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LWAYSE Welcome!

Welcome to the ANSYS Mechanical application introductory training course.

This training course covers the basics of using ANSYS Mechanical
in performing structural and thermal analyses.

It is intended for all new or occasional ANSYS Mechanical users, regardless
of the CAD software used.

Course Objectives:

— General understanding of the user interface, as related to geometry import, meshing,
application of loads and supports, and postprocessing

— Procedure for performing FEA simulations, including linear static, modal, and harmonic
structural analyses and nonlinear steady-state thermal analyses

— Utilizing parameters for ‘what-if’ scenarios

* Training Courses are also available covering the use of other Workbench modules
(e.g. DesignModeler, Design Exploration, etc.) .
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Agenda (Day 1)

Morning

Afternoon
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Lecture — Introduction

Lecture — Chapter 2: Mechanical Basics
Workshop 2.1

Lecture — Chapter 3: General Preprocessing
Workshop 3.1

Lecture — Chapter 3, continued

Workshop 3.2

Lecture — Chapter 3, continued

Workshop 3.3 or Workshop 3.4

Lecture — Chapter 4: Meshing in Mechanical
Workshop 4.1

Lecture — Chapter 4 (continued)

Workshop 4.2

Lecture — Chapter 5: Modeling Connections
Workshop 5.1
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Agenda (Day 2)

Morning Lecture — Chapter 5 (continued)
Workshop 5.2
Lecture — Chapter 6: Remote Boundary Conditions
Workshop 6.1
Lecture — Chapter 6 (continued)
Workshop 6.2
Lecture — Chapter 7: Static Structural Analysis
Workshop 7.1

Afternoon Lecture — Chapter 7 (continued)
Workshop 7.2
Lecture — Chapter 8: Modal Analysis
Workshop 8.1
Lecture — Chapter 9: Thermal Analysis
Workshop 9.1
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Agenda (Day 3)

Morning Lecture — Chapter 10: Multistep Analysis
Workshop 10.1
Lecture — Chapter 11: Results and Postprocessing
Workshop 11.1

Afternoon Lecture — Chapter 12: CAD and Parameters
Workshop 12.1

Choice of Appendix Chapters or discussion of user issues*

* This course has been designed to run to just over 2.5 days to allow the last afternoon to be more informal. There is
a choice of Appendix Chapters that explore different analysis types or go into some subjects in more depth. If time
allows user problems can also be discussed depending on the number of attendees.
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IAWSYSH Lecture 1: Contents

A. About ANSYS Inc.

B. ANSYS Customer Portal

C. ANSYS Workbench Overview
D. Demonstration

E. Summary

F. Overview of Mechanical

G. APPENDIX
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WSS A: About ANSYS Inc.

MARKET LEADER .|I||
PROVEN 40+ years e O iy and

Validating our solutlons on the :
CAD agnostic

most advanced product

applications

DEDICATED

FOCUSED /i 10

This is all we do. countries
Leading product technologies in all physics areas
Largest development team focused on simulation
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NWNYSE Breadth of Technologies

D Fluid Mechanics:
M From Single-Phase Flows

Structural Mechanics:
From Linear Statics

—\) Electromagnetics: From
)) Low-Frequency Windings

] Systems:
w From Data Sharing
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To High-Speed Impact

To High-Frequency
Field Analysis

To Multi-Domain
System Analysis




interface and powerful search engine.

The ANSYS Customer Portal

https://support.ansys.com

Contains over 85,000 support assets powered by a modern web user

Over 5.2 million page views in 2014

7

Classroom Training
Webinars
Service Requests

N

( N

Product Assets

Latest Release
Updates

Tools

Previous Release(s)

Extension Library (app
Store)

Solutions

Conference Proceedings
Class3 Reports
Documentation
Training & Tutorials

Support ‘
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About search

The ANSYS Customer Portal’s search is powered by " , —— — 090
dedicated Google® hardware. e P @5 0,0 cosc %
= é_&é@.é ®°®

Mesh = Meshed = Meshing
Export = Exported = Exporting
XXXXX = YYYYY = 227277

Example:

You want a meshing tutorial for ANSYS Meshing and your search has
results for other products that are not of interest to you; by selecting the
product facet “ANSYS Meshing” you can narrow down your results further.
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Product Family

Structural Mechanics (50)
Fluid Dynamics (57}
Workbench (20}

Application Specific (18)

ANSYS Fluent (29)
ANSYS CFX (18}
ANSYS Polyflow (11)

ANSYS TurboGrid (7)

Search Facets



Support / downloads / training

e —— Submit and review service requests

If you cannot find the answer to your question within the ANSYS Customer Portal then you
can submit a service request. A member of ANSYS technical support will then get back to
you with advice or a solution.

—— Download the latest software and updates

Download ISO images if you wish to create a DVD which is recommend for installations on
multiple computers and allows you to keep an archive of the installation for later re-use.

Package downloads can also be selected if you want to install files directly.

Download classroom and video training material

Training and tutorial material are available for both a broad range of ANSYS products and
user’s experience. Search the hundreds of courses available and improve your knowledge
of ANSYS software.
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C. ANSYS Workbench

ANSYS Workbench is a project-management tool. It can be considered as the top-level interface
linking all our software tools.

Workbench handles the passing of data between ANSYS Geometry / Mesh / Solver /
Postprocessing tools.

This greatly helps project management. You do not need worry about the individual files on disk
(gseometry, mesh etc). Graphically, you can see at-a-glance how a project has been built.

bt Dcmas /oot

Because Workbench can manage the e
individual applications AND pass data = == =
between them, it is easy to automatically 5 S B2
perform design studies (parametric

analyses) for design optimisation.

12 © 2015 ANSYS, Inc. February 27, 2015



IWWNSYESHE D. Demonstration

rm | ;

e
Activate Files in the "View" Menu
allows to identify the individual files
on your disk
o 1 = . £ The resulting table will cross-reference
1 . g=3 == % the directory and filename with the
emonstration . resentation.mp 5=
— — e

* What you can learn in this demonstration : e S

— How to use Workbench project page

— How to save, open, archive a project

— How to create different analysis R

— Understand each stage of an analysis

— Edit units, properties and files options | ; B creobg it
— Working with parameters e s
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NLWNYEE E: Summary

ANSYS Workbench is a convenient way of managing your simulation projects.

Workbench is used to launch the individual software components, and used to transfer data
between them.

It is easy to see at-a-glace how a model has been built, and determine which files were used for
a particular simulation (pairing geometry files to solver runs)

Workbench also makes it straightforward to perform parametric analyses (without the user
needing to manually launch each application in turn), and makes it easy to simulate multi-
physics scenarios like fluid-structure interaction.
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IAWNYSHE F. Mechanical Overview

Analysis types available in Workbench - Mechanical:'
* Structural (static and transient):
— Linear and nonlinear structural analyses.
* Dynamics:
— modal, harmonic, response spectrum, random vibration, flexible and rigid dynamics.
* Heat Transfer (steady state and transient):

— Solve for temperature field and heat flux. Temperature-dependent conductivity, convection,
radiation and materials allowed.

* Magnetostatic:
— Perform various magnetic field analyses.
* Electrical:
— Simulate electrical devices such as motors, solenoids, etc..

T Note, the active ANSYS license dictates what functionality is available to the user. Not all features listed are covered in this
Introductory course.
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NLWAYSE ... Mechanical Overview

Add-on licenses for Mechanical:
* Rigid Dynamics

* Fatigue Module

* ACP

16.0 Workbench products are available for Windows and Linux operating systems.
®* Check the ANSYS web site or online documentation for the latest compatibilities.

Network licensing capabilities are used for all ANSYS and ANSYS Workbench products.
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G. APPENDIX
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LWAYAHE . . . Workbench Overview

4" Unsaved Project - Workbench

Fle View Tools Units Extensions Help

The options visible in the =

left-hand column show all
the products (systems) you
have licenses for.

“Analysis Systems” are ready-made
stencils that include all the
individual systems (applications)
needed for common analyses (for
example Geometry + Mesh + Solver
+ Post-Processor)

TIP: If this list appears
empty, you have a problem

with your licensing.

6/l 2NEECOAEEEE

B
o
¥
H
H

¥ Explicit Dynamics (LS-DYNA Export)
Data

e

i “Component Systems” are the
- individual building-blocks for each

echanical APDL.

S stage of the analysis

B

BOXEESCHREB

gpEzzzo

&
<
3
a
-y
8

“Design Exploration”

. Custem Systems |
provides tools for S
optimising designs and

understanding the
parametric response. HE - |

[ View Al / Customize. . |

o

Dt

Ee T oo
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IAWSYEN . . . Basic Workflow

41 Unsaved Project - Workbench

File Wiew Tools Units Extensions Help

Jlﬁlﬂlﬂl Project

lﬁjlmport... Reconnect Refresh Project # Update Project

A CRR Al Project Schematic

| E Analysis Systems

[ DesignAssessment
Electric

Wiy Explicit Dynamics

B3 Fluid Flow {CFX)

E5 Fluid Flow (Fluent)

¥ Harmonic Response

Y Hydrodynamic Diffraction
ER Hydrodynamic Time Response
@ IC Engine

B3 LinearBuckling

[E]] Magnetostatic

EH ™Modal

fifly Randomvibration

il ResponseSpectrum

[ Static Structural

al
(@Y Thermal-Electric

& Throughflow

[ Transient Structural
ﬂ Transient Thermal

- A
1
2 & EngineeringDafs la
3 @ Geometry z i
4 @ Model = la
Setup 7 la
Solution F L
7 @ Results =1

Static Structural

E Component Systems

@ Autodyn

4 BladeGen

@ CFX

& Engineering Data

iy Explicit Dynamics (LS-DYMNA Export)
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Dragging an Analysis System onto
the project desktop lays out a
workflow, comprising all the steps
needed for a typical analysis.

Workflow is from top to bottom.
As each stage is complete, the icon
at the right-hand side changes



AWAYARH . . . Alternative Workflow

20

4! Unsaved Project - Workbench
File  view Tools  Units

Extensions Help

J|.3| H|E1|
Iﬁjlmport...

Project

Reconnect Refresh Project - Update Project

EEERER Froiect Schematic

| B Analysis Systems

[ DesignAssessment

&) Electric

¥ Explicit Dynamics

& Fluid Flow (CFX)

(& Fluid Flow (Fluent)

3% HarmonicResponse

[ HydrodynamicDiffradion
& Hydrodynamic Time Response
ﬁ IC Engine

3 LinearBuckling
[i5) Magnetostatic

EE Modal

iy Random vibration
iy ResponseSpectum
k= Static Structural
M r L et R T
) Thermal-Electric
3 Throughflow

[zl Transient Structural
ﬂ Transient Thermal

- A - - C
2 9 Geometry - a 2 Q Engineering Data " M 2 Q Engineering Data "
Geometry \‘- 3 @ Geometry P .3 @ Geometry 2 .

4 @@ Model T W4 @ Model =

Mechanical Model 5 @ Setup F .

6 @3 Solution F o

7 @ Results F .

linking them together with connectors.

| E Component Systems

@ Autodyn

% BladeGen

@) Crx

& Engineering Data

i Bxplicit Dynamics (LS-DYNA Bxport)
External Data

@ External Model

(i# Finite ElementModeler
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link will be generated automatically.

However, an analysis could equally well be prepared by selecting the
individual Component Systems that are needed for this analysis, and then

TIP: There are two ways to create the connectors between the systems:
1) Use the mouse to draw a line (eg A2 to B3, B4 to C4 etc)
2) Or, simply drop the new system on the cell of the upstream one, and the
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NLWAYAHE . . . Cell States

- A

: As each stage in the model-build is completed, the state of the
2 & Engineering Data ce" Changes.

3 |_E Geometry
Icon Meaning

4 @ Model
v Up to Date

[

ol | S| S
|

h b b |k

5 @ setup
& @ Solution
7 @ Results

Static Structural

nd_

n;\i_

% Refresh required. Upstream data has changed
Status after creating Geometry in A3,

not yet opened Mechanical in A4 Update required. Local data has changed
¥ Unfulfilled. Upstream data does not exist
- A ~3
: ¥ Attention Required
2 @ Engineering Data +* d .
3 E Geometry v o4 B SOIV'ng
:lg — — :l “ Update Failed
6 ESEI Solution v 4 'y
S @ e > Update Interrupted
Static Structural < Changes pending (was up-to-date, but upstream data has changed)

Status after model has solved
waiting for post-processing
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IWWNSYEH . . . Sharing Data between Different Solvers

22

Workbench can be used to transfer data between solvers. In this 1-way FSI (fluid-structure-
interaction) example, we transfer the loads from a Fluent CFD simulation over to a Mechanical
system to perform a stress analysis

© 2015 ANSYS, Inc.

w0 ES
| Bl Analysis Systems |
8 DesignAssessment
Electric hd A
i Bxplicit Dynamics 1
B3 Fluid Flow (CFX) 2 | )
B Fluid Flow (Fluent) 3 ﬁ
ﬁ IC Engine 3 @
il ResponseSpectrum
iz Rigid Dynamis 5 @

G

B Static Structural
Y steady-state Thermal
Component Systems

Custom Systems
E Design Bxploration
@ Direct Optimization

Z

- B

8 7 static Structural

@ Engineering Data d

3| The square connector shows
that the geometry created in
cell A2 (CFD model) is being

| shared with cell B3 (FEA model). [

The round connector shows that the
CFD results are being transferred as a
Setup (input) condition to be used for
FEA stress analysis.
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VN4 . .. File Location on Disk

Should you need to identify the individual files on your disk for each stage of the project, these can
be found by enabling View > Files. The resulting table will cross-reference the directory and

filename with the project cells.
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Fie | Vew Tods Lnits Extensions elo

OlE Refresh Fs

[ @ Comosctriode  Co b s Upteroiec

Reset Workspace T PojectSchematc

| Reset Window Layout

@y o Sdebar Hep

o R show Connections Bundled
R

o Shaw System Coordinates

(1]
) Throughflow
= nt structural

1]

] nt Thermal
] ent Systems
@ Autodyn

fiff Bladecen

Wy o

& Engineening Daw

i Explicit Dynamics (LS-DYNA Export)

pling
B Custom Systems

B Design Exploration

M External Connection Systems

5 #\ vaining. whpj

S5, mechdb

Filename
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N Workbench Project
B Fie

e | 03/12/2013 0N "
Engineering Diota File | 03/12/2013 J20:07 \Trainin "
03/12/2013 1§ 22:20 D:\Training15.0

——

= | 03/12/2013 11122120

le | 03/12/2013 11:22:20

03/12/2013 11:21:27
03/12/2013 11:22:10
03/12/2013 11:21:27
03/12/2013 11:22:08

2 g
_files \dp0\global\MECH

o ] r
Tyee - Date Modified - Location
@ IntroDemo.x_t Geome! try File 01/06/1999 19:42:32 €1 \Users\mleddin \Sample Geometry Fies

Directory

Di\Trsining)15.0\raining_files \dp0\SYS MECH
D:\Training\15.0\raining_fles \Ap0\SYS MECH




LWSYAH . . . Use of Archive / Restore

The workbench project comprises many files and directories. If you need to either archive
the project, or bundle it to send to us for a Technical Support query, use the ‘Archive’ tool.

This generates a single zipfile of the entire project.

If you restore an archive you can choose
where you save (and solve) the project.
If you double click on a .wbpz file it will
unpack the file to the location given by
Tools>Options>Folder for Temporary
Files

BOMOOSCHPEBEAERO)Y

ooooon o)

When archiving, you can choose whether
to include the computed result files or not
(omitting these may make it small enough
to send by email)
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LWNYEH . . . Working With Parameters [1]

Fie View Tools Units Extensions Help
=S Project |pd Parameter Set X
& 11mport.... ‘ Reconnect | Refresh Project ./ Update Project / / Update All Design Paints

[ B analysis systems

B4 Design Assessment
Electric

8 ExplicitDynamics
B3 Fluid Flow (CFX)
B} Fluid Flow (Fluent)

ermal-Electric

@ Engineering Data

[ ExplicitDynamics (LS-DYNA Export)
B oternal Data

@ External Model

@ Finite ElementMadeler

B Fluent

=

K3

View All / Customize. .. |

& Ready

- A
:
2 & engineerin gData +
3 ) Geometry v 4
3 @ Model "
5 @8 setup v 4
6 | g Soluti v 4
7 | @ Results v 4

> 8 |[5d Parame ters

Static Structural

| [pd Parameter Set

[ 1Show F
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Most Workbench applications will let
you specify key quantities as a
parameter (rather than a constant).
This will be covered later.

In this example:

* When creating the geometry in
DesignModeler, hole diameter is set to
be an input parameter.

* When reviewing the results, the
maximum stress is set as an output
parameter

We could just have easily set up a CFD
analysis, looking at different loading
conditions and reporting the pressure
drops.



NLWNYRE . . . Working With Parameters [2]

Fi training - Workbench _ =101 x|
File Edit View  Tools Units Extensions Help 2] Cl i C k h ere to

[fd Parameter 5z .
compute all the designs

= 0 x ~ o x
) A B C D A B C D
N%LJEE!EEE.?;EE%}T& ; o ParamEtI:rs Parameter Mame Value Unit 1 Name P1-hole_dia - P3- E;L;;;?Ji?nn:rsheﬁ = Exported
3 O B Static Structural (A1) 2 LTiE m = L
a |?p P1 hole_dia 0.05 m LI 3 Current 0.05 32,272
* E)p Mew input parameter MNew name NEW EXPression = bP 1 0.055 35.4989 g
L DP 2 .06 39.992
& = Output Parameters
7 B k=l Static Structural . [ | = /ﬂl =
. . 1] Create new row in table [~ / f\
- g oo = With each design (in this ]
10 Charts .
case hole diameter) I he d g | 4] The ‘Exported’
3] The desired result .
] option allows

(set up in Mechanical)
Clicking on ‘Parameter Set’ lets us vary these parameters. is reported here

Four different geometric designs are being tested.
The whole process is automated. Workbench will recursively:

snapshots of each
DP to be saved to a
different project

[ Create the geometry, based on the parameters in the table

ii.  Take this into Mechanical and remesh and solve and then the postprocessor

The user just needs to sit back and wait, and the matrix of experiments (each requiring several different applications
to be launched in turn) is computed automatically.
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LWNYRN ... Starting Mechanical

There are two methods of launching Workbench:

27

From the Windows start menu:

© 2015 ANSYS, Inc.
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4 Back

l Search programs

‘LeverAssemblyvi0.iam

ts  Vault GetStarted  Online = -

_ J M Workbench 16.0

ANSYS 16.0
I\ ANSYS AIM 16.0

I\ Mechanical APDL 16.0

A Mechanical APDL Product Launcher
N scom 160

U Uninstall ANSYS 16.0

ARNSYS Chient Licensing
Help

Remote Solve Manager
Utilities



. . . Working With Units

The Units menu in Workbench:

* Select from predefined unit systems.

* Create custom unit systems.

* Controls unit display for Engineering Data, Parameters and Charts.

* Activate the Units System dialog to unit display preferences.

]7msiﬁ Help
SI (ka,m,s,K,&,M,\)
Metric (kg,m,s,°C,A,MN,¥)
Metric (tonne,mm,s,*C,mA, N, mY)
.S, Customary (Ibm,in,s,°F,a,Ibf,v¥)
L1.S.Engineering {lbm,in,s,R,4,IbF,¥)
Metric {g,cm,s,°C,A,dvne,¥)

v Metric (kg,mm,s,*C,ma, N, mv)

! U.S.Customary (Ibm,ft,s,F,a,IbF,v)

Display Yalues as Defined

RGN

@Unit Systems

3 Unit Systems...
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Display Yalues in Project Units

- & B C D
1 Unit System 2 |3 |=
2 SI (kg,m, s,K,A,M,¥) OO L
3 Metric (ka,m,s,°C,a,MN,%) j S T
“ G R S B R A A R o2 F=RF =90
Units can be displayed in
v Display values as Defined the active Project system or

as they were defined in their
source (e.g. CAD system).




NLWNYEH . . . Working With Units

Create custom unit systems by duplicating existing systems then modifying.

Custom unit systems can be exported and imported.

(R} uUnit Systems b } =10 x|
- A B |[cC|D Al ¥ A B =
1 Unit System 2 | 5 gi, 1 Quantity MName Unit

= 2 soeasenas

5 1.5, Customary (Ibm,in,s, °F, &, I6F,¥) OO0 .

3 Angle radian v
6 U.5.Engineering {lbm,in,s,R,&,1bf, ) OO0 D <

4 Chemical Amount mol
7 Metric (g,cm, s,°C,4,dyne, ¥ & IE] - e "

urren v

8 Metric (ka,mm, s, °C,ma,},mv) OO D

6 Length cm v
9 Metric (kg,um,s, °C,m, M, ¥) OO0 :

7 Luminance cd
10 Metric (decatonne,mm, s, °C,ma,MN,mV) ® (e D

8 Mass g v
11 1.5, Customary {Jbm,Ft,s,F, &, Ibf, ) OO0 = o

olid angle sr

12 Consistent CGS elle

10 Temperature C v
13 Consistent NMM OO -

11 Time: H -
14 Consistent WMKS OO0 =
13 SR OO0 13 Electric Charge coulomb  w
16 Consistent BFT OO = ity pe= -
17 DesignModeler Unit System {m, degree) F F is Force dyne =
18 DesigniModeler Unit System (mm, degree) OO 16 i dyne cm2 v
19 Custom LinitSystem) F } C D fad 17 Power W %

18 Voltage v v
Duplicate Delete | Import... | Export... I ) — _!_‘

Close

29 © 2015 ANSYS, Inc. February 27, 2015



. . . License Preferences

Workbench license control is handled through the user interface shown below, activated from the
Workbench project page:“Tools > License Preferences ... "

"4 training - Workbench

File Wiew Tools Units Extensions Help

el ol WAl iconse Proferences forUseraho =i
JI_::' HI Reconnect
‘ﬁj Import... Refresh Project Projec Solver \ PrepPost \ Geﬂmeml\
= ## Update All Design Points Use License License Name ) )
I@ - . :I 1 ANSYS AUTODYN-3D *** Not Currently Available *** =
8 DesignaAs 1 ANSYS AUTODYN-2D  *** Not Currently Available ***
[E) Electric 1 A S
fi ExplicitDe 1 ANSYS Multiphysics/LS-DYNA
&) Fluid Al 1 Release Reserved Licenses. .. il ANSYS Multiphysics/LS-DYNA PrepPost
ul ov
= ) i Launch Remote Solve Manager... i ANBrS Mechan!cal Move up ]
B Fluid Flowv 1 ANSYS MechanicallEmag
Harmonic § il ANSYS Mechanical/lFLOTRAN Move down
g Hydrody TSN 1 ANSYS Mechanical/lCFD-Flo |
= ) 1 ANSYS MechanicallLS-DYNA Use=1 or DontUse=0 |1 =
&R Hydrodynamic Time Response 1 ANSYS MechanicallEmagiLS-DYNA
1 ANSYS Mechanical/CFD-Flo/LS-DYNA
i ANSYS MechanicallLS-DYMNA PrepPost
1 ANSYS MechanicallEmag/iLS-DYNA PrepPost
il ANSYS Mechanical/CFD-Flo/LS-DYNA PrepPost
1 ANSYS Structural
1 ANSYS Structural/Emag
1 ANSYS Structural/FLOTRAN ~|
Global Setting
< Use Commercial Licenses
 Use Academic Licenses
——WWhen using Workbench, would you like to:
¢~ Share a single license between applications when possible
" Use a separate license for each application

oK Cancel Help I
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NLWAYAH . . . License Preferences

The order of license preference is specified using the up/down arrows (first available is used).
* The “Use License” column indicates desired licenses to use (0 = off, 1 = on).

Use License License Name __l
1 ANSYS AUTODYN-3D Move up |
1 ANSYS AUTODYN-2D
1 ANSYS Multiphysics Move down I
1 ANSYS Multiphysics/LS: -
1 ANSYS Multiphysics/LS: Use=torBoniUse=o[1 =
1 ANSYS Mechanical

Workbench users can specify whether a single license is e

shared when multiple applications are open, or if each & Use Commercial Licenses

o o o g { icLi
application accesses their own license. £ eI eSS

——ihen usingiorkhench wouldvou like to:

" Share a single license between applications when possible
" Use a separate license for each application
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