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2-2 Linear Elastic Analysis of a Notched Plate

Introduction:

In this tutorial, a solid finite element model of a plate with central hole is created. The
loading is in the plane of the plate and the deformation is small enough to warrant a linear
elastic analysis.

NOTE: It is assumed that you have basic familiarity with CAD modeling in
3DEXPERIENCE allowing you to create a block with a central hole. If that is not the
case, please consult the following tutorial book.

CAD Modeling Essentials in 3DEXPERIENCE, by Nader Zamani, SDC Publications,
ISBN 978-1-63057-095-8.

Problem Statement:
The steel plate shown below is subjected to a pressure load P at the two ends. Although

the problem has three planes of symmetry, you will be modeling the full geometry. The
loading is assumed to be small enough to cause a linear elastic behavior.

The dimensions of the part to be analyzed are such that the parameter » = % s 0.25. The

chart below gives a stress concentration factor of K, = 2.4. This chart is based on

L >> H which is not true in the modeled block. However, the value of K, will be used
for comparative purposes.
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There are many types of solid elements available in the software; however, in this
chapter, tetrahedron elements are used. They come in linear and parabolic forms. Both
are referred to as tetrahedron elements and shown below.

Tetrahedron Elements

APA

linear parabolic

The linear tetrahedron elements are faster computationally but less accurate. On the other
hand, the parabolic elements require more computational resources but lead to more
accurate results. Another important feature of parabolic elements is that they can fit
curved surfaces better. In general, the analysis of bulky objects requires the use of solid
elements.

In a solid continuum, the state of deformation is described by the six components of the
Cauchy stress {cx 16,50, Tyys Ty ryz} which vary from point to point. The von Mises

stress is a combination of these according to the following expression:

Ovm = \/%[(Gx _Gy)z +(o, -0, +(o, -c,)’ +6(‘Eiy +12 +T§Z)]

For an obvious reason, this is also known as the effective stress. Note that by definition,
the von Mises stress is always a positive number. In terms of principal stresses, c,,, can

also be written as

Gyym :\/%[(cs1 —c52)2 + (o, —03)2 + (o, —63)2]

For many ductile materials, the onset of yielding (permanent plastic deformation) takes
place when o,, = 6, where o, is the yield strength of the material. For design purposes,

. . . c
a factor of safety “N” is introduced leading to the conditionG,,, = —-.

o c .
Therefore, a safe design is one where G, < YY . The von Mises stress contour plot

allows you to check the above condition.
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The Model and Material Properties:

(ﬁ Part Design
First, using the Part Design App & , create a block with a central hole with the
dimensions L = 0.15m, H=0.1m, W = 0.02m, and D = 0.025m as shown below.

The first task is to apply a
material property to this
part. From the bottom row
of icons (i.e. the action bar),
select the “Tools” tab.

Select the “Tools” tab ﬂ

"Standard | Essentals Model Transform | Refine Review Structure View AR-VR | Tools Touch
WELH XQDANECIE BRZ
From the Tools menu, select the dropdown to the right of the “Material Browser” icon
Q. This opens up the section menu as shown. Follow the steps outlined below to select

the “Create Material” @ .

Material Browser

Material Browser

Pick Material 1 i
ick Materials Pick Materials

589\0

Delete Applied Materials

Create Materials

Duplicate Materials

Delete Applied Materials

eate Materials

&0

S S )

- . iw -
Material % Material I% Library
Browser Bicranes

Step 1

Q

The selection of

Step 2

Qo

POV G

uplicate Materials

Browser

(4

W

Material il Library
Browser Browser
Step 3

' opens up a dialogue box shown on the next page. This box allows
you to supply a proper name for the material should you decide to do so. Our assumption
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is that you do not have a material of interest in the “cloud” database and would like to
follow the steps to create it. It is a rather tedious process but will be clearly spelled out.

Select the “Create Material” S icon. Make sure that you check “Add domain” section
of the dialogue box, and that the “Simulation Domain” is picked. Note that this creates a
shell (a placeholder) and the material information needs to be supplied later.

Once you close the dialogue
box by clicking on “OK”, you
will find yourself in the
material database and can
identify the material that you
just created, namely
“Steel FEA CH2”. The
database screen is shown on
the right.

Place the cursor on your
created material in the
database, right click and
select “Apply”. You still
have to return to the screen
where the geometry exists
and continue. This
necessitates the closure of
the current screen (the
database screen).

& Create Material ®
Core Materials:
Type your desired name
(B
b Add domains:
Covering Materials: Make sure that the
te | “Simulation Domain”
L':J is checked
+ Add domains:
[ox ]

@ Create Material x

‘Core Materials:

Steel_FEA CH2

1

~ Add domains:

= Appearance Domain
[_] EE Drafting Domain
) #§ composite Domain
—> [¥) i/, simulation Domain

Covering Materials:

» Add domains:

[ox ][ concel |

Here is the material property that you created.
Thisis justa

“shell”, information needs to be inputted later.

o0 000000 < %
s2fssseezor

E—r—

/220 Results | Lastindex:10:01:24 PANghow all my recent content

Position the cursor here on the screen, right click, select “Apply”

3DSearch - Material Browser|

@ Steel FEA _CH2
Nader Zamani - 12/31/1969 7.00.00.on
i‘ materR1132100373266-000 % Q@ 2eply

@ Contact_Ineraction) @y puplicate
Nader Zamani - 3232017 1

S/ RIS 0| g Appearance

nani 2017 e
32100373266-00003923

@ March_21_2017

Nader Zamani - ¥21/2017 7:27:40 PM - P.

Steel FEA CH2

W

Property \
Creation Date

Material Domain 4
Name '
Sublype ¢

Title
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Select the “X “on the top
right margin of the
database screen to close
the window.

20.00PM-
1003

You will return to the
geometry window;
however, the shape of
the cursor is modified as
shown below.

250 PM-P.
1083

13:434M-
3023

740 PM-P.
3003

S

Place the cursor on the part on
the screen or on the top branch
of the tree and double click.

You will notice that the
“Materials” branch is created at
the very bottom of the tree as
shown below. You can then
use the cursor to select the
“Green” check mark to
proceed.

? Nader_Physical Product00047283 A1 H
[ERE W iacer 3D Shape00034131 A1
xy plane
yz plane
2plane

PartBocly

‘e
== Pad.1

Close this window by clicking on “X”.

Be careful not to close the App. instead.

Steel FEA_CH2

4

Property
Creation Date
Material Domain
Name

Subtype

Title

Modification Date

@ Nader_Physical Product00047283 A1 H
=& M 0034191 A1

xy plane

vz plane

2 plane
=g PartBody

&) padl

R

Value

12/31/1969 7:00:00 PM

Appearance Domain | Simulation Domain
matcr-R1132100373266-00004003

Core Material

Steel_FEA_CH2

12/31/1969 7:00:00 PM

D S

DR @

NaderZamani £3& 4

Select the “Green”
check mark from
this box

G Msterials 4_‘

The created material has been assigned but this is just a “shel

TN

”

, information needs to be inputted later.

Please note that the actual material |
. . = PartBody
propert@s are yet to bq inputted. ? o
Expanding the “Materials” branch =@ Materiais
I‘eVeaIS two Other branches The ér—Q Steel_FEA_CH2 (Mader_Physical Product00047283 A1)
1 t h th rt 55 Nader_Material Appearance Demain00005627
Oca lon W ere e prope les are . ul[s MNader_Material Simulation Domain00004 139
inputted is the last branch “Material (\
. . . ',
SﬁmulatlonhDomi1n00004 1397 as Input material properties by double clicking on this branch
shown on the right.
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Double click on the last branch and follow the steps below.

Material Definition: Simulation Domain x
Material Definition: Simulation Domain X

Behavior d X v - Editor

Behavior.1 (Default) = Behavior $ x v Editor -

Behavior 1 (Default) v
Options =
- Options

» [Jstructures

» [ Fluid Dynamics ¥ Ostructures

* [Jinjection Molding ¥ [JAbaqus Multiphysics

Density

v [Mechanical
¥ [Elasticity
Oelastic Ik
» [Hyperelastic
» [JHyperfoam
[JLow Density Foam
[ Porous Elasticity
[ Hypoelastic
» [Plasticity
» [ Viscoelasticity, Creep, Swelling
» [ Damage
» []Damping
» [ User Defined Behaviors
» [ Hydrodynamic
[JFiber Reinforcement
» [JGasket
» []Thermal
» electrical
» []Porous Media
» OAcoustic
»_[]Multiphysics Coupling
» [fe-safe Durability
» [ Fluid Dynamics
» Oinjection Molding

Kl - N |
Step 1 Step 2

Material Definition: Simulation Domain x .
Steps:
Behavior + = 4 Elastie

e = I 1. Expand the Structures Option
o B e 2. Continue Expanding until the Elastic

- E;nmur& Number of field vanables o 2
~ [l Abaqus Multiphysics . . . .
, Hlowsiy Voung's Modulus: 20008+011N_m2 Optlon is visible

[Fl Blasticity Poissorts Ratic: | 0.300

- Mo ine e o0y © Lo 3. Click on the Elastic Option & input

ey the Young’s modulus and Poisson

Hypoelastic .
» [JPtasticity
* [Jviscoslasticity, Creep, Swelling Ratlo M
+ [JDamage
+ [Jamping
» [Juser Defined Sehaviors
Hims .. Select “Elastic
» Dlcasket
» Ohermal
* Delectrical

aiim
* 0
* 0
O
(]
(|

Input the Young’s modulus
and Poisson ratio

+ [Plinjection Mokiing
[0 characteristic Temperatusne

Step 3

In Step 3, the Young’s modulus and Poisson ratio can be inputted. For the present
problem, E = 2 x 101! Pa and v = 0.3, which are the standard values for carbon steel.
Properties can be changed by simply double clicking on the last branch shown.
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Creating an Abstraction Shape:

When performing a structural analysis, one often simplifies the model. These
simplifications may include modeling a symmetric portion of a component, removing
small non-critical features, or even modeling a solid component as a shell. Modifying the
3D Shape used for designing and manufacturing the component could cause costly errors.
Fortunately, 3DEXPERIENCE provides a feature called an “Abstraction Shape”. The
Abstraction Shape provides a container with a dependent copy of the design 3D Shape.

Design 3D Shape Abstraction Shape Design 3D Shape
Abstraction Shape Design 3D Shape Abstraction Shape

Inserting an Abstraction Shape is a straightforward process. As shown below, right click
on the part, select Insert, and then select Abstraction Shape.

I:Ewmuipmdﬁmdobje:ls

| Beframeon
H
| @ WideShow
' Fraperiies AlteEntes
| ooty .
Shogy Seructune
| Show Sejected Structure Only
| @ comy Caic
| OB paste speci
| | & Lavp
I P01 -Plase with Hole A1 chject  *
; B ey
B Er—
? ader_Phws odu L2 | B e Enzerprese Rem Mumbsts S
| @ Mader_30 51‘13;{ Wader_Physical Product00047283 A1 | _ %Wiﬂtﬁm
¥y plane R Butcanon.
Eﬂmmemm
vz plane {22 | s £xismng Abstraction Shape.
B zpiane s e i 4B Existing FEM Repessentation_
B PartBody | sedection Mode v BBl Exiging Crowing.
g Materians | Updae " | e o

Step 1 Step 2 . Step 3
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Creating a dependent copy of the 3D Shape, used for the design and manufacturing, and
placing it in the Abstraction Shape requires a bit more effort. To accomplish this task:

1.

Nowvkwd

Double click on the 3D Shape to activate it

Right click on the PartBody associated with the 3D Shape

Select Copy

Double click on the Abstraction Shape to activate it

Right click on the PartBody associated with the Abstraction Shape
Select Paste Special

Select “As Result With Link™ and then click on OK.

T Center tree on Preselected Objects
Reframe On

@ Hide/Show

Properties Alt+Enter

Open Subtree

@  Nader_Physical Product00047283 A1 Display ’

e Nader_Physical Product00047283 A1
\5@ Made 3 [=REW. e =D Shape00034181 A1

W e ¢ - 18 ot e s
'—m o —m I Eé Reframe On Work Object
yz plane
vz plane 2" .
HEl = plane HBl = plane &< cut i~

| ik N
@ PartBody @ p) B Peste Chrl-v
@ Abstraction Shape0noot 306 o ADStq pargoay [P0001306 Paste Special
HEl o plare HB oy prane Delete Del

I

ﬂ vz plane m yz plane Parents(Children..

—m = plane _m o plane €3 Local Update

L@ pas “@ patbiosy Replace..

@ Materials @ Materials Partgody object ,

Step 1 Step 2 Step 3

T Center tree on Preselected Objects

IE Define In Work Object

Reframe On
@ Hide/Show
Properties AltsEnter
[E Open Subtree

Display
& Nader_Physical Product00047283 A1 & tsder_Physical Product00047263 Al

=@ Nader 30 Shape00034191 A1 & Mader 3D Shape00034191 A1
xy plane ~|!| Xy plane
v plane HBl 2 plare

[E Define In Work Object
4B Center Tree On Work Object

EE Reframe On Work Object

& cut Ctrl+
= plane ﬂ e plane By copy CilsC
=@ PartBody @@ PartBody 3 pase Culew

=& =% 1

—IE ¥y plane

Abstraction Shaped00

w plane
yz plane Hll vz piane Parents/Children.
o plane HBEl zcpiane €3 Local Updste

7] PariBody L@ \Q Replace..
Er—[s Materials Er—[a Ma Abstraction Shape00001303A.1 object *
Step 4 Step 5 Step 6

Paste Special T x
As specified in Part document
As Result With Link
Az Result I}
oK Cancel

Step 7
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For most simulations, we could leave the model as it is. But some of the functionality
used by the simulation apps requires the solid to be located under the PartBody.
Therefore, we perform the following three steps to clean up the model.

1. Drag and drop the solid to the PartBody

2. Right click on the now empty body container

3. Select delete

The steps to clean up the model and the final model tree are depicted below.

_ﬁ PartBody drag &

= Body2

Solid, 1 drOp
#HG Materials
Step 1

E: Center tree on Preselected Objects
Reframe On

@ Hide/Show

Properties Alt=Enter

@ Open Subtree

Display

E Define In Wark Object
*ﬁ‘ Center Tree On Work Object

E‘:_E_ Reframe On Work Object

S cut Ctrl+X
[y copy Ctrl+C
[ Paste Ctrl+V

Paste Special

Delete

g
Parents/Children...
€3 Local Update

Replace...

Body.2 object

Step 3

Abstraction 3hape00001306

—m 7 plane
E}ﬁ PartBody

L r-,E’

g mat —
Step 2

e MNader_Physical Product00047283 A1
L—J-@ Mader_3D Shape00034191 A1

—ﬂ xy plane
—m vZ plane
—m = plane
F=@ PartBody
[—3—% A
—ﬂ xy plane

—m vZ plane

—m = plane

=@ PartBody
Solich 1

E?‘E M.atema\s
Final
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Creating the Finite Element Model:

Click on the compass at the top left corner of
the screen. Be sure that the “ME” and “As a
System of Operations” choices are active as
depicted in the figure to the right. If you have
difficulty locating any app, you can activate the
search capability by clicking on the magnifying
glass. You can also drag any app into your “My
Favorite Apps” for easy access in the future.
Scroll through the applications and select the

g

Structural Model
Creation

“Structural Model Creation” App

& 3DEPERIENCE

Activate Search,

COMPANY WORLD Q

As a System of Operations As a Business Model

» My Roles

¥ My Favorite Apps

e

K |37 | B [

Bockmark  CollSborsSon s Colaboratve  Colaboratwe Project
Approaly Lifecycie Tasks Management

£ e Do

Genandin®  Generatve Shape praing
Vieefiame & Detign
Surtace

© @ &£ | P

Fundbonal  gonisgen Model  Shuchral  Stucheal Model
Gensaire Preparston  Scenario Creston  Creation
Deson

Pari Design  Assembly Design

Material Dofinscn

The “Create Finite Element Model” dialogue box appears. For now, select the
“Automatic” option for the Initialization Method. The other initialization methods
provide a user with additional control over the meshing process. The selection of
“Automatic” creates parabolic tetrahedral elements. Next, activate the geometry
selection and click on the PartBody under the Abstraction Shape. Then click on OK.

4l Create Finite Element Model - X % Nadgr P HysTiat Pt B0Day 263 A «ff Create Finite Element Model | - X
: | =8 nader 3D shapeoooaatst a1
Initialization Supports ™ Initialization Supports
Main bodies ' Main bodies
Bz plane ;
All geometries All geometries
—' = plane

O seectd geometies: [N | | 8 rueos

O et g S

Initialization Method

— ion Method Mo Sel ‘3‘& Shstraction Shage(000
None
Mo —- y plane o )
© Automatic ‘ vz plane Automatic
Manual
Manual L 2 piane P
Rule-based ) -
Procedure-based ':_r[s dvhiiis Procedure-based

Select specific quality criteria

OK

Step 1

Cancel

Step 2

-:r" Steel FEA_CHZ2 A.1 (Mader_Physical ProductD0047283 A1)
5 Matenal Appearance Domain00015986
~F% Material Simulation Domain00018897

Select specific quality criteria

Cancel

Step 3

The row of icons at the bottom of your screen (action bar) changes and will appear
similar to the one displayed below.

.
Standard | Setup | Properties =Abstractions Connections | Acoustics | Group | Display = View AR-VR  Tools Touch

oM > e Tt & ¢ & @ @
M @ " 7 bt -

Undo Feature Update Contributing  Contributing Check Functional Lattice Material Automated Dup

Publication .. FEM

Manager Shapes Mana.. Finite Elemen.. Finite Elemen.. Structure FEM Finite Elemen.. Palette
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? Nader_Physical Productd0047283 A1 The tree indicates that a mesh
#-& Nader_3D shapeooozaiat and the corresponding SOlid
=k Mader_Finite Element Model00003095) .
%@ Modes and Elements } Mesh and Properties are created section has been created.
Ii@ Properties
Iil—ls Materials
. I3 . . IJ__l—
Expanding the branch “Finite Element i
Model0003095” further indicates that the '—’Ja% Nodes and Elements
elements are of “Tetrahedron” type and the Tetrahedron Mesh.1
property is “Solid Section” as expected. =88 Properties
. . P Calirl Camtime 1
Upon double clicking on the “Tetrahedron evabon e _ x|
Mesh.1” branch, the corresponding dialogue box shown
. . upport: | PartBod, )
on the right pops up. Here, one can change the type (linear ™" ™ o
or quadratic), the size and sag, and certain other e
parameters. For example, local mesh refinement can be Mot s .
accomplished through the “Local Specifications”. Click e
on “Initialize from geometry” and then click on OK. ¥ cdral paramees
¥ Capture
Nodes & Mesh edges on constraints
There are different methods for displaying the mesh. i e
. . . . A1 9| Z & Bl i
The instructions given below are one method of achieving G v
that objective. ox || e |[ cancet
@ Model
. . % Mesh [ A
From the bottom row of icons, select the “Mesh” icon ] et e
| Model Plots ord | Setor R
-
The bottom row’s appearance now looks similar to below.
Mesh Operate Group Setup Visualize Check View Tools Touch
) S8 3 A & & &
e | he |
Update Mesh Beam Surface Surface Octree Octree Tetrahedron  Tetrahedron Sweep Hex-Dominant
Part Manager Mesh Trianale Mesh  Quad Mesh  Trianale Mesh Tetrahedr.. Mesh Filler Mesh 3D Mesh Mesh
Select the “Update” icon @ Nader_Physical Product00047283 A1 | o
@ Nader_3D Shape00034191 A1 %’#V
R MWacer Finite Element Model00003095 A1
€3 i &
T, : N
. . % Nader_Material Simulation Domain00004139 mm
Upon updating, the mesh K

%
K

appears on the screen as shown
on the right.

N
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There are also different ways of
hiding the mesh. For example, first
select the “Display” tab from the
bottom row of icons.

ap | Check ‘ Display ‘ View | AR-VR | Tools | Touch ‘

o G, @ 9§ &

Update Visualization Clipping Sectioning Mesh Mesh Element
Management Box Visualizatio. Color shrink

= [ visualization Management | = X
@ shape | choose. v
from the e . -

Connection| Choose

[ Close

you can select the “Visualization Management” icon
choices. The resulting dialogue box shown on the right appears.
You can then use the dropdowns to show or hide the various
features.

There are a few other icons that are worth mentioning here.

\Z
RO

Selecting the “Sectioning” icon ﬁ cuts the o
mesh with the standard xy, xz, and yz planes as """X‘Xﬁ
shown. "‘

Ty

The “Clipping Box™ icon " enables you to select a region of your mesh.

There are several other mesh visualization tools available including changing element

color and shrinking the elements. We do not discuss those further but will highlight the
mesh “Mesh Visualization Quality” plot. This allows one to quickly identify poor quality
elements that could produce erroneous results.
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% Mesh Visuakzation Standand

Mesh Visualzation Cuality
>

.a Mesh Visualoation Orientation

g Mesh Visualzation Connectivity

Mah | Meh Llement
tialization. Calor Shrink

Creating a Scenario:

The nature of the analysis, namely Static, Dynamic, Buckling, etc., is set in the
“Structural Scenario Creation” App. Furthermore, the loads, restraints, and interaction are

also defined in this application.

It is also important to point out that that one could have created the Scenario before the
“Finite Element Model Creation” step. In fact, the latter can be created from within the
“Structural Scenario Creation” App.

@ I0DPERIENCE

2
25

Click on the compass in the top left corner of

the screen as shown here. Scroll through the Activate SEBFC'\‘X
applications and select the “Structural Scenario () h o
{} ME COMPAMNY WORLD Q
% A3 a System of Operations Ag 3 Business Model
h » My Roles
Structural
Scenario Creation g i .
Creation” App. [lﬁp W &= s 2
Bockmark o & © Caoblab [Project
Agprovals Lifecrcie Tasks Management

£ @D |9 S

GENORINE  Gancrabve ShaPE praing
Cesgn

Pard Design  Assembly Design oo
Swrface

Q & (&£ 2 P

s Dannson 0 Semuston Model  Stueiural Shochoral Modal
5:':'“” Preparation  Scenario Creaion  Creation
s
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The pop-up window “Simulation Initialization” shown below appears on the screen.

Since this is strictly a structural problem, the radio button “Structural” should be selected.

A quick glance of the tree confirms that a “Scenario” has been created.

| Simulation Initialization

Create Analysis Case Nader_Physics Simulation000004556

=B Model
© structural év Nader_Physical Product00047283 A1
Thermal I—F@ Mader_3D Shape00034191 A1
Thermal-Structural xy plane
vz plane
Finite Element Model: Mone selected 3 2 plane
Ii@ PartBody
OK Cancel = Mader_Finite Elerment Model00003095 A1

H—@ MNodes and Elements
Iﬂ-@ Properties
t@ Materials

1

Iz?‘q Steel_FEA_CHZ2 (Nader_Physical Product00047283 A1)
5% Nader_Material Appearance Domain00005627
v Nader_Material Simulation Domain00004 139

é@ Structural Analysis Case.1

\tl-v Result

The row of icons at the bottom of your screen changes and will resemble the one
displayed below.

['standard Setup | Procedures | Initial Conditions | Interactions = Restraints | Loads Simulate | Display | View AR-VR | Tools Touch

T . e . B & E BFH % ® @ H

Model T Scenario Results Feature Visualization Visibility Clipping Sectioning Display
Box

Manager Management Control Preferences

Checking the middle bottom section of the
screen reveals that there are two red
exclamation signs.

These pertain to “Structural Analysis Case.1”
and “No Procedures Exist”. .

Red exclamation signs

Structural Analysis Case.l ! No Procedures Exist
[ 1

Setup | Procedures | Initial Conditions Interactions Rest

2 =2 & A

Results Feature Finite Axisymmetry
Manager Element Mo. FEM

From the “Setup” tab, click the “Finite Element Model”

icon ﬁ The following pop-up window displayed on
the next page appears.

=H3 Scenario created
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Since there is already a finite element model
created, it appears in the list. Be sure that you

Finite Element Model x

Model: @ Select () Create

select that row. Notice that there is also an presien the highlighted ol

. . Name Dimension
optlop to creatq a finite element model. As ' S L
mentioned earlier, the FE model can also be Select this row

created within the Scenario, and this is where
you would complete that task. In this case, it
does not apply because an FE model was
already created and selected.

oK Cancel

Select the “Procedures” tab from the action bar (bottom row).

/ Procedures tab

Initial Conditions Interactions Restraints Loads Simulate View Tools Touch

S O% (@7 ¢ (BB [H A |yl I

Setup

Static Step

« . 99 * i

Select the “Static Step” icon from the bottom row. Configures a stress analysis
procedure of a stable problem
in which inertia effects are

{ neglected.

= @ Press F1 for more help.

HE R X

The “Static Step” dialogue box pops up. Accept all the defaults. Note that if the
“Advanced” pulldown list is selected, it becomes clear that this is the point in the
software where “Geometric Nonlinearities” are included, or excluded.

~ Static Step

~ Static Step x

Name: | Static Step.1

Total time: | 1s

+ Incrementation

Maximum increments: | 1000

Time incrementation selection: | Automatic v:
Initial time increment: 1s

Minimum time increment: | 1e-005s

Maximum time increment: | 1s

+ Stabilization
b Advanced

OK Cancel

MName: | Static Step.1

Total time: | 1s

~ Incrementation

Maximum increments: | 1000

Time incrementation selection: | Automatic V:
Initial time increment: 1s

Minimum time increment: | le-005 s

Maximum time increment: | 1s

» Stabilization

~ Advanced

Include geometric nonlinearity «€<——————— N LG Eo M
Matrix storage: m‘ |nc|uded

Ok Cancel
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A quick glance at the
bottom middle section of

Note the “Green” checkmarks instead of “Red” exclamations

the screen reveals “Green” l l
checkmarks instead of

“Red” exclamation marks. ’U

+/ Structural Analysis Casel 4/ StaticStepl
[ 1

The tree indicates that “Static Step.1” has 455 g

been created. There are default basic > ;tfumm"a' sls Casel
output entities that are requested upon the i
creation of a Step. & oupue
Static Step 1
L Dutput.1
Output.2
EJ- Result

Accessing the Model, Scenario and Results Quickly:

Clearly this can be done by double clicking on the corresponding branches of the tree.
However, it can also be done efficiently by selecting the appropriate icon among these

three: @ H @ g . The first one on the left is “Model and Mesh”, the middle
one 1s “Scenario” and the one on the far right is “Results”; that is the postprocessor.

Applying the Pressure Load:

A pressure load of -100000 Pa is to be applied on the end faces. Note that positive
pressure by convention is a compressive load. Since the notched block is under tension,
pressure value is inputted as a negative number.

l Select the “Loads” tab

Setup Procedures Initial Conditions Interactions. Restraints Loads Simulate View Tools Touch

SR % @ - TN S F el ]

Select the two end faces of the block; keep in Select these two faces
mind the multiple selection is done with
holding the Ctrl key down.

) s

Select the “Pressure” icon ¢ from the
bottom row of icons and input the pressure
value.
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Pressure

Applies a distributed load
| normal to a surface.

fi

ons @ Press F1 for more help. l

e - 8 F Tt

Applying the Restraints:

The problem under consideration is in static equilibrium without imposing any restraints.
However, due to the geometrical and loading symmetries, it possesses three planes of
symmetry. Therefore, in principle, one needs to model 1/8™ of the geometry only.

In the present model, no symmetry
considerations will be made. Since the
structure can move as a rigid body and still
remain under equilibrium, the so called {1,2,3}
rule will be imposed. This is illustrated in the
figure on the right. The arrows represent a zero
displacement in the shown direction.

VA
The (1,2,3) restraint representing (X,y,z) )\Y
prevents the block from flying away. The (1,2) X
restraint representing (X,y) prevents rotation
about the x and y axis. Finally, the (3) restraint representing (z) eliminates the rotation
about the z axis.

(1,2,3)

Select the “Restraints” tab from the bottom toolbar (the action bar).

H Restraints tab

Loads Simulate View Tools Touch

D |- B% BIVLABRT @d @ L

Setup Procedures Initial Conditions Interactions

Choose the “Fixed Displacement” icon "t"
followed by the bottom vertex as shown.

In the dialogue box, check all three
“Translations”.
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Repeat the same process for the other two vertices and choose the appropriate translations

as shown.

= Fxed Displacement .

| : y [~ Fixed Displacement x|
| Name: | Fixed Displacement2 | ——
Lh =0 Nams | Fined Displacement3 |
(&) — e
| Translation: x@v Oz Translation (] x @ v [Jz
| potatior OxOv Oz Rotatio:  (Jx (Jy (Jz
| i system definiton: | Global ] Axis system definition: | Global +.
(o) Fomen] T [omen ]
As a side comment, instead of using the Loy, come
Il CE Nl O
. [ L8 e st
“Fixed Displacement” icon and ‘j? )
. . & Restraints 3]
checking all three x,y,z translations, one ST —
. Fixed Displ t.2
could have used the “Clamp” 1con@ i & e
@L Fixed Displacement.3
E—J—@ Loads [1]
Lél{ Pressure.1 Restraints
Note that the imposed restraints are now 5 B outputRequests @ Applied
reflected in the tree. &t craicstend
Fixed Displacement.1

PepelOroror

Consistency, Model Check, and Simulation:

Fixed Displacement.2
Fixed Displacement.3
Pressure.1
COutput.l
Output.2

Select the “Simulation” tab from the bottom row of icons on your screen

Simulate tab

"Standard | Setup | Procedures | Initial Conditions | Interactions | Restraints | Loads | Simulate | Display | View | AR-VR | Tools | Touch

=

Feature
Manager

s

Results
Storage

©

Model

e S

Scenario Results

I?)

Undo

44444

£

2

Select the “Results Storage” icon

Simulation
and Scenario Checks

>

R .
Simulate

from the bottom row to define where the

simulation results will be stored. While model and scenario data is always stored on the
server, simulation results may either be stored on the server or on the local machine. If

the “Local” option is selected, the results will be stored in

C:\Users\WinUsername\AppData\Local\DassaultSystemes\PLM LocalResult.
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However, the data is masked, encrypted, and only accessible by the owner of the data.
Students should check with their instructor to determine the proper location for storing
their simulation results. For this case, we select the “Server” radio button.

Results Storage . X
Results Server ¥
Result Of Structural Analysis Case. 1‘° Server Local
oK Cancel
It is a good practice to perform the consistency and e iy vien v ol i
consistency check before submitting the work for the final & 2 2 2

Results Model Simulation Simulate
e and Scenario .. ecks

run.
Select the “Model and Scenario Check” icon from the

bottom row = .
The software goes through a check phase and if there are no issues, a message with a
“Green” check mark is returned.

Model and Scenario Checks Status X

+" Model and Scenario Checks completed.

Close Terminate

Next select the “Simulation Checks” icon®% | from the bottom row .
of icons. Accept the number of “Cores” in the pop up box below. & 2 g2 =2

Simulation Checks

Location:

Local interactive b4 ¥
Performance = ————————— 4 [ 4 cores
Baseline Fast

» Analysis case

» Units: m, kg, 5, Kdeg, mol.

oK Cancel
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Upon the completion of the “Simulation Check”, any errors or warning messages will be
available in the pop up box below.

Simulation Checks Status

+ Simulation checks completed.

» Errors (0)

* Warnings (1)
Output request cf has been removed as there are no applicable loads in this step

» Information (0)

Assuming that there are no serious issues (i.e. no error messages), you are ready to
submit the job for “Simulation”.

i

Select the “Simulation” icon B=# from the bottom row.
Accept the number of “cores” in the pop up box, and wait for the simulation to complete.

Simulate

Location Local interactive hd X

Performance  s—f—t—) [, |/ 4cores

Baseline Fast
w Analysis case

Experience content| conerate v

Results: Overwrite previous *

-
Simulation Status M

Checking consistency

» Units: m. kg, 5. Kdeg, mol.

Clase Abort

oK Cancel
Simulation Status
During this phase “Simulation V/ Structural Analysis Case.1 completed. 4
Status”’ important meSSageS SLlCh aS Messages Licensing Messages | Plots / Iterations Diagnostic files

» Errors (0)

» Warnings (1) /

» Information (0) Successfu“y Completed

“Licenses”, “Plots”, and “Iterations”
are recorded in the main pop-up
window. These can be viewed by
selecting the appropriate tab.

In the present run, if you select the
“Iterations” tab you will see a single e

Step HM: H At H Sew D m’\\ter’” Eq Iter H Tot Iter H Tot Time (5) H Step Time () H Time Inc (5)

iteration as the problem in linear. Swicsmn | 0 | | R
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The “Plots” tab reveals nothing
interesting. The problem being linear, — wa™" i = —r
there is only one iteration to get the e
. Plot of Total Time vs. Increment
solution. :
——

g
Increment

From the “Feature Manager” dropdown, select the “Diagnostic

Viewer” ] from the menu. This can also be launched by typing
Altt+v.

Once the window pops up, click on the arrows to expand the
records.

Diagnostic Viewer X

Click to r o

w Structural Analysis Case.1: Analysis succeeded
Expand

Completed
¥ Advanced

(Case: Structural Analysis Case.1

Diagnostic Files: | [ Data || [ Message | [} Status

Diagnostic Categories IModEI T - ]

Size Information

Number of nodes : 5293
Number of elements 2809
Number of variables 16754

Size of results data (MB) : 5
Performance
‘Wallclock time (s) 1

CPU time (s) : 1.7
Solution
Number of steps : 1
Number of increments: 1
Number of cutbacks 0
Number of iterations 1
Diagnostics
Number of errors 0
Number of wamnings : 1
Diagnostic Viewer x
Under the -
(3 2 1 v Structural Analysis Case.1: Analysis succeeded
Advanced” section, p
use the pulldown v
Case: Structural Analysis Case.1
menu to expand the
Diagnostic iles: | [ pata || [ Message || [ Status

choices. Here, you
can select an item of
interest to get
information about.

For example, if you are seeking information about “Iterations”, make that selection and
click on “Status”. A text file (Notepad) is generated which pertains to the requested item.
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Diagnostic Viewer
¥ Basic
v Structural Analysis Case.1: Analysis succeeded

Completed

v Advanced

Case: Structural Ana\ysly/ ¢

Diagnostic Files: | [ Data || [ Message || [ Status
Diagnastic Categeries: [ Model summary M
Model

Size Information
Number
Number
Number Total time
5122 0f 1 pverage force

performance rag
Wallclog Time average force
CPU tim Maximum residual force

Solution

Maximum displacement increment

er
Maximum displacement correction

<

Select the type of report you are seeking

Select the Item that you want a report on

E 1b28e5b6_1bb8_58d3e2d2_dbbd_0_STA - Notepad
File Edit Format View Help

R | |

|Abaqus,f5tandar'd 3DEXPERIENCE R2817x HotFix 1
SUMMARY OF JOB INFORMATION:

STEP INC ATT SEVERE EQUIL TOTAL TOTAL STEP
DISCON ITERS ITERS TIME/ TIME/LPF
ITERS FREQ
1 1 1 e 1 1 1.00 1.00

THE ANALYSIS HAS COMPLETED SUCCESSFULLY

DATE 24-Mar-2017 TIME 23:24:22

INC OF DOF IF
TIME/LPF MONITOR RIKS
1.000

Results (Post processing):

Once you close (or move) the

r .
Standard | Setup | Plots | Sensors | Calculations | Display @ View | AR-VR | Tools | Touch

obstructing dialogue boxes, you must
be in the “Results” section and the
bottom row should appear as shown on

the right.

If not, click on the “Results” icon '

In the background, you
should see the “Plots”
dialogue box which shows
the results of Framel, and
the initial results and the
results after the first
iteration. If the first of the
“Plots” dialogue box is
highlighted, the value of
the von Mises stress is
zero as shown on the right.

|@_ |

~ Plots

S

0.8 + ©

Results Play Diagnostic Coordinate Path
Animation Viewer Results System
| | Results (Alt+R)
- - Switches to Results.
Initial Conditions (Alt+R)

Case:

Result Of Structural Analysis Case.l

Step. | Static Step.1

Plot: |Vor| Mises Stress.1

=1 |

2 1 ls

F..md| Increment | Time

T 2% @ |

LOCI SaVE 1

‘Von Mises Slrege.? {W_mr

0
L

Defarmation scale: 1



2-24 Linear Elastic Analysis of a Notched Plate

This is not surprising as the first row is before any incremental load is applied. If the load
is zero, the displacement and stress are both zero. Use the cursor to select the second row
of the “Plots” dialogue box. One can then see the von Mises stress distribution in the part.

The stress concentration graph - Plots

given on page 2-1 indicates a Case: st Of Sircturs Anayss Case 1

factor of 2.4 for the given oo [ TE

dimensions. Since the [Fomd[ncrement | Time |

magnitude of the applied 1o 0¢

pressure was 1.00E+5 Pa, a I N e

maximum von Mises stress of

3.19E+5 Pa is in reasonable

agreement with theory. Keep in i N e

mind that this is a coarse grid. e
2.98+5
25es5

In order to display the 231015

“Displacement.1”, use the “Plot” .

pulldown menu in this window o

and select “Displacement.1” as -

shown below. 233004

Deformation scale: 1

The “Plots” dialogue box

can be closed to make

room on the screen if

needed. Use the cursor and

select the arrow on the top e ot

left corner of the window; St [t s -
o i T —
this will collapse the box [ F1 1 Select

Displacement 1 < .
as seen next. 1 VonMisesStress1 Displacement.1
-Phﬂi( Strain.1
Undeformed Model
[+ Plots Actively Yielding.1 B eis

Displacement.i (m:m)
7.44e-5

£.61e-5
5.79e-5
4.96e-5
4.13e-5
3.31e5
2.48e-5
1.65e-5
8.26e-6
0
Deformation scale: 1

~ Plots




Finite Element Essentials in 3DEXPERIENCE 2-25

Every time a new plot is to Lh o
be generated, the previous ; B
one iS deactivated. ‘:\ Result Of Structural Analysis Case, 1

Checking the status of the B Ficia Plots 6

tree on the right indicates O Defomation.1 < Not Activated

that the “Displacement” is EJ—B Displacement.1 <——————— Activated

“Active”, whereas the other EJJ(])- Won Mises Stress1 < Not Activated

5 (including von Mises) are G Plastic strain.t <« NotActivated

“Not Active”. J(]). Undeformed hMode] <———— Not Activated
©fm Acwelvieldingl < NotActivated

Plots which are “Not Active” have a marker ¢ )l next to them. There may be good reasons
that you want several plots on the screen side by side. Suppose that you want the contour
plots of the displacement and the von Mises stress side by side.

Select the “Display” tab from the bottom row of icons.

iSeIect the Display Tab

[ - -
Standard | Setup | Plots | Sensors | Calculations | Display | View AR-VR  Tools Touch

© 2 & 5 O m EF 1 K % @&

Model Scenario Results Play Diagnostic Plot Display Show Compare Result Rendering
Animation Viewer Sectioning Group Min/Max Val.. Results Options Settings

-
Select the “Compare Results” icon 8l from the bottom row.

The “Compare Results” dialog will appear as shown below. Click on the X’s to remove
the two right panes.
i T

Show Compare Result
Min/Max Val Results Options
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Compare Results - ﬂ
Templates | Saved Comparisons |
I % &
Customize ! - 1
o

v Cantent and org

T+

¥ Hader_Physics Simulation00004556 A1

& x €=——(lick to Remove

= Besialt Of Strustural Anshyss Case.1 &%
Ban Ficki phots
h Do cematican. | Mader_Physics <]
iﬁ Dl aggrmert. 1 imf&mr‘liﬁ.? I i e%n! here
T e
ly Undetormed taodel
g x & x €«=——(lick to Remove

Divop content here

Omiy the sirmulation resuits opened in the
sETsion Gppearin the kit

F2-4
Dyrop content here

Candel

Then, drag and drop the displacement field plot into the remaining lower pane

Compare Results | - X
Customize ACross cases Across simulations
(=]
¥ Content and
¥ Nader_Physics Simulation00004556 A.1
- Comparison preview % 4-|+
¥ Result Of Structural Analysis Case.1 Q x
e Field plots
% Deformation. 1
Displacement.1 o R
Mader_Physics Simulation00004556 A.1
Von Mises Stress. Result Of Structural Analysis Case.1
Von Mises Stress.1
% Undeformed Model
\ & x
G
Drop content here
Only the simulation results opened in the
session appear in the list.
OK Cancel

You will see that the von Mises Stress is displayed in the top sector of the screen and the

displacement is displayed in the bottom sector of the screen as shown below.
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PLEXP-DEV-FER ~ + 4

Result Of Structural Analysis Case.T\Staic Step.1\Von Mises
Stress (2] 1000005,

Compare Resuts | _x
Vi
Symcvorize
View manipulations | D
Steps and frames

Legends

swe || swess | close

Von Mises Stres

317e+5
2881645

2502045
2203045
2014045
1725045
1436045
1147045
o570 +4
s6060+4
279%e+4
maion sca
it of tcurs sy Coe v | Saticsipt +
Dipacementt ~ |21 1000005
Displacem
a250e-
7439
6,607
s7e1
055
a1
N 3004
2478
1.652
8250
o
Deformatic
[standard | Setup | Plots | sensors | Calculations | Display | View | AR-VR | Tools | Touch
2 @ |9 | & & 6 O | ® =2 01 (W) & @
= Undo Modd T Scro  Resits oy | Dignosic Mo iy Sow | Comue || ek Rendeng
sieen | “Viewer sccionng  Grop Mmool | e || O Sevngs

An important skill in post processing is the ability to pan, zoom in and zoom out
of the contour legend. In order to explain the process, plot the contour of
“Displacement.1”. Point the cursor to the contour legend and select it (left click). You
will see that the contour plot (on the block) becomes dim. This is an indication that the
contour plot is “Not Active”, whereas the contour legend is. Now, selecting the legend
with the middle mouse button down, the legend can be panned. Selecting the contour
legend, a single click of the middle mouse button, and forward/backward motion of the
mouse enables you to zoom in and zoom out of the legend. Once you are done, select the
contour legend again which will activate the contour plot.

Displacerment.1 (mm)

Dimmed contour ——>

826e-5 )
plot 7.44e-5
6.61e-5
5.79e-5
4.96e-5
Displacerent.1 (m:e) 4.13e-5 r
3 T;:,s 33165 Select the contour legend,
6105 then zoom in, zoom out,
. 248e-5
Selecting the 5705 pan the contour as needed.
contour legend ——mm > :::*z 1.65e-5
dims out the 33105 8.26e-6
contour plot o -
16505 0

82666 .
0 Deformation scale: 1

Deformation scale: 1
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00 &L~
The group of icons ﬂ I on the bottom of screen are very

B[l
useful in post processing. The compare results icon has already been discussed. We

will now review the plot sectioning icon i . Once this icon is selected, the part can be
cut at an arbitrary orientation by rotating/translating the “Robot”; two random cuts are
shown below.

PR+® s HBB =
_ 5 Mg - BT
E’:I-
e
Manipulating the contour 51
plots as far as formatting ‘L it _
. R Result Of Structural Analysis Case 1
and setting the parameters  A—
. . e ots
1s very important. To -
explore such features U e
dOEble click on an ex’isting (= (L Displacement.1 DOUb'fe click on
one of these
L d.2
contour on the screen (or B tegen branches or on
. . E}'l Waon Mises Stress.1 = .
simply double click on a an existing contour
branch of the tree which F-Om Flastic strain.1 on your screen
corresponds to a contour in oM Ungeromed Mode)
the “Results” section). oM frivelicldnn -
Contour Plot | x

Once the contour appears on the screen, - pr—
double click on it again. This action leads to k@
the “Contour Plot” pop up window shown

. . : Template:| . pones =

on the right. This window has three tabs and =

. + Definition
many pulldown menus which enables you to variable: [} Tansiations and rotations .
customize the plot. Values 2t [ ogeer .
Native values are rendered at nodes

The three tabs are immediately below the s ¢
Display group: | pisplay Group.1 v

“Name” Iﬂ L ﬂ .

In the first tab, one can select the different
variables to be plotted.

OK Apply Close
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Selecting the middle tab - leads to the screen
which enables you to change the “Scale factor”.
By default, the scale factor is “1”. Change the
“Scale factor” to “90000” and press the “Apply”
button in the pop up window.

Scale factor of
_ 90000 instead of 1

. @ ~ Contour Plot ®
Next select the third tab . Name: [ isplacement
e
[) Apply transparency
This tab has an important section on “Edges”. Vel g (e 1)
The “Visible edges” pull down list gives you
Mesh -
- Outline
Mesh
three options/Mone
The effects are shown in the contour plots
below.
ox | apely || cioe

Visible edges = Mesh Visible edges = None

Visible edges = Outline

Looking at the above contour plots one notices that there are no distinct color separation
borders. It could be that for certain reasons, having a smooth transition between colors is
not desirable. This can easily be changed by double clicking on the contour legends
which will open the “Legend Options” dialogue box. The box is shown on the next page
and gives you many other options regarding the contour.
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Legend Options x
Values
Max £.259-005 (Auto)
Min o000 (Auto)
Format: Automatic
Number of digits: | 3.000
Intervals
Type: | Linear
Number of intervals{ 10,000

Use out of range colors

B v o [

Smooth
i~ checked

Legend Options x

Max 8.259e-005 (Auto)
Min: 0000 (Auto)
s Automatic
Number of digits: | 3,000

Intervals

TP | Linear
Number of intenvls:| 10,000

Smooth
Un-checked

The number of colors, the maximum and minimum range for the variable can also be set
in this window. Note that the setting which allows you to orient the legend “Horizontal”

or “Vertical” is at the bottom of the window.

Select the “Create Report” icon

~ [2) Report Definition *

Format | Sim.dotx |} Browse... |

[ General J
| C

ok || cancel |

The results animation tool is located on the

“Standard” tab. It is good practice to pin the
“Standard” tab to the Action Bar. To do this,

from the bottom of the o
screen. This will lead to the dialogue box shown below.

Creates a report document that
summarizes the results of
your simulation.

(@) Press F1 for more help.

 ENE -

A professional looking report in “Word” or “PowerPoint”
formats can be generated. Personalized information such as
company/university logo can be automatically inserted.

I Pin Section
| Hide Section

rd Display Icons and Text

right click on the tab and select “Pin Section” as

shown on the right.

Select the “Play Animation” icon q from the bottom row.

This loads the animation player as shown below. ® 5 E -

Reset All Section Positions

Play Animation

Animates all active plots.

Pl @ Press F1 for more help.

H S A a> B D@ If-

You can change the animation properties and save the animation by clicking on the

“Animation Options” icon & .
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This loads the “Animation Options” dialog as

. . . . Animation Options | x
shown on the right. Finally, looping control is e 0000
achieved by clicking on the @ icon. You can :"ig":“:r |Scalefactor ¥
. . Ao S Maximum -
click through the options: loop, bounce, and S =
one shot.

A very useful post-processing feature is the “Show Min/Max

Show Min/Max Values

Highlights where the maximum
and minimum values occur.

Values” icon H from the bottom row of icons.

@) Press F1 for more help.

IQ|% L&

H Do not show Max/Min

o

=R=0"N Fd

I

E Show only Max value

eI R

|
:

Up until this point, the post processing dealt with contour plot fully rendered. The next
activity deals with generating plots which are “symbol” based; for example, the y-
component of the displacement vector (or symbol) but plotted as a vector. In this
example, y is the direction where the part is loaded.

Select the “Symbol Plot” icon g‘ from the “Plots” tab at the _ll_‘_l‘l%mmf:”vmw:‘ft
bottom of the screen. Note that the icon “Isocontour Plot” is A & G :
essentially the same as “Create Contour Plot” l , except B SRS

that there is no rendering.
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Follow the instructions below to select “UT, Translation” with “Vector Component 2.

Symbal Plot | Symbol Plot | x
Mame:  Element centroid Principal Stress tensor1 Name: | plot UT(Magnitude).1
LAk, AP
Template: glement centroid Principal Stress tensor v Template:| cnone> -
' Definition w Definition
Variable: Is, Stress compenents - ] Variable: [uT, Translations. - ]
Symbal shape: | LE, Logarithmic strain components Select the UT, Symbol shape: | vectors * | at | Nodes v
RT, Reaction forces :
® prncipald " Translation as the Quanti ;
E2 rincipa RF, Reaction forces and moments b [Magmtude h ]

variable
.—

Display group: | p s, Stress components
UT, Translations

U, Translations and rotations

Display group: |, Magnitude

Magnitude Co 243
Magnitude Components 18 3

Magnitude Components 1 & 2

AREA, Surface element area

CENTROID, Coordinates of element centroid N Vector Component 1
POSITION, Coordinates at Nodes n 7 Vector G 2
VOLUME, Eemmentwolume Select the appropriate VectorComponent3 1
component. Here it is
Component 2.
oK Apply Close oK Apply Close
I3 )
For Symbol shape, select “Vectors
~ Symbol Plot x ~ Symbol Plot x
Name: | Plot U3 | Name: | Plot UTS |
A= AN~
Temp{ite:[ <None> V] Temphte:[ <Mone> V]
Variable: | UT, Translations - Variable: | UT, Translations -
Synbolshape: [Points_+] u [ads 7] ——————>| | symbclshope[Points +] [ modes -]
Quantity For Symbol shape Quantity. [ Ve, Points
Select “Vectors”
ok || appy |[ dose ok || apply |[ cose

Finally press “Apply”. The symbol plot (vector plot) shown below appears. The issue
with this plot is that there are too many symbols (arrows).

Plot JT.6 (mm)

3.85e-6
-4 75e-6
-13de-5
-2.28-5
-3.08e-5
-3.93e-5
-4.7%e-5
-5.65e-5
-6.52e-5
-7.36e-5

-8.24e-5

Deformation scale: 9e+5
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Follow the instructions given below in the middle tab of this window

reduce the arrow density.

~ Symbol Plot

Name: | Plot UT.11 |

s B3

— Deformation

Show deformation
Scale factor: 900000

e

— Entity labels
D Show node labels
D Show element labels

— Threshold

Type:

value: | gm

Show Extrema

-~ Symbols

("] show symbols only on exterior /

M

Symbol density: ilf
Low

High

ok | Apply |[ dose

The final activity is to explore the “Feature Manager” in the

Plot UT.$1 (mm)

3.88e-6
-4.75e-f
-1.34e-5
-2.2e-5
-3.06e-5
-3.93e-5
-4, 79e-5
-5.65e-5
-6.52e-5
-1.38e-5

-5.24e-5

Deformation scale; 9e+5

Slide the bar to reduce symbol (vector) density

When satisfied, press “Apply”

rStandard | Setup | Plots ‘ Sensors |

context of the simulation results. This selection leads to the
“Feature Manager” dialogue box below which contains valuable

P 6 E-

information.
Feature Manager | x
| Plots I SEensors | Display Groups
Mame | Min Max Fields Units
ks Deformation. 1 N.A N.A ] mm
l Displacement.1 0mm 8.26e-5mm U, U T, i
% Von Mises Stress.1 2790e+d... I1Tesd.. 51U N_m2, mm
s Undeformed Model N.A N.A
B]f-@ Plot UT(Magnitude).1 0 mm B25%-5.. UT, U ITHTY, TV
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It is worth mentioning that dialogue boxes such as “Feature Manager” and the

“Diagnostic Viewer” m| can be accessed any time by right clicking on the screen as

shown below.

Display 4
Ambience »
Style 4

Authoring Context

Eull 5creen

Full Screen For Design

Feature Manager
A

Assistant

Simulation Status

Displacement.1 {(mmj)

8.26e-5
7.43e-5
6.618-5
5.788-5
4.96e-5
4.13e-5
3.3e-5
2.48e-5
1.65e-5
8.260-6

o]
Deformation scale: 8e+5

There are many, many other important features that were not touched upon in this chapter
but will be explored in later ones.
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Exercise 1: Analysis of a Foot Pedal

The foot pedal shown below is made of steel with Young’s modulus 30E+6 psi and
Poisson ratio 0.3. The pedal is loaded with a normal force of 100 Ib along the edge
shown. The other end of the pedal is clamped. The geometrical dimensions are provided
at the bottom of the page where all the dimensions are in inches.

.
|

Try running the model with the two different element “size” and “sag” with both the
linear and parabolic type of elements. Record the results in terms of the maximum
displacement and the maximum von Mises stress in a table and comment on the results.
The run time of the parabolic elements with element size of 0.1 could be substantial
depending on the type of processor used.

Partial Answer:

Size = .3, sag = .05
Element Type Linear Parabolic
Maximum .0158 in. .0227 in.
Displacement
Maximum
von Mises 5.32E+3 psi 1.1E+4 psi
Stress
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Size = .1, sag = .05
Element Type Linear Parabolic
Maximum .021 in. .0229 in.
Displacement
Maximum
von Mises 9.43E+4 psi 1.6E+4 psi
Stress

The above tables reveal an extremely important fact about finite element analysis.
Making a single run and accepting the results at face value is a serious mistake. Note that
for linear elements as the mesh is refined, there is a significant change in both
displacement and von Mises stress. The user should not accept either value as being
correct and must refine the mesh further. The refinement should reach a point at which
the difference with the previous mesh is not deemed to be significant to the user. This
process is referred to as a mesh convergence study.

Keep in mind that the refinement need not be uniform throughout the part. One should
perform the refinement in the critical areas only. It is clear that parabolic elements are
superior in accuracy to linear elements. Furthermore, note that although the displacement
seems to have stabilized, the von Mises is still unreliable. It is well known that the
displacements in FEA are more accurate than stresses. The reason is that the stresses are
obtained by differentiating the displacement, a process which magnifies the error.

Exercise 2: Analysis of a Cylindrical Bar under Torsion

The cylindrical bar shown below has a clamped end. The other end is subjected to a
couple caused by opposite forces on magnitude 1000 Ibf separated by 1.5 in. This is
equivalent to a torque of 1500 Ibf.in applied to the cylinder. The material is steel with
Young’s modulus 30E+6 and Poisson ratio of 0.3.

The diameter of the cylinder is 1 in. and the dimensions of the loaded end are shown
below. Although not showing, the length of the padded cylinder is 5 in. and the length of
the padded rectangle is 0.5 in. All sharp corners at the loaded end have surface fillet of
radius 0.1 in.
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draw the rectangle on the circular face, then pad it away .5 in

0.315

B

in

Model the part with linear solid elements with size = 0.1 and sag = 0.025 which results in
the mesh shown in the previous page. Compare the hoop stress (The hoop stress is the
largest principal stress “C11”") with the theoretical solution from strength of materials.

Partial Answer:

The strength of materials solution is based on t = % where T is the applied torque, r is
the radius of the cylinder and J is the polar moment of inertia. In terms of the diameter,

nD*
r= 2, and ] = ? . The hoop stress “C1”” which numerically equals T is calculated

from lf)l; For the present problem, T =1500 1b.in and D =1in. Based on these
T

parameters, a value of 7643 psi for the hoop stress is predicted.
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Notes:
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