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Chapter 3

Elastic-Plastic Analysis
of a Notched Plate
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Introduction:

This tutorial is an extension of the problem described in chapter 2. The plate with a
central hole is pulled with a high load which drives the part into the plastic range. The
true stress/true strain curve is provided in tabular form for the plasticity model.

Problem Statement:

The steel plate shown below is subjected to a pressure load P at the two ends. Contrary to
the earlier model in chapter 2, the three planes of symmetry are used to reduce the finite
element model as shown.
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CATIA Model:

Create the CATIA model of the indicated plate with the following dimensions.
L=0.15m, H=0.1m, W= 0.02m, and D = 0.025m.

oy
Use the Apply Material icon ‘& from the bottom row of toolbars. The use of this icon
opens the material database box as shown next.

[Default Material Catalog =5 ‘EE
Construction ] Fabrics | Metal | Other | Painting | ShapeReview | Stone | Wiood |
L] L] L]
BawW Tiing Bathroom Flaor Concrete Concrete 2 Dty e
L] |
Grass Grake Gravel 1 Gravel 2 Gravel
e
gl > < > -
Marble Paving Mo Skid Old Tile Pavement Pavemel
PyC Road Roof Roughcast Shiny Wac
4 ] ] »
[ tink to file
~ '@ el W e o | Close |

Choose the Metal tab on the top; select Steel. Use your cursor to pick the part on the
screen at which time the OK and Apply Material buttons can be selected.
Close the box. The material property is now reflected in the tree.

IDefauItMaterial Catalog LJ & |@
Construction j Fabrics | Metal ] Other ] Painting ] Shape Review ] Stone ] Wood ]
&% | Chapter 3 Tutarial u . . .
<7 Xy plane .
Chrama Copper Eroded metal 1 Eroded metal 2
= vz plane
e ® e ® @
[iﬁll Parameters
ﬁ—@ PartBDdY Tron Lead Magnesium Mat brushed metal
i}
Shiny brushed metal Silver Steel Titanium
Uranium “fellow Brass Zinc
< | »
[ Link to fle
= @ OK l Apply Material l Clase l
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Point the cursor to the Steel branch just created in the tree, right-click, and select the
properties from the contextual menu as shown.

% | Chapter _3_Tutorial

The Properties dialogue box shown below opens. = xy plane
L7 WE plane
- =7 2% plane
Pi e 213
Eppeltles ] f—&] Parameters
Current selection : | J b—@ PartBody
Feature Properties ‘ Rendering ] Inheritance | Analysis ] Drawing J Composites | .
Feature Name : [M anter GI’EDh
Creation User : Eeﬁ'ame On
Creation Date:  §/25/2006 11:01 Hide /Show
Last Modification: 6/26/2006 14:21 Pr :
operties
E Open Sub-Tree
¥ cut Cirl 4
Copy clsc
[, paste Crl+v
Paste Spedial...
Delete Del
Stee| object 4
Copy Rendering Data. ..
Replace Material Link. ..
More... I
@ ok | @apoly| cose |
€S

Select the Analysis tab from the list of tabs on the top of the dialogue box. The material
properties supplied by the CATIA database appears. This data can be edited; however,
the material data supplied directly to ABAQUS overrules the CATIA data. You will next

provide the data directly through ABAQUS.

Select More... at the bottom right corner. A second Properties dialogue box appears
which is responsible for loading tabs associated with the installed workbenches.
The box is shown below and may take a few seconds before it disappears.

Note that additional tabs will appear in the

. .
P rO pertles dlalOgue bOX. Loading properties. ..
1]
Use the scroll arrow to get access to the Status - 19% completed
Estimated time remaining : 2min 19sec

ABAQUS Properties tab.

Properties @@
Currentselecﬁon:| J
Composites | PLM Document Attributes | ABAQUS Properties | Standards | 4]
Feature Name : | Steel A T
Creation User ; scroll
Creation Date:  6/25/2006 11:01

Last Modification: 6/26/2006 14:21 Select
ABAQUS Properties
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A Warning box appears the first time that the
ABAQUS Properties are loaded. Ignore the A
warning by pressing OK to close the box. (ByNew applicative properties have been added

and will be saved with the current material

The initial (unfilled) window is shown below. LT mek e € i s

Properties

Current selection : ‘ J
Composites ] PLM Document Attributes  ABAQUS Properties | Standards ] ﬂ;
Available Options Selected Options ~

Cligksbaty.;

[ Plasticity

] Hyperelasticity

[ Density

[ Thermal Conductivity

[ Specific Heat

[ Coefficient of Thermal Expansion
[ User-defined Material

@ oK I O.&pplyl Close I

Once again, all the data supplied here overrules the data provided by the CATIA
materials database. Select the Elasticity box. Since the material data in the present
problem is independent of temperature, uncheck the box shown below. Finally, input the

Young’s modulus and the Poisson’s ratio. This will be the data that will appear in the
ABAQUS INPUT file. Press OK to close the Properties box.

Properties

Current selection : |
Composites | PLM Document Atirbutes | ABAQUS Properties | Standards |
Available Options Selected Options
> 5 Bastity
[ Plasticity
[ Hyperelasticity
[ Density
[ Thermal Conductivity
[ Specific Heat
[ Coeffident of Thermal Expansion
[ user-defined Material
Elasticity
Uncheck this box —— D> [use temperature-dependent data

, Young's Modulus(Pa) | Poisson's Ratio |
Input Young’s Modulus —————> [ zes011 0.3

)

S

Check Elasticity

Input Poisson’s Ratio

Import data from ﬁ|e:—_|

| v

‘ 00!<|0hodv Cbsel
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The next several steps are new and were not required in chapter 2, which was primarily
dealing with linear elastic analysis.

Check the Plasticity box “ Plasticity and select the default Isotropic Hardening rule.
Since the material data in the problem under consideration is assumed to be at a fixed
temperature, uncheck the appropriate box.

You are now in the position to input the true stress/true strain data.

Properties El El

Current selection : | 4]

Composites | PLM Document Attributes | ABAQUS Properties | Standards | 4
Avaiable Options Selected Options -

3 Blastidty Flastici

Check Plasticity ——> & plastaty

[ Hyperelasticity

[ Density

[ Thermal Conductivity

[ specific Heat

[ Coefficent of Thermal Expansion

Leave default ] User-defined Material

Isotropic Hardening Plasticty

> Hardening: Tsotropic -

Uncheck —— > [(Jise temperature-dependent data |

. e e i ‘
True stress/True strain —— > [o 0

to be inputted

_Add | Delete |

Import data from ﬁ\e:ﬁ;l e

@ ok | Dapply| ces= |

The data shown below is for AISI 1020 hot-rolled steel. Note that the first entry in the
table corresponds to the yield strength at the plastic strain of zero.
NOTE: In order to add a new line of data you have to press the Add _Add | button.

Properties l”i\
Current selection : | - J
Inheritance | PLM Document Attributes | ABAQUS Properties | Standards } LI_
- Available Options Selected Options i}
Stress(Pa) | Strain S Elastidty Elasti
265000000 o] s _
270000000 0.004599 S“*Dﬁ“‘“""“
265000000 0.00698 e
[ Thermal Conductivity
267000000 0.00595 D
pecific Heat
3 SSDDDDDD I:I ' Dqﬁg [ coefficient of Thermal Expansion
430000000 0.196 [ user-defined Material
433000000 0.21 Plastiity
Hardening: Isatropic =
. [ Use temperature-dependent data
The first line of the table must be the Sveme) [ stmn \
. . . 265000000 i}
yield strength at zero plastic strain. 27000000 0.00489
269000000 0.00638
2567000000 0.00985
335000000 0.0488
480000000 0.196
483000000 0.21
_Add | Delete |
Import data from file: D’*J v
@ ok | Sapply| Cos= |
b :
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Recall that the engineering stress/engineering strain data can be converted to the true
stress/true strain data through the following formulas which are valid up to the necking
point.
=In(l+¢

Etrue eng )

O true = Oeng 1+ geng)

Upon the completion of the data entry, press the Apply 3

Close

the data in a different format. Close the box by pressing

Current selection : | J
StI'ESE{F'E}I | Strain Inheritance | PLM Document Attributes | ABAQUS Properties | Standards | LI_
2. E EE +|:||:|8 |:| 'Avawlable Options E‘Se\:c.ted Options ~
i Flastic astici
2,72 +008 0,005 n,
E.EQE'HJDB D.DD? [ Hyperelasticity
2.672+003 0.01 [ pensity .
3,352 +003 0.043 S
4' BE -H:":IB D ' 195 [ coeffident of Thermal Expansion
4- BBE +|:”:|8 D ' 2 1 [ User-defined Material

Plasticity

Hardening: Isotropic =

[ use temperature-dependent data

Stress{Pa) | Strain | b
2.65e+008 a

2.7e+008 0.005

2.6%e+008 0.007

2.67e+008 0.01

3.35e+008 0.043

4.8e+008 0.196

4.882+008 0.21

_Acd | Delete |
Import data from file: D’“| P

@ ok | @apply| close |

(5
Click on the Save icon and save the part file in a directory of your choice. Here we
have created the directory AFC_Tutorial_chap3 storing all the files.

Save As E]

Savein: |(jAFC_tutoria\_chapZ :_] & £ B2~

My Recent
Documents

@

Desktop

(a7
My Documents

59
My Computer

“

o
My Metwork File name: |Chaptar_2_TutoriaI
Places

Save |
Cancel

Lef L4

Save a=type: |CATPart
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3

Next choose the Shading with Material icon .= .
The part now appears shaded as shown below.
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Entering the ABAQUS Structural Analysis Workbench:

Select Start from the top menu, scroll down and select Analysis and Simulation,
followed by ABAQUS Structural Analysis.

Eile Edit \View Insert Tools Window  Help

-lnﬁash'ucb..lre L

Mechanical Design 4

4/ Shape k|

% Analysis & Simulation

AEC Plant 4 b ABAQUS Structural Analysis
Machining 4 Eilf ABAQUS Thermal Analysis
'Qigital Mockup L4 b@ Generative Structural Analysis
Eguipment & Systems »
Digital Process for Manufacturing 4
Machining Simulation 4
Ergonomics Design & Analysis 4

Knowledgeware L4

p 1Chapter 3_,.Part

1Chapter_3_..Part
2 Analysis1..Analysis
3 Chapter_2_..Part
4 Analysis 1.. Analysis
5 finstress. .Part

Exit

You will then find yourself in the new workbench with FEA icons and toolbars.
The full interface with all toolbars in the default position is displayed below.

[%]CATIA V5 for Student - [Analysis1]
B st Ble Edt Yew Incert Toos MWindow telp -

A
Tﬁ,un&;mnagy 1 ‘\
== 4, Firite Elsman: Madel, 1 o

E‘gﬁfﬁé?;?‘”‘““ <

-GF Materials.1
[P ———
S|
ol

NeEs 9 2 69 BE8) 2943 Q 80066 % 2

Select the analysis case to be crested 2!
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Close the New Analysis Case by pressing OK.
The representative element “Size” and “Sag” appears on your model. We have also
shown the fully expanded tree for your information.

alysis Manager
E?ﬂ Links Manager. 1

, Finite Elernent Model. 1
By Modes and Elements
SiF Properties. 1
#—@ Materials. 1
S ABAQUS Properties, 1
S Element Assignment
ABAQUS Simulation Hiskory
™ Initialization
il Caonnections
2] Fields
L] ABAQUS Jobs
|5l ABAQUS Display Groups
E? ABAQUS-Analysis-Case Solution

Click on the Save icon = and save the
Analysis.1 file in a directory of your
choice. Here we have created the directory
AFC_Tutorial_chap3 for storing all the
files.

Representative Element “Size” and “Sag”

Save As

Savein: ] [ AFC_2p2_tutorial_chap3

&l

PIX]

- &5 Ef-

My Recent
Documents

@
Desktop

My Documents

My Computer

My Network

Places

Fie name i ]

Saveastpe:  [CATAnshyss

Cancel

| Save
El

In order to change the size and sag, double-click on the branch OCTREE Tetrahedron
Mesh.1. The data can be edited. Keep the default values and close the window.

nalysis Manager
E?g Links Manager. 1

4 Finite Element Model, 1

Nodes and Elements

é’ QCTREE Tetrahedron Mesh.1 : Chapter_3_Tutorial
WG bopetienL Double click on this branch
| ISPJ 3D Property. 1

OCTREE Tetrahedron Mesh

Global I Local | Quality | Others I

Size:

~Element type -

| Absolute sag:

|0 Proportional sag: [0-2 .
12 Linear @“ Parabolic 4

0.005m =
0.002m =

@ ok | @ apply | Scancel |
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Select the Mesh Visualization icon % from the Model Manager toolbar

. From the screen, select the block. The warning message
below appears that you can ignore by pressing OK.

Warning

The finite element mesh appears on the screen. g\ TheMesh needs to be updated.
. . M This operation may take some time |
Note that the display of the mesh also gets recorded in Continue ?

the tree by the addition of the Mesh.1 branch. ok | concel

77
N
R)’

vz
i
AV

}"'

(

alysis Manager

A
7\
%)

By selecting the Customize icon

you can open the Custom
View Modes dialogue box below and select different options
for display purposes. The above mesh was displayed by
checking the Dynamic hidden line removal option.

An alternative way to display the mesh is to point the cursor to
the Nodes and Elements branch in the tree, right-click, and
select Mesh Visualization.

1»-“2‘& Links Manager. 1

£ 4\ Fini

Center Graph

Fe
B, Mesh.1 Reframe On
T% Properties, 1 FideShow

Iff’J 30 Propen °

I% Materials, 1 EXOOEn: S

[Tukorial

@ Material. L E Open Sub-Tree
S35 ABAQUS Prog
=0 ARAOUS-Ang
S0k Elementt &
gj ABAQUS §

Lo Lot
.| Co
540 Fic
dsai] MBS |

l‘:_ll'_] ABAGLS | @Z Mesh Visualization
IF2 ABAQUS- = e

\thﬁﬁhv e

N i Links Manager, 1

‘§§§§§§§§§é - ,F"\ Firite Elerment Modsl. 1

§§55N$§H§§§E§%v Modes and Elements
ﬁsgaiﬁ%&isg‘%ﬁ%%g £l OCTREE Tetrahedron Mesh. 1 @ Chapter_3_Tutorial

RERE RIS B oo

i

+ from the View mode toolbar

Custom View Modes E]g|

Lines and points
4 Edges and points
@ al edges
() Half visible smooth edges
) No smooth edges
@ All points
) No vertices
[ colored edges from faces
= Outlines
[ Line-on-ine
O
Mesh
4 Shading
@ Gouraud
) Material
) Triangles
@) Transparent
[ Hidden edges and points

Options
[ rendering style per object

@ oK | GICanaal
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Creating an ABAQUS Step:

x> =1 has a sub-toolbar labeled Structur...

The Analysis ... toolbar
Structur...[¥]

Select the General Static Step icon g . The dialogue box shown below opens.
Inspect the different options but keep the default entities. Since large plastic deformation
is anticipated, check the Nonlinear geometry to be turned On.

A Static Step-1 branch appears in the tree. Clearly this step belongs to ABAQUS-
Analysis-Case-1.

- 3 7 _ i e o \ s HEE\BI
@ Element Assignment Stepname  [Static Step-1
u-&l ABAGLIS Sirmulation History: Step descripton|
== = Initi | Fi Basic Step Data
3 Initialization Step e ]
—&0] Connections
= Nonlinear geometry () off
—5d Flelds Check Sug
== = SLakic StEE'l Incrementation Controls
==l Field Qukpuk Requests L ee @ Automatic
= Field Output Requesk-1 Mamumnwbemﬂmem‘sﬁ?o:mi
—Q History Output Requests Tnitial increment size = B
_g_j Loads Minimum increment size m
—:;_E Boundary Conditions Maximum increment size s B
_E@ Fields ]
— L] ABAGQUS Jobs
@ ok | & cancel|
— [Shl ABAQLIS Display Groups o

—}_{ﬁ ABAQUS-Analysis-Case Solution

Press on OK to close the General Static Step dialogue box.

Applying the Pressure Load:

CATIA and ABAQUS for CATIA V5 (AFC) are geometrically based packages. This
means that the restraints and loads have to be applied on the geometrical entities
associated with the part. For example, these entities can be a vertex, an edge, a face, or
the entire body. One cannot apply restraints and loads on nodes or elements.

The mesh that appears on the screen must therefore be replaced with the actual part.
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Point the cursor to the branch of the tree labeled OCTREE Tetrahedron Mesh1, right-
click and select Activate/Deactivate. The part then appears on the screen.

#5is Manager
’f}"& Links Manager.1
, Finite Elerent Madel. 1

Modes and Elements

<D OCTREETetrshedronteshid
B, Mesh.1 Sl
5 Properties. 1 Reframe Cn
G Materials. 1 v
& | Hide /Show
557 ABAQUS Propertiss. 1 i
BBAOUS-Analvsis-Case- Propertes

I~ Element Assignment

3 Initialization
=4 Connections
1] Fields
== Static Step-1
@ Figld Oukput Reguest

G

e

E Open Sub-Tree
-i—? ABAGQUS Sirmulation Histary |

Pasteanesis]

ZErl

@ History Cubput Reque

é?ﬂ Loads

Delete

Del

53 Boundary Conditions

5] ABAQUS Jobs
— [i'.] ABAQUS Display Groups
—IT% ABAQUS-Analysis-Case Solut

'OCTREE Tetrahedron Mesh. 1 :

g Remave Mesh
@g:)dabz Mesh

(B) Activate/Deactivate

Chapter_3_Tutorial object 4

Loads

d has a sub-toolbar called

e . Select the Pressure Load icon .@.
This action opens the Pressure dialogue box shown below.

Select the end face of the plate and enter -3E+8Pa for the Magnitude. The completed

box is displayed below.

RX

Pressure

Mame |Pressure-1

Suppart
Magnitude M
More > ’

@ ok | @cancell
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The negative pressure indicates that the selected surface

in under a tensile load. =T aaticotep
Field Oukput Requests
. [ Field Qutput Request-1
The tree reflects the presence of the pressure loading.

51 History Oukput Requests
== Loads

@Eﬁ Pressure-1
5= Boundary Conditions
1 Fields

Applying the Restraints:

The Boundar... toolbar
Prescribed Conditions [X]

%8 R I
toolbar ,

Select the Displacement Boundary Condition icon % . In the resulting dialogue
box, select the face shown as Support. Assuming the xyz coordinate system is as
indicated below, check the U2 box. If your part is oriented differently with respect to the

xyx coordinate system, check the appropriate U1, U2, or U3 box. The displacement
normal to this face must be zero regardless.

is a sub-toolbar of the Prescribed Conditions

Select this face as
the support

z Check the U2 box
X /l\ y

Name |Displacement-1
3 Support

Translations

Oui E
& uz [om B <«
Cus =)

Rotations

w1 H

Owe [ &
\ﬂ—/ B ’—E

Mure»'

Once again, select the Displacement Boundary Condition icon % g

In the resulting dialogue box, select the face shown as Support. Assuming the xyz
coordinate system is as indicated below, check the U3 box. If your part is oriented
differently with respect to the xyz coordinate system, check the appropriate U1, U2, or
U3 box. The displacement normal to this face must be zero regardless.
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Name [Displacement-2
Suppart

Translations
Ous o
Ovz [om BEH
>apsfm [

Rotations
CJur1 I—E
OwR2
Jur3 E
Mare >> |
Select this face as 8 ok | & concel]
the support

Check the U3 box

Select the Displacement Boundary Condition icon % . In the resulting dialogue
box, select the face shown as Support. Assuming the xyz coordinate system is as
indicated below, check the U1 box. If your part is oriented differently with respect to the

xyx coordinate system, check the appropriate U1, U2, or U3 box. The displacement
normal to this face must be zero regardless.

Select this face as
the support

y Name  |Displacement-3
support I
Translations
4 " D& U1 [om

Ouz on
OJus B

Rotations

w1
Ouez [ E
Ows [ E
More >> l

9 ok | Scanc|
-

Check the U1 box

& == gtatic step-1
Q Figld Output Reguests
The three prescribed displacements imposed appear in the . Histary Output Requests

history tree. ' @“:_j L”‘asfesswe_l
Once again, it is emphasized that if your xyz orientation is 51 Boundary Conditions
different from what is displayed, you have to check the

—%ﬁ Displacement-1
appropriate U1, U2, and U3 boxes consistent with your xyz

—E8S Displacement-2
. . —&iH Displacement-3
directions. S

=1 Fields
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Recall that the mesh was deactivated earlier to enable us to apply the loads and restraints.
The little red markers on these two branches in fact confirm that they are deactivated.

Deactivated earlier

=- f\, Finite Element Model.1

MNodes and Elements
T (3','. OCTREE Tetrahedron Mesh, 1 : Chapter_3_Tutorial

M, Mesh.1

This was achieved by pointing the cursor to the branch of the tree labeled OCTREE
Tetrahedron Mesh1, right-clicking and selecting Activate/Deactivate.

Select the ABAQUS Consistency Checker icon g‘.*v from the Analysis Control
Analysis Control [

& W B

are related to the mesh being deactivated.

toolbar . You will note that the errors in the resulting dialogue box

tency Check EIE ]

Consistency Check Messages |
Feature Name | Feature Type | Message | Severity ]
3D Property. 1fChapter_3_Tutorial Property Mesh on property not found  Error
Pressure-1/Static Step-1 Pressure Mesh on geometry not found  Error
Displacement-1/Static Step-1 Displacement boundary conditon Mesh on geometry not found  Error
Displacement-2/5tatic Step-1 Displacement boundary conditon Mesh on geometry not found  Error
Displacement-3/Static Step-1 Digplacement boundary condition Mesh on geometry not found  Error
Connections/Initislization Interaction Set Connection set is empty Information
Fields/Initialization Fields set Field set iz empty Information
Fields/5tatic Step-1 Fields set Field set iz empty Information
Details:
- Close I

Close the Consistency Check box. To eliminate the errors listed, point the cursor to
the branch of the tree labeled OCTREE Tetrahedron Mesh1, right-click and select
Activate/Deactivate. The mesh then appears on the screen being superimposed on the
part as shown.

2

WL .7
Ly
/i
/)
s |
p
f]

AV
7|
4

7y

T
'&'A'

’\’.‘”A tal

Now activated

A
‘.%P

T Vi
"ﬂ

7
i
v
.

%

"
15 A2,
TGV s

{,‘"
L
%
AV
/

= 4\\ Finite Element Model. 1

Vi

"‘.‘J

adl N
S
AN
774
ZiVE 0
YT\ L

il

Modes and Elements
T £ OCTREE Tetrahedron Mesh, 1 : Chapter_3_Tutorial

P Mesh.1

i
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Once again select the ABAQUS Consistency Checker icon gl.iv from the Analysis
Analysis Control [

& B

Control toolbar d. The previous errors no longer appear in the

dialogue box.

Consistency Check @
Consiztency Check Messages I
Feature Name I Feature Type | Message I Severity |
Connections/Initizlization  Interaction Set Connection setis empty  Information
Fields/Initialization Fields set Field set is empty Information
Fields/Static Step-1 Fields set Field set is empty Information
Details:

Close the Consistency Check box.
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Creating an ABAQUS Job:

Select the Create Job icon 'I'H from the Analysis Control toolbar
Analysis Control X

& i &
d s . The dialogue box shown below appears.
Keep all the default settings. Note that the location of the Computation directory and
the Scratch directory can be set (changed) in this box.

Create Job

Close the Create Job box by pressing OK. o em
Analysis Case: | ABAQUS-Analysis-Case-1
. . D iption:
A Job-1 branch is created in the tree. b ) :
Submission l General I Memory J Parallelization
—Job Type
. | Ful analysis () Data chedk
==20| ABAGQLIS Jobs 2 Frominput fle ) Continue analysis
@ Job-1 I3 Run model consistency check
E‘.] ABACLS Display Groups Computation directory | C:\Documents and ¢ __|
Ef ABAQIUS-Analysis-Case Solukion Scratch directory C:\Documentsand ¢ .. |
User subroutine directory] _j
| [Broc] sl
(o

Submission Using the Job Manager:

Select the Job Manager icon Eﬁ* in the Analysis Control toolbar
Analysis Control X

& 1w &

. The Job Manager dialogue box appears on the screen.

Job Manager

Status Write InEt I
Submit

Monitor...
Delete I
Close I
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Select the Write Input __Writ=Input_| button in the dialogue box. This results in an
ABAQUS input file being created. Also, it leads to the Write Input File window shown

below.
Close the window by pressing on Close.

Write Input File

{ Consistency Check Messages 1 Write Input File Messages ]

Feature Name | Feature Type J Message | Severity I
Connections/Initialization  Interaction Set Connection setis empty  Information
Fields/Initialization Figlds set Field set is empty Information
Fields/Static Step-1 Figlds set Field set is empty Information

Details:

Close I

Before the window closes, you will receive a message
confirming the successful creation of the input file.

Click on OK.

ABAQUS for CATIA

L3
\'!-l‘) Input file successfully written

Select the Submit ___Submit | key in the Job Manager window. The action results in

the Job Submission window displayed next.

Job Submission

Consistency Check Messages I Write Input File Messages |

Fields/Static Step-1

Feature Name 1 Feature Type Message 1 Severity |

Connections/Initiglization  Interaction Set  Connection setis empty  Information

Fields,Initialization Fields set Field set is empty Information
Fields set Field set is empty Information

Detalls:

Select the Continue |i.
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The Status None in the Job Manager dialogue box changes to Status Run.

Select the Monitor _ Menitor... | button.

The Job Monitor window keeps updating the progress of the ABAQUS job.

Job Monitor

Job: Job-1
Analysis Case: ABAQUS-Analysis-Case-1
Status: Completed

1 i q = 1 1 1

og""_i Erraors ] Warnings ] Output ]

Step Increment{ Att] Severe Discon Iter | Equil Tter 1 Total Iter | Total Time/Freg ] Step Time LPF 1 Time/LPF Inc 1
21 1

Started: Solver Input File Processor on hpnotebook, Mon Jun 26 14:34:46 2006
Completed: Solver Input File Processor on Mon Jun 26 14:34:50 2006

Started: ABAQUS/Standard on hpnotebook, Mon Jun 26 14:34:52 2006
Completed: ABAQUS/Standard on Mon Jun 26 14:34:59 2005

"_l HEEITES T
S

Close I

As the run progresses, different steps are recorded in the Job Monitor window as shown

below.

Job Monitor

Log ] Errars ] Warnings J Qutput ]

Job: Job-1
Analysis Case: ABAQUS-Analysis-Case-1
Status: Running
Step Increment‘ Attj Severe Discon Iter I Equil Tter 1 Total Iter | Total TimeFregq 1 Step Time LPF ] Time/LPF I A
1 2 0 2 2 0.25
1 2 1 o] 3 3 0.5
1 3 2 0 4 4 0.59375
5 4 1 8 7 7 0.734375
£

0.25 0.25 ot
0.5 0.25
0.59375 0.09375
0.734375 0.140625 » |

| IS

[Started: Solver Input File Processor on hpnotebook, Wed Jun 28 14:31:43 2006
Completed: Solver Input File Processor on Wed Jun 28 14:31:45 2006
Started: ABAQUS/Standard on hpnotebook, Wed Jun 28 14:31:46 2006

R
This particular job aborts after 27 iterations as displayed in the Job Monitor dialogue
box.
Analysis Case: (5] Cases ~|
ype fitz! MName | Analysis Case Type Status Wﬂl!l_rm I
Job-1 ABAQUS-Analysis-Case-1 Ful Analysis Running I Job-1 ABAQUS-Analysis-Case-1 Full Analysis Aborted
i
Close I
.

Running

Aborted
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In order to view the reason behind the Abort status, you can select the Warnings and
Errors tabs in the “big” Job Monitor window.

Job Monitor 33
Job: Job-1
Analysis Case: J\BAQUS -Analysis-Case-1
Status: Aborted
Step | Increment | Att | Severe Discon Iter | Equd Tter | Total Iter | Total Tme;Freq | step Tnmeﬂ.PF | TimefpF I A
1 24 bl ) 6 0.98369598.. 0.9836959... 0.001853
1 25 1 0 10 10 0.98554992.. 0.9855499.. 0.001853
1 26 2 0 10 10 0.9860 13-11. «  0.9860 13-1, .« 0.000463
1 7 2 o0 1 1 0.98624515... 0.9862451.. 0.000231 v
Select the £ >
Log”| Errors | Warnings | Output
error tab [ [Tt
Started: Solver Input File Processor on hpnotebook, Wed Jun 28 14:31:43 2006
Completed: Solver Input File Processor on Wed Jun 28 14:31:45 2006
Started: ABAQUS/Standard on hpnotebook, Wed Jun 28 14:31:46 2006
Aborted: job aborted due to error(s). Warning: job messaging did not receive the error and status messages.
Close
Job Monitor
Job: Job-1
Analysis Case: ABAQUS-Analysis-Case-1
Status: Aborted
 Step | Increment | Att [ Severe Discon Iter | Equi Iter | Total Iter | Total Time/Freq | Step TmeLPF [ Tme/LPF 1 &
1 24 2 Lo 1| 6 6 0.98369598... 0.9836959... 0.001353
1 25 1 0 10 10 0.98554992... 0.9855499... 0.001853
d 26 2 0 10 10 0.98601341... 0.9860134... 0.000463
ak 27 2 0 1 1 0.98624515... 0.9862451... 0.000231 »
Select the < >
Warning tab Tog || Eror?”] Warmings | Outout

ABAQUS/Standard: Too many attempts made for this increment

il Bitziizain
s _Close_|

In this run, the reason for the Abort status is that, at the step 27, the number of iterations
to establish equilibrium has exceeded the default value set in ABAQUS.

Close the Job Monitor window and select Attach Results AttachResuis | in the Job
Manager dialogue box. Assuming that the run was successful and no errors were

generated, the Attach Odb dialogue box below appears.

Attach Odb

"
\]\_‘) ABAQUS output database file has been successfully attached.

Close the above window by pressing OK. Also close the Job Manager window.
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Notice that the bottom of the tree records the creation of Job-1.0db file.

I— |Shl ABACIS Display Groups
==1T% ARACIS-Analysis-Case Solution{Job-1.0db)
W "Static Skep-1"

Postprocessing:

You are now in a position to conduct postprocessing.

Point the cursor to the “Static Step-1” £ TR
B2, Links Manager. 1

branch at the bottom of the tree, right =~ . Finite Element Model. 1
click, and select Generate ABAQUS -k Nodes and Elements

[ZF Properties. 1
Results Image. &5 Materisls. 1

[=r ABACQUS Properties. 1
=- A Apacls-analvsis Case-

. % Element Assignment

You are presentec_l w1th' the ABAQUS $-1E) ABAQUS smulton History

Image Generation dialogue box & I

where items to be plotted can be H I

lected F Reframe On

s¢ : == == Statii 73] Hide/Show
@&F Properties
1+ E Open Sub-Tree

[ ta
9=1E

v (2, Pasts Crl+v
2
&

F

1] ABACUS
M 10b- "Static Step-1" ohiject 4

[Sh ABaqUS

=-TT% sRaAGUS| gl Generate ABAQUS Results Image

"

m-17
p-L
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Select the Translational displacement magnitude from the list and press OK. The
contour plot at any particular increment can be requested by using the Select button.

Contour at any particular
[2]x] increment can be selcted

Available Images

Deformed Mesh
Translational displacement magnitude

Translational displacement vector
Reaction Force magnitude

Stress tensor for maximum shearing
Stress ful tensor component

Von Mises Stress

Equivalent Plastic Strain

Plastic Strain princpal tensor component
Plastic Strain full tensor component Increments L ? .&_]

(

Logarithmic Strain principal tensor component

Logarithmic Strain full tensor component Increment Number | Time (sec) I -~

1 0.000000

2 0.250000

Current Increment ] Select —4 3 0.500000

it —me— 4 0.593750

'3 Deactivate existing images 1 0.734375

Assumed ABAQUS solver units ? 3-39531

Length:[Meter tass:{ Kiogram 8 0839844
TM:]Second T!mPEf!ﬂl‘E:iCe!sh.s degree 9 0.875000 W

= sy = o o | Scue

In the event that the deformed and undeformed meshes superimpose, point the cursor to
the OCTREE Tetrahedron Mesh.1, right click and select Hide/Show.

The requested contour plot is displayed. The plot is also recorded in the tree.

T-anslational disolacement magaitLide. 1
m

0.00581
0.00525
0.00469
0.00413
0.00353
| 0.00302
\ .‘ 0.00246
| 00019
0.00134

|Shl ABAQUIS Display Groups I omome
#'&5 ABACIS-Analysis-Case Solution]Job-1.0db) S
=~ "Static Step-1" 01 30undary

E-i Translational displacement magnitude, 1

The contour plot is drawn on the deformed shape which has been magnified for viewing
purposes. If you prefer the non-magnified scale, select the Amplification Magnitude

icon = from the Analysis Tools toolbar
In the resulting dialogue box, set the Factor to 1.




3-24 ABAQUS for CATIA VS Tutorials

Translational disolacement magiitude, 1

m
0.00581
I 0.00525
0.00459
0.00413
0,00358
0.00302

H 0.00246
| ooois

PIX

@ Scaling factor ) Maximum amplitude

Amplification Magnitude

It
Factor: |1 Default I

[] set as default for future created images

@ oK I ﬂCanceIl

0.00134
I 0.00078&
0.000228

O 3ounday

Select the Generate ABAQUS Results Image icon ﬁ from the Postprocessing
Postprocessing IE

@ K-
toolbar . From the ABAQUS Image Generation dialogue box

select Equivalent Plastic Strain.

=quivalent lastic Strain.l

0.733
' 0,664
L 0.588

0,512
0,437
0.361
0,285

- \ 0,209
lnl] ABAQUS Display Groups

I—Hi ABAQIS-Analysis-Case Solution(Job-1,0db) I 2:;221
== "Static Step-1" 00178
Eﬁb Translational displacement magnitude. 1 07 3ounday
., Equivalent Plastic Strain, 1

Point the cursor to the branch of the tree labeled Equivalent Plastic Strain.1, right
click, and select Activate/Deactivate. This will deactivate the contour and places the
part on the screen. Note that both contours plotted are deactivated now. This time activate
the first contour namely, Translational displacement magnitude.1.

Obviously, every time a contour is plotted, by default the previous contour is deactivated.

Activated

Translational displacernent magnitude. 1
P Equivalent Plastic Strain, 1

/

Deactivated
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Select the Cut Plane Analysis icon D the Analysis Tools toolbar
Analysis Tools X

The part is cut with a plane and the contour entity (in this case Translational
displacement) can be viewed in the cut part. Note that the plane can be manipulated by
the compass; for example, it can be translated and rotated as desired. This feature is
useful to view the variable on interest inside of the part.

Cut Plane Analysis E||z|

¥ i
' Show cutting plane

' Clipping  Rewverse Direction I

[ project
|
o =1

You may be interested in placing the two contours on the screen side-by-side. This is
very simple. First you have to make both contours active. This is achieved by placing the
cursor on the two contour plots in the tree, right clicking, and selecting Activate/
Deactivate.

T-anslation=quivalent 2lastic Stain. 1s, 1

i—g’ BEAQUS-Analysis-Case Solution{Job-1.0db)

m

000.739
I E,OCO-SEA
.000.588
2.000.512

2.000.437
2.000.361

= "Static Step-1"
Ei Translational displacement magnitude, 1
2., Equivalent Plastic Strain. 1
7.000.285

T ‘ b 0,000,209

) ,000.134

Make sure you activate both contours y I E.om.osal
loC-0.0176

Contours and legends get 0 01 30uday
superimposed

When the two contours are activated, they get superimposed above each other. The
contour legends are also superimposed as indicated above.
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Click the Image Layout icon _@.i_ from the Analysis Tools toolbar

Images Layout

The Images Layout box, shown to the right, asks :ajﬁde T
you to specify the direction along which the two plots

Dismnoe:]g,n?m _D_EE’MI
are expected to be aligned. |
The outcome is side-by-side plots shown below.

@ oK | @ cancel | Preview |

Contours side-by-side

Translation=quivalent Slastic St-ain 12,1
m

000,739
l toco.sset
,000.588
1,000,512
5,000,437
3,000,361
7,000,285

0,000,209
000.134

i
/ Ill‘oco.osal
loc-0.0176

Legends still superimposed o171 3cunday

At this point, the contours are side-by-side but the legends are still superimposed. To
separate then, select the legend with the left mouse button which in turn “dims” the
contour as shown below.

T-anslatio=quivalet 2lastic St-ain, 1e-1
m

000,739
I 0,010,654
0,000,588

10.00.512

0.00.437
0.00.351
Io‘oo.zas
0.00.209
10.00,134

Left click on the II0‘00-0581

e
legend s
0101 3ounday
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Now press the middle mouse button (and keep it pressed) and drag the mouse. In case of

a two mouse button, after the legend has been selected, click on the Pan icon Q-’ .
Place the selected legend at the desire location.

Zquivalent >lastic St-ain.1

0.739

Tra7slational disolacement magnitude. 1
I 0.664 o
9.365 0.00581
0.512 I 0.00525
0437 0.00469
0.361 0.00413
I 0.285 0.00358
0.209 S~< 0.00302
I 0.134 D Teell I 0.00246
0.0581 r ~~o_ 56616
00176 th ag the m S~al - 0.00134
01 3ounday e Mig, o OUSe Whi I 0.000786
Is he/d o e mOUSe :I/e 0.000228
OWn utto 01 3ounday
n

Finally, select either one of the two legends for the second time. This takes the actual
contour plots out of the “dim” mode.

Select the legend again to take the contour
out of the “dim” mode.

Zquivalet lastic St-ain.1

0.739

I 0.664
0.533
0512
0437

0361
0.285

T-a7slational disolacement magnitude. 1
m
0.00581
I 0.00525
0.00469

0.00413

0.00358
0.209 0.00302
0.134 0.00246
I 0.0581 00019
-0.0176 0.00134
Q1 3ounday I 0.000786
0.000228
Q1 Jounday
. . |— S ABAQUS Display Groups
Once again, deactivate both contour -3 5iiqs-hnclysis-Case Solaion{iob-1.0db)
plots. This places the part on the S-W "Static Step-1"
screen. P, Translational displacement magnitude. 1

P, Equivalent Plastic Strai:.l\f

Both contours deactivated
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4
Select the Surface Group icon & from the Typed Groups toolbar

. The resulting dialogue box allows you to select the desired

surface.

Name | Surface Group.2
supperts TS

9 oK @ cancel |

For supports select this face

A surface group is recorded in the tree as shown. Groups.1

‘& Surface Group. 1
=- A ABAQUS-Analysis-Case-1

.I—Q Element &ssignment

Now activate the Equivalent Plastic Strain.1 contour and double-click anywhere on the
contour.

=quivalent lastic Strain. 1

I
K
sl
%
'v
[

LN
%
40
[\

0

0739

. 0664

= e B 0,558
\ﬁ“ﬁ‘\'ﬁ&% 0.512
0437
0,361

| o285
0,209
0,134

I 0.0581
0,017
01 3oundaty

N
L
2a
Van
H‘I‘ !
7
;1/‘
i

G
N
LN
%
N
A,
7
Ui
/)
i

.ng
L7

VT
Kk
N
e

A
y
i

B

If you are not getting the shaded mode, use the Shading with Material icon b from
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Once you double-click on the contour, the Image Edition dialogue box below appears.

Image Edition

Wisu ] Selections ] Occurrences ]

— Types

Discontinuous iso

[~ Criteria

ECLIVALENT PLASTIC

Mare = > I
@ OK l aCancell Preyie l

Pick the Selections Selections 3 sing the cursor, choose the Surface Group.1

from the list and click on the button ~ .

Image Edition

Qccurrences ] Visu Selections l Occurrences 1
[ Available Groups T [~ Available Groups
OCTREE Tetrahedron Mesh. 1 : Chapter_3_Tutorial| |[OCTREE Tetrahedron Mesh. 1 : Chapter_3_Tutorial|

Surface Group. 1

=|% Flx|=|%
—Activated Groups - 5 [~ Activated Groups
| ||5urface Group. 1

More>> | More>> |

1 @ 0K I & Cancel I HrevE l _g Ok I & Cancel ] l
[ .

The final outcome is the =quivalent lastic Strain. 1

contour of the Equivalent

Plastic Strain on the surface 0'07224

group created. 058
0.512
0.437
0,361
0.285
0.209
0.134

I 0.0551
-0.0178

O 3ounday
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