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Static Stress Analysis of a Beam Fixed at One-End and Subjected to a Uniform Pressure on a
Segment of Its Surface at The Free-End Using ANSYS Workbench

Cyrus Hagigat, Ph.D., PE
Professor of Engineering Technology at University of Toledo

Introduction:

This article contains step-by-step instructions for analyzing a beam using the 2022 Rev 2 of
ANSYS workbench. It must be emphasized that as future revisions of ANSYS workbench are
released, the instructions presented in this article will not exactly match the software. In fact,
the YOUTUBE tutorial that is reference 1 of this article solves the problem using an earlier
version of ANSYS, and the instructions presented in this article do not exactly match the
tutorial.

Step-by-step instructions:
Click on Windows at the bottom left corner, and the following pops on.

Access 2016
Acrobat Reader DC
Amazon

ANSYS 2020 R2

ANSYS, Inc. License Manager

Calculator

Camera

Cisco Webex Meetings Desktop...

Calculator

Connect

Cortana

“»

Microsoft E

Excel 2016
powerpoint

Firefox

Hll O Type here to search i}
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Click on “ANSYS 2020 R2,” and the following pops on.

Energico 2020 R2

EnSight 2020 R2
EnSight Launcher 2020 R2
EnVe 2020 R2
EnVideo 2020 R2
EnVision 2020 R2
FENSAP-ICE 2020 R2
File Association 2020 R2
% Fluent 2020 R2
Forte 2020 R2
Calculator

! Forte Monitor 2020 R2

Forte Simulate 2020 R2

\ing 2020 R2 Click on “Mechanical

Microsoft

Mechanical 2020 R2 2020 R2

powerpoint
Mechanical APDL 2020 R2

Mechanical APDL Product Launche...

Model Fuel Library 2020 R2

L Type here to search

After doing the above, two separate and distinct screens become available. They can be
accessed from the bottom of the Windows screen. They are like having two different programs
open at the bottom. One is the project window, and the other is the “mechanical interface”
window. The projects window is called WB (at the bottom of the screen). WB stands for Work
Bench. The other window is called M. M stands for Mechanical.

Please don’t assume the program is not working when it takes a long time for both windows,
especially the second window, to appear.
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The following is the M (Mechanical) window.

First click on context
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After clicking on “Static Structural,” the following appears.
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p— Structural” above.

The above is small. The following is the enlarged version.

{_l Project®
= Model (A4, B4)
....... ?ﬂ Geometry

i ----- v ﬁ Materials
I ----- 532 Coordinate Systems
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By minimizing the above interface by clicking on its “_" on the upper right-hand side, the added
part becomes visible, as shown below on the “projects screen.” The project screen is the same
as the “WB” screen at the bottom of the screen. Recall that “WB” stands for Work Bench.

,.; Unsaved Project - Workbench

File  VWiew Tools Units Extensions Jobs Help

wEBe

A Y=21= A Project

i1 Import... | <y Reconnect [¢] Refresh Project # Update Project | mm ACT Start Page
Toolbox AR Bl Froject Schematic

| B Analysis Systems
[ Coupled Field Static

[ coupled Field Transient hd v B

3 Eigenvalue Buckling i ' Mechanical Model 8 = Static Structural

Electric 2 @ EngineeringData 4 H2 & EngineeringData A
Explicit D i

plicit Lynamics 3 9 Geometry e a3 G Geometry 4 d

Fluid Flow - Blow Molding (Polyflow) ﬁ = @ -
Fluid Flow- Bxtrusion{Polyflow) i Model s 4 5 IS o
Fluid Flow (CFX) Mechanical Modd 5 @ sewp ? .
Fluid Flow (Fluent) 6 Solution 7 4
Fluid Flow (Polyflow) 7 9 Results F 4

Harmonic Acoustics
Harmaonic Response Static Structural
Hydrodynamic Diffradion
Hydrodynamic Response
IC Engine {Fluent)
Magnetostatic

Madal

Maodal Acoustis

Random Vibration
Response Spectrum

Rigid Dynamics

Static Acoustics

Static Structural
Steady-State Thermal
Thermal-Electric

(2l Topelogy Optimization

ﬁ Transient Structural

¥ Transient Thermal

@ Turbomachinery FluidFlow

Component Systems

ECHENEEECENRERERROERRE

=

e

=

Custom Systems

e

Design Explaration
ACT

=

As shown above, “Static Structural” consists of 6 parts. They are

e Engineering Data
e Geometry

¢ Model
e Setup
e Solution

e Results
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Note that “Engineering Data,” “Model,” and “Setup” can only be accessed through the
“Projects” window and cannot be accessed in the “Mechanical” window, as shown by the fact
that they are grayed out in the “Mechanical” window.

The following defines the problem that is going to be solved®.

. . . Not Real Engineering
ANSYS Tutorial-1: Static Analysis
= Bending of 3D beam

’ Run your first example in ANSYS WORKBENCH
L

“

0.1
>

*All dimensions are in m.

|

<>

0.1 1
ANSYS workflow:
Youngs modulus of Wood =|8x10? Pa - - Units:
Poisson’s ratio of Wood ={0.3 | : S
2|@ EngneerngData v/ Length m
Weight of monkey = 30 kg 3| @ Geometry ?. Hia N
4 @ Model ? 4 Mass kg
Area on which monkey is sitting = 0.01 m? > 2 S Lo sTt'r'Zses ~ (,:, z
6 | @@ Solution R m
Ener J
Pressure exerted on beam by monkey = 30x9.81/0.01 7| @ Resus £ Dere\sigt:/ ka/m? A
=29430 ~ 30[000 Pa Static Structural

The following steps are implemented on the two distinctly separate screens (Project and
Mechanical). The content clarifies which screen should be used.
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Click on “Units” on top
of screen and then

= " ”
click on 758l
‘:’. Unsaved Project - Workpesth
Fle View Tools Extensions Jobs Hebp
S8 SI (kg,m,s,K,AN,V)

T aR | v Metric (kg,m,s,°C,A,N,V)
e | Metric (tonne,mm,s, °C,mA,N,mV)

@) import... | @ Req nm ACT Start Page
e . U.S.Customary (bm,in,s, F,A,bf,V)
X
e U.S.Engineering (b,in,s,R A Ibf,V)
alysis Systems
l—*‘y“‘“““”“‘—"l v values as Defined
[ CoupledFieldtati ¥  Dispdy -

[ Coupled Field Trar Display Values in Project Units A

v B
B Eoemletuckid— e :

@ Electric urmgtringData v ,———8 2 & EnginesringData +
licit ’
g et Dynnic 3 @ Geometry ? .83 @ Geometry ?.

Fluid Flow - Blow Molding (Polyflow) f — ‘ —
Fluid Flow- Extrusion(Polyflow) 2 o Model ¥ 4 . o Model ¥ 4

Fluid Flow (CFX) Mechanical Modd H ﬁ Setup T .2
Fluid Flow (Fluent) 6 @ Solution ¥
(& Fluid Flow {Polyflow) - ‘0 Results s .
&) HarmonicAcoustics

Y HarmonicResponse

[ Hydrodynamic Diffraction
) HydrodynamicResponse
&8 1C Engine (Fluent)

) Magnetostatic

il Modal

) Modal Acoustics

Iy Random Vibration

i ResponseSpectum
B3 Dinid Nunamice

Static Structural

@ Geometry 7 @ Geometry ?.
6 Model D — e Model 2 2
Double click on Mechanical Model 5 a Setup ?;
. . 6 Soluti 7
“Engineering Data”. : f soer E
ts A
Static Structural

III

| think once a “Project” is defined, a “Static Structural” or another type of structural analysis,
such as vibration analysis, can be performed on the “Project.” The “Project” consists of 1:
Engineering Data; 2: Geometry; 3: Model.
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The following appears. Structural Steel properties in Sl units are listed as shown below.

Structural Steel
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Other materials can be added, as shown below.
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: Sructrl Steed e Varaes

Click on
“Enginéering
Data Sources” to
bring up other
material
properties. Make
sure you click
only once. More
than once,
creates problems.
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After the above, the following screen pops on. It is small, and it cannot be read.
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Click on “General
Materials”
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To see all available material available on the ANSYS database, scroll up and down.

After clicking on “General Materials,” as shown above, common materials such as Gray Cast

iron and Magnesium Alloys appear. Click on the “+” sign to add the particular material to the
first material table.

Below is an example of clicking on the “+” sign next to concrete.



coverage of matenal cata (6.5 Inewr, nondned, tmperatre
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Click on”+” next to
concrete and
concrete will be
added to the original
material table.
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| X
8 D -
1
2 | v Favontes Quack access kst and defoult fems
Samping of AETS Granta AEYSRANTA
| Materials Data for Smuiation o leam about the fll product with broader
3 | AETS GRANTA Matenisis Data for Seulaton (Sample) B8 B coverage of matenial data (0.9 Inexr, nondnexr, tesperatae
dependant, fatue eic) which ndid ]
e W Genersmaterss (s} B General use materal sanpies for use in various analyses.
s | W) ~cdvvemansfacunng Materais n _? ﬁ 4> vl sampies for use in addtve manufa
6 W ceomechancal Materss B B | General use matenial sampies for use with geomechanical modeis.
3 | B Comenete Matarise [l - ek by v
L} D E 2
1
3 2% Ar = S5 Cor General propertes for ar.
4 % Aumrum Aoy - B Cor General suminum aloy. Faso. from MIL+DBX-5H, page 3-277.
s % Concere - = e
0 S Comper Aloy = Ger
Sample F dans [ for
i D o | | | oo 00w vum ecomn, we o sl  ectin o o e
o 8 yarn drection.
8 % GayCastion = ® e
s %9 Magnesum Aloy o
T Onbatntana = - .. %
8 c
Densty »nD igm~-3
3 Q) Isovopic Secant Coefficent of Thermal Expansion
= §2 msovopcSastoty
® [ Svaniferwametes
@ B snanve 0 Tebuds
T4 Tensie vield syength 256408 Pa
B Compressve Yield Svength 255408 Pa
T8 Tensie Usmate Syength 468408 P
T3 Compressive Uitmate Svength o Ps

This shows that
“Concrete” has been
added to “Engineering
Data Source”
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Click on “Engineering
Data Sourcef to see
that concreté has
been added.

o S = e



Concrete has been
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| Progm Coroled | Progrm Camraled
| Prograe Corroled | Progrem Carroled

T Structral Steel

D Ger  Tavie 5-110.1

tress comes from 1998

¥ Code, Section 8, O

g here 1o add a new material

Material that is
not a part of
ANSYS data
base can also
be added by
clicking here

[
2 Marterial Fieic Variables T Table

3 Density % kg~ oy
4 @ T IsovopcSecant Coefficent of Thermal Expanson 4]
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12 |@ § Stranide Parameters &

n |@ P sHcuve T Tabuisr [a]
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Click on the box shown above, and type wood. The following appears.

LS tol ol L

U313 dources

B Physical Properties

@ Linear Elastic

@ Hyperelastic Experimental Data

B Hyperelastic

3 Qmete

8 Chaboche TestData

=[P4

@ Plasticty

4 % Structurdl Steed

8 Creep

-110.1

Fatgue Data at zero mean stress comes from
>| 7] | % G 1998 ASME BV Code, Secton 8, Div 2, Table S

@ ufe

= Click here to add a new material

B Strength

=

6, Gasket

B, Viscoelastic Test Data

B Viscoelastic

a8 Supnhmoqnbl

B8 Geomechanical

8 Damage

B CohesiveZone

@ Fracture Criteria

B Crack Growth Laws

@ Custom Material Models

B PrysicalPropetes

gr_b_urﬂuk

@ Hyp menta Dt
[ Hyperelastc

[ Chabache TestData

T

B Plasticty

B Creep

@ Life

B Srength

[ Gasket

B Viscoelastic Test Data

@ Viscoelastc

@ Shape Memory Alloy

& Geomechanical

& Cohesive Zone

@ Fracture Criteria

B Crack Growth Lavs

[ Custom Material Modds

Fatigue Data at zero mean stress comes from
| | @ 1998 ASME BRY Code, Sechon 8, Div 2, Table §
4101

Click here to add a new mater

Propertes of Outing Row 5: Woad
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——Wood has been
added.

ht “Wood” and
click on the™+" sign
next to “Linear Elastic”



After clicking on the “+” sign next to “linear Elastic,” the following appears.

Toolbox

Physical Properties

A
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* 0 X WF

Isotropic Elastidty 2 =
Orthotropic Elastidty 3 % Concrete
Anisotropic Elastidty

Bl LinearElastic 1 Contents of Engineering Data

Anisotropic Temperature Dependent Elas 4 % Structural Steel
Anisotropic Temperature Dependent Elas

Fatigue Data at zero mean stress comes from
1998 ASME BPV Code, Section 8, Div 2, Table 5

-110.1

=

Hyperelastic Experimental Data 5 ,% Wood

=

Hyperelastic & Click here to add a new material

Chaboche Test Data
Plasticity
Creep

=

=

=

Life

Strength

Gasket

Viscoelastic Test Data

=

=

=

=

is coelastic

=

=

Shape Memory Alloy

Geomechanical

=

=

Damage

Cohesive Zone

=

Fracture Criteria

=

Crack Growth Laws

=

Custom Material Models

=

|IE Fhysical Froparties ]

Bl LinearElastic | 1

Double T sty 2

S Material
% Concete

- Anisatrs pie Elastaty
-

C | ic k on " A AnisotropicTempersture Dependent Elas |
-

. E Anisotropic Temperature Dependent Elas

T struetesl Stesl
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H Hyperelastic

F Chabache Test Data
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@ Creep
B Life
@ Strength
B Gasket
@ Viscoelastic Test Data
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B Shape Mamory Alloy
B Geomechanical
E Damage
B Cohesive Zone

Click hare to add 8 new maberial

Properties of Qutine

B Fracture Critaria

B Crack Growth Laws
H Custom Material Models
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The following appears after double-clicking.
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Recall from the problem description that “Young’s Modulus” and “Poisson’s ratio” are defined as shown
below.

Youngs modulus of Wood =|8x10? Pa
Poisson’s ratio of Wood =|0.3
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¥e of Properiies Row 3: Isotropic Elashdty

A B c
1 | Temperatre ) .2 jﬁmﬁm Buk Moduls (Pa) | Shear Moduhs (Pa) ~
: |

Click on the arrow to define
the units for the Young’s
Modulus”.
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Fill in Young’s Modulus and Poisson’s ratio as shown below.

Table of Properties Row 3: Isotropic Elasticity

A

B

D

E

1 Temperature () =

Young's Modulus (Pa) -

Poisson's Ratio

Bulk Modulus (Pa) ~

Shear Modulus (Pa) ~

BE+09

0.3

6.6667E-+HIS

3.0789E+H09

Chart of Properties Row 3: Isotropic Elasticity * o

Poisson’s Ratio  mege

03

0.8
07
06
05
04
L T o e B e B e I B B . S B B o B o B |
0.2
0.1

0.1

Poisson's Ratio
(=]

0.z
-0.3
0.4
0.5
0.6
0.7
0.8
-0.9

01 0.z 0.z 04 05 0.6 07 0.e 09 1

Temperature [K]

0.2 0.1 0

J¥¥ 10b Monitor... | No DPS Connection || Shaw Progress ||%1 Show 0 Messages

As seen above, Poisson’s ratio can be filled as a function of temperature. However, for this
example, Poisson’s ratio is the same for all temperatures, and temperature is not even defined.
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After defining “Young’s Modulus” and “Poisson’s ratio,” “Bulk Modulus” and “Shear Modulus”
are automatically calculated in units of Pa, which was the input unit for “Young’s Modulus.”
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1

z
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s

“Bulk lus” and
“ShearModulus” are
calculated.
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Click on “X” to close
heering
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n

On the projects screen, double-click on “Geometry.

This is “Prgject”
scre

|22 Unsaved Project - Workbench

Fle View Tools Units Extensions Jobs Help
g
||| (8| / [H project

ﬂ] Import...

<9 Reconnect |9 Refresh Project # Update Project | B & ACT Start Page

AR Sl Project Schematic

[E Analysis Systems

(& Coupled Field Static

& Coupled Field Transient v A v B

@) Eigenvalue Buckling S8 " Mechanical Model 1
@ Eleatric 2| @ EngneeringData v 2 @ Engneerngata '
¥ Explicit Dynamics 3 O RS ?, o3 e ety 2,
(4 Fluid Flow- BlowMolding (Polyflow) - L - o —=
&) Fluid Flow- Extrusion (Polyflow) 4| @ Model P —c G Model 7 4
&) Fluid Flow (CFX) MechanicaliMode 5 Q Setup T
(4 Fluid Flow (Fluent) 6 |@3 Solution ¥ .,
(4 Fluid Flow (Polyflow) 7‘.07Resdts ’/ ‘
u Hmop S Static Structural

(¥ HarmonicResponse
& Hydrodynamic Diffracion

Q Hydrodynamic Response Dou Ie CI'Ck on
&4 1c engine (Fluent) llGeO etryn

(#) Magnetostatic

@8 Modal
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After “Double Clicking” on Geometry, a new window, as shown below, will pop up. The
appearance of the new window will take a while.

This new window will be the third independent screen that will appear at the bottom of the

screen. The name of this new window at the bottom of the screen is “SC.” “SC” stands for
“Space Claim.”

A:Mechanical Model - Design1 - SpaceClaim

Sketch Design Display Assembly Measure Facets Repair Prepare Workbench Detail Sheet Metal

Tools KeyShot

4| GiHome - 0B Ya X o7 s %a N8 : ¥
\ : — < [
F‘;Bt & Pian View NG O S oo gt T —5 ¢4 B b s EnaLt%I?SD End Sketch
'aste : . 2 —p & F Mo - T

AN B Line Circle Rectangle *., LY > x = IF X - Sketch Editing

Clipboard Orient Create Modify Constraints Edit End Sketch

Structure B
v |2 Designl

ANSYS

2020 R2

|Structure| Layers Selection Groups Views

-~ /.
Options - Selection ? T 2

 Sketch S 7
Sl e

Automatically Create Constraints 2
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Click on this to change
the coordinate to XZ as
shown below.



- Design1 - SpaceClaim

Page 28 of 98

Design  Display  Assembly Messure  Facets  Repair  Prepare  \Workbench  Detail  SheetMetsl Tools  KeyShot
= - - 3 - @ ~
‘ H . = N XD & = i 5
B e NO O Q5% 02 2282 7 e | M
o 2 & Plan View » @ ™y e 3 AT = A K St S Y \IJ z ;3[) EilEen
= . , e P E nable tcl
J | @ - g8 | Lnre Cice Recande - 3 o B 5 x SIEEE ([ - . Skelch  Editing
Clipboard Orient Create Modify Constraints Edit End Sketch
Structure &
[V1[€4 Designl |
‘ ANSYS
! 2020 R2
\
i
i
\
\
|Structure| Layers Selection Groups Views {
Options - Selection q i
4 Sketch L ‘
Automatically Create Constraints =
Snap to grid
Snap to angle
] Layout Skeich X
114} Dimensions !
\
rtesian dimensions i
(D) Palar dimensions i
[7] Lock base point v i
Properties q v
\
Z- ; ] ‘
' EoF P
: (o= [4]=
|F'repemes‘Appaaranne Aﬂesigﬂ x 4 b x

x=-4.9218 y=354111

A -

The wheel on the mouse can be used to zoom in and out.
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2020 R2
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The\sketching plane can
be changed by clicking
on this.



Page 30 of 98

The following shows how to erase entities once created. Consider the following screen, which is
independent of the FE example problem. A mistake was made during the process of repeating
what the YOUTUBE video said, and this was created as a result of attempting to correct the
mistake.
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Click on “Select” in the “Edit” box, as shown below.
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Drag » shetch curve 1o detach £

Then select using for example “Using Box"” option. Then click the “Delete” button on the keyboard.

The sketch screen will appear with nothing on it.



Create a rectangle by
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Once the rectangle is created, hit the “Esc” button.
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The following shows the screen after the rectangle has been created.

Click on “Dimension” to
dimension the newly created
rectangle.
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Click on this side
and dimensjon will
appearas 1
is what the
rectangle
dimensions were

when they were
initially created.
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The screen will appear as shown below.

Double click on
15mm, and then
typeNLOO which is
the desired

L 3

15mm

<
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After changing the 15 to 100, the rectangle won’t fit, and the screen appears as shown below.
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Click a reference to start creating dimension. Ctri+Click two objects to create a vartual point or line.
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Use the mouse wheel and fit the rectangle as shown below.
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Click a reference to start creating dimension. Ctrl+Click two objects to create a virtual point or line.
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Click on “End
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Clicking on “End Sketch Editing” will bring up the following screen, as shown below.

Clicking on “Sketch
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At this point, the
“SC” screenisin
“Pull” tab.
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Clicking on the mouse wheel and moving the mouse pointer on the screen will rotate the
rectangle, as shown below. An example is shown below.
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4k x
Select and drag a face to offset it. Select and drag an edge to round it.
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Rearrange the screen as shown below.
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Select and drag a face to offset it. Select and drag an edge to round it.
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As it is pulled while holding the “left mouse button,” type 1000, which is the length. The
following appears.
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The following is a beam with a length of 1000 mm and a rectangular cross-section with a side of
100 mm.
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Select and drag a face to offset it. Select and drag an edge to round it.




A section must be defined for the monkey to sit on.

Click on “Sketch
Mode” to go to
sketghing screen.
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After entering “Sketch Mode,” the screen appears as shown below.
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Click to set a secondary selection to be used within other tools
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Select a face by putting the mouse pointer on it and clicking on it.
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selected, these buttons
appear. Click on this
button to get a top
view of the selected
face.
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The “SC” screen appears as shown below.
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Click on “Line”
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Create a line as shown below. After the creation of the line, hit “Esc” on keyboard to get out of

line creation mode.
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The above line is too long. Erase it and redraw it as shown below.
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to line after having invokiad the “Dimension” command.
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After dimensioning, the sketch appears as shown below.
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Double click and
chafige to “100”
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After changing the “Dimension,” the plot appears as shown below.
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After erasing the extra dimension lines and dimension text, the plot appears as shown below.
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Click on “End
Sketch Editing”
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After exiting the “Sketch mode” and using the “Spin,” “pan,” and “zoom” commands and using
the mouse wheel for rotation, the beam appears as shown below.

Bie-tr HORGL IS0 0 3 G B
e 2 - Qe n Bl ™" P 8™ e | K 2 | S Qe | R S
Cliphoand Dirient Mince Esit Irtersect Crasts Bosty Pacord
5‘:‘:’; Dosigt* ' !-:r':-‘.':'-":.*.'.'.g a face to offset . Sedect and dag an edge t
e R ANSYS
ey 2020 R2
7|8
P
). §
|smucte| Layers Setection Grovps iews )
0 «Pull 1
ﬁ»::mu ’:\,’
o hdd =t () Hemerge
Wox v o
TFERea
Prrperies
. The newly created
o ®-z
Ny section is now visible.
hno-b-u:#w-m I D™ = Ak H

At this point, the geometry creation is completed. Minimize (but not close) the “S.C.” window.
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Bring up the project window. Follow the instructions shown below.

-'a Unsaved Project - Workbench

Jobs Help

== ACT Start Page

Eile View Tools Units Extensions

[Fe g e
== R H Project

@] Import... | <9 Reconnect @ Refresh Project * Update Project
Toolbox . - B X

|_IEI Analysis Systems

liFH| Coupled Field Static

(5| Coupled Field Transient
Eigenvalue Buckling
Electric

Explicit Dynamics

Fluid Flow - Blow Molding (Polyflow)
Fluid Flow- Bxtrusion{Polyflow)
Fluid Flow (CFX)

Fluid Flow (Fluent)

Fluid Flow (Polyflow)
Harmonic Acoustics
Harmonic Response
Hydrodynamic Diffracion
Hydrodynamic Response
IC Engine (Fluent)
Magnetostatic

Modal

Modal Acoustics

Random Vibration
Response Spectrum

Rigid Dynamics

Static Acoustics

Static Structural
Steady-State Thermal
Thermal-Electric
Topology Optimization
Transient Structural
Transient Thermal

& Turbomachinery Fluid Flow

GO0ECUEANSEEECHRERERDRDREEE

E Component Systems

FE Custom Systems

E Design Exploration

E ACT

Project Schematic

“Engineering
Date” and “Geometry” is
completed.

= Mechanical Model
2 4 Engineering Data
3 Geometry

4 | @ Model

Machanical Mo

= .

Double click on “Model”.

A message appears that
“Upstream data must be
read”. Click on “Yes” to read
the material property
(Engineering data) and the
geometry data. The model
now appears on the M
window. M window is an
independent window at the
bottom of desktop.
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M window appears as shown below

i

i
E

This portion is critical

but it is too small to
see.

The following shows the small part in detail

S

Name v\Search QOutlin
T Project*

Model (A4)

..... v, @@ Geometry

..... v % Materials

----- v 33 Coordinate Systems
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Click on The “+’

sign next to - Name v | Search Out
geometry. - i

I project*

Model (A4)

----- /@ Geometry
----- /1) Materials
----- /3% Coordinate Systems
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The screen will change as shown below after the “+” sign next to geometry is clicked on.

W ngs

aiad
sl

part is smal
Thete is only on
geometry, so on
one geometry i

‘Supprented

on“thé geometric
element
highlights it on
the tree on the
left and
highlights i
the M screen.
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When
“Geometry” was

clicked, The

“Material”

window —
appearedonthe =~ |
bottom left of e — A

the screen. i ; ——
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Details of "SYS\Solid" ittt b e q 0O X
Graphics Properties
[-I| Definition
Suppressed No
2 Stiffness Behavior Flexible
The default material Coordinate System Default Coordinate System
assigned is structural Reference Temperature | By Environment
steel. Treatment None
Mame Lagrangian
[=1 Material
Assignment Structural Steel
Nonlinear Effects Yes
Thermal Strain Effects | Yes
Bounding Box
Properties
Statistics
[=]| CAD Attributes
PartTolerance: 0.00000001
Color:143,175.143
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Details of "SY5\Solid"
+/| Graphics Properties

=I| Definition
Suppressed No
Stiffness Behavior | Flexible
Coordinate System Default Coordinate System
' Reference Temperature ' By Environment

Treatment None

Reference Frame Lagrangian
= Material

Structural Steel o »

Nonlinear Effects Yes

ITherma_I Strain Effects _Yes i u Ctur E||
+/ Bounding Box " -
% Properties Steel”, and this arrow
B Stafistics appears.
=/ CAD Attributes

PartTolerance: 0.00000001

Color:143.175.143
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Details of "5Y5\5olid”

[+ Graphics Properties
[=|| Definition
Suppressed No
| Stiffness Behavior | Flexible
Coordinate System Default Coordinate System
' Reference Temperature [ By Environment
Treatment MNone
Reference Frame Lagrangian
=1 Material
Structural Steel 3
MNonlinear Effects Yes
Thermal Strain Effects | Yes
EI' Bounding Box _ /
[+]| Properties 1
) Statistics /
=I| CAD Attributes /
PartTolerance: 0.00000001
(Color:143175.143 | /

Click on this arrow and
the material property
box appears.
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The following is the screen appearance after clicking on the arrow.

Engineering Data Materials X
@ llo¥J

Water Liguid

Structural Steel

Air

Structural Steel

&% %

wood

Click on “Wood” above.

Wood is available under “Material” now.



wood - |

= MName | Search Qutline | ™ _

T Project*
B Model (A4)
T Geometry
L @ SYS\Sold
B, Materials
% Structural Steel
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“ Isotropic Elasticity

Ay Derive from Young's Modulus and Poisson's Ratio
¥ Coordinate Systems
/% Mesh Young's Modulus 2e+09 Pa
Poisson's Ratic 03
Bulk Modulus 6.6667e+09 Pa
Shear Medulus 3.0769e+09 Pa
Details of "wood" s s w 0 X
[=]| Common Material
Density
Young's Modulus 8e+09 Pa
Thermal Conductivity
Specific Heat

Tensile Yield Strength
Tensile Uttimate Strength

Monlinear Behavior False

Full Details Click To View Full Details
[ Statisti

Assigned Bodies 1

I had much difficulty assigning the material. Then | noticed that it is listed under Geometry.

In the “M” window, click on “Geometry.” The following appears.

/% Stuctural Steel
2 ol

- 34 Coordnate Systems
{{@ Mesh

Detil of Geometry" - s 1OX

= Definition
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In the case of this example, there is only one Geometry, called “SYSSolid.”

[I-m'nr
B B Medel (M)
B/ Gemetry
@ 515 \5okd
B8 Motwrids
/b Stucural Seesl
/% woad
@2k Coordrate Sysiens
78 Meh
SYSSolid is
only geo
and
conseque
the only o
listed.
Detss of “Geomatyy el 1= L3
= Defindion

After clicking on “SYSSolid” above, a box appears in the lower left part of the screen.

asa
result of

L clicking v
o ; i — : x
T SYSSolid

ame s
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The following is the enlarged red box from the previous screen.
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Cwtadd of "S5 Sodtd

e Ll ey Py ey
= Dwledtaon
Lagmmeyiad s
2rreit Latavee Tt e
Leerdegie Iplem St Comdegle Iiles
iferrce Temputuav By [rvicrmes
Ve me=t v rd
iptererae Frame AT gt
Mt

byt wi S \Nood is already assigned to the

Yordrew E®chh L} .
—— selected geometry. If it Were not,

Bourding Bar it could have been assigifled here

Porpertes the same way the assigninent
Latatay

—y——— was changed from the d@fault

o P p—— steel to wood.
Colbe 1AL 170145

Note that different materials can be assigned to different geometries by the technique
described.
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At this point, the geometry has been completed, and the material has been defined and
assigned to the Geometry. The next step is to create the Mesh.

] et

g roddim)
10 Geomety
|y
2 0 v
- g Sruch S
| ;‘M
Bk Coutae ptens
(B

Click on “Mes
options on to
screen chang
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If the Geometry is simple as it is here, Clicking on “Generate” on top of the screen will
automatically generate a mesh.

- Wk Conted ¢ Mechanical Model - Mechanical [Angys Mech

[ T
05 +EHS & »90esPLrt—2aa ¢ afe

Meth  Weh Manual Meih Contact Mode  Nodi

D.-:l..raleﬂ ‘,:‘M m h&h‘rﬁwm‘hluc‘. Mithod Sazing  Fate wam m mﬁm MeshGroup | (TlMode Mege Geoxp i e ekl o
Cutiine Sokes  Irgert Mesh Freview Contral MeshEdit
Outine 80X QQ[Oed % O QAQQ sda kMo FEBMMERE TP Boipbons- [y DE

Nare [ Search Cutine | v
B B Model (M)
& Gy
9 S5
-, Meterids
% Souctralseee
8 i'&ﬁm— ClICk on “G
Yo et
and mesh
automatica
generated.
Detads of “"Mesh™ «00x

After clicking on “Generate,” the Geometry is meshed as shown below.
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&) Mesh Connection Group % % k % '# _‘

&) Contact Match Group

Mesh Mesh Manual Mesh Contact Node Node
fNode Merge Group Edit Numbering Connection Match Merge Move
Mesh Edit

Mode- [T R E B @ @ M@ ® ° = [FClipboard~ [Empty] & Exte
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For some reason, the Static Structural option has disappeared on both WB (Work Bench) and M
(Mechanical) screens.

- R Contex A Mechanical Model - Mechanical finsy
-l Mesh Edit Display Selection Automation
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- StucturalStee )
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L B Mech i
ot analysis type

I pelinteg options.
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After clicking on “Analysis,” the screen appears as shown below.

A Mechanical Model - M,

QNamed Selection

@, Remote Paint
Explicit Dynamics
Rigid Dynamics
Static Structural
Topology Optimi
Transient Structural
Eigenvalue Buckling
Harmonic Response
Modal

e EEEEE T

Response Spectrum
Steady-State Thermal
Transient Thermal
Magnetostatic
Electric
Thermal-Electric
Harmonic Acoustics
Modal Acoustics
Static Acoustics
Coupled Field Static
Coupled Field Transient

LS-DYNA

' commands @ images~

3 Coordinate System [ Comment tls«.ﬁon Plane

A

i Chart [ Annotation

lick
Stru

B FF B @ 86

Match Group Match
MeshEdit

Q0 (e % QA @@ Sect % Moder [FTE

Mesh Connection Manual Mesh
Group Connection

Node

Group  Merge  Move
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[ WEA Context 8: Static Structural - Mechanical [Ar
- Home Mesh Edit Display  Selection Automation

’D X Ml ®ramedseecion  E Commands @images” % @ m ‘# "‘

4 Coordinate System CComment Tl Section Plane

Outiine  Solver Insert MeshEdit
Outline ittt w R OX T 2 Q Q ' 2 R Q Q Q Q Select "k Mode~ @@
Name v | Search Cutline |V
[ Project*
£ & Model (A4,84)
&-,/% Geometry
&8 Materials
&34 Coordnate Systems
/@ Mesh
/% MeshEdit
-/ MeshNurbeng As aresult o
29l Static 85)
o Anayss ¥, i
578 ot 6] Static Struc
0 on In! 3 " .
#lf St Mt Static Struc

option is ad
tree on the upper left
of “M” screen.
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1] Project*
= Model (A4, B4)
----- ~T® Geometry
- @ Materials
----- ~ >2x Coordinate Systems
....... &P Mesh
/@ Mesh Edit
7@ Mesh Numbering
= 2[i Static Structural (BS)
A1 Analysis Settings
=--o{&) Solutioh (B6)
iz fh) Soljtion Information

Click on ‘Analysis
Settings” and the menu
on top of “M” screen
changes. Among the
options that appear on
top of “M” screen are
“Loads” and “Supports”.
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Play with Mouse Wheel and enlarge the geometry. Hold down the Mouse Wheel and rotate the
geometry as necessary. Move the Mouse Pointer on the Geometry until the location of the
plate that was added for pressure application is identified.

This is where the plate
was added (inside the

green dots). The
structure must therefore
be fixed at this end.

Square Geometry is being shown as rectangular because of stretching in Powerpoint.
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Square Geometry is being shown as rectangular because of stretching in Powerpoint.
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Square Geometry is being shown as rectangular because of stretching in Powerpoint.
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Square Geometry is being shown as rectangular because of stretching in Powerpoint.
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The solution will be obtained after some security warnings by the computer. Allow the access
the software requires.
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*30x
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The model can be rotated by a mouse wheel to make the results more apparent. The following

is a description of the process.
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~This side

is fixed
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To save the project, create the folder where you want to save it.

Go to WB (Work Bench) screen.

:. monket sitting at the end of fixed beam - Workbench
File View Tools Units Extensions Jobs Help

B e

=l H Project

X .Rcconrcct E Refresh Project # Update Project | @@ ACT Start Page

| AL B Froject Schematic

|2 Analysissystems N\ I
[ Coupled Field Static

B ]|I=]

(& Coupled Field Transient - A v B
Bl EigenvalueBuckling Mechanical Model Wl 7 Static Structural

@ electric 2 & EngineeringData  ,——— M@ 2 & EngineeringData '

9 Eplctoynamis 3 B Geomety v s—a3 [ Geometry v 4
Fluid Flow - Blow Malding (Polyfiow)

fG4 Fluid Flow-Extrusion(Pelyflow) 4 @ Model v 84 @ Vodel v 4
() Fluid Flow (CFX) Machanical Model 5 @ setup v u
G Fluid Flow (Fluent) 6 §5 Soluton v 4
(& Fluid Flow (Polyflow) 7 @ Results v
W Harmonic Acoustics =

Static Structural

[ HarmonicResponse

E5 HydrodynamicDiffradion
@ HydrodynamicResponse
5 1 Engine (Fluent)

(6] Magnetostatic

E Hodal

] Modal Acousties

m Random Vibration

Click on “File” and

lly ResponseSpecum then C|iCk on "SBVE‘
Rigid Dynamics .

B suicrronen as” and save like

= Static Structural .

% Steady-State Thermal an\f Other flle.

Thermal-Electric

2] Topology Optimization

[ Transient Structural

E Transient Thermal

Turbomachinzry Fluid Flow

@ Component Systems |

B Custom Systems |
|
|

B Design Exploration
B ACT

After saving, close the project by clicking “X” in the upper right corner. | am unsure if the “M” &
“SC” windows will close automatically after this or if they must be closed manually.

To recover the job, go to the subdirectory (folder) where the project is saved and double-click
on it. To reach various parts of the project, click on the appropriate sections on the project tree.
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Class use:

These instructions were provided to students in a statics class in the author’s institution as an
aid in an extra credit assignment involving ANSYS static stress analysis.

Summary and conclusion:

This article provided instructions for students that had never used ANSYS or another finite
element software. The detailed instructions helped the beginning students use the elementary
stress analysis software.
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