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Ansys Mechanical is a finite element analysis (FEA) software used to perform structural analysis
using advanced solver options, including linear dynamics, nonlinearities, thermal analysis, materials,
composites, hydrodynamic, explicit, and more.

In this set of tutorials, we will introduce basic functionalities of Ansys Mechanical through the Ansys
Workbench interface. Ansys Workbench is the integration and workflow platform that connects Ansys
products.

This tutorial will cover creating and analyzing truss structures using Ansys Mechanical, as well as
reviewing the effects of mesh quality and sizing on the results of a simulation.

This tutorial is #3 of a four-part tutorial series that serves as an introduction to Ansys Mechanical.
Details of the topics covered and the order can be found int he table below. These tutorials build on
one another, so it is recommended that they are followed in order. Other tutorials can be found on the
Ansys Education Resources site.

Tutorial Order Tutorial Topic
1 Basics of FEA
2 Bar Elements and Meshing
3 Truss Elements and Mesh Quality
4 Loading of Structures and Irregular Sections

NOTE: This lab follows a more question-based approach, under the assumption that students have
completed the first two Intro to Ansys Mechanical tutorials. Documentation will include detail around
how to apply new techniques within Ansys Mechanical, however previously used techniques and
methods are assumed knowledge. Revisit the first two tutorials from the table above as needed.

*This tutorial was created using the 2022R2 Student Version of Ansys Workbench. Some screens may
look different, depending on your version. Check the Ansys Learning Forum if you have any questions.

Exercise 1: Loaded Railway Bridge......ccccuuviiiiiiieiiee et e e rr e e e e e e e e 3

Exercise 2: Analysis of MeSh QUAlITY ......uuvuiiiiiieiiie e 12
Applying an INflation Layer ...t e e e e e e e 13
Applying a Sphere of INfIUBNCE.........euriieeeee e e 14
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The figure below shows a small railway bridge constructed from round steel members, all of which
have a radius of 40 mm. A train stops on the bridge and applies the loads shown in the figure to one
side of the truss. A train stops on the bridge and applies the loads shown in the figure to one side of
the truss.

Determine how far point R moves as well as the displacements and stress in each element.
Start by creating a sketch in SpaceClaim?®.

Hint: it may be easier to change the units in SpaceClaim to meters when dealing with large geometry.
This can be done by navigating to File — SpaceClaim Options — Meters

| SpaceClaim Options ? x

(= N ~ |
g =] change units options. [
Detaiing |

Appearance
b Recent Documents ] Sedect
L‘ﬁJ New ’ = unts sectngs for: This Document
o Units
¥
_J Open Sheet Wecal Type: Metric
b Navigation
o Length Millimeters
MutiToudy Manometers
Advanced Macrometers
H Save » Mimeters
File Options. Angle: Centmeters.
Maters
- J‘ Support Fies e
*‘* Save As 4 Customize
A Add-Ins Densty: i
License
< Share ' Resources. Symbot e
Primary precson: 2 21 [ IShow traiing zero
A Save Project Anguar precison: |1 ] [Show traiing zero
Use tight tolerances
] « Show symbol in user interface
| Print r ' Show symbal in annotations
LY
Close Extended dmensons
- Use dual dimensions v
< >
B SpaceClaim Options | E3 Exit SpaceClaim == |
Snap to angle [Customize SpaceClaim

1 This tutorial was made using the 22R2 Student Version of Ansys Workbench. After the 2023R1 release, Ansys SpaceClaim
became a legacy product and Ansys Discovery (a simulation-driven design tool that combines instant physics simulation,
high fidelity simulation and interactive geometry modeling in a single easy-to-use experience) became the primary built-in
Geometry tool. If you want to learn more about specifically modeling in Ansys Discovery, check out this Ansys Innovation
Course “Learn Solid Modeling with Ansys Discovery”.
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To start drawing a truss make sure that Layout Sketch is selected. This lets SpaceClaim know to not
assign the completed shape as a surface for extrusion. This option will need to be selected for all

exercises where a frame is used.

B S O 1
Gy EBPen View
Paste 7 u = Line Circle Re

I Clipboard Orignt

Structure
o § Design1*

Structure

Layers Selection Groups Views
4 Sketen

Automatically create constraints

Snap to grid

I Layout Sketch I

“ Layout Sketch

When selected, curves from this folder will be
created as layout curves which do not
automatically fill or imprint onto faces upon
returning to 30 mode.,

Pl ) Press F1 for more help.

If you complete any lines of the truss before Layout Sketch is selected, the line will be allocated as to
be part of a surface. You will need to go back and replace these lines as needed.

After completing the truss layout select complete sketch, the completed layout should appear similar
to the image below. If the triangles appear shaded, check that all lines were drawn with layout sketch

i

Z
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Select the relevant cross section for the truss by navigating to Prepare — Profiles — Circle.

Prepare Workbench Detail Sheet Metal Tools KeyShot

¥ Rounds 3 Bad Faces “\Conned g

GS‘ Faces M - ﬁ) Extract Iﬂ:' Split Open
romes

: &) short Edges % Clearance = % orient Display ~ AT
Remove Detect Profiles

t and drag an edge to round it.

New Profile Library
B OT 1

® O n I

L

C

& Mol Circe

L7 Sta| @ Insertsa profile of »
* type 'Circle' for use

N in the design.

The beam profile should then appear in the Structure window on the left side of the screen.

Edit the beam profile to set a radius of 40mm.

B Pull O faces
4 -2 Designl® —_—
b [v [ Sketching Planel ‘ k |
4 Beam Profiles )
. Circd= - m— |
Nt S
Save Beam Profile...
Import| Open the beam profile in a new window for editing.
X Delete
Rename
Lock
| = 3 s Hide Others
truct
ructure | Layers Inverse Visibility
Options - Pull Always Visible
£} General = Properties

To change the dimensions of a predetermined beam profile, the dimension for each feature can be
seen in the groups window, under driving dimensions. The dimensions can be changed by double
clicking on the highlighted existing dimension as shown below.

Groups
Ji? Create NS ly? Create Parameter

View groups in: Root Part

Name Type
O3 ¥ Driving Dimensions
i Ruler
- <&SIR dimension:
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After completing the cross section, navigate back to the main window via the tabs at the bottom of the
window.
Properties
~ Appearance Y
Color ARGB: 255, 143, 175 A
Style By Layer, By Style -
~ Face Type (Zr+»X
Shape Cylinder -
Round False

l Propertiesl Appearance

N Design1 hSYS'X |

The edited cross section will appear under the tab SYS, the geometry will appear under the file name
given to the project or Design1l if this has not been previously set.

When navigating back to the main design window, the groups tab will still be visible to the left of the
window. To navigate back to the structure window, select structure from the list of tabs underneath

the panel.

Groups

> b t

View groups in: Root Part

Name

Type

Structure l.ayers Selection ‘ Groups ‘ Views

To apply the section to the truss layout, select the sketch by clicking and dragging a selection box over
each of the proposed beams, followed by clicking create.

Prepare Workbench Detail

@‘ Rounds Q}.’J Bad Faces O
@ Faces M Sharp Edges :
= @ Short Edges % Clearance Clr'cle
Remove Detect

Sheet Metal

Tools KeyShot

\ Connect &

n edge loop. Triple-click to select a solid.

Split Open
Wi
& Orient Display ~ Kard
Beams ACT
Create —

§* Create a beam along an edge.
along a curve, or between two
points. Points can be vertices,
midpoints, or the intersections
of planes and edges.

© Press F1 for more help.
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If this operation was successful, the truss should appear to be highlighted green.

The final step in SpaceClaim is to indicate to Ansys which connections between the beams are shared.
This will ensure that the truss behaves as a cohesive structure as opposed to separate elements.

To do this navigate to the workbench tab and select the “Share” operation.

Prepare Workbench Detail Sheet Metal

_ 2 —
& &% T -

5 9 |VIEdc
orce
ie | Share Unshare gp. .o @ 0 JIVer
Sha
Share
e <=¢  Share coincident topology.
r‘d’@ pology

© Press F1 for more help.

The common nodes between the beam elements will then appear highlighted.

In the top left of the working window a green tick will appear, clicking this will confirm the selection
and share the highlighted nodes.

The completed geometry should then appear as below.

The geometry for this exercise is now complete, you may close SpaceClaim.
Open Ansys Mechanical.
To allow the program to recognize this geometry as a truss, the model type must be changed in the

outline window. This is done by selecting the beam element under the geometry drop-down box and
changing the model type to truss.

7 \nsys MECHANICAL



THE UNIVERSITY OF

NEWCASTLE
AUSTRALIA
«*QlOXx
Details of “Beam (Circle)” *JOx
| Graphics Properties L3

= Definition |
Suppressed No I8

Model Type
Stiffness Behavior
Coordinate System .
Reference Temperature QLT T

st
Offast biode. Reinforcement !
Offset Type [Centrota 1
Treatment [None 1
= Material |
Assignment | Structural Steel |

YT [T Iw

NOTE: A truss system can only carry axial forces, where as a beam system can carry axial, shear and
bending forces. For this exercise we only wish to look at axial forces.

The next step in this method is to generate the mesh.

If you generate a default mesh, you will notice that the beams will be broken up into smaller sections
as per the image below.

This will not solve for a truss analysis as it will be impossible to solve for equilibrium in the connections
between the elements that are not located at the connection points between the beams.

To fix this each strut within the truss will need to be made of a single element.
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Apply a sizing constraint to the mesh.

Select the entire truss by using the box selection tool or another method of your own choosing and
apply the sizing constraint.

seect IR DR @B @ ® P & [FCiboards [Empty] @Extend~ 9, Select By~
[%] single Select
‘%  Box Select
“"'| Box Select
"% Specify the selection method as Box Select. Hold left mouse

ek button and drag cursor to specify selection area. Entities selected
are based on the current selection filter (body, face, etc.),

(D) Press F1 for help.

Ansys classifies struts within a truss as edges. After selecting box select ensure that the edge tool is
selected.

Change the type of the sizing constraint to “Number of Divisions”. Set the number of divisions per edge
to 1.

Details of "Edge Sizing" - Sizing *QOX
E?'Scope : _d % |
Scoping Method | Geometry Selection
'Geometry 12 Edges
=1 Definition
rSl.mpressed

No
Element Size -

Element Size
Number of Divisions
Sphere of Influence

Element Size
1~.-;z‘Advanced

. Behavior

\Bias Type ‘No Bias

Regenerating the mesh will create vertexes at the joins between the struts, and single elements along
the length of the beams.

To apply loads and conditions to these vertexes (or nodes), switch from edge selection to vertex
selection and add the required boundary conditions and loads as per the image at the top of the

document.

EEDEEM® " 5 [Edipboard-

Vertex (Ctrl+P)

Select or highlight vertices on your
model. Use the Ctrl button or hold the
mouse button to select multiple vertices.

(D Press F1 for help.
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NOTE: To apply a roller joint, select the displacement option from structural panel under fixed
support. You will need to adjust the condition depending on the coordinate system you are using for
the geometry. The roller should be unable to leave the ground plane but should be free in all other
directions. To stop movement in a specific direction, set this component to 0.

2, A9 @

& Frictionless
Supports = Conditions Direct Imported Load Write Input
pf @ Displacement s FE~ [Eesult File) Filen, |

Structural Took

Select “«k| Displacement En
Insert a Displacement boundary condition to displace

(relative to its original location) a flat or curved face, edge, or

A~ vertex by one or more components of a displacement vector.

(1) Press F1 for help.

A

After applying loads and conditions to the geometry, each node will need to be constrained using a
displacement condition to stop movement out of plane. This keeps the analysis in two dimensions.
This can be done using the same method as the roller joint; however, the direction will again depend
on the coordinate system used.

After adding all relevant constraints, the system can be solved.

Add a total deformation analysis and a beam axial stress analysis to the solution. The beam axial stress
can be added by selecting beam results in the solutions tab.

F B

Toolbox Tools Views

- - -

T~ Axial Force

Force

Insert a beam result to evaluate
ﬁ the force (X component) along

a beam element axis.

The solution to the solve can be seen in the images below, keep in mind that answers within 5-10%
are still considered acceptable, as the algorithm used for solving will vary slightly with the coordinate
system used, mesh quality etc.
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NOTE: To look at specific points within the structure use the probe tool within the solution panel.

[E)Probe v Snap j < Proportional %% Element Aligned | T Line Forn
B Maximum g _' Uniform . Grid Aligned Solid For
Vectors .
Vector Display
Probe

Create probe annotations. If the Graphics Annotations window is
@ displayed, the result value at the location of the probe annotation, the

unit of the result, and the coordinate values for the probe can be viewed.

(D) Press F1 for help.
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This exercise focuses on the effects of mesh quality and mesh density on solver results.

Import the geometry from Canvas under a new static structural system, leaving the model as structural
steel.

Open Ansys mechanical.
Generate the default mesh for the geometry.

Open a mesh metric graph by selecting mesh quality from the drop-down list

Y b = ’

rthd BwWa I] |

- . Mesh = Metrics
. ne Edit™ Display

RV = ® [EClipboard~ [Empty EDProbe (! Snap

Metric
Graph~ B mir
s Mone
[i4] Erement Quatity

L Lernart Datis

Element Quality
Provides a composite quality metric that ranges between 0 and 1. This metric is based on the ratio
of the volume to the sum of the square of the edge lengths for 2D quad/tri elements, or the square

II | || root of the cube of the sum of the square of the edge lengths for 3D elements. A value of 1 indicates
a perfect cube or square while a value of 0 indicates that the element has a zero or negative volume.

(1) Press F1 for help.

T TTERITTOTIT COTTe T Ay T

The results from the graph should appear similar to below.

Mesh Metrics v X

Controls I A

438.00

g
8

Number of Elements
2
2

g 8
8

f=]
-
-~

0.25 0.38 0.50 0.63 0.75 0.88 1.00
Element Metrics g

Higher quality elements will be closer to 1 on the graph, whilst lower quality elements will be closer
to 0.

Apply a fixed boundary condition to the bolt holes of the geometry (the two holes on the thinner plate)
and apply a downwards force of 50 kN to the top mounting hole.
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Hint: You can apply a load or condition across multiple faces by choosing the face select option and
holding the control key.

The result should resemble the following for a Von-Mises stress solution.

From the results, the detail captured around the bolt holes and mounting holes may not be sufficient
to validate the solution.

At this point, feel free to experiment with different meshing techniques, sizes and element types to see
how this influences the results of the simulation.

If using an Ansys Student license, be mindful of the node limitations. Check out the Ansys Student
Product Page for more information.

Two options to increase the accuracy of the solution whilst also keeping an appropriate number of
elements is to apply an inflation layer to the features of interest, or to apply a sphere of influence to
an appropriate region.

tructural - Mechanical [Ansys Mechanical Enterprise]

Applying an inflation layer can be done from the

meshing menu. :
'l Contact Sizing E®Inflation

. . . A\ Refi t i Gasket P weld
Select the inflation layer option and select the Maten @p;::emcn ,_ﬂ_as,e e it )
- the ' - S Feilions Sunecs (Heta
body it will be applied to. Controls

Select ™ Mode~ ET

‘R ® E

Within the “Details” window, select the relevant
edges or faces from where you want the inflation
layer to start.

= Apply inflation
7Pt to specific
3 boundaries.

(@) Press F1 for help.
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There are many different settings that can be applied within the inflation layer.

The number of layers and growth rate for each layer can also be set.

Details of "Inflation” - Inflation *xQOXx
= Scope '
'Scoping Method _Geometry Selection
'Geometry |1 Body
= Definition _
'Suppressed [No
' Boundary Scoping Method I Geometry Selection
'Boundary |4 Faces

Inflation Option Total Thickness
Number of Layers Total Thickness
First Layer Thickness
Growth Rate Smooth Transition
Maximum Thickness

First Aspect Ratio
Inflation Algorithm Last Aspect Ratio

'Boundary |4 Faces
Inflation Option Total Thickness ;I
Number of Layers 5
|| Growth Rate 1.2
| Maximum Thickness _’S.e-003 m

After applying a relevant inflation layer, regenerate the mesh to see it applied to the body.

Lab 1 includes details on how to apply a sphere of influence through a sizing constraint on the mesh,
however a relevant coordinate system has to be applied to the body to attach the sphere to.

To add coordinate systems to a body, select the coordinate system option from the project tree, and
add a new one from the context menu.

- B Context
Home Coordinate Systems Display Selection Automation Add-o
% =ﬂ g':zu'-& d Selection F “ommands @ Images~
Bi 3 Coordinate System [JComment [BSection Plane
= = So_lve Ana,lym @, Remote Point L Chart 5 Annotation
Outline Solvery Insert
Coordinate System .
Name v | Search Qut Insert a Coordinate System object to create a
@ Pro by unique local coordinate system for use with
- g t+ ™ features such as springs, joints, loads, and results.

2 (@ Model (A4)
-/B) Geometry Imports
-/ Geometry (D PressF1 for help.

) Materials
42 Global Coordinate System
-/ @ Mesh

0888

Add a coordinate system to the center of each of the through holes before applying the relevant
spheres of influence.
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