be a Details of "Force" window in the lower left corner of the
Setup window. Expand Definition if it is not already expanded and then changeDefine
by to Components as seen below.

Datals of "Force” n
= Scope

Scoping Method | Geometry Selection

Gaometry 1 Werkex

- Definition

Now, click on the box to the right of Y Component without clicking the Y component
button and change the force to -sooon. That is, you should NOT check the box to the
left of Y Component. Your Details of "Force" window should now look very similar to the
following image.

Dietais of “Force”

= Scope
Seoping Method | Geometry Selection
Geomeakry 1 Werkax
= Dfinition
Type Force
Define By CORpOnEntS

Coordinate System | GSobal Coordinate System
dCompanent 0. N (ramped)

| R 2000, M amnped) ﬂ
T Component 0. N (rampad)
Suppressed o]

You should also see the following downward facing red arrow on the right side of the
line body.

The fixed end and the point force have now been applied. Leave the Setup window
open for the next step. Save the project.
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Step 5: Numerical Solution

Choosing Results

We next specify what results we'd like to look at. Note that these results can also be

specified after we solve the model. First, click on the solution button, G Solution | the
workbench window. Next, right click on the Solution (A6) folder, then click insert, then
click Beam Tool and finally click Beam Tool as shown in the image below.

M 4 : Cantilever Beam Point Force Uncornupted - Mechanical [AMSYS Academic Teaching

JFiIe Edit Miew Units Tools Help |J a| :}' Solve - ]f' @b" v '-.-'-.-'u:urksheet |J

JSDIutiDn "d Ceformation - ﬁs Skrain - ",3 Stress - | Q{Pmbe - Tu:u:uls - | EEELIser Cefined Resulk |

Ckline

Project
= [ Model {A4)
----- R Geometry
----- v ;L Coordinate Syskems
....... '/% Mesh
~=I-,=] Static Structural {A5)
: --«If;:_ﬁl Analysis Settings
J:i” Fixed Support
s T Force
= Solution (A’

- n Solution T

Insert Deformation »

] Clean Conkack Tool [

alb Rename

Probe r

Coordinate Systems »

ﬂ! User Defined Result

F Commands
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Then, right click on the Beam Tool folder that you have just added, then click on Insert,
then click on Beam Tool > Deformation > Total as displayed below.

M 4 : Cantilever Beam Point Force Uncorrupted - Mechanical [ANSYS Academic Teaching Advanced]

JFiIe Edit  View Units Tools Help H a| :}Salve - E. @ v .Warksheet H "‘?’ "E’ H'ﬁz ﬁv ®|

JBeam Tool 4 Stress = B, Deformation -

Outline

2
e @ Model {A4)
3

o R Geometry

- :J; Coardinate Systems

........ «% Mesh

EI ----- ,,El Static Structural (A5)
: g:{ Analysis Settings
. Fixed Support

ﬁ.c Farce

----- / Solution (AB)
Solukion Information

:} Evaluate All Results Bearn Tool

B¢ Duplicate B User Defined Result

Copy
3 Cut

{j Clean

. Delete

alh Rename

4, Directional

B commands
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Next, right click on the Beam Tool folder, then click on Insert, then click on Beam Tool
> Stress > Maximum Bending Stress as shown below.

M £ : Cantilever Beam Point Force Uncorrupted - Mechanical [ANSYS Academic Teaching Advanced]
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Bending Moment along the Beam

Now, we will set up a result object for the bending moment along the beam. We will do
this by setting up a "path" along the line body. To set up a path, click
on B [@l Medel (A4) jn the Outline window. This will launch the Model toolbar in the Menu

Bar. In the Model toolbar, press % CenstructionGeometry \which will bring up the

Construction Geometry Tool bar, then press ("Path 15 create a path.
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In the Details window, notice that the default path type is Two Points. We need to change
that to Edge.
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Next, using the Edge Selection filter Dy select the line body in the Graphicswindow.
Back in the Details of "Path” window, select Geometry > Apply. Rename it "neutral
axis".
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Now that we have created the path, we need to create a solution object that gives the

bending moment along the path. Click on G Soltion i the Outline window to bring up the
solution menu, then select Beam Results > Bending Moment.
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In the Details of "Total Bending Moment" window, change Scoping Method to Path.
Next, define the Path parameter to neutral axis (the path we created).

=l Scope -
Scoping Method Path N
Path neutral axis
Geometry All Line Bodies

=l Definition
Type Total Bending Moment
By Time a
Disglaﬁ Time Last =

2 e e L =t Ve -

Directional Bending Moment

We would also like to look at the bending moment in a specific direction. Repeat the above
steps to setup another bending moment results object. In the details window of the new
bending moment, change the type to Directional Bending Momentinstead of the
default Total Bending Moment. Change the orientation to Z axis.

Details of "Total Bending Moment 2" 2
[=l| Scope A
Scoping Method Path i
Path neutral axis
6;6metry All Line Bodies
[=/| Definition =
Type Directional Bending Moment
Orientation Z Axis
By s Time
Display Time Last —
Coordinate System Solution Coordinate System
Calculate Time History | Yes
Suppressed o No
[=] Integration Point Results
—i'-)iﬂnlav O;f-i_nn | Uinaveraned 24

Solve

In order to solve, click on the solve button, HS—D'VE which is located near the top of the
Setup window. ANSYS will obtain the numerical solution where the ANSYS solver will
form the stiffness matrix for each beam element, assemble them into the global stiffness
matrix and invert it to get the nodal displacements and slopes. It will then extract the
requested results and populate the results objects in the tree.
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Step 6: Numerical Results

Total Deformation

First, examine the total deformation by clicking on the Total Deformation
object M Total Deformation n the tree. Turn on the Undeformed Wireframe as shown below.
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With 10 line elements, you should see the following output for the total deformation.

© “ANSYS

Noncommercial use only

0.000 0.500 1.000 (m)
| I ]

0.250 0.750

If you turn off View > Thick Shells and Beams, you will see the deformation of the line
elements. The 3D beam view is constructed from this. The maximum deformation is
0.0051 m which matches the hand-calculation value from the Pre-Analysis.

When ANSYS displays the beam deformation, it just connects the displacements at nodes
by straight lines. The display ignores the fact that we also have the slope at the nodes.
So you'll see an unphysical-looking kinked line in the deformation display. This is a
shortcoming of the display, not of the underlying beam element formulation. You'll see
the displayed deformed shape getting smoother as you refine the mesh.
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The beam deformation can be animated by clicking on the play button, > , which is
located underneath the beam deformation results. This will interpolate between the initial
undeformed and final deformed configurations.

Maximum Bending Stress

In order to examine the maximum bending stress first expand the Beam Tool
folder, #- €] BeamToal  which is located under "Solution(A6)". Next, click on the Maximum
Bending Stress button, ,,ﬁ Maximum Bending Stress

9.2927e-8 Min

Note that in this display, ANSYS shows the same value across the cross-section. This
visualization is misleading. The maximum bending stress occurs only at the top fiber. The
value that ANSYS reports is 4.635 MPa which matches the value from thePre-

Analysis exactly.

Bending Moment

To view the bending moment along the beam, click Total Bending Moment in
theOutline window. You should see the following in the graphics window.

SANSY'S

Noncommercial use only

3555.6
1.1278e-10 Min Wy
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Also notice that the values were plotted in a graph in the Graph window and also
displayed in a table. The values can be exported into a Excel or text file by right-clicking
on the table.

JAnimation .*li”ﬁ 1 | Q 10 Frames » 2 Sec(tuta) - | IE
0.

32000 |

19200

11278e-10 | ,
0. 4,

Messages. Graph

In the above, pay close attention to maximum and minimum values of the bending
moment. At the left end, the bending moment is 32000 Nm; the calculation for moment is

So this checks out. We also notice that the minimum moment 1.1278E-10 Nm. Because
this value is over 1E-14 smaller that the largest value, it can be assumed to be zero to
machine precision.

Directional Bending Moment

To view the directional bending moment along the beam, click Directional Bending
Moment in the Outline window. You should see the following in the graphics window. The
Directional Bending Moment gives us the sign along with the magnitude.
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Step 7: Verification and Validation

Verification of Maximum Bending Stress and Maximum Total Deformation

We have already noted that the ANSYS results compare well to our hand calculations
obtained using Euler-Bernoulli beam theory in the pre-analysis. The ANSYS simulation
gave 4.6352MPa for the maximum bending stress and the calculation in the pre-
analysis yielded 4.635 MPa. The ANSYS simulation gave 0.005135m for the total
deformation of the beam at x=4 while the calculation from the pre-analysis yielded
0.005103m. The ANSYS results closely match the hand calculations from the pre-
analysis. This is one way to verify the solution.

Mesh Refinement

Another way to verify the solution of a numerical method is to examine the convergence
of the solution as the mesh is refined. Generally, the numerical solution should converge
to the exact solution as the mesh is refined. In order to refine the mesh, first click on
the Mesh tab, & Mesh  in the tree outline. Next, expand Sizing inDetails of Mesh. The
mesh will be refined by adjusting the Element Size. The length of the beam is 4 m so if
you want n elements then you will need to set the "Element Size" to (4m/n). For instance,
if you wanted 20 elements the "Element Size" should be set to (4m/20)=0.2m . After you

35


https://confluence.cornell.edu/pages/viewpage.action?pageId=125812740
https://confluence.cornell.edu/pages/viewpage.action?pageId=125812740
https://confluence.cornell.edu/pages/viewpage.action?pageId=125812740
https://confluence.cornell.edu/pages/viewpage.action?pageId=125812740
https://confluence.cornell.edu/pages/viewpage.action?pageId=125812740
https://confluence.cornell.edu/pages/viewpage.action?pageId=125812740

have changed the Element Size to your preference, click on the Solve button, o Solve -

, to recalculate the solution with the new mesh.

The table below displays the outputs of the ANSYS simulation for a mesh of 2 elements
and a mesh of 10 elements.

Total Deformation (m) Maximum Bending Stress Pa

Theory Values 0.005103 4.635x10"6
2 Element FEA 0.0051352 4.6352x10"6
10 Element FEA 0.0051352 4.6352x10"6

As one can see from the table above the results do not change as the mesh is refined.
The reason that the results do not change is as follows: the exact solution for cantilever
beam deformation is cubic and for this setup ANSYS uses element BEAM 188 which also
uses cubic interpolation. Thus, for the simple cantilever beam setup the numerical method
converges very quickly.
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