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Exercise 1

3-Point Bending Using the Static Structural Module of
Ansys Workbench 14.0
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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 Figure 1

Figure 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. Ifnot, 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!

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

A.1 Choose the correct ANSYS license

Before starting ANSYS Workbench, run “User License Preferences 14.0” and ensure that
“ANSYS Academic Teaching Advanced” is the preferred license (Figure 3).

[ J\ Release 14.0 License Preferences for User niemeyes

Solver \PrepPost\Geometry\ HPC \

Use License License Name

BNSYS Academic Teaching Advanced —

MNSYS Academic Teaching DesignSpace
BNSYS Academic Research

Move up

Move down

——When using Workbench, would you like to:
& Share a single license between applications when possible

¢ Use a separate license for each application

| oK I Cancel Resetto Default

Figure 3: Select “ANSYS Academic Teaching Advanced” as the preferred license by moving it to the top of
the list.

A.2 Start the FE software ANSYS
Start ANSYS Workbench by running “Workbench 14.0” (Figure 4).

i WPS-Viewer
. 1-Zip Bilder
| ActivePerl 5.12.2 Build 1202 (64-bit) _
| ANSYS13.0 Musik
| ANSYS14.0

o ANSYS Icepak 14.0 S

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

Systemsteuerung

Gerdte und Drucker

Standardprogramme

J/ Help

, Meshing

o Ltilities
J ANSYS, Inc. License Manager
J Autostart

Figure 4: Starting ANSYS Workbench 14.0
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B. Preprocessor (Setting up the Model)

[ M Unsaved Project - Workbenc

File  VWiew Tools Units Help
_]New lepen... HSave E{Saue As... |ﬁj1mport... | Reconnect Refresh Project Update Project |”‘P|'0ject GCOmpattMode
L B Al Project Schematic

|E| Analysis S |:
[ Design AssNsment

Electric . P
54 Exmlotoynome The Project Schematic is

3 Fluid Flow- BlowMaNjna (POLYFLOW) Where D W'” = map
& Fluid Flow - Extrusion (NQLYFLOW)

6 Flud Flow(c) of our entire project. As
€5 Fluid Flow (FLUENT) you are about to see, the

3 Fluid Flow (POLYFLOW)

HarmonicResponse map will contain systems
i 1c Engine that describe the workflow

3 LinearBuckling

Madal

[y Random Vibration
Iy ResponseSpectrum
B Rigid Dynamic
el Static Structural

@) Sccady-State Thermal The Toolbox contains
(@) Thermal-Electric systems which we will

[l Transient Structural

E Transient Thermal use as the bUI'dlng
[ component systems blocks of our project.

@ AUTODYN

into the ANSYS tools.

[69] Magnetostatic \ and aCt as a p0|nt Of entl'y

-

View All f Customize. .. |

) Show Progress || Show 4 Messages

Figure 5: Interface of ANSYS Workbench 14.0

B.1 Build the Geometry Using DesignModeler Module

To begin; drag the Static Structural Module from the Analysis Systems toolbox and
drop into the Project Schematic (Figure 6) 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 (Figure 7). 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.
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f¥unsaved Project - Workbench

File  Wiew  Tools  Units  Help

@ Project 0 Cormg

w1 Reconnect & Refresh Project - Update Project

'uNew S open.. [d save (& save as...

ﬁ] Import...

roject Schematic

Toolbox

| B Analysis Systems |
S Eleckric (ANSYS)

s

Ezxplicit Dynamics (ANSYS) hd A

f Fluid Flow (CF2) i = i

@ Fluid Flow (FLUEMT) 2 @ Engineering Data v

(39 Harmonic Response [ANSYS

P ( ) 3 o Geometry ? .

Linear Buckling (aMS5YS) -

= . 4@ Model T o4

Magnetostatic (ANSYS)

fllj Modal (aNSYS) 5 @ setup 2,

filj Random vibration (ANSYS) & Salution P,

m Response Spectrum (AN3YS) 7 9 Rresults =
B

22 Shape Optimization (ANSYS)
|E Static Structural (ANSTS)

Y Steady-state Thermal (ANSYS)
Il Thermal-Electric (AMSYS)

B Transient Strockural (ANSYS)

| Skatic Struckural (ARNSYS)

iz

Figure 6: Drag-and-drop the Static Structural module to create a new analysis.
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W W~ L~ fim fiv fim fim AT

- )}-| Naone - ﬁ |J Z}Generata W chare Topology  [Z5|Parameters “ EErtruda ﬁRe\rolva tSwaep & Skin/Loft
B Thin/Surface  §Blend » 4 Chamfer QPoint

Tree Outline
= “@ A: Static Structural

R Graphics
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Sketching  mModeling
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XYPlang

Add Material

From One Point and Diagonal

Base Plane
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Point 1 Definition

Coordinates

FD3, Point 1 X Coordinate
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FD4, Point1 Y Coordinate

-10 mm

FDS5, Point 1 Z Coordinate

-30 mm

Diagonal Definition

Components

FD6, Diagonal X Component

1000 mm

FD7, Diagonal ¥ Component
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60 mm

As Thin/Surface?
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i
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Model View | Print Preview

0 Ready
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Figure 7: The beam on the DesignModeler

Note that ANSYS Workbench saves the model automatically; you can simply close
DesignModeler now and continue with the next step.
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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. In the project schematic, right click on Engineering
Data to open a context menu and choose Edit... (Figure 8).

@Unsaved Project - Workbench
File  Wiew  Tools — Units | Help

JNew LjOpen... HSave ﬂSave A, |ﬁjlmport... «oReconnect @ Refresh Project - Update Praject @

Toolbox

| B Analysis Systems |
Electric (ANSYS)
[ Explicit Dynamics (AMNSYS)
[ Fluid Flow (CF2)
[ Fluid Flow (FLUENT)
Harmonic Response (AMNSYS)
B3 Linear Buckling {AMNSYS)
(i) Magnetostatic (ANSVS)
Modal (ANSYS
[l Random Vibration (AMSYS)
[l Response Spectrum (ANSYS)
[z2] Shape Optimization (AMNSYS)
[E5 Static Struckural (ANSYS) | Skatic Structura) B} Rename
WY Steady-State Thermal (ANSYS) Properties
Thermal-Electric [ANSYS)
[z Transient Structural (ANSYS)
™ Transient Thermal (ANSYS)
r

V4
@ Geometry |@ Edit...

-
1
z
3
4 @ Madel =3 Duplicate
5
]
7

a Setup Transfer Data From Mew ]
Siolution F Update
9 Results | Refresh

Cuick Help

Figure 8: Edit engineering data

Enter a name for your new material in row 4 (Figure 9).

fi¥Unsaved Project - Workbench

File Edit Wew Tools Units Help

_] Mew ﬁOpen... H Sawve ﬂSave As... ||ﬁj Import,.. | +oReconnect @ Refresh Project - Lipdate Projeck | eReturn ko Project @ Compact Mode J,T
T :

S S Cutline Filker = &
Physical Properties - A B © 5] ;I
Linear Elastic 1 Data Source / Location Description
IS S Sl |3 ﬁ Explicit Materials l:‘ (" Material samples for use in an explicit anaylsis,
:Iyp?rilastlc [} ﬁ Hyperelastic Materials I:‘ [~ Material stress-strain data samples for curve fitting.
Li:: - 7 ﬁ Magnetic B-H Curves I:‘ [ EB-H Curve samples specific for use in & magnetic analysis.
Strength g ¢ Favorites Quick access list and default items
& Click here ta add a new library -
-
- A E | C o}
1 Contents of Engineering Data = @I S.. Description
z =
Fatigue Data at zero mean stress comes From
3 % Skruckural Steel l:‘ 1998 ASME BPY Code, Section &, Div 2, Table
/\ 5-110.1
& ( Click here ko add a new material

Figure 9: 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
(Figure 10). Isotropic Elasticity requires certain material parameters: Young’'s
Modulus and Poisson’s Ratio.
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After you entering the appropriate parameters do not forget to push Return to Project
button and to update the project

Mew [ open... [d Save [&]Save As.. | g ]Import... | <0 Reconnect @ Refresh Project  # Update ProjecC | €3 Return to Project

Campact Mode J| h d

Cutline Filker - X
B —
‘rﬁinear Elastic \
E 4 2 Q Engineering Data Az Contents Filkered For Static Structural (ANSYS),
il:isotropic Elasticty 3 ﬁ zeneral Materials |:| [~ General use material samples for use in warious analyses,
e e T 4 ﬁ General Mon-linear Materials D ("} General use material samples For use in non-linear analyses.
Hyperelastic 5 ﬁ Explicit Materials l:‘ "\ Material samples For se in an explicit anaylsis.
Plasticity ] ﬁ Hyperelastic Materials |:| ("} Material stress-strain data samples For curve Fitting,
Life 7 ﬁ Magnetic B-H Curves I:‘ & B-H Curve samples specific Far use in a magretic analysis,
Strength g <.r Favorites Quick access lisk and defaulk items
&3 Click here to add a new library
-

Fatigue Data at zero mean stress comes Fram
1995 ASME BPY Code, Section 8, Div 2, Table
5-110.1

=] Isatropic Elasticit

=Tt i've: From Young's Modulus and Poisson's Ratio w

2

3

~ \

Q Yaung's Modulus 2,1E+05 MPa 9
oy . | :

5 =Egisson's Ratio 0,3 L

SLLTTTT R
Bulk, Modulus TS TI1 Pa

Shear Madulus 8,0769E+10 Pa

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

To mesh the solid body select double click the Model sub-module in the Project
schematic to open the Mechanical module (Figure 11).

FiYUnsaved Project - Workbenc|

File  %ew  Tools  Units  Help

_]New LﬁOpen... ﬂSave E‘,Save As... ﬁ]lmport... w0 Reconnect & Refresh Project  Update Project @
Toalbax = A T cl

| B Analysis Systems |
Electric (AMSYS)

[ Explicit Dynamics (AMNSYS) 7

() Fhuid Flow (CF) o =

&3 Fluid Flow (FLUENT) z | @

Harmonic Response (ANSYS) 3

B Linear Buckling (AN3YS)

[E) Magretostatic (AMSYS) 4 I_‘

Modal (ANSYS) 3

[l Random vibration (ANSYS) g Salution 7 4
[l Response Spectrum (ANSYS) 7 @ Results F

[e4] Shape Cptimization (ANSYS)
[ Static Structural (ANSYS)
WY steady-sState Thermal (ANSYS)
Thermal-Electric (ANSYS)
[z Transient Struckural (ANSYS)
W Transient Thermal (ANSYS)

| Component Systems |

Skatic Structural (ANSYS)

Figure 11: Starting the meshing and analysis module

Right click on Mesh in the Structure Tree and select a meshing method (Figure 12).
Mesh (right click) > Insert »>Mapped Mesh

JNetz = Bktualisisren | etz ~ B petesteuerung -.-| Mimetrisch

Projekt
- [&8) Modell (A4)
= i Geometrie
{,‘L Koordinakensysteme

El,,% Metz

: > Skrukburiertes Metz
EI-;[El Statisch-mechanisch (A5)

: «;“/f\‘ Analyseeinstellungen
Losung (AG)

farey /|I| Lésungsinformationen

b4
¢ kturiertes Metz" - n
| Bereich
Auswahlmethode Geometrieauswahl
Geometris & Flachen
[=l| Definition
Unkerdrickk Mein

Begrenzung mit Z2wangsbedingung versehen | Mein
[=l| Erweitert

Angegebens Seiten Keine
Angegebene Ecken Keine
Angegebens Enden Keine

Figure 12: Setup meshing details
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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.

0,000 020 0,400 (m) ¢
0,100 0,300

Figure 13: Meshed body

B.4 Applying Loads and Boundary Conditions

i. Boundary Conditions

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

Select the Face you want to assign as a fixed support.

|Randbedingungen B, Tragheitslasten = G Lasten = U2 Lagerungen - | Ew

g; Projekt

B . Madell (A4)
Geometrie
E| ,*{ Koordinatensyskeme
‘(}:\ Globales Koordinatensystem
E| ,/% Metz
- Strukburiertes Netz
E| ;E Statisch-mechanisch {A5)
b ﬂ_f.l{ Analyseeinstellungen
,,13” Fixierte Lagerung
: ﬁr Kraft
= g{@ Lasung {AB)
/ED Lisungsinfaormationen

ekails von “Fixierke Lagerung”

[=]| Bereich
Auswahlmethode | Geometrieauswahl
Geametrie 1 Flache

[=]| Definition
Tvp Fizierbe Lagerung
Unkerdrickt Tein

Figure 14: Fixed Face of the body
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ii. Applying the Loads

Structure Tree =2 Static-Mechanic (right click) = Insert = Force

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)

: Geometrie

Koordinatensysteme

,/)k Globales Koordinatensystem

Metz

; B Strukturiertes Netz

- ,,EI Statisch-mechanisch (A5)

,/Zt{ Analyseeinstellungen
e Lagerung

I.i;sung {A6)
,,m Lésungsinformationen
S Gesamtverformung

Auswahimethode [Genmetrieauswahl

Geometrie [ 1 Flache

=) Definiti
Typ Kraft
Definiert durch Komponenten

Koordi Zlobal

Koordinatensystem
|| X-Komponente |0, N (steigt linear an)
| ¥-Komponente |0, N (steigt linear an)
|| Z-Komponente |-2,5e+005 M (steigt linear an) 0,000 0,200 0,400 (m)
TRt s I S

0,100 0,300

Figure 15: Applied force

0,000 0,200 0,400 (m) 1]
0,100 0,300

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

To solve the problem add some solving tools to the Solution node which is part of 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
J Datei Bearbeiten  Ansicht  Mafleinhbeiten  Extras  Hike J a | Z) Ldsung - E. @

[T W B REE .|ll:ﬂ ST AR EEQ

5 Lingarisierte Spannung - |

JLu:usung “ Yerfarmung - | = VErZErrung - nung - |

E— < (Globales Koordinatensystem
E ..... Mekz

R Bl Strukturiertes Netz

E| ----- E S't:zjtlsch -mechanisch (A5)

------- >, ™ Analyseeinstellungen
ﬁ Fixiette Lagerung

------- «‘t Yergleichsspannung
— «‘t Nurmalspannung

-

Figure 17: Required solving tools

a. Contour Plot of Deformed Shape

© AANS)S

Noncommercial use only

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

z

Figure 17: SCALED Displacement solution (z direction) of the beam (with too high force).
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? /\N &‘; v"i d%;
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X
b
0,000 0,200 0,400 (m) ¢
0,100 0,300

z

Figure 18: UNSCALED Displacement solution (z direction) of the beam (with too high force).

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 = Force =2 Details
Change the value of the force 500,000 to 5,000 N and click to Solve.

Noncommercial use only

%
¥
0,000 0,200 0,400 (m) (]
0,100 0,300

Z

Figure 19: Deformed shape of the beam resulting from corrected force.

b. Contour Plot: X-Component of Total Strain

Structure Tree = Total Strain
and
Details =2 Direction = X-axis
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ron "Mormale elastische Dehnung”

[=l| Bereich
Auswahlmethode Geometrieauswahl
Geometrie Alle Korper
[=| Definition
T ST STa TS T T e —
@mm >
5 -
Zeit anzeigen Letzte
Koordinatensystem Globales Koordinatensystem

Zeitfverlauf berechnen | Ja

kennung

[=| Integrationspunktergebnisse
Anzeigeoption Gemittelt

[=l| Ergebnisse
|| Minimurn -2,0288e-003 m)m
|| Maxirmum 2,0288e-003 mjm

T

Informationen

Figure 17: Details of total strain

- 7ANSYS

Noncommercial use only

%
v
0,000 0,200 0,400 (m) @
0,100 0,300

Figure 20: Contour plot of x-component of total strain.

c. Contour Plot X-Component of Stress

Structure Tree = Total Stress
and
Details =2 Direction = X-axis
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nalspannung"
=l| Bereich
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Geomettie alle Kérper
[=/| Definition
L S ——
Thusrichtung ®-Achse 5
DurcrT ik —_—
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Anzeigeoption Gemittelt
=l| Ergebnisse
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Informationen

Figure 21: Details of total stress
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Figure 22: Contour plot of x-component of stress.
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d. Contour Plot: Von-Mises Equivalent Stress

Noncommerc

B 1,4045e8
9,482e7
4,9189%7

0,000 0,200 0,400 (m)
0,100 0,300

Figure 22: 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 oprea = 206 N/mm?, whereas the ultimate yield stress
Oyield = 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 security should be 2.0 or even higher. The factor of security oOyield/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, 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
(Figure 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. The full length beam under 3-point-bending
(Figure 1) will show a maximum deflection of the same amount in the middle.
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