A. Yurdalan, U. Simon Advanced Materials / Finite Elements / Exercise 1

Exercise 1

3-Point Bending Using the Static Structural Module of Ansys
Workbench 12
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Learn how to ...

. use the ANSYS Workbench DesignModeler
... build a model
. take advantage of symmetries
... perform a full analysis consisting of pre-processing, solution and post-processing
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Given

Beam under 3-point bending with a centric applied force F as shown in Fig. 1

Fig. 1: Beam under 3-point bending.

Relevant geometrical and material data for our problem are given in Table 1:

F  =500,000N Applied force
L =2,000mm Length of the beam
h =60mm Height of the beam cross section
t =20mm Thickness of the beam cross section
E =210,000 N/mm? |Young's modulus
v =03 Poisson’s ration
Oyield =235 N/mm? Allowable stress: yield stress of steel

Table 1: Geometry and material data.

Questions

Due to this classic 2-dimensional mechanical problem we can state two questions:
1. Will the beam break and were would it start breaking?
2. If not, what would be the maximum deflection w?

Taking advantage of symmetries

Can we take advantage of symmetries? Please, draw a simplified beam model which
takes advantage of symmetry!

Fig. 2: Space for drawing of simplified beam model taking advantage of symmetry.
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A. Getting started

A.1 Login to your local Linux PC

Enter your kiz account name and password to login to the local Linux PC.

A.2 Open a Terminal

Start a terminal (e.g. “Konsole”) from the desktop main menu:

“ Search: || |
@ Web Browser ~

., Personal Information Manager

&y Word Processar
@ Audio Player
° FPhoto Management Program
File Manager

Configure Deskiop
&N Hel
Q™
- Terminal -
B w
w2, 4 9 (g

Applications Computer Recertly Used Leave

Figure 1: Open a terminal and a file manager from the “K menu”.
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A.3 Start a remote session

Start a remote session (SSH = secure shell) by entering the command

ssh <yourname>@zeus.rz.uni-ulm.de
or
ssh <yourname>@andromeda.rz.uni-ulm.de

in the terminal. Please use your account name as “<yourname>” and enter your pass-word
when being asked. The password should be the same as the one you used to login locally to
your Linux machine.

s_ayurda@kastanie:.~= ssh -X s_ayurda@zeus.rz.uni-ulm.de h
[TEREM is xterm]
[DISPLAY is localhost:27.@]

You have unread news. Use:
'news news' to get help
'News ' to read the messages

news: mathematica matlab maple wiss-soft-mailing-list gaussian pgi nagc gog Comp
iler nagftn nagf90 opteron sas AVS news

WARNING: The 'option' and 'options' commands are not available anymore.
WARNING: Please use our new 'module’ command instead.

WARNING: For details on how to use the 'module’ command

WARNING: please see the examples displayed by

WARMNING : module help system/modules

WARNING: If a module is missing (e.g. vou can't find it in output
WARNIMNG: of 'module avail') please contact our software support
WARMNING kiz.software-support [at] uni-ulm.de

WARNING: asking for the new module.

EXAMPLE: Use 'module load math/matlab’ instead of ‘'option matlab’
EXAMPLE: Use 'module load math/maple’ instead of 'option maple’

EXAMPLE: Use 'module load vis/gaussview' instead of ‘'option gaussview'
EXAMPLE: Please see further examples displayed by 'module help system/modules’

WARNIMNG: Please remove the outdated file 'Jusers/studentl/s_ayurda/ . options'.

mkwork: work directory 'fwork/s_ayurda' created

Figure 2: Remote login via ssh command.

For testing purposes, try to run a new xterm session on the remote host by issuing the
command

xterm&

(Note: The ampersand detaches the new xterm process from the SSH console session so you
can enter further commands without needing to close the xterm window.)

This is also a first check whether the display settings are appropriate to let the host
computer (zeus/andromeda) export whole X11 windows (and not only text out-put) to the
local screen.
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A.4 Start the FE software ANSYS

Before being able to use a software package on the computer centers’ Unix machines you
have to choose an appropriate “module” command to set necessary environment va-riables.
A list of all available software is displayed if you simply enter the command “modules”
without any further parameters.

To start the ANSYS Workbench 12.0 (www.ansys.com) first enter
module load cae/ansys

and then
runwb2&

either into the xterm or directly into your SSH terminal.

) wterm =@zeus> o & &

zeus$ module load caesansys _

Figure 3: Remote login via xterm& command

Important: Please make sure to choose the right license type
After you have launched Workbench go Tools & License Preferences and change license
type by using Move up and Move down buttons, finally Apply the settings.

Fi\Release 12.1 License Preferences for User Urs oy ][5

Salver \PrepPost\Geumetw\ HPC \

Use License I
1 < AMNSYS Academic Teaching Advanced >

1 =,
1 ANSYS Academic Teaching DesignSpace

Move up
hiowe down
=

—Glohal Setting:

€ Use Commercial Licenses

& Use Academic Licenses

—¥wWhen using Warkbench, would you like ta
& chare a single license hetween applications when possible

© Use a separate license for each application

Ok | Cancel ‘ Apply , Resetto Default | Help

T 4
T————

Figure 4: Choosing the right license type

“ANSYS Academic Teaching Introductory” or “ANSYS Academic Teaching Advanced”
Do not choose “ANSYS Academic Research”!
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B. Preprocessor (Setting up the Model)

'I‘ Unsaved Project - Workbench

Fie View Took LUnits Hep

Bl Respores SpecTus (ANSYS)
Ed Shapa Optimizaton (ARSTS)
Bl Stk Stucthral (2SS
0 stsady-5nte Thermal (ANSVS)
B Trermabskeciric (AN5YS)

B! Tramsient Sructural (ANEYS)
B Traceent Srociursl (MB00

B Tramient Therea! (IN51S)

E Camponent Systarms

B Custom Sysioms

E Design Exploraton

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
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.

[.f view Al j Cuslomize.,
a Roady

| = show Frogress | ® Srw 0 Mesages

Figure 5: Interface of Ansys Workbench 12

B.1 Build the Geometry Using DesignModeler Module

f¥unsaved Project - Workbench

File Wiew Tools Uniks Help

_Mew [ open... = Save Bl save as... | @flImport... | <o Reconnect & Refresh Projeck  # Update Project | €5 Project @R Com

- Sl Froject Schematic

| E Analysis Systems

[E) Electric (ANSYS)

I Explicit Dynamics (ANSYS)
B Fluid Flow (CFx)

B3 Fluid Flows (FLUENT)
Harrnonic Response (AMSYS)
B Linear Buckling {ANSYS)

|Ed] Magnetostatic (ANSYS)

B Modal (ANSYS)

[l Random vibration (AMSYS)
[l Response Spectrum (ANSYS)
2] Shape Optimization (AMSYS)

LR R N ST VR

"
z
Model 7
7
=
F

F
F
F
F
F
F

E Static Structural (ANSYS)

| Static Struckural (ANSYS)

¥l sSteady-State Thermal (ARNSYS)
Thermal-Electric (AMNSYS)
B Transient Skructural (ANSYS)

Figure 6: Getting starting with Static Structural module

To begin; drag the Static Structural Module and drop into the Project Schematic and
double click to Geometry to open DesignModeler.
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Choose the desired units.

To create the solid beam; Create —»Basic Elements & Cube and give the desired
dimensions at the Details box.

To solve the problem correctly; please be sure that the origin of the coordinate system
located on the plane and at the center of the cross section of the beam. The beam axis
must be oriented along the global x-axis. Ansys Workbench saves this model
automatically; you can close this module and go on.

{37 A: Static Structural (ANSYS) - DesignModeler —18] x|

Datei Erstelen Konzept Extras Ansicht Hife

S E @ || Drisde Gt ||aseen [ B BREER 0| S0 68 6 7 Q &% | m

3 Ebene v 3h | Keie -8

Erstelen WP Gemesane Topooae | [ Exrudieren gfaDrehen @b Sweepen g AuBenhaut
Ll G afik

trie/Cherfliche @ Verrundung » QFase  $BPunkt  [FE|Parameter

Brinne

Bl /@8] &: Static Structural (ANSYS)
T 5 xv_Ehene
|1 2 Ebene
|2 vz_Ehene
i, 8 Quadert
/1 1 Bautel, 1 Kérper

Noncommercial use only

Skizzieren  Madelizren
icht

s von Quader1

Quader]

Basisebene #4_Fbene
Operation Makerial hinzufigen
Quadertyp on einem Punk: und Diagonale
Definition Punkk 1 Koordinaten

FD3, Punkt 1 %-koordinate |0 mm

FD4, Punkt: 1 ¥-Koardinate  |-10mm

FDS, PunkE 1 Z-Koordinate |30 mm

Definition Diagonale

FD6, Diagonale -Komponente | 1000 mm

FD7, Diagonale 20 mm

FD8, Diagonale 60 mm
Als dunne GeometriefOberflache? |nein

v
000 100,00 200,00 (mrm) ®
I .
50,00 150,00
z
| @ ziehen sie, um die Ansicht 2u verschieben [ieine Auswahl [milimeter o [o A

‘ « OM 13:09

@ start| (@) Google libersetzer -cai..| T exerdse 0.pdf - Adabe A... | T exercise 1.pdk - adabe ... | I\ Unsaved Project - Workb... | 4] FE Exercise1 v (Schveib...| 1 Unbenann -Paint [0 a: static structural (A

Figure 7: The beam on the DesignModeler

B.2 Material Properties

i. Define Material Properties

Materials define the mechanical behavior of the FE model. We will use a simple linear-
elastic, isotropic material model.

Static Structural 2 Engineering Data - Edit... = Outline of Schematic A:2 2 Add new
material
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@Unsaved Project - Workbench
File  Wiew  Tools — Units | Help

j Mew ﬁOpen... H Save LﬂSave As |ﬁjlmport... o Recornect & Refresh Project  # Update Project @

| B Analysis Systems
Electric (ANSYS)
[ Explicit Dynamics (ANSYS) hd A
[ Fluid Flow (CF) 1
B3 Fluid Flow (FLUENT)
Harmonic Response (ANIYS)
3 Linear Buckling (ANSYS)
[03] Magnetostatic (ANSYS)
[ Modal (aNsYS)
[y Random vibration (AkSYS)
'm_[" Response Spectrum (AMSYS)
[=2] Shape Cptimization (AMSYS)

[ Static Structural (ANGVE) | Static Structural B[R Rename
WY Steady-State Thermal (ANSYS) Properties
Thermal-Electric (ANZYS)
[z Transisnt Structural {AMSYS)
E Transient Thermal (AN3YS)

r

Q Engineeting Dl
i Geometry |Q Edit...

z
3
4 @ Model 23 Duplicate
5
]
T

a Setup Transfer Data From Mew 3
Siolution F | Update
9 Resuilts 4 Refresh

Guick Help

Figure 8: Assignment of the engineering data

[i¥Unsaved Project - Workbench

File  Edit Wiew Tools Units Help

J Mew LjOpen... H Save ﬂSave As... |ﬁj1mport... w0 Reconnect & Refresh Project % Update Project |@Return ko Projeck @ Compack Mode JIT

Toal = &4
Physical Properties - A B C D ;I
Linear Elastic 1 [Daka Source / Locakion Description
SN ] S TSI 5 ﬁ Explicit Materials |:| B Material samples for use in an explicit anaylsis.

Hyperelastic

i [ ﬁ Hyperelastic Materials |:| 2 Material stress-strain data samples For curve fitting,

Plasticity

Life 7 @ Magnetic B-H Curves |:| 2 EB-H Curve samples specific for use in a magnetic analysis.

Strength g ¢ Favorites Quick access list and default ikems
3 Click here to add a new library -

21 Engineeting Data - X

- & B | € o}
1 Contents of Engineering Data = @ S, Description
2 E

Fatigue [rata at zero mean stress comes from

3 W structural Steel OJ 1993 ASME BPY Code, Section &, Div 2, Table
/—\ 5-110.1
& ( Click here to add a new material

Figure 9: Naming the new material

Choose the simplest available material model by dragging the property from the
Toolbox and dropping on to Properties of Outline Row 4: MY NEW MATERIAL
Toolbox 2 Linear Elastic = Isotropic Elasticity

Now Properties of Outline Row 4: MY NEW MATERIAL requires certain material
parameters: Young’'s Modulus and Poison Ratio.

After you enter the parameters do not forget to push Return to Project button and then
update the project
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IMew [ Open...

=l Save (&) Save As...

E1Import. ..

g Reconnect & Refresh Project  # Update Projec!

{3 Return to Project

Fatigue Data at zero mean stress comes from
1993 ASME BPY Code, Section &, Div 2, Table
5-110.1

Cutline Filker - X
H Fhe
"ﬁ.lnear Elastic
E / 2 Q Engineering Data A2 Contents filkered For Static Struckural (ARSYS).
Anlsotroplc Flasticky 3 ﬁ General Materials |:| B General use material samples For use in various analyses,
e [y 4 ﬁ zeneral Mon-linear Materials I:‘ [~ General use material samples for use in non-inear analyses,
Hyperelastic 5 i Explict Materials D [~ Material samples for use in an explicit anaylsis,
Flasticity & ﬁ Hyperelastic Materials D ("} Material stress-strain data samples For curwe Fitting.
Life 7 ﬁ Magnetic B-H Curves l:‘ [\ B-H Curve samples specific For use in a magnetic analysis.
Strength ] <'r Favorites Quick access list and default items
&3 Click here to add a new library
Outling of Schematic A2: Enginesting Data - X

z =] Isotropic Elasticit

y/mmm Young's Modulus and Poisson's Ratio‘v\
Q ‘oung's Modulus Z,1E+05 IMPa 9

5 TEgisson’s Ratio 0,3 -

] Bulk Modulus T PoE Tl Pa

7 Shear Modulus &,0769E+10 Fa

Figure 10: Define the material properties.
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B.3 Meshing

Fi*Unsaved Project - Workbenc|

File  “ew Tools  Units  Help

_Mew [ Open...

H Save ﬂ Save As...

wo Reconnect A Refresh Project# Update Project

1 Import. ..

Project Schematic

| B Analysis Systems

Electric (ANSYS)

[y Explicit Dynamics (AMSVS)
& Fhuid Flow (Fx)

3 Fluid Flow (FLUENT)
Harmonic Fesponse (ARSYS)

B3 Linear Buckling (aNSY,

|6 Magnetostatic (AMSY

[l Modal (ansys)

[ily Random Yibration (AMSYS)

'm_[j Response Spectrum (ANSYS)

[z Shape Optimization (ANSYS)

F Static Struckural (ANSYS)

W) steady-State Thermal (ANSYS)
Thermal-Electric {ANSYS)

Bz Transient Structural (ANSYS)
E Transient Thermal (ANSYS)
| Compaonent Systems |

T —

2 Q Engineering Caka

4 . Model v 4

? .
6 Salution F 4
7 @ Results F a

Static Structural (ANSYS)

Figure 11: Getting starting to mesh the geometry

JNetz '.j Aktualisieren | 31 Mekz = @.‘Netzsteuerung - | .||||Metris-:|'

Skrukburbaum

Metz

Geametrie
----- v 2 Koordinatensysteme

.I'r ukturiertes

....... AN .ﬁ.nalyseemstellungen
----- 7 Losung {AB)

Hn—-l"'

-------- | 4] Lsungsinformationen
Details won "Strukturiertes Mekz" - Str a
[=l| Bereich
Auswahlmethode Geometrieauswahl
Geometrie & Flachen
[=| Definition
Unkerdriickt Mein
Beqgrenzung mit Zwangsbedingung versehen | Mein
[=| Erweitert
angeqgebene Seiten keine
Angegebens Ecken keine
Angegebens Enden keine

Figure 12: Meshing details

To mesh the solid body select (double click) the Model to open Mechanical Module.
Right click on Mesh which is on the Structure Tree and select a meshing method.
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Mesh (right click) 2 Insert >Mapped Mesh

At this point focus on to Details. Select the Geometry (all 6 faces) and do not forget to
update the project, please click to Generate button.

0,000 0,200 0,400 {m F:
I e
0,100 0,300
z
Figure 13: Meshed Body

B.4 Applying Loads and Boundary Conditions

i. Boundary Conditions

To setup the necessary support:
Structure Tree = Static-Mechanic (right click) = Insert =2 Fixed Support

At this point focus on to Details. Select the Face you want to assign as a fixed support.

|Randbedingungen CAl, Tragheitslasten - S Lasten ~ % Lagerungen - | &

g; Projekt

= @] Modell (A4)
. ----- Geometris
E| ----- ) )f; Koordinatensysteme
[ o ;J; Glabales Koordinatensystam
E| ----- MNetz
- 8 Strukturiertes Netz
----- ;E] Statisch-mechanisch {A5)
; g Analvseeinstellungen
: ‘,G” Fixietbe Lagerung
[ w Kraft
----- //E Losung (AB)

- /fm Lisungsinformationsn

vekails won “Fixierte Lagerung®
[=]|Bereich
Auswahimethode | Geometrieauswahl
Geometrie 1 Flache
= | efinition
Tvp Fixierte Lagerung
Unterdrick: Mein

Figure 14: Fixed Face of the body
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ii. Applying the Loads
Structure Tree =2 Static-Mechanic (right click) = Insert 2 Force

At this point focus on to Details. Select the Face you want to assign a force on this
surface.

Assign the components of the force vector. Now the problem is ready to be solved.

Modell {A4)
./ Geometris
y\‘ Koordinatensysteme

./),k Globales Koordinatensystem
B B Netz

B strukeuriertes Netz
(=] Statisch-mechanisch {(A5)
,,Ej] Analysesinstellungen
,,'3, Fixiqrte Lagerung
o ST Kraft

Lii.sung {AB)

i @ Lésungsinformationen
o M Gesamtverformung

Detalls von "kraft"

Bereich

Auswahimethods |Genmatrleauswah\

Geometrie | 1 Flache
| Definition
Typ Kraft
Definiert durch Komponenten
Koordinatensystem | Globales Koordinatensystemn

| d-Komponente

0, M (steigt linear an)

| ¥-Komponente

0, M (steigt linear an)

| Z-komponente |-2,5+005 M (steigt linear an) 0,000 0,200 0,400 (m)
Unkerdricke Nein

0,100 0,300

Figure 15: Applied force

0,000 0,200 0,400 {m) L]
0,100 0,300

Figure 16: Fixed face of the body and applied force
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C. Solving

To solve the problem add some solving tools at the Solution which is at the Structure
tree.

Solution (right click)—> Total Deformation

Solution (right click)—> Total Strain

Solution (right click)> Total Stress

Solution (right click)> Von-Mises Equivalent Stress

Click Solve
JDatei Bearbeiten Ansicht  Mafieinheiten  Extras Hi!e Jal :,Lu’:’usung - E. @

(A% B RARER &S T AR QEQ

5 Lingarisierte Spannung - |

JL:’:’usung ﬁd Yerfarmung - “E Werzerrung + ¥ Spabnung T |

- < (Globales Koordinatensystem

E ..... Mekz
R Bl Strukturiertes Netz
E| ----- E Statisch-mechanisch (AS5)

------- ) ™ Analyseeinstellungen
------- ﬁ Fixierte Lagerung

------- «‘t Yergleichsspannung
- M Mormalspannung

-

Figure 17: Required solving tools

a. Contour Plot of Deformed Shape

Noncommercial use only

0,51439
0,38579
0,25719
0,1286
0 Min

i
¥
0,000 0,200 0,400 (m) .
0,100 0,300

Figure 17: Total deformation
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Correcting the Model:
The value of the applied force was erroneously too high and should be corrected from
500,000 to 5,000 Newton.

Structure tree =2 Force = Details

Change the value of the force 500,000 to 5,000 N and click to Solve.

mmercial use only

,0077158
0,0051439
0,0025719
0 Min

%
v
0,000 0,200 0,400 ()
\ , 4 ®
0,100 0,300

Figure 17: Deformed shape of the beam resulting from corrected force.

b. Contour Plot: X-Component of Total Strain

Structure Tree = Total Strain
and
Details = Direction = X-axis

5 won "Mormale elastische Dehnung®

[=l| Bereich
Auswahlmethode Geometrieauswahl
Geometrie Alle Korper
[=l| Definition
T L8 =) R a e e = —
@ #-nchse - >
5 -
Zeit anzeigen Letzte
Koordinatensystem Globales Koordinatensystem

ZeitMverlauf berechnen | Ja

Kennung

[=l| Integrationspunktergebnisse

Anzeigeoption Gemitkelt
[=l| Ergebnisse
Tirirrm -2,02858e-003 m/m
Maxirmum Z,0288e-003 mfm

Informationen

[+

Figure 17: Details of total strain
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Noncommercial use only

%
¥
0,000 0,200 0,400 {m) .
0,100 0,300

Figure 18: Contour plot of x-component of total strain.

c. Contour Plot X-Component of Stress

Structure Tree = Total Stress
and
Details =2 Direction 2 X-axis

on “Mormalspannung*
[=l| Bereich
Auswahlmethode Geometrisauswahl
Geometrie Alle Kdrper
5| definition
Tvp Moseslooonmuma -
mrichtung ¥-Achse j
Durch 3 —_—
Zeit anzeigen Letzte
foordinatensystem Globales Koordinatensystem
Zeiterlauf berechnen |Ja
Kennung

=l| Integrationspunktergebnisse

Anzeigeoption Gemittelt

[=I| Ergebnisse
[ Minirmurn -4,2703+003 Pa
|| Maximum 4, 270324005 Pa

Informationen

Figure 18: Details of total stress
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2,37248
- -3,3213e8

%
W
0,000 0,200 0,400 {m) .
0,100 0,300

Figure 19: Contour plot of x-component of stress.

d. Contour Plot: Von-Mises Equivalent Stress

Noncommercial use only

%
¥
0,000 0,200 0,400 {m) .
0,100 0,300

Figure 20: Contour plot of Von-Mises equivalent stress.

Answering the Questions:

1 Will the beam break and were would it start breaking?

With the corrected force (F = 5,000 N) the beam will not break. The maximal predicted
von Mises stress reaches values of opred = 206 N/mm? (Fehler! Verweisquelle konnte
nicht gefunden werden.), whereas the ultimate yield stress oyieia = 235 N/mm? is
higher. That means the failure criterion opred > Oyield is not fulfilled. However, the
difference between the two values is small. In many technical applications the factor of
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security should be 2.0 or even higher. The factor of security Oyield/Opred reached in our
example is much smaller.

The critical region, were we would expect the beginning of a failure, is located at the left
end of the half beam (Fehler! Verweisquelle konnte nicht gefunden werden., Symbol
MX) at the location of maximum stresses. For the full length beam the critical region
would lay in the middle where the force was applied (Fig. 1).

2 If not, what would be the maximum deflection w?
We predicted a maximum deflection of w = 11 mm appearing at the free end (right side,
symbol MX) of the simplified half model (Fehler! Verweisquelle konnte nicht
gefunden werden.). The full length beam under 3-point-bending (Fig. 1) will show a
maximum deflection of the same amount in the middle.
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