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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

VISION & MISSION

INSTITUTE VISION & MISSION

VISION
« To create knowledge based society with scientific temper, team spirit and dignity of

labor to face the global competitive challenges

MISSION

« Toevolve and develop skill based systems for effective delivery of knowledge so as
to equip young professionals with dedication & commitment to excellence in all

spheres of life

DEPARTMENT VISION & MISSION

VISION

o To be recognized for quality education in the field of Mechanical Engineering and

identified for its innovation & excellence
MISSION

« To provide education that transforms students through rigorous teaching and thought

process to fulfill the needs of the society and industry

e To collaborate with leading industry partners and other academic & research

institutes around the world to strengthen the education and research ecosystem.

o To prepare students with life-long learning for their career by fostering in them the

ethical & technical capabilities pertinent to mechanical & allied engineering.
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

RTU SYLLABUS AND MARKING SCHEME

7ME4-21: FEA LAB

Credit: NA Max. Marks: 100 (1A:60, ETE:40)

OL+0T+2P End Term Exam: 3 Hours

NAME OF EXPERIMENT
S. No.

1. Introduction to ANSYS Workbench

2. Structural analysis of a cantilever beam

3 Steady state thermal analysis of “car brake disc”

4, Modal Analysis of Cantilever beam

5. Comparison of Stress Concentrated Loads

6. Analysis of Axis-Symmetric Solids

7. Analysis Stepped Shaft in Axial Tension

8. Introduction to MATLAB

9. Modal Analysis of Cantilever beam by MATLAB
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Poornima College of Engineering, Jaipur

EVALUATION SCHEME

Department of Mechanical Engineering

I+11 Mid Term Attendance and End Term
Examination performance Examination Total
Experiment | Viva | Total | Attendance | Performance | Total | Experiment | Viva | Total Marks
22 08 30 08 22 30 22 08 30 75
DISTRIBUTION OF MARKS FOR EACH EXPERIMENT
Attendance Record Performance Total
10
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Poornima College of Engineering, Jaipur

Department of Mechanical Engineering

LAB OUTCOME AND ITS MAPPING WITH PO & PSO

LAB OUTCOMES
After completion of this course, students will be able to —

7MEA4-21.1 Discuss the basic features of an analysis package.

TME4-21.2

Demonstrate the deflection of beams subjected to point, uniformly distributed
and varying loads

7TME4-21.3

Use the modern tools to formulate and solve problems of bars, truss, beams, and
plate to find stress with different loading conditions.

TME4-21.4

Applying basic principle to solve and demonstrate 1D and 2D heat transfer with
conduction and convection boundary conditions.

LO-PO-PSO MAPPING MATRIX OF COURSE

LO/PO/PSO | PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | POLl | PO12 | PSO1 | PSO2 | PSO3
7TME4-21.1| 3 - - - - - 2 \ - ! - 2 - 3 2
7TME4-21.2| - 3 - - g} = L = - . - 2 - 3 2
7TME4-21.3| - - - - 3 5 = o = . & 2 - 3 2
7TME4-21.4| - - - 3 - 3 = . s : o 2 - 3 2

PROGRAM OUTCOMES (POs)

PO1

Engineering knowledge : Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of

complex engineering problems

PO2

Problem analysis: Identify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first

principles of mathematics, natural sciences, and engineering sciences.

PO3

Design/development of solutions: Design solutions for complex engineering
problems and design system components or processes that meet the specified needs
with appropriate consideration for the public health and safety, and the cultural,

societal, and environmental considerations.

PO4

Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of

data, and synthesis of the information to provide valid conclusions.

PO5

Modern tool usage: Create, select, and apply appropriate techniques, resources, and
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

modern engineering and IT tools including prediction and modeling to complex

engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge to
PO6 | assess societal, health, safety, legal and cultural issues and the consequent

responsibilities relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional
PO7 | engineering solutions in societal and environmental contexts, and demonstrate the

knowledge of, and need for sustainable development.

P08 Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

09 Individual and team work: Function effectively as an individual, and as a member
or leader in diverse teams, and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities with
PO10 the engineering community and with society at large, such as, being able to
comprehend and write effective reports and design documentation, make effective

presentations, and give and receive clear instructions.

Project management and finance: Demonstrate knowledge and understanding of
PO11 the engineering and management principles and apply these to one’s own work, as a
member and leader in a team, to manage projects and in multidisciplinary

environments.

Life-long learning: Recognize the need for, and have the preparation and ability to
PO12 | engage in independent and life-long learning in the broadest context of technological

change.

PROGRAM SPECIFIC OUTCOMES (PSOs)

PSOL Design, analyze and innovate solutions to technical issues in Thermal, Production
and Design Engineering.

pSO2 Exhibit the knowledge and skills in the field of Mechanical & Allied engineering
concepts.

PSO3 | Apply the knowledge of skills in HYAC&R and Automobile engineering.
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Poornima College of Engineering, Jaipur

Laboratory Evaluation Rubrics:

PERFORMANCE (PO1, PO8, PO9)

RUBRICS FOR LAB

o All possible system and Input/

eMost of the system and

Department of Mechanical Engineering

o Some of the system and Input/

Procedure Procedure Procedure Output variables are taken into Input/.Output variables are Output variables are taken into «System and Input/ Output
Followed Followed Followed account taken into account account variables are not defined
o Performance measures are * Most of the Performance o Some of the Performance » Performance measures are not
M.M.50 = 3 M.M.50= 3 M.M.50=1 ) measures are properly g ) .

_ _ _ properly defined defined measures are properly defined properly defined  Experimental
M.M.75=4 M.M.75=4 M.M.75=2 . . efine . . . .
MM.100=6 | MM.100=6 | M.M.100=2 | ® Experimental scenarios are « Experimental scenarios o Experimental scenarios are scenarios not defined

o o o very well defined are defined correctly defined but not sufficient
Individual/Tea | Individual/Tea | Individual/Tea o
0 LS e s «Coordination among the group ;}%?J%ﬂgi:f;:mong e «Coordination among the group | eCoordination among the group
members in performing the . . members in performing the members in performing the
M.M.50 =3 M.M.50=3 M.M.50=1 - performing the experiment . .
MM. 75 =4 M.M. 75 =4 M M. 75 = 2 experiment was excellent was good experiment was average experiment was very poor
M.M.100=6 | M.M.100=6 | M.M. 100 =2
Precision in Precision in Precision in

data collection

data collection

data collection

eData collected is correct in
size and from the experiment

eData collected is
appropriate in size and but

eData collected is not so
appropriate in size and but from

ta collected is neither
appropriate in size and norfrom

mm ?g - i mm ?g - i mm ?g - g performed not from proper sources. proper sources. proper sources
M.M.100=6 | M.M.100=6 | M.M.100=4
Timing of
E g Ee/aluayon ct>f
Xperimen
E S;. NA NA ;e?po:rr]r?aiig]e Date of ;,ecr):():?ﬁa':fe)(t Turn from o Before Dead Line n the Dead Line
=X M.M.50=3
5 M.M.75=4
£ o M.M. 100 = 6
O & Data Analysis | Data Analysis | Data Analysis
E.':J 4 eData collected is exhaustively | eData collected is analyzed | eData collected is not analyzed |ta collected is not
as) % M.M. 50 =3 M.M. 50 =3 M.M.50=2 | analyzed & appropriate features | & but appropriate features properly. eFeatures selected are | analyzed & the features
E 2| MM.75=5 M.M. 75 =5 M.M.75=3 | are selected are not selected not appropriate are not selected
M.M.100=6 | M.M.100=6 | M.M. 100 =4
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Poornima College of Engineering, Jaipur

Department of Mechanical Engineering

o All results are very well
presented with all variables

¢ All results presented but
not all variables mentioned
» Prepared diagrams /plots/

ePartial results are included
o Prepared diagrams /plots/
tables partially for the

eResults are included but not as
per experimental scenarios

Results and Results and Resultsand | * Well prepared neat i
Discussion Discussion Discussion | diagrams/plots/ tables for all Eﬁl;:;surgg ?)Illj tpﬁggomr?:;e performance measures tag‘@fg?fg:gﬂi?égms Iplots/
h50-3 | Msoo3 | g0z | ST o | Discsed e ofne | % BETAYTOf N SSEMWIY |t ofhe syt it
M.M. 75 =5 M.M. 75 =5 M.M.75=3 | of the system with reference to system with reference to measures has been superficially reference to performance
M. 75= M. 75 = M. 19= performance measures but measures has not been presented
M.M.100=6 | M.M.100=6 | M.M.100=4 | performance measures not critical presented « Did not discuss pros n cons of
« Very well discussed pros n bi d Pl Discussed pros n cons of outcome p
cons of outcome (.)u trlzsocmuzsii bﬁgg}f ncons o outcome but not so relevant
Way of Way of Way of

presentation

presentation

presentation

=) _ _ _ Presentation was very good ePresentation was good ePresentation was satisfactory ePresentation was poor
8 M.M.50=25 | MM.50=25 | M.M.50=2
o M.M.75=4 M.M.75=4 M.M.75=3
8 M.M.100=5 | M.M.100=5 | M.M. 100 =4
o Concept Concept Concept
< Explanation Explanation Explanation
> «Conceptual explanation was «Conceptual explanation «Conceptual explanation was «Conceptual explanation was
> | MMM.50=25 | MMM.50=25 | M.M.50=2 | excellent was good somewhat good Poor
M.M.75=4 M.M.75=4 M.M.75=3
M.M.100=5 | M.M.100=5 | M.M. 100 =4
g Attendance
L . 9 ° Y ° 9 . i 0
E 5 NA NA M.M.50=5 Pre_sent more than 90% of lab Presen_t more than 75% of Pre_sent more than 60% of lab Prgsent in less than 60% lab
=z M.M.75=g | sessions lab sessions sessions sessions
l:: M.M. 100 =10

FEA LAB (7ME4-21) Manual 2021-22

i 4
>

T
Dr. MahESh__BLdeFE
. B.E.,ME., Ph.D.
Poctime Coltege o
- Ima C.ollage of Enginaar
131-0, FHCO fﬂ!‘-ti"‘l.lﬂﬂl'lgll Aren
WSUra, JAPuUE



Poornima College of Engineering, Jaipur Department of Mechanical Engineering

LAB CONDUCTION PLAN

Total number of Experiment — 09
Total number of turns required - 10

Number of turns required for:-

Experiment Number Scheduled
Week
Experiment -1 Week 1
Experiment -2 Week 2
Experiment -3 Week 3
Experiment -4 Week 4
Experiment -5 Week 5
I Mid Term Week 6
Experiment -6 Week 7
Experiment-7 Week 8
Experiment-8 Week 9
Experiment-9 Week 10
Il Mid Term Week 11

DISTRIBUTION OF LAB HOURS

S, No. Activity . Distribution of LaF) Hours
Time Time
(180 minute) (120 minute)
1 Attendance 5 5
2 Explanation of Experiment & Logic 30 30
3 Performing the Experiment 60 30
4 File Checking 40 20
5 Viva/Quiz 30 20
6 Solving of Queries 15 15

N X - =
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

GENERAL LAB INSTRUCTIONS

DO’S

10.

Enter the lab on time and leave at proper time.

Feel that practical are essentials to lay the foundation for understanding the subject.

Have knowledge of the theoretical background of each experiment.

Handling every equipment carefully.

Consult your teacher, or your friend who had already done the experiment before entering the
lab. This will help you to overcome difficulties while doing the experiments.

Turn off the machines before leaving the lab unless a member of lab staff has specifically told
you not to do so.

Make as many observations/readings as possible. Large number of data will eliminate random
errors and systematic errors.

Calculations must be done meticulously. For this, the knowledge of using calculators and
mathematical tables is essential.

If you get wrong result others than the expected one, study your observation thoroughly and find
out where you went wrong. Repeat the experiment until you get the correct observation, leading
to the correct and expected result.

If you notice any problem with machine/ equipment/tool, then please report it to lab staff

immediately. Do not attempt to fix the problem yourself.

DON’TS

A

Don’t neglect the importance of practical.

Don’t be lazy in making observation. Avoid copying someone else’s observation.

There should not be any distraction. Don’t play with your friend or the apparatus while doing
the experiment.

Don’t damage the equipment.

Don’t touch the moving parts of the machine.

Don’t play with electric instruments.

If you are going to be away from your machine for more than 10 or 15 minutes, switch off before
leaving. This is for the security of your experiment and to ensure that others are able to use the
lab resources while you are not.

No food or soft drink is allowed in the lab or near any of the equipment. Aside from the fact that
it leaves a mess and attract pests. If you need to eat or drink, take a break and do so in the
canteen.

3 L) - =
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

9. Do not work in a laboratory wearing loose hair, loose clothing or dangling jewelry.
10. Don’t wear rings, watches, bracelets or other jewelry that could get could get caught in moving

machinery.
11. Do not eat food, drink beverages or chew gum in the laboratory.
12. Don’t bring any external material in the lab, except your lab record, copy and books.

LAB SPECIFIC SAFETY RULES

Always sit to in front of your specified system.
Always Login via students login.
Do not install anything on the system.

Do not delete anything from the system.

A

Take all your files to your pend rive or on your E-mail.

A ™ . .)-('
J L sl
Dr. MahESh__BLdeFE
_ B.E.,M.E., Ph.D.
. Director
Pasrnima Collage of Enginaer

121-8, FyICo Institytio
" v o= ] Al Ar
tﬁta;.-uu, WFENTRIN]E -,

FEA LAB (7ME4-21) Manual 2021-22



Poornima College of Engineering, Jaipur Department of Mechanical Engineering

Experiment No.1- Introduction to ANSYS Workbench

Objective: - Introduction of GUI of the software in the areas of Mechanics of Solids, Vibration & Heat
Transfer.

INTRODUCTION TO ANSYS

Introduction

Ansys enables you to do various types of finite element analysis such as Structural, Thermal, Fluid
Flow, Electromagnetic, Coupled Field etc. You can create solid model, FE model and Postprocess
the results using GUI mode as well as command prompt. You also have the ability to do parametric
modeling for your design optimization study.

Concepts: Introduction to ANSYS

ANSYS is a powerful, finite element analysis tool used to create solid model, FE model and various
types of analysis during new product development. ANSYS helps to carry out structural, thermal
fluid flow, electromagnetic, couple field, NVH, Crash analysis.

ANSYS is mainly consists of three main steps

e Preprocessing
e Solution
e Post Processing

These concepts are discussed in details on the following slides

ANSYS Fundamentals

PreProcessing

Every Finite element analysis tool requires CAD geometry as input to create FE analysis. This
process of creating or importing the solid model and FE model is called as preprocessing. In ANSYS
solid model will be either directly created in ANSYS using solid modeling commands or it can be
imported from other CAD software. FE model is nothing but is then created from input geometry to
carry out required analysis.

Solution

Using ANSYS solution menu you can apply different loads and boundary conditions to your problem
and define the suitable analysis type. ANSYS solves the required analysis using its solver.

e fi.. 1
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

Post Processing

Once the ANSYS solves the submitted analysis user can review the results using Post Processing
tools. You can take the images, sections and also see and create animation of the results.

Capabilities

ANSYS is a complete FEA software package used by engineers worldwide in virtually all fields of
engineering. Partial listing of the capabilities:

e Structural
o Linear
o Nonlinear
= Material, Geometric, Contact
o Dynamics
* Modal, Harmonic, Transient Dynamic, Spectrum, Random Vibration
= Explicit Dynamics with ANSYS LS-DYNA
e Thermal
o Steady State and Transient
e Fluid (CFD, Acoustics, and other fluid analyses)
e Low- and High-Frequency Electromagnetic
e Coupled Field

Application

Because of vast capabilities of ANSYS it is used in almost all industries for FE analysis. Following is
the partial list of industries in which ANSYS is used,

e Aerospace

¢ Automotive

e Biomedical

¢ Bridges & Buildings

¢ Electronics & Appliances

e Heavy Equipment & Machinery

e MEMS - Micro Electromechanical Systems
e Sporting Goods

Finite Element Analysis

What is FEA?

Finite Element Analysis is a way to simulate loading conditions on a design and determine the

design’s response to those conditions. The design is modeled using discrete building blocks called
elements.

_}‘ ’) ; -1-..- B __2-
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

Need of FEA

¢ Toreduce the amount of prototype testing
o Computer simulation allows multiple “what-if’ scenarios to be tested quickly and
effectively.
* Tosimulate designs that are not suitable for prototype testing
o Example: Surgical implants, such as an artificial knee
e The bottom line:
o Costsavings
o Time savings... reduce time to market!
o Create more reliable, better-quality designs

ANSYS Interface

There are two methods to use ANSYS; Graphical Interface and Command File Coding. The graphical user
interface or GUI follows the conventions of Windows based programs. This method is probably the best
approach for new users. The command approach is used by professional users. It has the advantage that an
entire analysis can be described in a small text file, typically in less than 50 lines of commands. This
approach enables easy model modifications and minimal file space requirements. In this lab manual we
mainly use the GUI. However, in some cases both the GUI and command code are used to show that how
command code could be easy to use.

* What is ANSYS Workbench?

—ANSYS Workbench is a new-generation solution from ANSYS that provides powerful methods for interacting
with the ANSYS solver functionality. This environment provides a unique integration with CAD systems,
and your design process, enabling the best CAE results.

» ANSYS Workbench is comprised of five modules:

- Simulation for performing structural and thermal analyses using the ANSY'S solver

- CFX-Mesh for generating a CFX-Pre mesh for the CFX-5 solver

- DesignModeler for creating and modifying CAD geometry to prepare the solid model for use in
Simulation or CFX-Mesh

- DesignXplorer and DesignXplorer VT for investigating the effect of variations input to the response of
the system

— FE Modeler for translating a Nastran mesh for use in ANSYS

« Analysis types available in Simulation:*
—Linear Stress: Determines deflections, stresses, factors of safety, etc. based on standard strength of materials
concepts under static loading.
—Modal: Determines natural frequencies of a system (free vibration), including the effects of loading on a pre-
stressed structure.
—Heat Transfer: Steady-state thermal analyses to solve for temperature field and heat flux. Temperature-
dependent conductivity and convection allowed. Thermal-stress analysis supported as well.
—Harmonic: Determines structural response of system under sinusoidal excitation as a function of frequency.
—Linear Buckling: Determines failure load or safety factor for buckling and its buckling mode shapes.
—Shape Optimization: Indicates areas of possible volume reduction based on load paths through the part using
Topological Optimization technology.
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

—Nonlinear Structural: Calculates deflections and stresses of system under static loading, accounting for large
deflection effects, plasticity, and contact nonlinearities.

START THE FE SOFTWARE ANSYS:

ANSYS Workbench: This is a brand new GUI with an emphasis on CAD connectivity, ease of use, and easy
management of assembly contact. This GUI is covered in a separate guideline.

Launch Workbench in Windows via “Start Menu > Programs > ANSY'S 14.5 > ANSY'S Workbench”

o XPS-Viewer

7-Zip Bilder
ActivePerl 512.2 Build 1202 (64-bit) |
ANSYS13.0 Musik
ANSYS 14.0

opd ANSYS Icepak 14.0 Computer

I\ Mechanical APDL (ANSYS) 14.0
I\ Mechanical APDL Product Launcher
U Uninstall 14.0
N\ Workbench 14.0
ANSYS Client Licensing
AQWA
EKM Hilfe und Support
Fluid Dynamics

Systemsteuerung

Gerdte und Drucker

Standardprogramme

Help

Meshing

Utilities
ANSYS, Inc. License Manager
Autostart

Starting ANSYS Workbench

Preprocessor (Setting up the Model)

i “ 4
‘a.ll. . B
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Poornima College of Engineering, Jaipur

Fle Vew Tods Unts Heb
[ Inew [zFCpen... i Save [ Savess... | glimoort..

| B Analysis 3 =

4 Design Asshgsment

(@) clearic

g Explict Dynami

Fluid Fiow- BlowMeNjng (POLYFLOW)
£ Fluid Flow - Extrusion (AQLYFLOW)
Fluid Flaw (CFX)

Fluid Flow (FLUENT)

{5 Fluid Flow (POLYFLOW)
HarmonicResponse

*§ Reconnect

Department of Mechanical Engineering

& Refresh Project 7 Update Project | (3 Project D) Compact Mode

N QX

The Project Schematic is
where we will see a map
of our entire project. As

you are about to see, the
map will contain systems

&8 1cEngine

BY LinearBuckling
L@ Magnetostatic

gy Modal

fi} Random Vibration
{1y ResponseSpectum
Rigid Dynamics
& Static Sructural
9 Steady-State Thermal
) Thermal-Electric
§A Transient Structural
u Transient Thermal

| Bl Component Systems
@ AuToowN

@ Crx

A TaniesssionPbe

that describe the workflow
and act as a point of entry
into the ANSYS tools.

The Toolbox contains

systems which we will
use as the building
blocks of our project.

“

-

view Al / Customize... '

o Ready [mstmﬁooress ][—_S‘MGW :

Interface of ANSYS Workbench

VIEW TOOL BAR

2 34 8 8§78 § NN N

-
SHLAAQRAAQACE Lo M

Rotate : For dynamic rotation of the object
Pan: To scroll the object around
Zoom: Zoom in or Zoom out the view by dragging LMB up or down respectively
Box Zoom: Zooms to the view enclosed by the box created by dragging the LMB
Fit Model to Screen: Zooms in to fit the full model in the screen
Magnifier Window: Zoomed in model will be displayed in a new window
Previous View: Works as Undo for the Displays
Next View: Works as Redo for the displays
Set Iso View: Set the model in Isometric view

. Display Plane: Toggle to display the plane on or off

. Display Model: Toggle to display the model on or off

. Display Points: Toggle to display the points on or off

. Look at: Orients the view normal to the selected Face or active Plane, or active Sketch

N O EhwN

- b = = ©
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i 1 - 2.
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Poornima College of Engineering, Jaipur Department of Mechanical Engineering

Zoom of View (Right Button):
Rotation of View (Middle Button):

Press once and the specified

point on the screen and move Press once on the specified point

on the screen and move mouse

‘ you can rotate your view angle.

mouse you zoom your view

On screen element selection (Left
Button):

Press once on the specified
element fo study.

Mechanical Wizard Mechanica Appcation Wisrd_9 X
Stress Analysis
Detummsafuyhctms,mm
deformation for a body or assembly
under structural loading.

| File Edit View Units Tools Help | /'Solve v 2/ Validate Beta) Tl ¢ [ 4
o —— —— =~ | 5 Choose Wizard

RAW -RREG S+Q) QIQO\&,'W@;SW

| ' Show Vertices @QWireframe | Ml EdgeColoring ¥ ¥ /v AY AY A~ Pl 1| Cick each task below for

'Model | @ Construction Geometry | @ Virtual Topology | i Symmetry | @, Remote Point | information.
(2 Define Thickness

D Verify Material
i : z < s ) Consider Multistep Analysis
— The Mechanical Wizard provides a list of required A= i
steps and the status of them :
.4 Insert Supports
4 - Green checkmark indicates the item is complete @ tnsert st Rasd
(d - Green “i” shows an informational item @ Sohve
~ ~ A greyed symbol shows that the step cannot be B View Results
performed yet ,¢ View Report
% - Ared question mark means that there is an et Ve <
incomplete item 2 X
.. — An “x” means that the item is not performed yet
7 - Alightning bolt means that the item is ready to be o :
solved or updated Links »
A
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fi¥Unsaved Project - Workbench
File  Wiew Tools Units  Help

] Mew = open... |a Save (& Save As. .. lﬂ]lmpolt... «uReconnect (& Refresh Project 7 Update Project | (5 Froject 0C0m|:

Toolbox

| B Analysis Systems |
Electric (ANSYS)
[ Explicit Dynamics (N5 e A
i Fluid Flow (ZFx) 1
& Fluid Flow (FLUEN™) z
Hatmonic Response (ANSYS) 3
By Linear Buckling (ANSYS)
(i) Magnetostatic (AhSY3) *
5
6
7

Madal (ANSYS)

[illf Randorn Yibration JARSYS)

[l Response Spectrum (ANSYS)

[e4] Shape Optimization (AMSYS)
|E Skatic Struckural (ANSYS) |

[l steady-State Themal (ANSYS)

() Thermal-Electric (AN5VS)

fzd Transient Structural (AMSYS)

{5 Solution F 4

4

@

@ .
§@ setp F
@

Resulks "

Skatic Structural (ANSYS)

Drag-and-drop the Static Structural module to create a new analysis.
We will work with the Static Structural system. Statl C Stru Ctu ral SySte m

It is composed by:
Engineering data:

System properly defined and

50 e & o N7 A i A

Definition of material properties » EE— W = staticstructral has no errors
Geometry: 2| @ EngneerngData v/ , 2|9 EngneeringData v

Def. of the problem geometry 3 @ Geometry P .| [ Geomety - System already defined but
Model: 4 @ Model P, [O ™ ; 4 that has to be updated

Def. of the mesh 5| @ sewp v, aA S 4 — because there has been

6 | @ soution p .| [N Souten ’ 4 modifications in upper levels

Setup: @ reoie = 7| @ Resuts 7 .

Def. of the boundary conditions oo = Static Structural
L . . . The system is yet to be

Contains the different results requied to the solver. defined

Engineering Data

Use the Engineering Data cell with Mechanical systems or the Engineering Data component system to define
or access material models for use in an analysis. Double-click the Engineering Data cell, or right mouse click
and choose Edit from the context menu to display the Engineering Data workspace to define material data.

Geometry

Use the Geometry cell to import, create, edit or update the geometry model used for analysis. Right mouse
click to display the context menu to access these functions. The right mouse button options are context
sensitive and will change as the state of your geometry changes. All geometry-specific options are described
here; not all will be available at all times.

Model/Mesh

The Model cell in the Mechanical application analysis systems or the Mechanical Model component system
is associated with the Model branch in the Mechanical application and affects the definition of the geometry,
coordinate systems, connections and mesh branches of the model definition. The Mesh cell in Fluid Flow
analysis systems or the

Mesh component system is used to create a mesh using the Meshing application. It can also be used to import
an existing mesh file.

A —
DOr. Mahesh Bundela

. B.E., ME., Ph.D.
Director
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Setup

Use the Setup cell to launch the appropriate application for that system. You will define your loads, boundary
conditions, and otherwise configure your analysis in the application. The data from the application will then
be incorporated in the project in ANSYS Workbench, including connections between systems.

Solution

From the Solution cell, you can access the Solution branch of your application, and you can share solution
data with other downstream systems (for instance, you can specify the solution from one analysis as input
conditions to another analysis). If you have an analysis running as a remote process, you will see the Solution
cell in a pending state until the remote process completes.

Results
The Results cell indicates the availability and status of the analysis results (commonly referred to as post-
processing). From the Results cell, you cannot share data with any other system.

Design Modeler

If instead of importing the geometry from another code or from another problem defined in the same
workbench we decide to create a new geometry, clicking on NEW GEOMETRY will launch the designing
modeler.

Build the Geometry Using Design Modeler Module

To begin; drag the Static Structural Module from the Analysis Systems toolbox and drop into the Project
Schematic and double click on the Geometry sub module to open the DesignModeler. When asked, choose
the desired unit system.

Choose Create — Primitives — Box from the main menu to create a beam by entering the desired
dimensions in the Details box. Hit the Generate button to actually create the geometry.

When specifying the dimension of the beam, make sure that the origin of the coordinate system is located on
the center of the beam’s cross section. The beam axis must be oriented along the global x-axis.

-y n_ 8
N )

Dr. Ma hE\:'E:h -BLIF'H:’E'E‘
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Director
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| File Crests Concept Tools View Help
O & 20 Go

Department of Mechanical Engineering

SHRARAQOL 4 @

i

-~ M || JFGweme Wi

s Fpacendes | Botude fBReclhe Qo Swep  § Sunlen

| B hinsurtace QBlend v Q Chamier P Point
Tiwe Outhine

0 Geaphics

B /8 & Statee Structurl
- o X¥PLnw
b ZxPlane
— oo YZPlne
L@ A
=- 8 1Pl Body
|y @ Sule

“r
i

Sketching Madelng l

= Details of Bood
B Bod

Tase Pane NPane
Dperation Add Matedial
Sox lype

from One Pt and Ougonsl

Point L Defnition
FD3, Pent 1 X Coontinate 0
D4, Peint 1Y Coorinate | 30 mm
" FDS, Peint 12 Coordinats 30 mn
Oisgoral Detinben |Conpanems

| Coorainates

FD, Diaponal X Conpanent 1000 mm
FO7, Draganal ¢ Cemoanent | 20 mm

~ ANSYS

Noncommercial use only

T iroe, -I?capnrul z‘i;onnvrem :65 mn 01 330 0 )
A: ThinSuface” Ne :
150231
Mode View ]P"M "hﬂwl
D ey [No Selection Milimesr 0 0 J
The beam on the Design Modeler
Contextual menu upon
RMB click
#9 Lock ot ‘
= A: Geometry 24 :.momwmn.-n
+ ,* XYPlane At Renarw
> Plane Default Planes ]
* Insert can be used to
Q, Fdt Selections add operations
+ W Extrudel - ;
s g Revolvel Sequential list [ tosen .. anywhere in the tree
o> Planed j of Geometry Supress | Suppress can be
+&, BodyOp1 Operations &) *oprass  AToow used to deactivate a
& Torust 24, Show Dependences selected operation
= &P 4 Parts, 4 Bodes l_>fnd=t= bt i i i
Wi S0k iz I o to delete a selected
v @ Solid List of parts ak Rencme operation
v @ Solid :> created
v @ Solid
Q tide Bedy L\It:‘srecommendedro
@ tde Al Other sodies Suppress an operation
([ suppess Body instead of deleting it
3 It helps the user with the
;é ::::' option of unsuppressing
. it if needed in the future

Note that ANSYS Workbench saves the model automatically; you can simply close Design Modeler now

and continue with the next step.

Define Units:- Units Menu Use this menu to select the Units system you want to use.
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« Unit selection menu

pops up

immediately after DM launches

+ Always use project unit : Project units
set in Workbench will be used

« Always use selected unit : Unit
selected from the panel will be used

« Enable large model support : enable
this to create large models within a
bounding box of 1000 cubic km.

Material Properties

1. Define Material Properties Materials define the mechanical behavior of the FE model. We will use a
simple linear- elastic, isotropic material model. In the project schematic, right click on Engineering Data to

open a context menu and choose Edit...

@Unsa'\red Project - Workbench

Units | Help

File  Wiew  Tools

ANSYS Workbench
Select desired length unit

& Meter " Foot
" Centimeter  Inch
" Mismeter
" Micrometer

[T Always use project unit
[T Always use selected unit
™ Enable large model support

Department of Mechanical Engineering

X

|_Mew [ Open...

Lﬂ Save Lﬂ Save A

‘ B Analysis Systems

[E) Electric (ANSYS)

[ Esplicit Crynarmics (ANSYS)
& Fluid Flow (CF)

& Fluid Flow (FLUENT)
Harronic Response (ANSYS)
B Linear Buckling (ANSYS)

|60} Magretostatic (ANSYS)

il Modal (ansys)

fil§ Randam vibration CANSYS)
ﬂ" Response Spectrurn (AMSYSY
[Z shape Optimization (ANSYS)

@ Static Structural [ANSYS)

) steady-State Thermal (ARSYS)
Y Thermal-Electric (ANSYS)
é Transient Structural (AMSYS)Y
{8 Transient Thermal (AN5YS)

T

- a
1
2 v
& @ Geometry rillic
4 a Model 123 Duplicate
5 a Setup Transfer Data From News 4
i Solution ¥ Update
4 9 Resiils 4 Refresh
| Skatic Structura ﬁ@ Rename
Properties
Quick Help

Edit engineering data
Enter a name for your new material in row 4

fiYUnsaved Project - Workbench

File Edt ‘Wiew Tools Mnits  Help
LIHew Sopen... i Save [l 5ave As... | f]import.., | <y Reconnec 2 RefreshProjsct # Updsts Froject | (Return to Froject (0 Compact Mode [
Toolbox B 3 Outline Filker X
Phys=ical Propertie s A d A B C D A
Linear Elastic 1 Data Source: / Lacation Description
Experimental Stress Strain Data 5 Explicit Materials D [~ Material samples For use in an explicit anaylsis.
Hyperelastic
T 6 ﬁ Hyperelastic Materials I:l [ Material stress-strain data samples For curve fitting,
lasticity
Life 7 Magnetic B-H Curves I:l (=) B-H Curve samples specific for use in a magnetic analysis,
Stremgth 8 . Favarites Quick access list and default items
e lick here ko add a new library =
makic AZ: Engineering Data x

hd A B | C D
1 Conkents of Engineering Data = @ 3. Description
2 =
Fatigue Data at zera mean stress comes From
3 W Structural Steel [ 1|2 | 1998 ASME BRY Code, Section 8, Div 2, Table
5-110.1
* ( Click. here to add a new material
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Naming the new material

Choose the simplest available material model by dragging the item Isotropic Elasticity from the Toolbox
and dropping it onto the row with your newly defined material. I1sotropic Elasticity requires certain material

parameters: Young’s Modulus and Poisson’s Ratio.

After you entering the appropriate parameters do not forget to push Return to Project button and to update

the project.

| Anew [Fopen.. il Save (Bl 5avess... |gflimport,., |«

Department of Mechanical Engineering

I
®
Linear Elastic | 1

| 2 |4 Engineering Data Az Contents filtered For Static Structural (ANSYS).
% Arisotrapic Elasticky 3 . igeneral Materials |:| & General use material samplas for use In varous analyses.,
B Experimental Stress Strain Daka 4 ‘ General Non-insar Matarials I:‘ ") [ General usa matarial samplas For use in non-inear analyses.
@ Hyperelastic | 5 “ Eplicit Materlals |:| 8 Material samples For use in an explicl anaylsis,
B Plasbcity & . Hyperelastic Materials D @ Material stress-strain data samples For curve Fitting,
@ Life | 7 “ Magnetic B-H Curves D 8 [ B-H Curve samples specific For use in a magnetic anabysis.
B Strsngth | ] ¢ Favorites Cuick access list and default items

1 Click here ta add a new library r [

Meshing To mesh the solid body select double click the Model sub-module in the Project schematic to open

the Mechanical module.

- X
E  Materid

Fatigue Data st zero maan stress comes from
3 & | 1098 ASME BPV Code, Section 8, Div 2, Table

5-110.1
+ (U7 % wonewmareria )]
= Erial ]

-
B C
1
2 |E A 1sotropi Elasticty
y-——ﬁﬁﬁmm Young's Moduls and Poisson's nh\
G ¥oung's Modulus 2,1E+05 wa <)

5 T——fgigzon's Ratio 0,3
[ Bulk Modulus T Pa
7 Shear Modulus 8,0769E+10 Fa
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WiYUnsaved Project - Workbenc

File View Tooks Unks Help
| _INew [_Fopen... gl Save ﬁs:wans..

To 1|b-w

LB_ Analysis Systems J
[8) Electric (ANSYS)
Explicit Dynamics (ANSYS)
{5 Fhid Flow (CFX)
(&) Fiuid Flow (FLUENT)
Harmonic Response (ANSYS) ]

Linear Buckling (ANSYS) ,

(i) Magnetostatic (ANSYS) 4| @ Modsl L4
f Modal (ANSYS) il o < 4
fl Random Vibration (ANSYS) 6 @ Solution ¥ .
[l Response Spectrum (ANSYS) 7 ‘0 Results 7.

[=2) Shape Optimization (ANSYS)
[ Static Structural (ANSYS)

) Steady-State Thermal (ANSYS)
[ Therma-Electric (ANSYS)

{1 Transient Structural (ANSYS)
R Transient Thermal (ANSYS)

B Companent Systems ]

Static Structural (ANSYS)

Starting the meshing and analysis module

Right click on Mesh in the Structure Tree and select a meshing method Mesh (right click) Insert Mapped
Mesh

At this point focus on the Details box and select the geometry (all 6 faces) and do not forget to update the
project; then click the Generate button.

0,000 0.200 0,400 () F:
0,100 0,300
z
Figure 13: Meshed body

Meshed body

-

FEA LAB (7ME4-21) Manual 2021-22 W

DOr. Miahesh Bundele

B.E., M.E., Ph.D.
Director

Paarnima Fnlraua of Englinaer
Iﬂl-ﬂ. [Ladm Jnaﬂhﬂlr.wal Amaﬂq
pura, Jalrueg



Poornima College of Engineering, Jaipur Department of Mechanical Engineering

Mesh
. Mesh

We can define several mesh ety | o+ B o+

. y Outline @ Method
properties using the mesh control & Project =
option R :mﬁﬁ

N & Geometry ~ . .
P 8-k comtrt s | A Ffnemer In Method we can define the type
) s ":":,,;"‘,:‘;;:;3 et of elements that will be used. @ Method
When meshing we have to take &7 Sokution (A6) @ pinch
into account that the results will be A g it
more accurate if the element is Wty |
smaller. However, smaller elements - L X . e
require larger computational cost. Skt | In Sizing we can give instructions | 0 Slzmg
| Frysisreteenc e regarding the size of the elements
Relevance |0 . e .

It is also recommended to have e (elther giving a general size, or
elements with all their dimensions |+ asncs defining the number of elements in
as similar as possible. ' stastics | certain lines/faces)

Applying Loads and Boundary Conditions

Boundary Conditions To setup the necessary support: Structure Tree ] Static-Mechanic (right click) —
Insert "1 Fixed Support Select the Face you want to assign as a fixed support. In the same way apply the
load.

AF -
He tdt Vew Unts Toois Hep || @ | Juhe v A W R E Wy @
Evicnmart W netisl + O Lowds + O Supros + [

i ?

= Z‘;‘?«'f‘:"

S b
¥ vk f’ﬁuhim
" Usum:u-x-d(»)

b  — ——"
Scoping Method” [GometySelection. | 750 asn
P Ttk

= Detrisan D\ Ginmatey (Frire Prmawa ) irpa Srves] 3
Tree Fuoce Gk o Tahides »
Detne 2y Corganety r N,

1 Steps | Tme 2] J# X[ v v 20
0=z ih o (3 o ]
a2 FY o [am. o

Soerdiate e | Hon!

[Bress 13 tor el B o Wensager Ho teechion [etrcim kg Mz v A O e Celour

Setup - Inertial

We can define different inertial Ew,mmm[q‘m, ~ ALonts * Asuppors + | B
forces that may affect the Outine | @ Acceenti
Project | @)} Standard Earth Gravity
structure. B E? & i
oA Coordinate Systems
o y 2] Mesh
These are: Acceleration, Gravity /@ Al Trangles Method
: : :
and Rotational Velocity g ,gs....:;':.i;",..(m
7N Analysis Settings
£ 28 Solution (A6)
/(3] solution Information

-
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Setup - Loads

Department of Mechanical Engineering

Here we can select the loads

that will be applied to the | @, pressure )
different elements of the St
structure. @, Remote Force

Bearing

The most common are
pressures and forces.

Details of “Analysis Settings’

Envionment @ Inertial v | @, Loads » P4 Supports v | [

¥, Fluid Solid Interface
<{ ) Detonation Point

Setup - Supports

Results

Fixed displacements can
also be used as supports if
the displacement length is
defined as zero.

If close to the support
appear stress
concentrations, a good
solution is to add an elastic
support with a very high
stiffness.

Solving

To solve the problem add some solving tools to the Solution node which is part of the Structure tree.

Before performing the calculation, we have to tell the code what results
we want to see afterwards.

Among the different possibilities are the ones shown below:

Solution @ Deformation v B Strain v @, Stress » B, Energy v | B Linearized Stress v | @ Probe v @ Tooks v | B, User Defined Result

R [ @ Fxed Support
[@project @ Displacement
- (@) Model (A4) @, Remote Displacement

© & Geametry o

@~k Coordinate Systems % Velocky

ol ey ®, Impedance Boundary

ﬁ :;-m;::mu @), Frictionless Support
ace @ Compression Only Support
B StlcSuchural AS) g5 ey

=) 7@ Solution (A6) . Simply Supported
/1] Solution Informatid &) Fixed Rotation
@, Elastic Support

21 Coupling

|8 Constraint Equation =

Details of

Details of “Solution (A6)"

Solution (right click) Total Deformation
Solution (right click) Total Strain
Solution (right click) Total Stress

Click Solve

8 Vectr rcps £3% @, Vector Pincipal
Sress

Sty Foctor
@, Membrane Stress (Bets)
‘0, ‘Bending Stress (Beta)

Equnalent
@ sves Tod 9, Eror
®

[ TANSY'S

Noncommercial use only

Print Preview, i Preview,
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Results Animation

An Animation toolbar is available to view results from Simulation or from DesignXplorer. Access the toolbar
from Simulation or from DesignXplorer. The toolbar is presented below along with descriptions of each animation
control.

Department of Mechanical Engineering

| Animation e M || [ 0L | 10Frames ~ 2 Sec (Auto) v S5FPS | g
b Play: Initiates a new animation.
" Pause: Pauses an existing animation. Choosing Play after
Pause does not generate new animation frames. When the
(same toolbar location as Play) animation is paused, as you move the cursor across the

Timeline controller, the cursor's appearance changes to a
double horizontal arrow when you hover over the current
frame indicator. With the cursor in this state, you can drag
the frame indicator to define a new current frame. The result
graphic will update accordingly.

Stop: Halts a result animation. Choosing Play after Stop
generates new animation frames.

Distributed: For static simulations, frames display linearly
interpolated results. Frame 1 represents the initial state of
the model and the final frame represents the final results
calculated by the solver.

—
=

For sequenced and transient simulations, the frames in Dis-
tributed mode are distributed over a time range selected in

the Timeline controller.’

Result Sets: (available only for sequenced and transient
simulations) Frames represent the actual result sets that were

generated by the solver.

—

F

ANSYS Files
. There are various types of files used by Workbench, each differentiated by the file extension:

- .whdb: Workbench Project database, which keeps track of all of the different types of Workbench
databases in a “Project”

- .dsdb: Simulation database, which has all the information necessary to perform a structural or
thermal analysis in Simulation

- .agdb: DesignModeler database, containing geometry data for use with Simulation or CFX-Mesh

— .dxdb: DesignXplorer/DesignXplorer VT database, which investigate relationships between input
and output parameters

- .cmdb: CFX-Mesh database, containing a mesh prepared for import to CFX-Pre and to be solved
with CFX-5

- fedb: FE Modeler database, which has mesh information from a Nastran or Simulation model, used
to convert to ANSYS

_} 1':- m\ - -'L.- .
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Viva Questions
What do you mean by GUI?
What are the File extensions used in ANSYS?
What are different modes of analysis possible in ANSYS?
What is meant by finite element?
What are the steps involved in FEA?
What is meant by finite element analysis?
Mention some application of FEA
What are the packages available for FEA
Difference between FEA and FEM?
10. What is the current ANSYS VERSION?

© o N oo g M v DdPRE

i “ 15
FALF

ot an
Dr. Mahe%h Bundele

~ B.E.,ME., PhD.
Director
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Experiment No.2 Structural Analysis of a Cantilever Beam

The objective of this problem is to demonstrate a simple ANSYS Workbench problem with a textbook
solution: finding Von Mises’ stresses and total deflection throughout the beam. This is a simple, single load
step, structural analysis of a cantilever beam. The left side of the cantilever beam is fixed while there is a
distributed load of 20N/m.

Given Data:-

L =110m Length of beam

b =10m Cross Section Base

h=1m Cross Section Height

w=20N/m Distributed Load

E=70GPa Young’s Modulus of Aluminum at Room Temperature

u =0.33 Poisson’s Ratio of Aluminum

(1) Yon Mises Stress

Assuming plane stress, the Von Mises Equivalent Stress can be expressed as:

1
o' = (07 — 0,0, + 0 +31%,) 2

()
Additionally, since the nodes of choice are located at the top surface of the beam, the shear stress at this
location is zero.

(G = 1y 0 =10) (i)

Using these simplifications, the Von Mises Equivalent Stress from equation (i) reduces to:

7 =% (iii)
Bending Stress is given by:
__ P(x-L)c
X — T .
(iv)

Where I = %bh?’and Gi= g From statics, we can derive:

__ 6P(x-L) _
2= T 66kPa

s < 17

‘a.ll. . B
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(2) Beam Deflection
ay _ MG
dx2  EI

Using Shigley’s Mechanical Engineering Design, the beam deflection is:
__ Px?(x-3L)

o(x) = 6El

With Maximum Deflection at:

PL3
é = 3—“ =7.61mm

Workbench Analysis System

Opening Workbench

1. On your Windows 7 Desktop click the Start button.

2. Under Search Programs and Files type “ANSYS”

3. Click on ANSYS Workbench to start workbench. This step may take time.

Static Structural Analysis

1. As you open ANSY'S you can see the entire array of problems on the left had side this software can help
you solve. The problem at hand is a Static Structural problem. Double click Static Structural (ANSYS) to
open the task manager for your problem set in the Project Schematic area.

2. ANSYS allows you to build on each problem, so it is smart to name each project. At the bottom of the task
manager you will see Static Structural (ANSYYS), double click this to change the name. For this problem

choose “3D Cantilever beam.”

E ™ .:__ 18
‘a.ll. — .
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[ B Analysis Systems I

(©) Electric (ANSYS)
¥ Explicit Dynamics (ANSYS) o A

@ roorovro ;
Q Fluid Flow (FLUENT) 2 19 Engineering Data v
(¥ HarmonicResponse (ANSYS) 3 ‘e try 2,
B Linear Buckling (ANSYS) i - -
() Magnetostatic(ANSYS) 4,‘ Model S 4
) Modal (aNSYS) 5@ sewp ? .
filj Random Vibration(ANSYS) 6 | @@ Souton P4
i} ResponseSpectrum(ANSYS) 7 :9 Resuts ?.

£ Sshape Optimization(ANSYS)
l; Satic Strugtiral (ANSYS)
ﬂ Steady-State Thermal (ANSYS) 2

@) Thermal-Electric (ANSYS)
m Transient Structural (ANSYS)
Transient Thermal (ANSYS)
Component Systems

B Custom Systems

B Design Exploration

Department of Mechanical Engineering

_New 5 open... [al Save [al Save ... |j]lmport Iv:rﬂeconnecr & Refresh Project  / Update Project |@P'o;ect @ Compact Mode

N

To begin setup for your cantilever beam, double click or right click on Engineering Data and click edit.

This will bring up another screen.

I\ Unsaved Project - Workbend
Fie Vew Tos Uits Heb
ten Gopen.. i sove Wsavess.. | @mport..

s9Recornect ¥ Refresh Project /7 Undate Project |GRMnumjeck @ Compact Mode @

= -x wow 2 3
‘. Physical Properties v A B c D “ v A B
| @ Linear Elastic 1 1 £ v
| B Experimental ressStrainData | 2 Engineering Data A2 Contentsfiltered forStatic Structural (ANSYS). | | ‘ 7850
| B Hyperelastic 3 W censralMateriaks O« General use material samples for usein various analyses, ;?
(@B Pasticly 4 . Genereeron—iiﬁearMoterids D ") General usemawiol;amplesforuseinnon4;nearonol§se$
@ s ) “ Blict Materials D ® Material samples for use in an explicit anaylsis,
o (] . HyperelasticMatenas D " Material stress-strain data samples for curve fiting. \ G
7 . MagneticB-H Curves D "} 8-H Curvesamples specificfor usein amagnetic analysis. \
| -
Outline of Schematic A2: Engneenng Data - X

! Fatigue Data atzero mean stress comes from
3 W sructural seeel D‘? 1998 ASME 8PV Code, Section 8, Div 2, Table
5-110.1
. lick 1 add —Zx‘.v!l.il ‘

This new window will allow you to alter the material properties of your cantilever beam. Under Outline of
Schematic A2: Engineering Data, it shows click here to add a new material, this menu allows you to input

the material of your cantilever beam, double click and type Aluminum.
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1 Contents of Engineering Data

3 “V Structural Stee
4 | —,EQ eluminum I
Now expand Linear Elastic by double clicking on | & Linearglastic or on the plus

|E] Linear Elastic
74 IsotropicElastidty
4 orthatropic Elasticty

symbol shown. E] Anisotropic Elastidty

Double click on Isotropic Elasticity to give the material the same properties across the beam. This action
brought up a new table on the right; this allows us to add necessary properties. As show on the top right of
the screen in Table of Properties Row 2: Isotropic Elasticity:

1. Click in Temperature and type 25

2. Click in Young’s Modulus and type 70E9 or 7E10

3. Click in Poisson’s Ratio and type 0.33

4. Make sure to DELETE the Temperature entry after property input before continuing! Failure to do so will

lead to errors later.

Table of Properties Row 2: Isotropic E

- A B C

1 Temperature (C) .= | Young's Modulus (Pa) = | Poisson's Ratio

2 25 FE+10 0.33

=

After filling in the properties, this concludes the Engineering Data, to return to the project schematic area,

@REMH to Praject

click on | seen on the upper tab.

Geometry
Base Geometry
1. Go to Workbench -> Project Schematic -> Geometry and double click. This will open a new window for

ANSYS Design Modeler where the Geometry will be created.

¥ -}1"-\-5\_ -"L.- ; -
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File Create Concept Tools View Help
QB & O Select: [y
YZPMane None - 2 J Ge
Milimeter [=-- 8] A: 30 Cantilever Beam
" Micrometer v XYPlane
+h ZXPlane
E Adways use pro::::nn l* s
™ Ensble large model support "Q 0
Insert Sketch Instance
[ ok oo Rename

Note: Select meters and hit ok

2. In the new window, click the Display Plane icon to toggle the coordinate system.

3. Go to Design Modeler > Tree Outline > right click on YZPlane. Click Look At to view the YZ plane.
4. Go to Design Modeler -> Tree Outline -> Sketching

5. Click on Rectangle and Click off Auto-Fillet:

6. Bring your cursor into the workspace at point 0,0, over the origin until ‘P’ appears directly above the
origin.

7. Click on the origin to place the lower left corner of our rectangle on the origin.

8. Click on a point in the first quadrant to define the top right corner of our rectangle. The point is arbitrary

as we will be fixing dimensions momentarily.

9. Go to Sketching Toolboxes -> Dimensions

10. Click Horizontal to specify a horizontal dimension.

11. Click the left and right faces of the rectangle in the sketch to specify that we will be dimensioning this
horizontal length. A green line with a symbol should appear.

12. Drag the green line above the sketch and click to set its location.

13. Go to Detail View -> Dimension 1. In the first subcategory, replace the current dimension with 10. The
units should populate automatically.
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}Fi Crv;ltt hckun:e'p't Tol;ls W,zw H;h
| A [ Do Gro [[slct] L- ‘@R B0 ([STARABRBFRAAE (1 @0
|z v A | skews v B | JGewse oo, | W@Bande gRecive @oSerep @ Sundcft B
et 'hm ) L Graphics

Dravs

Mocify
9 Zirnension: I-
£ Ganen|
[ =% Harzantal I ‘ '
Tvetic

Qid - Kb hont [FEPanmeters

- Length/Distance

< Radias

Eliameter

A Angle

#f Sam -Auzomatic

Seda

Sntove

TH fnimate

e Gispay

Cansrsints v
Setting:

skesehing l Modsling l
Detals of Sketchd # v
Stetcn | Sketchy
Stetcisoilky | Show Scetch
Shows Lomtraintsf o .
o o — """
line. o3 sae b s
linw 116 :
line e = | Mool visws | Print Preten |

| & Horizontsl -- Select fint point or 20 Edge for Horizertal dimemion

S

14. Go to Sketching Toolboxes -> Dimensions -> Vertical to specify the vertical dimension.

15. Click the bottom and top faces of the sketch to specify the vertical dimension. A green line should appear.
16. Drag the green line to the right of the sketch and click. '

17. Go to Detail View -> Dimension 2. Replace the value with 10. The units should populate automatically

(meters).

Now that we have modeled the base geometry, we will extrude it to create a 3D volume.

_,-7':'-'-'7"
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"(ov«a Took View Help
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Extrude Sketch

1. Go to Main Toolbar -> and select - - Extrude
2. Go to Modeling -> FD1, Depth (>0) -> enter in 110

3. Go to Design Modeler -> #' Generate.

4. To verify our geometry, look at the isometric view. Click the blue dot in the triad in the lower right corner
of the screen to look at the isometric view.

i
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I Sketching Modelingl

Details View

[=I| Details of Extrude2
Extrude Extrude2
Ease Object Sketehl
Operation Add Material
Dirzction Vedtar Maong (Noarmal)
Direction Maormal
Extent Type Fixed 2

FO1, Depth(=0) 110 m

As Thin/surface? Mo
Merge Topology? | Yes

0m 000

| :; Extrude Creation -- Click the Generate button to o PROBIR] [~y e

Now that we have the geometry, we will mesh the beam using 3D Elements.

Model|
Open ANSY'S Mechanical

1. B out of Design Modeler. Don’t worry, your work will be saved.
2. Go to Workbench -> Project Schematic -> Model This will open ANSYS Mechanical

File View Tools Units Hep

[INew 5Open... el save [l savess... | gglimport... | <9 Reconnect & RefreshProject 7 Update Project | (3 Project () Compact Mode
Bl Analysis Systems

(8) Electric (ANSYS)

¥ Ewlicit Dynamics (ANSYS)
Fluid Flow (CFX)

G Fluid Flow (FLUENT)
HarmonicResponse (ANSYS)
B) Linear Buckling (ANSYS)
(E) Magnetostatic (ANSYS)

@l Modal (ansYs)

fily RandomVibration(ANSYS) 5§ @ Souton 7 a4
fll Response Spectrum(ANSYS) 7 '9 Results y .
[2) Shape Optimization(ANSYS) .

3 Static Structural (ANSYS) 20 Cantever Seam

) Steady-State Thermal (ANSYS)
Thermal-Electric (ANSYS)

£ Transient Structural (ANSYS)
! Transient Thermal (ANSYS)

@ Component Systems

@ Custom Systems

B Design Exploration

Material Assignment
1. Go to Mechanical -> Outline -> Project -> Model -> Geometry -> Solid Body

2. Under Mechanical -> Details of “SolidvBody” -> Material -> Assignment, change Structural Steel to
Aluminum.

—
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1. Go to Mechanical -> Outline -> Project -> Model -> Mesh
2. Go to Mechanical -> Details of ‘Mesh’ -> Sizing -> Element Size and change the value from Default to
.5 m. This will give us 2 elements through the thickness of the beam.

i
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3. Click Mechanical ->Update. This may take some time. Your mesh should look as shown below:

Setup

You can perform the rest of your analysis for this problem in the ANSYS Mechanical window.
The other options in the Workbench window will link you back to the same screen (i.e. Setup,
Solution, Results)

i
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Fixed Support
1. Go to Mechanical -> Outline -> right click Static Structural (A5)
2. Go to Insert -> Fixed Support

hnvqmvmm Q jxtn cANE NS RO LPANEMB S SR KA QKL =
mam.l-%mu-ﬂs"_wy- '3

et ke S 557
Defewien

P Tipe Srucael
Ak Tipe Sty Do

Saer Tt AN Vashad > Corart Exueten Frwoen, |
= Ogfiees oF Metion Lzeds.
Craorwe Tewamatan 22.°C
Gwworelsput Oty W 1Bt Commants L

Metee fe by Ko ¥ A)

We are going to fix the elements at the left end of the beam. In order to do this, we will use the

@ Edge tool to select the left edge. However, from the current orientation of the beam,
select this surface.

[l
3. Using the —_ Rotate tool click on the graphic area and move the mouse to the right.
left end of the beam to be oriented in a manner that can be clicked

3 Rotate

Dogees id's Cebas

it is difficult to

This will cause the
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.T
+- Pan

-
4. Using the " pan tool, click the graphic area and drag the left face to the center of the graphic window.
Use the mouse scroll to zoom in on the left face.

5. Click the @ Edge tool.
6. Go to Mechanical -> Outline -> Static Structural (A5) -> Fixed Support
7. Run the cursor across the left end face. When it becomes red, click it to select it.
8. Go to Mechanical -> Details of “Fixed Support” -> Geometry and select Apply
While in the Project Schematic double click Setup This will open a new window similar to Model Space

Loads

V\‘J
[ ]
1. Click the x-axis icon to get a side view of the cantilever beam 1—»

. Click Fixed end On the tool bar, make sure vertex option is selected.

. Go to Mechanical -> Outline -> Static Structural (A5) -> Fixed Support

. Run the cursor across the left end face. When it becomes red, click it to select it.
. Click the left side of the geometry; this will add a green box to select the point.
Right click ?(=] Static Structural (A5)

o o~ O WN

7. Click insert, and (F, Fixed Support
8. This will add a fixed end to your cantilever beam in the work space.

10. Right click =] Static Structural (a5)

11. click insert , and A table will appear “Details of Force”

12. Under “Definition” you will see “Defined by”[IChange this to “Components”
13. As shown, Y Component force is zero. | | Change this to value to -2200 (as distributed load)

14. This will show your cantilever beam with a load applied as shown. Leave the Setup screen open this time.
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File Edit View Units Tools Help JJ 9 </ Solve v ?/ShowErrors @ 6 4 (@ @ worksheet ix

Department of Mechanical Engineering

[P R-REAERR & STQAQAQRAAR N8 O

5 Show Vertices 3 Wireframe | T Show Mesh & I Random Colors G Annotation Preferences | [, 1, [,

‘ | 21 (QeReset ExplodeFactor f—————————assembly Center

W Edge Coloring v A~ i~ A~ A~ A~ A Pl |-1Thicken Annotations

Environment @ Inertial v . Loads v @ Supports v Tk Conditions v @, Direct FE v % \ass Flow fare | B |

Outline 2
|Filter:  Name - Bakaa
&) Pros
B ([§] Model (A4)

-,/ Geometry

/5K Coordinate Systems
Me:

ANSYS

R16.0
Academic

. Messages. Graph |

/3] solution Information
-,/ Total Deformation
/& Equivalent Stress
z
V‘J/’ :
Details of "Force” s 0 2564004 Se4004 (i)
=/ Scope 125 +004 3.75e+004
Scoping Method | Geometry Selection
Geometry [1Face Geometry A Print Previ review/ ]
=1 Definition Graph
Type Force
Define By Components o
Coordinate System | Global Coordinate System
[/ X Component |0. N (ramped) o
|_|YComponent 0.N (ramped)
| ZComponent |-2200. N (ramped) 60071
Suppressed No
-2200.

|81 Message

Deformation Go to Mechanical -> Outline -> Project -> Model(A4) -> Static Structural (A5) -> Solution

(AB6) -> Insert -> Deformation -> Total

s TOrCE
&
- Stress Tool »
Deformati v
] Clear Generated Dats s — 5
tr
b Rename (F2) e
Stress »
("] Group Al Similar Children Energy »
i ess L3
24 Open Solver Files Directory (e S
[} Worksheet: Result Summary Fatigue >
Contact Tool 3
Details of "Solution (A6)" Bolt Tool r
-1 Adaptive Mesh
L3
Max Loops I et
Depth |2 Coordinate Systems > | D]
Status [Done ¥, User Defined Result
=1/ Post Processing BC Y
Calculate Beam Section Results | No rr .

Equivalent Stress

Go to Mechanical -> Outline -> Project -> Model(A4) -> Static Structural (A5) -> Solution (A6) ->

Insert -> Stress -> Equivalent (Von Mises)
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Solution (A
2 ] Stress Tool g
. »
] Clear Generated Data :df""m"'" X
strain
b Rename (F2)
3 Equwa\ent (won-Mises)
(] Group All Similar Children Energy » &, Maimum Pri
s » & 5
4 Open Solver Files Directory Linearized Stress b Middle Principal
[ Worksheet: Result Summary Fatigue » | s Minimum Principal
@ m h
Contact Tool » &, Intensity
B o L]
‘ion (A6)' Bolt Tool , @ Normal
- - - @, Shear
ent Loops [ rene B4 Vector Principal
Jepth E3 Coordinate Systems ire
%, Error
[Done @, User Defined Result @ 3
%
ing Ce ds B Bending Stress
im Section Results | No E ¢ ESEREEES

Now that our solvers have been defined, go to Mechanical -> =/ Solve. The calculations in Workbench
may take up to a minute to solve.

Your Stress plot should look as shown below:

ANSYS

R16.0

Academic

0Min z

0 1504004 364004 ()
— ]
1564003 22564004

|\ Geometry {Print Preview)\ Report Preview/ ]
Go to Mechanical -> Outline -> Project -> Model(A4) -> Solution(A6) -> Total Deformation

Your Von-Mises plot should look as shown below:

ANSYS

R16.0

Academic

0.0082881
11221e-6 Min iz

0 15e+004 3e+004 (mm)
T ]
1.5e+003 2.25e+004

r\Geomwy A Print Preview)) Report Preview/ | -
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Results:-

Max Deformation According to equation, the theoretical max deflection is 7.6 mm. By Ansys it is 6.1 mm.
Equivalent Von Mises Stress, theoretically we got 66 KPa and by Ansys we have 76.5 Kpa. The difference is
due to Meshing & discritization in Ansys as we have not done theoretical solution

Viva Questions:-
What is point load (P)?
What is meant by plane stress?
Define plane strain.
What are isotropic and orthotropic materials?
Define term element
What do you mean by cantilever beam?
Define Young’s Modulus and Poisson’s Ratio.
What is factor of safety?

© © N o 0o kM 0w DR

What is bending moment diagram?

10. What is shear force diagram?

E ™ .:__ 21
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Experiment No.3 Steady State Thermal Analysis

Objective:- Steady State Thermal Analysis by using ANSYS workbench. A steady-state thermal analysis
calculates the effects of steady thermal loads on a system or component. You can use steady-state thermal analysis
to determine temperatures, thermal gradients, heat flow rates, and heat fluxes in an object that are caused by
thermal loads that do not vary over time. Such loads include the following:

e Convections
Radiation
Heat flow rates
Heat fluxes (heat flow per unit area)
Heat generation rates (heat flow per unit volume)

o Constant temperature boundaries.
A steady-state thermal analysis may be either linear, with constant material properties; or nonlinear, with material
properties that depend on temperature. The thermal properties of most material do vary with temperature, so the
analysis usually is nonlinear. Including radiation effects also makes the analysis nonlinear.

Problem Description:- Steady state thermal analysis of “car brake disc” by using the given below parameters &
sketch.
Parameters:- Thermal Material: Aluminum (from Engineering data of Ansys)

Sketch:- (by using revolve option)

I
[ 1.DIM 50mm |
|
7
!
50 mm ! E 6mm
| o

! " —
2.DIM 100mm |
|
3.DIM 150 mm '
[

Roll No 1. Dimension 2. Dimension 3. Dimension
1-6-11-16-21-26-31-36-41-46-56-61-66-71 50 100 150
2-7-12-17-22-27-32-37-42-47-57-62-67-72 51 101 151
3-8-13-18-23-28-33-38-43-48-58-63-68-73 52 102 152

4-9-14-19-24-29-34-39-44-49-59-64-69-74 53 103 153
5-10-15-20-25-30-35-40-45-50-60-65-70-75 54 106 156

Result:- 1. Maximum Temperature 2. Total Heat Flux

Procedure:-

Opening Workbench

1.0n your Windows 7 Desktop click the Start button.

2.Under Search Programs and Files type “ANSYS”

3.Click on ANSYS Workbench to start workbench. This step may take time.

Static Structural Analysis

1.As you open ANSYS you can see the entire array of problems on the left had side this software can help you
solve. The problem at hand is a Thermal problem. Double click Steady State Thermal (ANSYS) to open the task
manager for your problem set in the Project Schematic area.
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N Unsaved Project - Workbench = ﬁ‘
Fle View Tools Units Extensions Help

0| 5] ][B[TH progeet |

@) import... ‘ < Reconnect [¢] Refresh Project # Update Project

SACNEF Project Schematic v 2 x
[B Analysis systems e
4 Design Assessment
@) Electric Y, A
@ Fluid Flow-BlowMolding (Polyflow) 2 | @ Engineering Data
(& Fluid Flow- Extrusion(Polyflow) = 'e p——
Fluid Flow (CFX)
Fluid Flow (Fluent) 4| @ Mogel
@ Fluid Flow (Polyflow) 5 @ setp
[ HarmonicResponse f' 6§ solution
Hydrodynamic Diffradion ’ 7| @ Ress
@9 Hydrodynamic Time Response
4 1CEngine ‘ Steady-State Thermal
Y LinearBuckling
) Linear Buckling (Samcef)
(E) Magnetostatic
@ Modal
@ Modal (samcef)
i) Randogsgbraton
iy Responsfgspectum
£ Rigid Dyf@mics
(& Static swleecal
@ Static Structural (Samcef)
) Steady-State Thermal (Samcef)
Thermal-Electric
& Teoiooy SR
[ Transient Structural
{2 Transient Structural (Samcef) A B & z
ﬂ Transient Thermal 1 Type Text Association Date/Time

Trancient i+ Tharmal (Sameaf) Y o The installed Microsoft Office Excel application is not supported. You may meet some issues while using the Microsoft Office Excel system. Look at the. 8/9/2017 5:33:27PM
‘ 2 Help for the list of supported Microsoft Office Excel releases. s

FICIEIETIRS
[ N N T N

9

ﬁ View Al / Custor

o Ready (5 Show Progress |9 Hide 1 Messages

2.ANSYS allows you to build on each problem, so it is smart to name each project. At the bottom of the task
manager you will see Steady State Thermal (ANSYS), double click this to change the name. For this problem
choose “Car Brake Disc.”

Engineering Data

To begin setup for your cantilever beam, double click or right click on Engineering Data and click edit. This will
bring up another screen.
W Unsaved Project - Workbench

View Tools Units Extensions Help

... | H project / @ A2:EngineeringData X

[f Filter Engineering Data ]ﬁ Engineering Data Sources ;

L' S 8l Outline of Schematic A2: Engineering Data

IEI Physical Properties | Engineering Data Sources | A B D
=] Contents of Engineering = w
?’:‘] 1 Data 4 8 Description
4 orthotropic Secant Coefficient of Thermal 2 = Materia

‘{E Isotropic Instantaneous Coefficient of The

Fatigue Data at zero mean stress comes from 1998 A!
3 Structural Steel ]
%4 orthotropic Instantaneous Coefficient of - ® 2, Table 5-110.1
l B Linear Elastic - Click here to add a new
material

=]

$4 orthotropic Elastidty

%] Anisotropic Elastidty
Hyperelastic Experimental Data
Hyperelastic
Chaboche Test Data

This new window will allow you to alter the material properties of your cantilever beam. Under Outline of
Schematic A2: Engineering Data, it shows click here to Thermal material, this menu allows you to input the
material of your cantilever beam, add the material.

= -i... 33:_
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I\ Unsaved Project - Workbench

File —Edit View Tools Units

EH Project / G A2:Engineering Data X

Extensions  Help

Data Source

\m

Location

Favorites

Quick access list and default items 7

General Materials

General use material samples for use in various
analyses.

Linear Elastic

General Non-inear Materials

General use material samples for use in noninear
analyses.

Explicit Materials

Material samples for use in an explict anaylsis.

Hyperelastic Materials

Material stress-strain data samples for curve fitting.

Hyperelastic Experimental Data

Hyperelastic

w
EEEE &

Magnetic B-H Curves

B-H Curve samples spedific for use in @ magnetic
analysis.

Chaboche Test Data

s |&E

Thermal Materials

Material samples spedific for use in a thermal
analysis.

5 | Puidmateri Thermal Materials

00000 0| O
Bl E B EAE A A

Material samples spedific for use in a fluid analysis.

Flasticty Chart of Pro|
Creep * Click here to add 3 new TBrary
Life - 17
Outline of Thermal Materials v X
Strength
—— E |; 16
Nu | Project - Workbench
File Edit View Tools Units Extensions Help
EH Project & A2:Engineering Data X
I Filter Engineering Data |§ Engineering Data Sources
ing Data Sources * 0 x RE:
| B Physical Properties A B C D
E‘ 1 Data Source / Location Description 1
% 2 <r Favorites Quick access list and default items 2
. General use material samples for use in various
E‘ 3 ﬁ General Materials [ 53 analyses.
E‘ . . General use material samples for use in non-inear
| P ———— 4 ﬁ General Non-inear Materials [ 53 analyses.
EI 5 ﬁ Explicit Materials [ Il | Material samples for use in an explicit anaylsis.
E‘ [ ﬁ Hyperelastic Materials | I&l | Material stress-strain data samples for curve fitting.
5]
. B-H Curve samples spedfic for use in a magnetic
Hyperelastic Experimental Data 7 @) Magnetic B-H Curves O @ analysis.
Hyperelastic o & Thermal Materials | ) Material samples spedfic for use in a thermal
Chaboche Test Data analysis.
Plasticty ) f Fluid Materials ] I | Material samples spedfic for use in a fluid analysis. ==
Creep * Click here to add a new library
Life -
Outline o x
Strength "
Gasket 3
N " Contents of Thermal = H
Viscoelastic Test Data 1 Materials E Add In Description
Viscoelastic =
Shape Memory Allay 3 % Air H Thermal Properties for Air
Damage 4 Alnico5 dh =
@ ]
Cohesive Zone 5 Alnicod el E
o
Fracture Criteria [ T Alumina 92%% = =
7 T Alumina 95% e %‘
c
8 Aluminum on | @ =
= W IL\!ur_ﬂlnum oo
Nitride i - - 1 =
| Add to AZ: Engineering Data |
Properties o X
- - - 1

Click on + Sign and click on Filter engineering data
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" Unsaved Project - Workbench
File Edit View Tools Units Extensions Help

.... " H project / @ A2:EngineeringData X

¥ Filter Engineering Data ﬁ Engineering Data Sources

Outline of Schematic A2: Engineering Data

I B Physical Properties
Contents of Engineering = 2
% Isotropic Secant Coefficient of Thermal : Data '_ Q Deabin
Tﬂ Orthotropic Secant Coefficient of Thern 2 =
E] Isotropic Instantaneous Coefficient of 3 % i T
TA orthotropic Instantaneous Coefficient AAREIEG D e s comes from 1998 ASME BPV Code, Sectit
A constant Damping Coeffident = % structur 53 Copy :
$4 Damping Factor () H Click here to at Paste
A Damping Factor (B) material o] ‘caes
I B Linear Elastic J = )
A IsotropicElastidty B4 Dupicate
A orthotropicElastidty &  View Linked Source
A Anisotropic Elasticty &> Refresh From Linked Source
Hyperelastic Experimental Data € Break Link to Source
Hyperelastic
Chaboche Test Data Add to Favorites
Plasticity £ | Default Solid Material For Model
Creep Default Fluid/Field Material For Model
B Lite ﬁ Engineering Data Sources
Strength
[ Gasket Expand Al
Viscoelastic Test Data Collapse Al
Viscoelastic
- | aReth to Project
click on seen on the upper tab.

Geometry

Base Geometry
1.Go to Workbench -> Project Schematic -> Geometry and double click. This will open a new window for
ANSYS Design Modeler where the Geometry will be created.

7 File Create Concept Tools View Help
Select dasired length unt B ®| Durdo @feda | |Select | 'y
® Meter { YZP!ane | None v ﬁ :}' Gé

= g A: 3D Cantilever Beam

-~y X¥Plane
s ZXPlane
I Amsys use project unkt ¢*?
e e ‘&0
1 EbE lrpe model stppart Insert Sketch nstance
oo Rename

Note: Select meters and hit ok

2.In the new window, click the Display Plane icon to toggle the coordinate system.

3.Go to Design Modeler > Tree Outline >right click on YZ Plane. Click Look At to view the YZ plane.
4.Go to Design Modeler -> Tree Outline -> Sketching

s
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[o1] A: Steady-State Thermal - DesignModeler - g
File Create Concept Tools Units View Help

O HBE | @ | DUndo Gredo [[seect[*y - (M@ R W - | 0[S ¢ QR QX QK 1[G [ || - W~ g~ fiv S A~ S A 7
YzPlane v 3 | [sketent ~ &

| </ Generate @ <hare Topoiogy  [EE]Parameters
| REdrude @RRevolve @ Sweep @ Skin/Loft
| WThin/Surface @ Blend v 4 Charnfer @Slice |] @ Point  5) Conversion

Sketching Toolboxes E8 Graphics
Draw
Modify B
(Fillet
[ Chamfer
1 Corner
[+ Trim lgnore Axis [
7 Bdend
Dimensions ‘ v
Nf  Constraints
Settings
Sketchymg | Modeling
View 2
= of Sketch1 )
Sketch Sketch1 5
Sketch Visibility Show Sketch
Show Ci il No
=l Edges: 8 Z
Line Ln7
L?ne Lnd ®
Line Ln9 v
Line Ln10
Line n11 0.000 5.000 10.000 (m)
Line n12 —2500—_7500—|
Line n13 2 :
Line Ln14 - -
Model View I Print Preview
| @ Trim -- Select 2D Edge in segment to trim |Na Selection Meter Degree ,T IT 4

5.Click on Polyline.

6.Bring your cursor into the workspace at point 0,0, over the origin until ‘P appears directly above the origin.

7. Click on the origin to place the lower left corner.

8.Click on a point in the first quadrant to define the top right corner of our rectangle. The point is arbitrary as we
will be fixing dimensions momentarily.

9. Draw the geometry as shown.

Revolve Sketch

1.Go to Main Toolbar ->and selectRevolve dfiRevolve

2.Go to Modeling -> FD1, Angle (>0) ->enter in360

[or] A: Steady-State Thermal - DesignModeler - g
| File Create Concept Tools Units View Help
| OB M| @] Do Ghedo [[select ; B | QBB |07 |0 5 [|S ¢ QAQAQE R QX ta][+ @] | || M W £ fiv S A A A

VZPlane v | [sketcnt ~| &

Generate 49 “hare Topology  [25]Parameters
strude @lRevolve @ Sweep @ Skin/Loft
| WThin/Surface @ Blend v & Charnfer @Siice || @ Point &) Conversion
‘Tree Outline L d Graphics
=)@ A: Steady-State Thermal

iy e XYPlane

w3 ZXPlane

b YZPlane

768 Revolvel
o O Parts, 0 Biies

Sketching  Modeling

Details View fi
= Details of Revolve1 /’
Revolve Revolvel i

Geometry Sketeh1 T—g A
Apply Cancel -

Operation Add Material z

Direction Noggal
[ FD1, Angle (>0) 3&
As Thin/Surface? | No g
Merge Topology? |Vl
=| Geometry Selection: 1 0.000 10.000 20.000 (m)

5.000 15.000

Model View | Print Preview

|/ Revolve Creation -- Select base object (sketch or plane) 1 Edge Meter Degree b b 4

6:20 PM

8/9/2017

Choose Z axis as Axis and click Apply
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4.Go to Design Modeler -> ¥ ' Generate.
5.To verify our geometry, look at the isometric view. Click the blue dot in the triad in the lower right corner of the
screen to look at the isometric view.

(o) A: Steady-State Thermal - DesignModeler - 8
J File Create Concept Tools Units View Help
|aHB @ DU Gredo [[seect [y b  BRB R0 | HH[|S ¢ QARARARQ Q5 [+ [@e 2 || M- M- £~ i - A A X F

| vzpiane v s | [sketent -

J =/ Generate @@ Share Topology ~[Z5|Parameters
| @etrude @faRevolve g Sweep  § Skin/Loft
| BThin/Surface @ Blend v Q Chamfer @ Slice !J @ Point B Conversion
L4 Graphics

[y 3 YZPlane

-, 6 Revolvel
/& 1Part, 1 Body

Sketching  Modeling

Details View 'Y
I=I| Details of Revolve1

Revolve Revolvel

Geometry Sketch1

Axis Edge |l
Operation Add Material
Direction Normal

“FD1, Angle (>0) |360° . » 7
As Thin/Surface? | No -
Merge Topology? | Yes
2l y Selection: 1 0.00 20.00 40.00 (m)
[~ EEaaaa— S ¥

Sketch Sketch1 10.00 30.00

Model View | Print Preview

[ @ Ready [No Selection [Meter Degres s
624 PM
8/9/2017

% )0 il

Model
Open ANSY'S Mechanical

1.8 out of Design Modeler. Don’t worry, your work will be saved.

N Unsaved Project - Workbench - g
File View Tools Units Extensions Help

BEICIC T

@limport... l <yReconnect [3] Refresh Project # Update Project

IEAnalysissym |'~

Design Assessment

Electric R A

Explicit Dynamic b8 | steady-State Thermal

Fluid Flow - Blow Molding (Polyfiov) |2 |@® Engineering Data Fa
Fluid Flow- Extrusion(Polyflovi) 3| @ Geomety Vo
& Fluid Flow (CFX)

Fluid Flow (Fluent) B
@ Fluid Flow (Polyflow) 5| @ sewp ?
Harmonic Response 6 @ Solution ¥
Hydrodynamic Diffracion 70 e 7,

% Hydrodynamic Time Response
&8 1cEngine

Linear Buckling

Linear Buckling (Samcef)

(@) Magnetostatic
@8 Modal

fll) Modal (Samcef)

{ifli Random Vibration

fill ResponseSpectum

ﬁ Rigid Dynamics

4 static Structural

@ Static Structural (Samcef)

[ e —
) Steady-State Thermal (Samcef)
Thermal-Electric

Steady-State Thermal

& Throughflow v R X
& Transient Structural
& Transient Structural (Samcef) — £ D‘
u Transient Thermal L s : LAt RIS
W _Transient Thermal (Samesf) N 2 . ‘The installed Microsoft Office Excel application is not supported. You may meet some issues while using the Microsoft Office Excel system. Look at the 8/9/2017 5:33:27PM
,; e | Help for the list of supported Microsoft Office Excel releases.
@ Right-clickto update component. Immm ‘ % Hide 1 Messages

6:26 PM
8/9/2017
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2.Go to Workbench -> Project Schematic -> Model This will open ANSYS Mechanical

1.Go to Mechanical -> Outline -> Project -> Model -> Geometry -> Solid Body

2.Under Mechanical -> Details of “Solid Body” -> Material -> Assignment, change Structural Steel to
Aluminum.

M] A: Steady-State Thermal - Mechanical [ANSYS Multiphysics] - a8
File Edit View Units Tools Help |J @ i | SSolve v 2/ShowErrors tE 6 (8 4 [A] [@v B orksheer iy
YT B @lii\vluv@@ll(@\qa'“'ﬂB%\Dv

| ' Show Vertices @ Wireframe | % <o iesh & W Random Colors  J5 Annotation Preferences

Il Edge Coloring v A~ /i~ A~ Av A~ A Pl =] Thicken Annotations
Geometry @ \Virtual Body | ¥ PointMass 9% Thermal Point Mass  wgl Thickness ckness 2 tion | @ |
Outline
JFslter. Name -
‘@] Project
- (@ Model (A4)
- - /& Geometry
., @ Sold
*Coonhatesysﬁms

=2 ]

;ﬁ] Solution Information

i “Solid"

T — s st
(D;'e:il:;:::mm . 1.25e+004 3.75e+004

LI Suppressed No Geometry A Print Preview, ort Preview, |

Stiffness Behavior Flexible

Coordinate System Default Coordinate System

By Envi

(= Material

Nonlinear Effects Yes

Thermal Strain Effects ‘Ves
[+ ling Box
+ | Properties v

‘ ‘ ‘L;gj No Messages No Selection |Metri: (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

e s O

Z

6:27PM
8/9/2017

E

1.Go to Mechanical -> Outline -> Project -> Model -> Mesh
2.Go to Mechanical -> Details of ‘Mesh’ -> Sizing -> Element Size and change the value from Default to .5 m.
This will give us 2 elements through the thickness of the beam.
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@ A': Steady-State Thermal - Mechanical [ANSYS Multiphysics] - a
File Edit View Units Tools Help |] @ =i | Ssowve v 2/ShowErmors T [ V] @] v (7 Worksheet ix
BAYER-CERBER S ST QPR YR | O

| 7 Show Vertices §@Wireframe | "2 Show ek A B Random Colors 75 Annotation Preferences

W Edge Coloring v £~ Jfiv A~ A~ A~ A [Pl |-l Thicken Annotations
Mesh -/ Update | @Mesh v @ Mesh Control v | (| vietric Graph

e
&) - i ““‘m
Bk ac‘o:d?:::e Systems ; 3&% ‘ ‘ "’
é ;g -state Thermal (A5) ‘ 5\&“%‘\

=, KD

W

Details of "Mesh" 2
=l Defaults
Physics

Q 2.5e+004 Se+004 (mm)
I - 1.25e+004 3.75e+004

lo \ Geometry {[Print Preview : Report Preview/ ]

[+ Sizing
[+ Inflation

1=I| Patch Ce ing Options

Triangle Surface Mesher ] Program Controlled
=l Patch Independent Options

Topology Checking |Yes

‘g,ﬂ: No Messages ‘No Selection ‘Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

6:28 PM

Al B (53 )
TRIRROLa g0 /5017

3.Click Mechanical ->Update. This may take some time. Your mesh should look as shown below:
Sefup

You can perform the rest of your analysis for this problem in the ANSYS Mechanical window.

The other options in the Workbench window will link you back to the same screen (i.e. Setup,
Solution, Results)

Fixed Support
1.Go to Mechanical -> Outline -> right click Steady State Thermal
2.Go to Insert ->Temperature

[M] A': Steady-State Thermal - Mechanical [ANSYS Multiphysics] -
File Edit View Units Tools Help [j @ =i | Soive v 2/ShowErors @ i V) @~ W orksheer iy
RAYR-ERER S ISTAQAQAFAAENY S DO

| 7 Show Vertices B Wireframe | O Show Mesh & [ Random Colors 75 Annotation Preferences

u]
H

Wl Edge Coloring v A~ /i~ A~ A~ f~ A [Pl I+l Thicken Annotations
Envi T e ion @Radiation @jHeat v @ Conditions v | B |

J Filter:  Name

3 @, Fluid Solid Interface

=} Solve 58 Coupling

2] Clear Generated Data [/ Temperature
b Rename (F2) ] Convection

@ Radiation
G, Heat Flow

A Open Solver Files Directory

G, Perfectly Insulated v, z

Details of "Steady-State Thermal (AS)" & el NN T .|
= Definiti B Commands S a—)

Physics Type Thermal m 12362008 ATeR0A X

Analysis Type DIy sale )\ Geometry {Print Preview j Report Preview/ ]

Solver Target ical APDL
= Options Graph 2 Tabular Data 2

Generate Input Only | No 1.

1

. Messages. Graph |
[ |0/ No Messages
-

=B D) A ® |\ 9 e

3. Under temperature select the lower face in geometry and select apply.
4.Go to Temperature ->80

‘1 Face Selected: Surface Area(approx.) = 1.0666e+009 mm® ‘Meﬂi( (mm, kg, N, s, mV, mA) Degrees rad/s Celsius /

'.___.-"' _,_.o-'-"'-_ﬂ_r. 39
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® A Steady-State Thermal - Mechanical [ANSYS Multiphysics] - a
File Edit View Units Tools Help H @ =i | fSolve v 2/ShowErrors T iE V) (@~ W orksheet  dx

RAVYR-CEARER (& ISE-QAAAQEQAQAR NG B Q| O

Wl Edge Coloring v A~ /i~ A~ A~ A~ A Pl |-IThicken Annotations

J 7 Show Vertices &@Wimﬂame ‘ I:'fl‘;Show Mesh -k Bl Random Colors @Annotation Preferences

Environment @ Temperature @ Convection @Radiation @jHeat v B Conditions v | B |

Outline 7
J Filter:  Name v
Project
- @] Model (Ad)

&, Geometry

| -y @ Soid

B 2K Coordinate Systems

/& Mesh

E-/[=] Steady-State Thermal (A5)
/T=:° Initial Temperature
VZ\,{ Analysis Settings

/P Temperature

=] Solution (A6)
/m Solution Information

1.
Suppressed No 80, — e ——— . > Ai
1

1]
21| 80.

" Messages. Graph |

Sddamme i€

| f

|30 No Messages 1 Face Selected: Surface Area(approx.) = 1.0666e+009 mm® | Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

5.Go to Mechanical -> Outline -> right click Steady State Thermal
6.Go to Insert -> Convection

® A Steady-State Thermal - Mechanical [ANSYS Multiphysics] - a

v z

Details of “Temperature’ A 2 0 o iom 524004 () . I
i=I| Scope [ Aaa— S

Scoping Method ]Geometry&li_on @ 2800 3.75¢+004 %

Leametsy. |1 Face 1 Geom. Print Preview A Report Preview, |
IS] Definition

Type Temperature Graph 2 Tabular Data 2

Magnitude | 80.°C (ramped) Steps | Time [s] |—~7 Temperature [°C]
1 0. 2.

il X 3 n 630 PM
- )| % SW > A 9017

Z

| File Edit View Units Tools Help [] @ =i | Ssove v 2/ShowErmors T [ [0 & @~ B Worksheet i
(RAYR-RARER S (SAQQaFARAARNAG S O

| P Show Vertices R Wireframe | T Show Mesh & Il Random Colors > Annotation Preferences

| WMEdgeColoring v £~ A~ A~ A~ A~ A [Pl |-l Thicken Annotations

| Environment @ Temperature @ Convection @jRadiation @jHeat v B Conditions v | B |
Outline
JFilter: Name Y,

Project
£ (@] Model (A4)

-,/ Geometry

| x @ Solid
2% Coordinate Systems
& Mesh

5

3 9., Fluid Solid Interface

=8 Coupling

% )] Clear Generated Data @ Temperature

ﬁ] Convecti
/] Soluti G
% S s o Remame 62 Jﬂ 1

= 3 iati
3 Open Solver Files Directory g Sndench

" Messages. Graph |

;0 No Messages 1 Face Selected: Surface Area(approx,) = 3.0075e+008 mm®  [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius

7.Under temperature select the middle face in geometry and select apply.

8.Go to Film Coefficient (click on arrow mark) and select Import Convection Data, Select the Stagnant Air-

Horizontal Cyl Radio Button.

-~
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G, Heat Flow
&, Perfectly Insulated = Y =
Details of "Steady-State Thermal (A5)" R G, Heat Flux 0 A 524004 (mm) ®
=1/ Definition . — — )
Wi i @ BC 1.25¢ +00% 3,750 +008
Andlysks Trpe Sracy siate P\ Geometry A Print Preview ) Report Preview / |
Solver Target ical APDL
=/ Options Graph R Tabular Data 7
Generate Input Only [No 1.
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® A : Steady-State Thermal - Mechanical [ANSYS Multiphysics]
File Edit View Units Tools Help ‘ =i ‘ “/Solve v ?/ShowErors @ [ [0 & [A) [@~ B worksheet dx

- o IES

RAYE-C-REOR & SeARQFARAE 8 | O

| B Show Vertices @ Wireframe | TjShow Mesh & [ Random Colors 05 Annotation Preferences

Wl EdgeColoring v A~ A~ A~ A~ A~ X Pl Import Convection Data
Environment @) Temperature @ Convection @ Radiation @ e
Outline 7

] Convection_Samples  C\Program Files\ANSYS Inc\v150\aisol/Commonfiles/Language/en-us/Engine]

J Filter:  Name v

- Messages. Graph | <

& Mesh
=] ,E] Steady-State Thermal (A5) "
25 Initial Temperature <
Analysis Setti
/Ql Tempv:ram:‘gs Add... I | Remove
.1 ConvechorEAe) %} Convection Data to Import:
=) Solution 2
e -#{¥] Solution Information m‘
() Stagnant Air - Horizontal Cyl
() Stagnant Air - Simplified Case
() Stagnant Air - Vertical Planes1 i =
Details of “Convection® k (O Stagnant Air - Vertical Planes2 14004 (mm) L]
51| Scope () Stagnant Air - Vertical Planes =]
Scoping Method | Geometry Selection () Stagnant Water - Simplified Case
Geometry 1 Face
i=/| Definition ‘ M I
Type Convection Graph J > ' Data
/mm"'c (ramped) 3 Time [s] J_ Convection Coefficient [W/mm*"C] ]_ Temperature [*
" | Ambient Temperature | 22. °C (ramped) —1 [ 0K I [ Cancel |
Convection Matrix Program Controlled =y | 1. 0. 22.
Suppressed No |
- ________________________|]

>

[ [ | [No Selection [Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius

o

® A : Steady-State Thermal - Mechanical [ANSYS Multiphysics]
File Edit View Units Tools Help H =i | /Sove v ?2/ShowErors T b [0 4 [A) [@v B worksheet ix

6:40 PM

< )
HIRROL 1 ggo017

rﬁ"?“"@* TREER @ SPARQFARARE 0 E S| O

“EdgeColoringv A fiv A~ A~ A~ A [Pl |-IThicken Annotations

| P Show Vertices  #@Wireframe | T Show Mesh & B Random Colors 5 Annotation Preferences

Solution | B Thermal v | @ Probe v | &, User Defined Result | &,
QOutline

| Filter:  Name

% Coordinate Systems v [F

',)\ Coordmte Systems

,,@ Mesh
SR Steadv -State Thermal (AS)
¢ Initial Temperature

9] Temperature
,,G] Convection
ach

=} Solve Probe »| @, Total Heat Flux

" Messages. Graph |

., Directional Heat Flux
] Clear Generated Data Coordinate Systems »
Details of "Solution (A db Rename (F2) W"‘ Exoy 4e +004 (mm) /<\
= ;:;nm- Mesh ol 1 Open Solver Files Directory BC B 1008 ErevTy g X
A ReneheneDepth, |2 k Geometry £ Print Preview ), Report Preview/ ]
Status |Solve Required Graph R Tabular Data

>| =

[ [ [:0 No Messages [No Selection

® A\ o9 3

Solution->Insert->Thermal->Temprature
1. Solution->Insert->Thermal->Thermal Flux

Now that our solvers have been defined, go to Mechanical -> =/ Solve. The calculations in Workbench may take

up to a minute to solve.
Go to Mechanical -> Outline -> Project -> Model (A4) ->Solution (A6) -> Maximum
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Temperatur
Your Temperature plot should look as shown below:

0 2e+004 de +004 (mm)
Te+004 3e+004

45.3 Min

e +004 (mm)

Total Heat Flux

28772
0.00023977
000019182
—{ 0.00014387

{ 9.5916e-5

4,7964e-5 4 ¥
1.2007e-8 Min >
0 e +004 (mm)
" Your
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Temperature plot should look as shown below:

0', IR 5
0.00028772
0.00023077
0.00019182

- 0.00014367

1 0.5016e-5
4,7964¢-5
1.2007e-8 Min

0 2e+004 de+004 (mm) ! i ®
| ESEaaaaa—  ES—
Te+004 3e+004

Viva Questions:-

How u discretize a model?

What is coefficient of thermal expansion?
Mention different types of elements
Define steady state analysis.

Is stress depends on material property?
What are the different types of analysis?
Define mesh plotting

What are the types of boundary conditions?
What is P-method and H-method?

10. What do you mean by continuum?

© o N o g R~ w D E
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Experiment No.4. Cantilever Beam Modal Analysis

Objective:- To find the Natural frequency & mode shapes of a cantilever beam
» Modal analysis in structural mechanics is to determine the natural mode shapes and frequencies of an

object or structure during free vibration. Modal analysis is used to determine a structure’s vibration
characteristics — natural frequencies and mode shapes.

It is the most fundamental of all dynamic analysis types and is generally the starting point for other, more
detailed dynamic analyses.
» Modal analysis, or the mode-superposition method, is a linear dynamic-response procedure which

evaluates and superimposes free-vibration mode shapes to characterize displacement patterns. Mode shapes
describe the configurations into which a structure will naturally displace. Typically, lateral displacement
patterns are of primary concern. Mode shapes of low-order mathematical expression tend to provide the
greatest contribution to structural response. As orders increase, mode shapes contribute less, and are
predicted less reliably. It is reasonable to truncate analysis when the number of mode shapes is sufficient.

» A structure with N degrees of freedom will have N corresponding mode shapes. Each mode shape is an
independent and normalized displacement pattern which may be amplified and superimposed to create a
resultant displacement pattern.

Problem Specification:-
Consider an aluminum beam that is clamped at one end, with the following dimensions.

Length 4m
Width  0.346 m

Height 0.346 m

Roll No Length
1-6-11-16-21-26-31-36-41-46-56-61-66-71 4
2-7-12-17-22-27-32-37-42-47-57-62-67-72 45
3-8-13-18-23-28-33-38-43-48-58-63-68-73 5

4-9-14-19-24-29-34-39-44-49-59-64-69-74 55
5-10-15-20-25-30-35-40-45-50-60-65-70-75 6

The aluminum used for the beam has the following material properties.
Density 2,700 kg/m"3

Young’s Modulus  70x10"9 Pa

Poisson Ratio 0.35

Using ANSYS Workbench find the first six natural frequencies of the beam and the mode shapes.

Results Required:- 1. Frequency tabular data 2. Mode shapes (6)

" A1 —
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Pre-Analysis & Start-Up:-
Pre-Analysis

The following equations give the frequencies of the modes and the mode shapes and are derived from Euler-
Bernoulli Beam Theory.

[EI
Wy = cxn.f-- EL

n=1,23,..
an = 1.875,4.694, 7.855, ...
m=pV=p-l-h-w

I=
|I ] 3
e — 2 | 70 B9 ke, DIEm D e B Tﬂ_
wy = 1.875 \."z.? E3 5 4m.0.346m-0.346m-(4m)* — 111.7 % =178 Hz

Iu'l kg 0.346m-[0.346m)%
wy, = 4.694% v

— *.r‘m:i
V27 Bs Boam0.346m 0 346m (4m)® =7004 7% =111.5 H=

." ! _D.S-:I.Bm-[ﬁ.liﬁm
ws=78552 (" Pma I
\,nz.? E3 %.4m-0.346m-0.346m-(4m)

= 1961.2 '“‘:—‘i =312.1 H=

yi(x) = cosh(T") — cos(T7) — oy(sinh(T°) — sin(T7))
a; = 1.875,4.694, 7.855, ..
o, = 0.73409, 1.018647, 0.9992245.
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Start ANSYS Workbench & Load Files

In this section we will launch ANSYS Workbench and then load the project file, "cantilever.wbpj" that was created

in the "Cantilever Beam" tutorial.
Start > All Programs > ANSYS 16.0 > Workbench

Rename Modal (ANSYS)

In this section we will input the properties of aluminum (as defined in the the Problem Specification) in to ANSYS.
First, double click Engineering Data,

, in the "Cantilever Modal" Project. Next, click where it says "Click here to add a new material"
as shown in the image below.

@ Engineering Data

Double click on Modal (ANSYS) and rename it to "Cantilever Modal".

Fle View Tools Units Help

I Toolbox
IE Analysis Systems I
(@) Electric (ANSYS)

¥ Explicit Dynamics (ANSYS)
Fluid Flow (CFX)

Fluid Flow (FLUENT)
HarmonicResponse (ANSYS)
@) Linear Buckling (ANSYS)

@) Magnetostatic(ANSYS)

[@ Modal (ANSYS) |
{ifj Random Vibration(ANSYS)
{ily Response Spectrum(ANSYS)
{23 Shape Optimization(ANSYS)

New (5 0pen... (el save [l save ... | g mport...

f@ Static Structural (ANSYS)
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«Reconnect ;& Refresh Proje

Project Schematic

v B
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2 | @ EngineeringData v/

3 @ Geometry

4| @ Model

5 @ Setup

6 @ Solution

7 @ Results
CantileverModal
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CantilevNoModal - Workbench

File Edit View Tools Units Help

INew Zopen... [al save [Hsaveas... | @limport... | +Reconnect ;& Refresh Project # Update Project | @ Return to Project € Com
P &l Outline Filter )

[ Physical Properties | 2

B LinearElastic 1 D ource k Locatio Description

‘E 2 g Engineerin Vv DB B2 Contents filtered for Modal (ANSYS)

% 2:::::3:2:::::: 3 “ General Materials |:| E General use material samples for usein various an |

) Brperimental Stress Strain Data 4 @ General Non-linear Materials D '\ General use material samples forusein non-linear |~

@ Hyperelastic 5 |@ explicitMaterials |:] E Material samples for use in an explicit anaylsis.

@ Plasticity 6 ﬁ Hyperelastic Materials D w Material stress-strain data samples for curve fitting,

@ Life 7 ﬁ Magnetic B-H Curves I:‘ ® B-H Curvesamples specificforusein amagnetican. !

B Strength 8 |+ Favorites Quick access list and default items &
< i1 ] »

Outline of Schematic B2: Engineering Data

= Material

_ | Fatigue Data atzero mean stress comes from
3 W Structural Steel =i 1998 ASMEBPV Code, Section 8, Div 2, Table
5-110.1
* Click hereto add a new material
&)
J

Next, enter "Aluminum" and press enter. You should now have Aluminum listed as one of the materials in table
called "Outline of Schematic B2: Engineering Data", as shown below.

Then, (expand) Linear Elastic, as shown below.

&l CantilevMoModal - 'Hurlc.bendil

File  View Tools Units Hel

|J New [ Open... =l save (&l

Physical Properties

E Linear Elastic

Isotropic Elastidty

Orthotropic Elastidty Outline of Schematic B2: Engineering Data =
Arisotrapic Elasicty | o
BExperimental Stress Strain Data B x
. E WM i
Hyperel Material
_ | Fatigue Data atzerc mean stress comes from
Flasticity 3 % structural Steel [[]|= | 1998 ASMEBPY Code, Section 8, Div 2, Table
5-110.1
Life . =% Auminum O
Strength = Click hereto add a new material

N:)W, (Double Click) Isotropic Elasticity. Then set Young's Modulus to 70e9 Pa and set Poisson's Ratio to 0.35,
as shown below.

Next, (expand) Physical Properties, as shown below.
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CantilevMoMaodal - Workbench
M\ CantilevNoMadal - Wo |

File  View Tools Units  Hel
mew S open... [d save &

X
|

|E| Physical Properties
Density

Isotropic Secant Coefficient of
Orthotropic Secant Coefficient
Isotropic Instantaneous Coeff

Properties of Qutline Row 4 Aluminum

Orthotropic Instantaneous Cos

Constant Damping Coeffident 1

Damping Factor (B) 2 Density 2700 kam~3
Linear Elastic 3 |3 Isotropic Elastidty

Experimental Stress Strain Data 4 Derive from Young's Modulus and Poisson’s Ratio
Hyperelastic 5 Young's Modulus TE+10 Pa v
Plasticity & Poisson's Ratio 0.35

Life 7 Bulk Modulus 7.7778E+10 Pa
Strength 8 Shear Modulus 2.5926E+10 Pa

Now, (Double Click) Density. Then, set Density to 2,700 kg / m"3 , as shown below.

Now, the material properties for Aluminum have been specified. Lastly, (Click) Return To
Project @ Return to Project )

Save

Save your project now and periodically, as you work. ANSYS does not have an auto-save feature.

Go to Step 2: Geometry Create geometry as same as we have done in experiment no 3.

Mesh

Launch Mechanical

(double click) Model, @ Mode , in the "Cantilever Modal" project.

Generate Default Mesh

First, (click) Mesh in the tree outline. Next, (click) Mesh > Generate Mesh as shown below.

(%) B : Cantilever Modal - Mechanical [ANSYS Academic Teaching
| File Edit View Units Tools Help || @ | </Solve ~ 1
JMesh :/E Update | B Mesh - @.‘Mesh Control = | .||||h:'1et

i |
Project ¥ Preview Surface Mesh

B @ Model (B4) ¥ Preview Source and Target Mesh
El ..... I Geome

- L{ % Editin CFX-Mesh
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Size Mesh

In this section we will size the mesh, such that it has ten uniform elements. In order to size the mesh, first
expand Sizing located within the Relevance centre fine and Smoothing High

Now, (click) Mesh > Generate Mesh in order to generate the new mesh. You should obtain the mesh that is shown
in the following image.

| File Units Tools Help JJ @ =i | sove v 2/Showknors T [iE Y @ v [JWorksheet iy

[RAYR-CRERR(@ScQAQIQARAAE NS D O

7 Show Vertices  §3Wireframe | "2 howivesh & B Random Colors 5 Annotation Preferences | [, 1, [, “ #1 (Jefeset BxplodeFadtor  f————————— jsemblyCenter  ~

W Edge Coloring v £~ /v A~ Av A~ A |4 |+l Thicken Annotations

Mesh /U @ Mesh v @, Mesh Control v @ MeshEdit v | || Metrc Graph | [@Probe | @ v
] ¥ tpcale Al

[ .

aet

|Filter: Name v

@ Soid
5K Coordinate Systems
& Mesh
,@ Modal (AS)
¢ f:% Pre-Stress (None)
: /7 Analysis Settings
1/ Solution (A6)

=) Display &
Display Style [Body Color

Physics Preference |

|| Relevance io
=l Sizing
Use Advanced Size Function | Off K
Relevance Center Fine
|| Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast I 500.00 1000.00 (rrr)
Span Angle Center Fine
Minimum Edge Length 3460 mm 250.00 750.00
41/ Patch Conformina Ontions ~ \Geor Print Preview, t Preview, ]

110 No Messages No Selection

[Metrc (mm, t, N, 5, mY, mA) Degrees rad/s Celsius 7
312PM

A
8/30/2017

s

Physics Setup

Material Assignment

At this point, we will tell ANSY'S to assign the Aluminium material properties that we specified earlier to the
geometry. First, (expand) Geometry then (click) Line Body, as shown below.

@) 8 Modal (ANSYS) - Mechanical A
J File Edit View Units Tools Hel
JGeumetl}r| B Point Mass % The

g| Project
= 3| Model (B3)
El ----- ,,‘ Geometry

N ﬂ %
----- v _:;:, Coordinate 5 ms
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Then, (expand) Material in the "Details of Line Body" table and set Assignment to Aluminium, as shown below.

At this point your "Details of Line Body" table, should look comparable to the following image.

Fixed Support

“"E\‘. .
"'-m\

Department of Mechanical Engineering

+ Graphocs Ptoperbes
(= Definition
- Suppressed
Coordinate System

Reference Temperature By Envnronment

No
| Default Coordinate ..

Offset Mode Refresh on Update
Offset Type ' Centroid

= Material A .
Assignment UG g —
Nonlinear Effects Yes %ml
Thermal Strain Effects  Yes

* Boundmg Box _

[+ Properties

+ Statistics

Graphics Properties

[=1| Definition

Suppressed

Mo

Coordinate System

Default Coordinate ...

Reference Temperature | By Environment
Offset Mode Refresh on Update
Offset Type Centroid

[=1| Material
Assignment Aluminum
Monlinear Effects Yes
Thermal Strain Effects | Yes

Bounding Box

Properties

Statistics

First, (right click) Modal >

Insert > Fixed Support, as shown below.
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Next, click the vertex selection filter button, . Then, click on the left end of the beam and apply it as

| Fie Eit View Unis Tods Hep || @

Department of Mechanical Engineering

|r§§ Edt View Unis Toos Hdpio JSove ~ tH g s |

| Environment @ Inedtial v @ Loads v QSuppm'] B

alb Rename

— Oa Frictionless Support

@ Cylindrical Support
;'. Simply Supported
'@, Fixed Rotation

'@, Elastic Support

'@, Constraint Equation

E Commands

the Geometry in the "Details of Fixed Support" table.

| ;Soive v WshowErors T [ Q) & [A] (@~ B worksheer iy

[AYR-ERER & SeRAIQFAAE N8 O[O

| 5 Show Vertices §RWireframe | PgShow Mesh & bl Random Colors (5 Annotation Preferences | 1, 1. [,

H 2 (eReset ExplodeFactor f————————— assembly Center -

| MEdgeColoring v £ fiv Av A~ Av A Pl |- Thicken Annotations

| Environment S Inertial v i Loads v @ Supports v & Conditions v @, Direct FE v . 1ass Flow fare | B |

.

|Filter: |Name ~|

&) Pro

B (@) Model (a2)

-, Geometry

| ey @ Sold
¢Am‘m5yshems

-/ mu-l (as)
Y_p Pre—sness (Nme)

Ao+t

Scope
Scoping Method | Geometry Selection

0.00 1000.00
500.00

1500.00

2000.00 (mm)

ANSYS

R16.0

Academic

Geometry |1 Face

[\ Geometry {Print Preview ) Report Preview/

= Definition

Type [Fixed Support

2 Tabular Data

Suppressed | No

=

Make sure that you set Mode to the respective mode number. At this point, your Outline should look the same as

Numerical Solution

Specify Results (Deformation)

the following image.
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Here, we will tell ANSYS to find the deformation for the first six modes. Then, we will be able to see the shapes of
the six modes. Additionally, we will be able to watch nice animations of the six modes.
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Department of Mechanical Engineering

(&) 8 : Modal (ANSYS) - Mechanical [ANSYS Acade

| File Edit View Units Tools Help || @ |

J Solution Information 5 Result Tracker -

Outline

In order to run the simulation and calculate the specified outputs, click the Solve button,

Project
= g8 Model (B3)
----- ﬁ Geometry
,,%\ Coordinate Systems

: - AEf1 Mesh
= Modal (B4)

- jT=0 Pre-Stress (Nong)
-/ Analysis Settings

- inﬂ Fixed Support

=-/63 Solution (B5)

------- .,{B Solution Information

Select all natural frequency and right click to solve for results.
Tabular Data

Mode ||? Frequency [Hz]

& [ [= ][
A el e

17.68

107.04
179.16
285.26
318.23
52541

Right click on Solution and evaluate all results

Numerical Results

Mode Shapes

Mode 1
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Mode 2

Mode 3

Mode 4

Mode 5

Mode 6
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Verification & Validation

For our verification, we will focus on the first 3 modes. ANSY'S uses a different type of beam element to compute
the modes and frequencies, which provides more accurate results for relatively short, stubby beams such as the one
examined in this tutorial. However, for these beams, the Euler-Bernoulli beam theory breaks down and is no longer
valid for higher order modes.

Verification

Comparison with Euler-Bernoulli Theory

From our Pre-Analysis, based on Euler-Bernoulli beam theory, we calculated frequencies of 17.8, 111.5 and 312.1
Hz for the first three bending modes. The ANSYS frequencies for the first three bending modes are 17.7, 107.0 and
285.2 Hz. Note that in the ANSY'S results, the third mode is NOT a bending mode. So the fourth mode reported by
ANSYS is the third bending mode. These results give percent differences of 0.6%, 4.2% and 8.7% between
ANSYS and theory. Thus the ANSYS results match quite well with Euler-Bernoulli beam theory. Note that the
ANSYS beam element formulation used here is based on Timoshenko beam theory which includes shear-
deformation effects (this is neglected in the Euler-Bernoulli beam theory).

Viv. ions:-

What is modal analysis?

What is Natural frequency?

How many natural frequencies and mode shapes can beam has? Why?
How will you verify whether the simulation is correct? Explain methods.
What do you mean by Degree of Freedom?

What is the total degree of freedom of ANSYS commercial package?
What is discretization?

Mention different types of elastic constants.

© 00 N o g~ wDdE

Specify the terms required to solve FEA problem.
10. Define: Modulus of rigidity, Bulk modulus.
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Qpening Workbench

1.0n your Windows 7 Desktop click the Start button.
2.Under Search Programs and Files type “ANSYS”

3.Click on ANSYS Workbench to start workbench. This step may take time.

m n of

1.As you open ANSYS you can see the entire array of problems on the left had side this software can help you
solve. The problem at hand is a Static Structural problem. Double click Static Structural (ANSYS) to open the

ncentr L

task manager for your problem set in the Project Schematic area.

2.ANSYS allows you to build on each problem, so it is smart to name each project. At the bottom of the task
manager you will see Static Structural (ANSYS), double click this to change the name. For this problem choose

“3DCantilever beam.”

Engineering Data

To begin setup for your cantilever beam, double click or right click on Engineering Data and click edit. This will

bring up another screen.
A Unsaved ""F“

[@ Physical Properties

Fie View Tools Units Hep
e (Fopen... d Save [ save as... | Flimport.., | #o Recomect

Bl Analysis Systems |
@) Electric (ANSYS)
Y Explicit Dynamics (ANSYS)

& Fluid Flow (CFX)

(& Fluid Flow (FLUENT)
HarmonicResponse (ANSYS)
B} Linear Buckling (ANSYS)

(i) Magnetostatic(ANSYS)

B Modal (ANSYS)

fily Random Vibration(ANSYS)
i} ResponseSpectrum(ANSYS)
£ Shape Optimization(ANSYS)
) Steady-State Thermal (ANSYS)
B} Thermal-Blectric (ANSYS)

& Transient Structural (ANSYS)
¥ Transient Thermal (ANSYS)
Component Systems 7\
lm Custom Systems i

Design Exploration

- X

Fle View Tools Units Hep
_INew 5 open... gl Save [l savess...

‘ﬂlmoort... «p Reconnec

Project Sch

ematic

' Engineering Data

Satic Stfuza? (ANSYS)

¢t i Refresh Project  Update Project | (3 Fro

Department of Mechanical Engineering

ect 0Cumpaa Mode

A

B c

@ Refresh Project 7 Undate Project | (B)Return toProject () Carpact Mode

1}

@ Linear Elastic

Data Source

/| woctien

|
|
B E:weﬂmenm Sress Strain Data |
I Hyperelastic |
@ Plasticty

@ Life

@ Strength

& Engineering Data
B censral Materiak

a2

[]h!

Contents filtered forStatic Structural (ANSYS). .}
General use material samples for use in various analyses,

General use material samples for use in non-linear analyses,

il solict Materias

]&

Material samples for usein an explicit anaylsss,

W) HyperelasticMatenas

v
1
2
E
4 | @ General Nonfinear Materigs ||
5
6
t

W Magnetic-H Curves

0=
D=

Material stress-strain data samples for curve fiting.

&-H Curvesamples specificfor usein amagnatic analysis.

Outline:
v A B|C| o
1| ContentsofEngineeringDta 2 | b 5. Description
2
Fatigue Data atzero mean stress comes from
3 W srucural el | Sf}a}smeswcm. Saction 8, Div 2, Table

This new window will allow you to alter the material properties of your cantilever beam. Under Outline of
Schematic A2: Engineering Data, it shows click here to add a new material, this menu allows you to input the
material of your cantilever beam, double click and type Aluminum.
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1 |ContentsofEngineeringDatz | £

- Now expand Linear Elastic by double clicking on |8 Linearelastic or on the plus
3 % Structural Stee I Bl Linear Elastic

s [ % sumnm | 4 Isotropic Elasticty

: k hee to add a new materia 4 orthotropicElastidty

symbol shown. ‘E Anisotropic Elastigty

Double click on Isotropic Elasticity to give the material the same properties across the beam. This action brought
up a new table on the right; this allows us to add necessary properties. As shown on the top right of the screen in
Table of Properties Row 2: Isotropic Elasticity:

1. Click in Temperature and type 25

2. Click in Young’s Modulus and type 70E9 or 7E10

3.Click in Poisson’s Ratio and type 0.33

4. Make sure to DELETE the Temperature entry after property input before continuing! Failure to do so will lead to

errors later.
Table of Properties Row 2: Isotropic

- A B C

1 Temperature {C) .= | Young's Modulus{Pa) * | Poisson's Rato

2 25 JE+10 0.33

=

After filling in the properties, this concludes the Engineering Data, to return to the project schematic area, click on

| Gretm Rt oon on the upper tab.

Geometry-GEOMETERY 1(Non Filleted)

Base Geometry
1. Go to Workbench -> Project Schematic -> Geometry and double click. This will open a new window for
ANSYS Design Modeler where the Geometry will be created.

Dt}
L File Create Concept Tools Units View Help
Selact desired lan gih unk | AEHE | e Select: | #; 1
XYPlane hd D’- None E
= Meter ™ Fon ',j’ Generate Parameters
' Canbmeter E,Extrude ﬁRe\ro\ve %Sweep gskm!Lof't
™ Milmeber 4

Micromeder

= ,,@ A: Static Structural

ot T
3 ZXPlane 1o R 2
ename
: v‘:*‘ ¥ZPlane

., 3 O Parts, 0 Bodies

I smways usa project uni

T shwsys use ssiested uni
I~ Enable largs model sugpen

Note: Select meters and hit ok

In the new window, click the Display Plane icon to toggle the coordinate system.

Go to Design Modeler > Tree Outline >right click on XY Plane. Click Look At to view the YZ plane.
Go to Design Modeler -> Tree Outline -> Sketching

arw®

J{-R\ -L.- - _?6.-
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Draw A
£ Tangent Line
6 Line by 2 Tangents
J\ Polyline
(S3Polygon
] Rectangle Auto-Filet: [~
Modify |v
Dimensions
Constraints
Settings

Sketching | Modeling

~N o

g Toolboxe

Draw

000 B

70,00 ()
]

17.50

Click on Rectangle and Click off Auto-Fillet:
Draw a rectangle by free hand

& Line by 2 Tangents
A Polyline
(S3Polygon

[E3Rectangle

Auto-Filet: T~

Rectangle by 3 Points
Modify -

Dimensions

Constraints

Settings

Sketching | Modeling

Details of Sketch1

5250

Sketch Sketch1
Sketch Visibility | Show Sketch
Show C i No
= Edges: 4
Line Ln7
Line Ln8
Line Ln9
Line Ln10

Sketching Toolbores

70,00 (mm)

Draw
Meodify
[ General
4 Horizontal
[ Vertical
«Length/Distance
(< Radius
Constraints
Settings
Sketching [ Modeling |
Details View
=) Details of Sketch1
Sketch Sketch1
Sketch Visibility | Show Sketch
Show C ints? [No
=) Dimensions: 2
[ IH1 100 mm
50 mm
]| Edges: 4
Line Ln7
Line Ln8 0.00 3530
Line Lng
Line n10 =

Give the geometry dimensions i.e. V2=50mm and H1=100mm.

8. Extrude the geometry to the height=30mm.

9. Select the Face Element@or pressCtri+F.

FEA LAB (7ME4-21) Manual 2021-22

52.50

70.00 (mm)

<o

i hﬂ.

Department of Mechanical Engineering

~
Dr. Mahesh Eunﬂal

Dlractar
fﬁlm

e lnatihrtlclnm Area

ura, JArus

ng



Poornima College of Engineering, Jaipur Department of Mechanical Engineering

10. Select the longer face of the solid, and click on sketching. Draw another rectangle over the longer face and
give dimensions V1=30mm and H2=70mm.
11. Extrude the face at height 50mm.

Tree Outline
= A: Static Structural
-y 3 XYPlane
b oy ZXPlane
w3 VZPlane
B ‘,. Extrudel
-, 1Part, 1Body

LM Graphics

Sketching Modeling

Details View 3
et 2
=) Details of Extrude1

Extrude Extrude1

Geometry Sketch1

Operation Add Material

Direction Vector | None (Normal)

Direction Normal

Extent Type Fixed

__| FD1, Depth (>0} |30 mm

As Thin/Surface?

No

Merge Topology? |Yes 0.00 40.00 80.00 {mm)
= [ I )
| ceamety selertion 1 2000 60.00
Sketch | sketcht

Draw
Modify
| General
1o Horizontal
[ Vertical
«J*Length/Distance
& Radius
Constraints
Settings
Sketching | Modeling |
Details View e
= Details of Sketch2
Sketch Sketch2
Sketch Visibility Show Sketch
Show C i No
=) Di i 2
C1H2 [70 mm
tom
=) Edges: 4
Line tn17
Line Ln18 0.00 40.00 80.00 (mm)
i I ]
Line Ln19
—— = 20.00 60.00
‘Tree Outline

B , A Static Structural

-8 1Part, 1 Body

Sketching  Modeling

Details View
(= Details of Extrude2
Extrude Extrude2
Geometry Sketch2
Operation Add Material
Direction Vector | None (Normal)
Direction Normal
Extent Type Fixed
| FD1, Depth (>0} [ 50 mm
As Thit No X
Merge Topology? | Yes 45.00 90.00 (mm)
= 'y Selection: 1 — — ]
Sketch Sketch2 250 5730
Model View | Print Preview
| @ Ready |No Selection Millimeter Degree 0 o

12. Close the Design Modeler and switch to the Model from Project Schematic.
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|Filter: Name =
Project
=] Model (B4)
/& Geometry
2% Coordinate Systems
= -’E Insert »

] # Update

Pl

Generate Mesh

Preview »
Show b
= Create Pinch Controls

2] Clear Generated Data
. b Rename (F2)
Details of "M
=1 Defaults S
Physics Preference | i
Relevance o \ Geometry {Print Preview } Report Preview/ ]
1+ Sizing =
Inflation Messages 2 x
=| Patch Conforming Options Text | Association | Timestamp
Triangle Surface Mesher | Program Controlled Error | You need at least one structural load to proceed with the solution. Project>Model>Static Structural> Solution Friday, October 20, 2017 10:
| Patch Independent Options Error | You need at least one structural load to proceed with the solution. ' Project>Model> Static Structural Friday, October 20, 2017 10:
Topology Checking [Yes
+| Advanced

100.00 (mm)

Statistics

13. Select Mesh(right click)>>Generate Mesh.

e o TmmSuGn T mLvous T TR ouppUIa T e Ly T

3 Standard Earth Gravity
| Fitter:  Name 8, Rotational Velocity
&) project B, Pressure
- & Geometry @, Hydrostatic Pressure
-y 3K Coordinate Systems @, Force

Mechi . Remote Force
@, Bearing Load

i Bolt
9, Moment
2] Clear Generated Data @, Line Pressure
alb Rename (F2) ®j Thermal Condition
= —— % Joint Load
S5 OpenSolver bles Directoty @, Fluid Solid Interface

[ Ficed Support

@, Displacement

Details of "Static Structural (BS)" 3

8, Remote Displacement 000 5000 " 100,00 (mrm)
=1| Definition @, Frictionless Support gon—_n'on—_l
Physics Type Structural Q c ion Only Support
Analysis Type Static Structural @ Cylindrical Support |
Solver Target ical APDL A

), Elastic Support R x Tabular Data

| Environment Temperature | 22. °C 9. Constraint Equation | Association
Generate Input Only [No eed with the solution. | Project>Model>!
&), Nodal Orientation eed with the solution. | Project>Model>!

@, Nodal Force

&, Nodal Pressure

@ Nodal Displacement
@, EM Transducer

14. Select Static Structural(Right CIick)>>Insert>>F'ixed Support.

LUVHUIIEI. e G * R LUBUS Tk SUPUIS © R SIS e UnEr T | L |
Outline
|Filter: Name v
Project
£ (@ Model (84)
E /& Geometry
[/ Coordinate Systems
/& Mesh
B9 Static Structural (B5)
§ /g Analysis Settings
M3, Fixed Support
7- Solution (B6)
(%] Solution Information

(=)

Details of “Fixed Support’ w0 000 | 00
= Scope
Scoping Method | Geometry Selection 25.00 75.00
ceoney, || vree I\ Geometry {Print Previewh Report Preview/
~I| Definition
Type | Fixed Support Graph 2 Tabular Data
Suppressed | No 1.

15. Choose the base as the fixed support and select apply.
16. Select Static Structural(Right Click)>>Insert>>Force.
17. Choose the top surface of the as geometry to apply.
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18. Select the Magnitude and give it the value of 1000N.
19. Give the direction as shown.

File Edit View Units Tools Help “ @ =i | SSowve v 2/ShowErrors T ¢ 4 (@~ B Worksheet in

RAYR-RRER @ SARIQFBAAR Y E Q| O
5 Show Vertices g2 Wireframe | P Show Mesh & [ Random Colors 5 Annotation Preferences

| WNEdgeColoring v £~ Jfiv A~ A~ A~ A [Pl |-1Thicken Annotations

| Environment @ Inertial v @ Loads v @ Supports v @ Condit] _+ e

andard Earth Gravity
), Rotational Velocity

S, Pressure
/& Geometry @, Hydrostatic Pressure
/2K Coordinate Systems B Force

Mesh G, Remote Force

@, Bearing Load
"] Bolt Pretension
3, Moment
@, Line Pressure

@) Thermal Condition
@ Joint Load

3 Open Solver Files Directory S, Fluid Solid Interface

2] Clear Generated Data
b Rename (F2)

@, Fixed Support

o = 3, Displacement
Details of "Static Structural (B5)" L

&, Remote Displacement 100.00 {(mm)
]| Definition @, Fricti Support - —
Physics Type Structural @ Only Support
Analysis Type Static Structural Geome @ ¢yindrical Support ]
Solver Target Mechanical APDL n . = =
i (Graph | % Elastic Support 2 Tabular Data 1
| Environment Temperature | 22, °C | | Sh Constraint Eatation 1

| File Edit View Units Tools Help ]j @ =% | fSove v 2/ShowErors FH ¢ ) (@)~ @ Worksheet in

A Y R-REOR (& SRAAQARAE NG 8 | O
£ Show Vertices &8 Wireframe | T Show Mesh & [ Random Colors > Annotation Preferences
Il Edge Coloring v A~ /i~ A~ A~ fiv A [Pl |~IThicken Annotations

Environment @ Inertial v @ Loads v @ Supports v @ Conditions v @, Direct FE v | B |
Outline 2

| Filter:  Name -

/B Geometry
2K Coordinate Systems
Mesh

E1-/=] Static Structural (B5)
/7 Analysis Settings

/3, Fixed Support

\, Force

5§48 Solution (86)
-4{3] Solution Information

Details of “Force’ i) 0.00 50.00 100.00 (mm)
| — S—

= Scope

Scoping Method | Geometry Selection L i

Geometry |1 Face \ Geometry {Print Preview }\Report Preview/ ]
=| Definition - = =

Type Force Graph # Tabular Data 3

Define By Vector 1. || Steps | Time [s] |[v Force [N]

] i 1000. N (ramped) 1000. 4i 11 0. o. il

Click to Change L X T R 1000.
Suppressed No 1y 2
e, S —————{

. Messages. Graph |

N~
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Choose Total Deformation and Max. Principle Stress from solver and click on SOLVE.
20. Note the values of the Total Deformation=8.164x10°and the value for Max. Principle Stress=

0.00021773
0.00019051
i 0.0001633
_ 0.00013608

T

- 8.1648¢-5
5.4432-5
2.716e-5
0 Min

ik

0.00 50.00 100.00 {rnim)
= E_— )
25,00 75.00

0.47258MPa at the meeting edges.

Rt

| 1168
0902
081767

i
0.30003
01278 e
-0.045063 Min
X
000 5000 100,00 )
— TE— .
25,00 7.0
= 61
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Geometry-GEOMETERY 2(Filleted)
Base Geometry

1. Go to Workbench -> Project Schematic -> Geometry and double click. This will open a new window for

agrwn

Department of Mechanical Engineering

ANSYS Design Modeler where the Geometry will be created.

Selact gesinad en gth unk

= Meter

T centimeter

' Milinetsr

T Micromeder
I™ Asways usa projeet unt

I sowmys use selected uni
™ Enable laigs medsl suspant

Note: Select meters and hit ok
In the new window, click the Display Plane icon to toggle the coordinate system.

Go to Design Modeler > Tree Outline >right click on XY Plane. Click Look At to view the YZ plane.

DM

File Create Concept Tools Units View Help

ﬂﬂﬁ|ﬁ| DlUndo R Redo |Se|ed:la 1

XYPlane - )}-‘ MNone - ﬁ

R Extrude *Re\ml\.’e & Sweep 4 Skin/Loft

|
|
|
J j Generate WP Share Topology Parameters
|
|

W Thin/Surface % Blend = % Charnfer W Slice |J 4

Tree Qutline
= ,,@ A Static Structural

/9 Look at
&b Rename (F2)

‘/* YZPlane
- @ 0 Parts, 0 Bodies

Go to Design Modeler -> Tree Outline -> Sketching

6 Tangent Line

6 Line by 2 Tangents
J\ Polyline

@ Polygon

[T Rectangle

Moy

Dimensions

Constraints

Settings

Sketching | Modeling

Details View

Graphics

0.00

390 70,00 (mrm)

17.50 B 52.50
6. Click on Rectangle and Click off Auto-Fillet:
7. Draw arectangle by free hand.
A
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g Toolboxe
Draw

& Line by 2 Tangents

A\ Polyline

(3Polygon

[ERectangle

{Rectangle by 3 Points
Modify
Dimensions
Constraints

Settings

Sketching | Modeling

Department of Mechanical Engineering

70,00 (mm)

=1 Det Sketch1 |
Sketch Sketch1
Sketch Visibility Show Sketch
Show C i No
-/ Edges: 4
Line Ln7
Line Lng
Line Ln9
Line Ln10
17.50
8. Give the geometry dimensions i.e. V2=50mm and H1=100mm.
{gimdmg Toolboxes rﬁmﬁﬁﬁs
Draw
Modify
[ General
1 Horizontal
[ Vertical
«J~Length/Distance
| (" Radius
Constraints
Settings
Details View
(= Details of Sketch1
Sketch Sketch1
Sketch Visibility | Show Sketch
Show C i No
= Dil i 2
[ 1H1 100 mm
50 mm
=) Edges: 4
Line Ln7
Line Ln8
Line Ln9
Line tn10

9. Extrude the geometry to the height=30mm.

10. Select the Face Element.@or press Ctrl+F.

11. Select the longer face of the solid, and click on sketching. Draw another rectangle over the longer face and

give dimensions V1=30mm and H2=70mm.

L4 Graphics

- [ Extrudel
-/ 1Part, 1Body

/| Details of Extrude1

70,00 (mm)
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Extrude Extrudel
Geometry Sketchl
Operation Add Material
Direction Vector _|None (Norma) || e
Direction Normal
Extent Type Fixed !
[ FD1, Depth (>0) |30 mm %
AsThin/surface? | No
Merge Topology? | Yes 0.00 40,00 50,00 (mm)
5l y ion: 1 I T
Sketch Sketch1 200 8000
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Tree Outline

5@ A Static Structural

[y 3 XVYPlane

-8 1Part, 1 Body

Sketching