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1 Tutorial 1: Tension on a Plate with Hole

1.1 Introduction

This tutorial outlines how to perform a standard rubber fatigue analysis using fe-safe/Rubber™.
This tutorial is based on the Abaqus ODB format:

<DataDir>\rubber\tensionwithhole*.odb

1.1.1  Preparation

The tutorial uses an Abaqus *.odb model. However, the same techniques can be applied to all FE formats for which

nominal strains and stresses can be reported.

This tutorial assumes that the user has experience using fe-safe, thus detailed information on how to set up an fe-
safe analysis is not included in this tutorial. Please see the fe-safe User Manual including fe-safe Tutorials for

details, for instance:

e  Tutorial 106: Using fe-safe with Abaqus .odb files

Start fe-safelRubber™ as described in the fe-safe User Manual. The Configure fe-safe Project Directory window
will be displayed:

Select an existing project, or create a new one from the welcome page

Welcome to fe-safe

C
— Please visit our website to find out details of new features in this release.
||; ;HJI G http: ffwww . 3ds. com/products-services fsimulia/products ffe-safe latestrelease
Mew Project... _J Ciinstallations\user directories\fe-safe\projects\project 01 (last used)
project_02 " Thursday July 16 2015, 12:20 pm

_J Open Project...

Figure 1-1
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General FEA and analysis options

From the Menu bar select Tools >> Clear Data and Settings..., The Clear Data and Settings dialogue will appear as

shown in

Figure 1-2 below, by selecting all of the Project settings and the Re-set file dialogues setting (all but the Re-set user
settings checkbox). Click OK.

« _ Clear Data and Settings @
Project settings and data
| Select all
| Delete cached pre-scan data

Delete signal data

Remove loaded datasets

Remove loaded geometry

Remove all groups

Remaove all weld definitions

e T e O I I ) =

Re-set FEA fatigue project settings

User settings

Re-sst user settings

| Re-set file dialogues

Ok ] | Cancel

Figure 1-2 Clear Data and Settings

Configure fe-safe/Rubber™

This exercise must be completed with fe-safe using fe-safe/Rubber™ with the Endurica1.dll plug-in library. fe-safe
will only be installed with the fe-safe/Rubber™ plug-in as well as the EnduricaMaterials database, if the fe-
safelRubber option is selected in the installer configurations page. Please see the Installation and Licensing Guide

for details.
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Open the EnduricaMaterials_writable database

If the EnduricaMaterials database isn’t shown in the Material Databases window, please select File >> Materials
>> Open Materials Database to browse to the User Directory <UserDir> and open the fe-safe/lRubber database

(EnduricaMaterials_writable._dbase).

Material Databases

Filter: [All - ] <New Filfer Q [Launch external dambase]
Property Value

b [ local C\Documents\fe-safe'\local.dbase

b (8 eystem COSIMULLAN fe-safe\databasehsystemn. dbase

b AF5_Cast_Iron CASIMULLIANfe-safe\database\AFS5_Cast_Iron.dbase

b8 verity CASIMULLIANfe-safe\ database\verity.dbase

i |[23 EnduricaMaterials_writable CADocuments\fe-safe\EnduricaMaterials_writable.dbase

Figure 1-3 fe-safe/Rubber™ materials database

Load the fe-safe/Rubber™ plug-in

From the Menu bar select Tools >> Load Plugin..., and browse to the Installation directory <Instal1Dir> to find the
Plugins subdirectory (/plugins). Select the fe-safe/Rubber™ Plug-in (Endurical.dll) and click Open.

A Plug-in loaded dialogue will display. Click OK.

< Plug-in Loaded @

@ Plug-n ‘Endurica’ loaded OK.
R A

Figure 1-4
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1.2 Opening the sample FE model

The model for this tutorial is a thin rubber plate with a hole in the middle, as shown in Figure 1-5.

Figure 1-5 Example Finite Element Model

Encastre constraint is applied at the right, and a Y-direction displacement is applied for 1 second using 5
increments, at the node shown at the left. Displacement amplitude varies from 1 to 100 over 1 second (equally
spaced time points) using the signal shown in Figure 1-6.

100, I . ,
ED. - -
4
=
i
[= - = =
]
= 40 =
=)
&
20, - -
D. L L 5 1 " | L (| a2
b.oD b.20 04D D.ED b.ED 1.oD
Time
_— U:Jd2 PI: PART-1-1 N: 2E

Figure 1-6 Amplitude Displacement in the Y-direction

To open the model, select the menu item File >> FEA Solutions >> Open Finite Element Model... and browse to the
sample file tensionwithhole*.odb from the directory <DataDir>\rubber.

A prompt to pre-scan the file will be displayed. Click Yes.
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The Select Datasets fo Read dialogue will be displayed. Check the Quick selectitems for Stresses, Strains (NE) as
shown and click Apply to Dataset List to apply the selections. Ensure that all of the checkboxes for the stress and

strain symbols under each Increment are selected and select OK to load the datasets, as shown in Figure 1-7:

-

< Select Datasets to Read @
Available positions: | | = | Centroidal - Quick select
Read groups from first model Stresses
Read geometry from first model Strains NE
Detect surface |:| Temperatures
|:| Forces
[ others

[] Last increment only

| Apply to Dataset List

Description it

4 [ File [CASIMULLA fe-zafe’ data\ rubberitensionwithhole.odb]
4 4] Step1:#l(no description)
4 @ Increment O (Time 0)
O (1.0)5: Stresc (derived)
£ (1.07E:(ME) Strain (derived)
4 @ Increment 1 (Time 0.2)
O (11)5: Stress (derived) &
£ (1.1)E:(ME) Strain (derived)
4 & Increment 2 (Time 0.4)
O [1.2)5: Stress (derived)
£ (1.2) E: (ME) Strain (derived)
4 9 Increment 3 (Time 0.5)

m

Mote: Requested data is not available at the selected position and will be ¢ K ] [ Cancel

Figure 1-7 Select Datasets to Read

Note: Loading the model without pre-scanning may not load the required datasets.

As fe-safe loads the model, information about the file and the data it contains is written to the file:

<ModelDir>\reader. log.

This information is also displayed in the Message Log window.

Copyright © 2016 Dassault Systemes Simulia Corp. Tutorial 1-7

fe-safelRubber™ Tutorial 2 Issue 3 Date: 02.09.16



When the model has finished loading, the Loaded FEA Models Properties dialogue box appears, as shown in

Figure 1-8.

< Loaded FEA Models Properties =5

[ Do not ask me each time a new model is loaded

Stress Units

iMPa -

S(Pa)= |1 * 5 (model)

vay

Strain Units

strain hd

e (strain) = |1 * e (model)

Temperature Units

deqg.C -

T(deq.C) = |1 *T (model) + |0

Force Units

M -

Force (M) = |1 * Force {model)

Distance Units

mim w7

dim)= |1 *d (model)

C:/Temp/data/rubber, tensionwithhole.cdb

[ OK ] [ Cancel

Figure 1-8 Loaded FEA Models Properties

If the dialogue box does not appear automatically, then it can be displayed by right-clicking on the 35lI? icon in the
Current FE Models window and selecting Properties.

Ensure that the stress, strain and temperature units are MPa, strain and deg.C, respectively, as shown in Figure
1-8, then click OK.
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A dialogue will show prompting to edit element groups loaded from the model, as shown in Figure 1-9, click No.

< Edit Group List ==

Do you want to edit the group list?

By default, all loaded groups will be included in the "Group Parameters Table™, To
change the default, go to the checkbox 'Use loaded groups in Group Parameters table'
in the menu option 'FEA Fatigue -> Analysis Options ... -> Interface tab')

|| Do not show this message again. (Resetin Tools -> Clear Data and Settings menu)

[ Yes ] E Mo i

Figure 1-9 Edit Group List dialogue

You will see the following message regarding zeroes in datasets, this is normal

< _ Opening FEA Models

1 warning occurred!

No errors | Warnings (1) |

Dataset(s) contain all zeros: File [C:\SIMULIAe-safe‘\datarubber\tensionwithhole. odb]
1 Dataset 1: {1.0) 5: Stress
Dataset 2: (1.0) E : (NE) Strain

Figure 1-10
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A summary of the open model appears in the Current FE Models window, showing the loaded datasets and

element group information — see Figure 1-11.

Current FE Models

4 ,H’J Datasets

4 @ Step 1:

« 0

B @ Groups
[ a Aszembly

S5I? s=MPa, e=

strain, t=deg.C, f=N, d=mm

#l(no description)

[ @l Increment @ (Time 0)
[ '@ Increment1 (Time 0.2)
[+ @ Increment 2 (Time 0.4)
[+ @ Increment 3 (Time 0.G)
[ @l Increment 4 (Time 0.8)
4 '@ Increment 5 (Time 1)

Dataset11: (1.5) 5: Stress

$ Direct Range : 801%-6 to -150%-6
% Shear Range:152%-6 to -171%-6
|E| Elernent Centroidal

() step=1, incr=5, time=1

I 266 elements

Dataset 12: (1.5) E: (ME) Strain

$ Direct Range: 73%-6 to -33%-6
= Shear Range: 76%-6 to -86%e-6
|E| Element Centroidal

lffl step=1, incr=5, time=1

# 266 elements

Figure 1-11 Current FE Models

Nofe: if the window does not appear as shown above, then expand the tree view to show more details.

Tutorial 1-10
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The model contains six stress datasets, six strain (NE) datasets. fe-safe also extracts element group information

from the ODB file.

When a new model is loaded, the output filename automatically defaults to:
<ResultsDir>\{source_file_name}Results.{source_file_extension}

which in this example is:
<ResultsDir>\tensionholewithResults.odb

If the correct number of datasets is not shown as above, use your right-mouse-button in the Current FE models

window to select Reload All Models as shown in Figure 1-12.

Open Finite Element Model ...
Append Finite Element Model ...
Beload All Models

View 'readerlog’ File

Figure 1-12 Use right-mouse-button to Reload All Models if needed

Click Yes as needed until the Select Datasets fto Read dialogue is displayed as shown above.

Note: If the units of Stress, Strain and Temperature, do not appear as shown they can be changed by double-

clicking on the S5I? icon in the Current FE Models window and modifying Properties.
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1.3 Exercise 1: fe-safe/Rubber™ analysis with dataset sequence (no time dependence)

This tutorial should be read in conjunction with the fe-safe User Guide and the fe-safe/Rubber™ User Guide.

Objective:

To perform a rubber fatigue analysis based on a sequence of surface based centroidal stress and strain (NE)

solutions from FEA.

Each increment represents the hyperelastic stress and strain solutions from FEA. Each stress and strain dataset

corresponds to a time increment (each increment is 0.2 seconds).

Analysis process:

For each elemental centroidal position:

The nominal strain (NE) and stress (S) are read from the FE model database into fe-safe.

The loading history is configured according to the sequence of stress and strain datasets and the length in
seconds specified in Loading Settings

The 6 components of the nominal strain tensor are calculated from the 3 in-plane nominal strain components,
and from the plane stress condition (e.g. the out of plane stress is exactly 0).

A series of material planes is generated based on the plug-in setting for damage sphere variables phi and
theta. Subsequent calculations will be repeated on each material plane, in order to identify the critical plane.
The local loading history is computed for each plane, giving the Cracking Energy Density as a function of time.
A rainflow counting algorithm is then used to identify each individual cycle (e.g. peak and valley) contained
within the entire local loading history.

A numerical integration of the crack growth rate law is made to determine the number of repeats (the life)
required to grow the initial flaw to its specified size at nucleation (see the fe-safe/Rubber™ Theory manual).
As a part of the computation, the crack growth rate contributions of individual cycles are summed to obtain a
total rate of crack growth per repeat of the entire loading history. The initial and final flaw sizes, and all crack
growth properties were specified as a part of the material definition.

Once the life has been computed for every material plane, then the minimum life is selected from among the
results and reported as the life of the individual item.

Output File containing Log Life and fe-safe Results Log file containing analysis configurations are automatically

generated

Tutorial 1-12
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Method:
Step 1. Define the loading:

The loading consists of a single fatigue loading block, cycling between the initial increment (Increment 0, stress
dataset 1 and strain dataset 2 at time t=0.0 s) through the fifth increment (Increment 5, stress dataset 11 and strain
dataset 12 at time t=1.0 s).

To define the loading:

e In the Current FE Models window, select any stress dataset:

Current FE Models

517 s=MPa, e=strain, t=deg.C, f=N, d=mm
o ,r'"J Datasets
4 @ Step 1: #l(no description)
» @ Increment O (Time Q)
» @ Increment 1 (Time 0.2)
B @ Increment 2 (Time 0.4)
B @ Increment 3 (Time 0.8)
» @ Increment 4 (Time 0.8)
- @ Increment 5 (Time 1)
= [(J Dataset11: (1.5) 5: Stresc
> £ Datazet12: (1.5) E: (ME) Strain
» '@ Groups
» E Assembly

Figure 1-13 Select a Stress Dataset

o Select the Loading Settings tab from the Fatigue from FEA dialogue to switch to the loading tree;

e Use your right-mouse-button to select Clear all loadings and click Yes as shown:

Fatigue from FEA =]

Analysis Settings Loading Settings
~NS

|D Usin New loading lem...
4 oo —
Q et Open loadings ...
L eats
1T Save as ...
L]
4 Elasti Save to profile
a ([ 5
F Collapse all
Expand all
Refresh
Clear all loadings

Figure 1-14 Clear all loadings
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e Use the Add button in the Loading Settings window to select Add... >> Dataset:

Fatigue from FEA =]
| Analysis Settings | Loading Settings
Add... F Y.
A LOAD * dataset Term...

A user-defined LOAD * dataset

neats
Block

High frequency block

Dataset
Residual dataset pair
Load history

User loading to dataset

Uzer time to block

Tirne history

Temperature dataset

Figure 1-15 Add a Dataset

e Click OK when prompted

e Double-click on the Stress Dataset and using your keyboard, type the sequence ‘“1-11(2)’ without the * symbols

to represent every second dataset from 1 to 11 (a sequence of stress datasets):

Fatigue from FEA ]

| Analysis Settings | Loading Settings

[ Using user profile loading file C:\Tem...
4 Ql Settings
{0 Loading is equivalent to 1 Repeats
|::| Transitions On
4 [\ Elastic Block
O 1112

Figure 1-16 A sequence of stress datasets

This means 1 through 11 every second dataset enumerator, e.g. 1, 3, 5, 7, 9, then 11.

e Use the enter key to apply the changes made with the Keyboard
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e In the current FE Models window, select any strain dataset:

Current FE Models

517 ==MPa, e=strain, t=deg.C, f=N, d=mm
4 ,r"'J Dataszets
4 @ Step 1: #l({no description)
» '@ Increment 0 (Time 0)
» @ Increment 1 (Time 0.2)
H @ Increment 2 (Time 0.4)
o @ Increment 3 (Time 0.6)
» '@ Increment 4 (Time 0.8)
4 @ Increment 5 (Time 1)
> (J Dataset11: (1.5) 5: Stress
» | € Dataset12: (L.5) E: (NE) Strain
» '@ Groups
> E Assembly

Figure 1-17 Select a Strain Dataset

In the Loading Settings panel, right-click on the stress dataset and select Add dataset:

Fatigue from FEA

| Analysis Settings | Loading Settings

(1 Using user profile loading file C:\Tem...
o Q Settings
{0 Loading is equivalent to 1 Repeats
I=1 Transitions On

4 [\ Elastic Block
(T Stress Nataset 1-11(7)
Add dataset

Add load history
User loading to dataset

Figure 1-18 Add a Strain Dataset

e The strain dataset will appear as a branch in tree-view under the sequence of stress datasets.

e Double-click on the Strain Dataset and using your keyboard, type the sequence ‘2-12(2)’ without the * symbols

to represent every second dataset from 2 to 12 (e.g. a sequence of strain datasets):
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Fatigue from FE& =]

| Analysis Settings | Loading Settings

[ Using user profile loading file C:\Tem...
4 Q Settings
{D Loading is equivalent to 1 Repeats
|::| Transitions On
4[] Elastic-Plastic Block
4 (% Stress Dataset 1-11(2)

(Aib-12(2)]

Figure 1-19 A sequence of Strain Datasets

e Use the enter key to apply the changes made with the Keyboard

Nofe: After adding a strain dataset to the Elastic Block, the block title will change to Elastic-Plastic Block, signifying
that stress and strain are used to define the stress-history and strain-history for fatigue loading. This is only a

naming convention, stresses and strains actually follow the stress-strain law the user implemented in FE.

e The defined loading appears in the Loading Settings panel, as shown below:

Fatigue from FEA (=]

| Analysis Settings | Loading Settings

[ Using user profile loading file C\Tem...
4 Q; Settings
{0 Loading is equivalent to 1 Repeats
|::| Transitions On
4 |7 Elastic-Plastic Black
4 (F) Stress Dataset1-11(2)
£ Strain Dataset 2-12(2)

Figure 1-20 Finished sequence of stress and strain dataset pairs

Nofte: if the window does not appear as shown above, then expand the tree view to show more details. Time-

dependent effects are accounted for in the example, so time definition in the loading is not required.
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Select the Analysis Settings tab from the Fatigue from FEA dialogue to switch to the Analysis Settings panel:

Fatigue from FEA

Analysis Settings | Loading Settings

&l

Group Parameters

Manage Groups... ]

Default

Subgroup Surface Finish  Material
MATERIAL-1 Surface Kt=1 Undefined
Section-ASSEMBLY_PART-1-1_ PICKEDSETZ Surface Kit=1 Undefined

Surface Kt=1 Undefined

Figure 1-21 Return to Analysis Settings

Step 1. Define the subgroup option.
For all fe-safe/lRubber analysis the Whole group setting on the Subgroup Selection should be used at all times:

double-click the Subgroup column header to open the Subgroup Selection dialogue for all groups.

5

Subgroup Selection

) Surface group

@ Whole group

X

Ok ] [ Cancel

Figure 1-22 Subgroup definition

e select Whole group;

e click OK.
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Step 2: Define the Surface Finish.

For all fe-safe/Rubber analysis the user-defined Kt value of 1 should be configured. This will ensure the effects of

surface finish aren’t applied to fe-safe/Rubber analyses.

e double-click the Surface column header to open the Surface Finish Definition dialogue for all groups:

< Surface Finish Definition ==
Surface Definition Options
Select surface finish from list
Define surface finish as a value

@ Define Kt as a value

Kt wvalue: 1

oK ] | Cancel

Figure 1-23 Surface Finish definition

e select Define Kt as a value;
e Enter User-defined Kt value of 1;

e click OK.

Step 3: Select the Material:

Since this Finite Element model has implemented a Hyperelastic law using the Reduced Polynomial model for
stress-strain response, an equivalent material property must be used in fe-safe/Rubber as well. For this exercise, a
copy of the material dataset NR_GUM will be created, and then modified to give it a hyperelastic law defined using

the Reduced Polynomial model of order 2.

First create the new material:

¢ in the Material Databases window, use the left-mouse-button to select (highlight) the material NR_GUM from

the list of available materials in the EnduricaMaterials_writable.dbase material database;

e select Material >> Copy Material to create a new material called CopyOfNR_GUM, which will appear at the

bottom of the EnduricaMaterials_writable.dbase database;

e double-click the newly created material to rename it — change the name to TUT1.
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Change the Hyperelastic model type:

expand the TUT1 material to show its properties;

select the Hyperelastic model type selector: hyperelastic : Type;

double-click on the value field to edit it;

modify the value to: REDUCEDPOLY;

Now configure material parameters for the second order Reduced Polynomial model:

select the C10 field: hyperelastic : RP C10 (MPa);

e double-click on the value field to edit it

o modify the value to: 1.0;

e Repeat to configure fields for C20 to 0.1, D1 to 0.00067, and D2 to 0.0;

e All of the material parameters related to higher order Reduced Polynomial models are to be configured with

value of Unused.

To define TUT1 for the whole component:
e highlight the material TUT1 in the EnduricaMaterials_writable.dbase database;

e double-click the Material header in the Groups Parameter box in the Fatigue from FEA dialogue - a Change

Material? confirmation dialogue box appears;

Change material? @

[0‘, Are you sure you want to change the material for the groups 'Default’ to 1'in database 'EnduricaMaterials_writable.dbase'?

Yes ; | Mo
Figure 1-24 Change material dialogue
e click YES;
e the material name should appear for all groups in the Material column.
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Step 4. Select the plug-in Algorithm:

This exercise uses a plug-in algorithm. To define the plug-in algorithm for the whole model (i.e. all element groups):

double-click the Algorithm column header to open the in Group Algorithm Selection dialogue box for all groups;

select the Analyse using a plug-in algorithm option;

select the Plug-in algorithm drop-down box, and select Surface from the drop-down menu as shown in Figure

1-25;

€

Group Algorithm Selection

General

=
U5El

@

Do not analyse
Analyse with material's default algorithm
Select an algorithm to be used

algorithm JormalStrain: Morrow

]

alrl

Analyse using a plug-in algorithm

Flug-in Algorithm

-

(=]

Surface

v|| Settings |

oK ]l Cancel |

Figure 1-25 Group Algorithm Selection

Nofe: If ‘Analyse using a plug-in algorithm’ is not an option, go back to Load the fe-safe/RubberTM plug-in above to

follow the steps to Load the plug-in.
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Step 5: Define the oufput file:

When the FE model was loaded, the Output File was automatically defaulted to a standard file name in the Project
Directory.

¢ in the Fatigue from FEA dialogue select the browse button J to the right of the Output File field.

e Change the output filename to: tensionwithholeResults_ex01.odb

Other Options

Source File

C:\SIMULTA\fe-safe \datarubberitensionwithhole, odb :]
Qutput File

“\projects'\project_01'jobsYiob_01\fe-results\tensionwithhole_Results_ex01.odb| -

[ Factor of Strength ... ] FOS disabled

[ Probability ... ] Probability of failures disabled

[ Exports ... ] Maone

[ Gauges, Inf Coeffs. .. ] Gauges disabled, Influence Coeffs disabled

s Analyse

Figure 1-26 Define the Output File

Copyright © 2016 Dassault Systemes Simulia Corp. Tutorial 1-21

fe-safelRubber™ Tutorial 2 Issue 3 Date: 02.09.16



Step 6. Run the analysis:
fe-safe is now configured to run the analysis.

Press the Analyse button. A summary of analysis parameters is displayed;

<. atigue

Algorithm Plugin:Endurica:Surface

m TUT1-EnduricaMaterials_writable.dbase
ST User defined K
ke B

Subgroup Whole
Off

C\Temp'data‘rubberitensionwithhole.odb

m 5=MPa e=strain T=deg.C
Loading is equivalent to 1 Repeats

_ Load Definition File : current.|df

I CElastic-Plastic FEA

]

Scale factor 1

Overflow Life value 0

Infinite Life value Material CAEL

Enabled if temperatures present
Dir. Cos. Inheritance Disabled

Mone

None

MNeone

Histories for Items MNone

Log for Items MNeone
Ch\Temp'\data\rubber\jobs\job_01'fe-results\tensionholewithResults_ex01.odb
LOGLife-Repeats

Ch\Temp'data\rubberjobs\job_01'fe-results\fesafe.fer

Influence coeffs. Disabled

Disabled

Embedded Analysis Server

[ contue | [ cancel

Figure 1-27 FEA Fatigue Analysis Summary

Check that the analysis is configured as shown in Figure 1-27, and then click Continue.

As the analysis is being performed, the following information is written to the analysis log file.

% Time Life-Repeats
100 0:00:02 4829@[0]61.1 266 of 266

The analysis log file has the same file name as the output file, except that the extension is . log, for instance:
<ResultsDir>\tensionwithholeResults_ex01. log

This information is also displayed in the Message Log window and includes

Summary
Worst Life-Repeats : 4828.717
at Element [0]61.1
Analysis time : 0:00:11.294
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Step 7: Reviewing the results
The analysis log shows that the worst-case life for the whole model is:

4828 repeats of the loading at the centroid of element 61.

Note: In fe-safe, the calculated fatigue life always refers fo the number of repeats of the complete defined fatigue
loading cycle. An optional conversion factor can be used fo convert the fatigue life in repeats to fatigue life with

respect to some other quantity, for example hours or miles (see the fe-safe User Guide for details).

Step 8: Viewing the fatigue life contour:
A copy of the original .odb file was created, onto which a new step containing the fatigue results was appended.

In the last step of the file <ResultsDir>/tensionwithholeResults_ex01.odb, the results for the exported variable

should look similar to -

Min; - 3,623~ 00
Elem: RORT-1-L&1
kode: 12

QDB cens koM kcnnokRauls . odo ApyqusSScandand 5. 11-1  HMon Reo0a 120 22; 13 Eanesn Scandard Time 2313

Soen: fesate 0L fe-zate 5, 3-02] st 0] ;oens ke IEANC kR alcs . ¥ ;= -0 FEO el 1o
Plugin: Endurita:s unaca--TUTL-EndurkcaMacsria b i icanke dome--Oeer defiied Ao Ljnens loma knnole. odo;
PBrlrpacy Uae: pOGLM=-Papeacs

Defior riad War noC et [eformacion Scak Fecoor: noC sac

Figure 1-28 Fatigue Life Contour in Log(Repeats) for Example 1

Nofe: Contours may appear differently depending on post-processor, contour legend limits and averaging scheme.
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14 Exercise 2: using Loading Definition and Loading Equivalence for Rubber

Objective:
This exercise is a continuation of Exercise 1. Continue using fe-safe without changing fatigue configurations.

To define a complex loading scenario — in this case 5 seconds worth of loading based on only 1 second of FEA
analysis. The exercise will illustrate use of the loading definition file (*.LDF). The fe-safe User Guide includes a full

description of the LDF file, including syntax.

Preparation:

Below is listed a tabular representation of Figure 1-6, describing the Y-direction displacement applied in the FE
solver as it relates to the time increments in the solution (from the pre-processor):

Time (S) Displacement (mm)

RPOOOOO
OO AN
N
o

The desired 5-second displacement that’s required is as follows:

Time (S) Displacement (mm)

oA N oA N 0o AN oo h~N
= N B N
o o o o
o

ORI DWWWWWNNNNNRPRRPRPRPPRPOOOOO
0O AN
[y
o
o

So it will be required to represent the displacements desired in seconds 2 through 5 by using solved displacement

stress and strain pairs from the 1 second FEA solution, at those desired time instances.

fe-safelRubber™ analysis requires time instants to be equally spaced. In this case we've used 0.2 second time

incrementation for the entire loading definition.
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Method:

Step 1: Define the loading:

e select File >> Loadings >> Save Current FEA Loadings As...;
e save the file as ex01. 1df and click Save;

e open the file in a text editor to display the contents
# _1df file created by fe-safe compliant product [mswin]

INIT
transitions=Yes
END

# Block number 1
BLOCK

ds=1, de=2

ds=3, de=4

ds=5, de=6

ds=7, de=8

ds=9, de=10
ds=11, de=12

END

Note: comment lines starting in # mark may vary):

o Edit the text file to add stress(ds) and strain (de) pairs for each additionally required time instant, as follows

# _1df file created by fe-safe compliant product [mswin]

INIT
transitions=Yes
END

# Block number 1
BLOCK

ds=1, de=2
ds=3, de=4
ds=5, de=6
ds=7, de=8
ds=9, de=10
ds=11, de=12
ds=5, de=6
ds=3, de=4
ds=5, de=6
ds=3, de=4
ds=5, de=6
ds=3, de=4
ds=5, de=6
ds=3, de=4
ds=11, de=12
ds=7, de=8
ds=5, de=6
ds=11, de=12
ds=9, de=10
ds=5, de=6
ds=9, de=10
ds=7, de=8
ds=3, de=4
ds=9, de=10
ds=7, de=8
ds=11, de=12
END

e Use the text editor to save the modified file as ex02. 1df;

e Use fe-safe to open the maodified loading definition, select File >> Loadings >> Open FEA Loadings File...;

e The Loading Settings window will be displayed
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Use the right-mouse-button to click the Elastic-Plastic Block and select Length in Seconds:

Fatigue from FEA

| Analysis Settings | Loading Settings

s

[0 CATemp\data\rubber,ex2.|df
4 Q‘ Settings
{0 Loading is equivalent to 1 Repeats
|::| Transitions On

4 ||(7] Elastic-Plastic Rlack

> (B Stress Date Add dataset

High frequency block
Lzer time to block
Add time history

Temperature dataset

Comment
Bepeats

Scale

Length in seconds

Temperature
Duplicate block
Delete block

Collapse all
Expand all
Refresh

Clear all loadings

19859739711

Figure 1-29 Add Length in Seconds to Elastic-Plastic Block

Enter the length of the loading definition: 5.0;

Double-click on Loading is equivalent to 1 Repeats in the Settings tree;

The Conversion factors for Lives from Repeats fo User Units dialogue will be displayed;
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e  Click on the button for LDF Time to calculate the number of Hours defined in the Loading Definition:

- Y

< _ Conversion factors for Lives from Repeats to User Units | &3 |

Loading is equivalent to 0.0013358339 | Hours -

LDF Time |

ﬂ FOS and Probability of Failure lives are defined in the units specified above.

QK ] [ Cancel

Figure 1-30 Conversion from Repeats to hours

e Click OK;

e The loading definition will appear as shown in Figure 1-31:

Fatigue from FEA B X

| Analysis Settings | Loading Settings

A

[0 Ch\Documents\fe-safe\projects\project_01\ex2.1df
4 Q‘ Settings
Q‘ Loading is equivalent to 0.00138889 Hours
IZ1 Transitions On
4 [(7] Elastic-Plastic Block
“| Length per repeat in seconds = 5
4 (} Stress Dataset1-11(2),5.3,5,3,5,3,5,3,11,7,511,9,5,9,7,3,8,7.11
£ Strain Dataset 2-12(2),6,4,6,4,6,4,6,4,12,8,6,12,10,6,10,8,4,10,812

Figure 1-31 Five second loading definition with Loading in Hours

Note: if the window does not appear as shown above, then expand the tree view to show more details.
e Select the Analysis Settings tab from the Fatigue from FEA dialogue to switch to the Analysis Settings panel
e Adialogue will be displayed prompting to save the loading definition to ex2.ldf which has been modified:

< Loading Change \EI

'ex2.Idf" has been modified, do you wish to save it? All unsaved changes will be lost.

[ Do not show this message again. {Reset in Tools -> Clear Data and Settings menu)

E e i[ Mo H Cancel l

Figure 1-32 Save Loading Definition after change
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e Click Yes;

Step 2: Define the Oulput File:

When the FE model was loaded, the Output File was automatically defaulted to a standard file name in the Project

Directory.
¢ in the Fatigue from FEA dialogue select the browse button J to the right of the Output File field.

e Change the output filename to: tensionholewithResults_ex02.odb

Step 3: Run the analysis:
e fe-safeis now configured to run the analysis.
e Press the Analyse button. A summary of analysis parameters is displayed;
e Check that the analysis is configured as described above and then click Continue.

e As the analysis is being performed, the following information is written to the analysis log file.

% Time Life-Hours
100 0:00:10 2.6@[0]61.1 266 of 266

The analysis log file has the same file name as the output file, except that the extension is . 1og, for instance:
<ResultsDir>\tensionholewithResults_ex02. log

This information is also displayed in the Message Log window and includes

Summary
Worst Life-Hours : 2.604
at Element [0]61.1
Analysis time : 0:00:57.825

Step 4. Reviewing the results
The analysis log shows that the worst-case life for the whole model is:

2.604 Hours of the loading at the centroid of element 61.

Note: An optional conversion factor was used in this example fo convert the fafigue life in repeats fo fatigue life with

respect to hours (see the fe-safe User Guide for details).
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Step 5: Viewing the fatigue life contour:
A copy of the original . odb file was created, onto which a new step containing the fatigue results was appended.

In the last step of the file <ResultsDir>/tensionwithholeResults_ex01.odb, the results for the exported variable
should look similar to -

LOGEL=-Haus
+1.207=+D01
+2.000=+ 00
+1.Bd4e+D0
+1.EEE=+DD0
+1.5]1=4DD0
+1.175a=+00
+1.21%=+00
+1.D5]e+|!1|.|!l

Min: +1.25]=-D01
El=m: P&RT-1-1.61
Nadge: 12

JDE: LanzanhalewilnRazylls =x02 040  Abaqus!Slandad B.11-1  Tu= Fap BE 11:4D0: 2B Eaxlain Sltangdaa Tima 2011

Sl=p: l=-zalz_D1, [=-zal= £.1-D2| m=win]; 0.OD1 IEERS Haws;=x L. W= -p FE&; acl:all;

Plugin: Endurica: Guilacz--TUTL - EndurcaMalevab_wiilable.d bazs=--Us=r d=lined KL 1; lensaewilhia bz .adb;
Prmary Mav LOKGLIT=-Haws

Delaimed Yar: nal=zel Defarmalion Scale Faclarn: nal sel

Figure 1-33 Fatigue Life Contour in Log(Hours) for Example 2

Nofe: Contours may appear differently depending on post-processor, contour legend limits and averaging scheme.
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1.5 Exercise 3: Request Exports and Outputs for an element of interest

Objective:
This exercise is a continuation of Exercise 2. Continue using fe-safe without changing fatigue configurations.

This exercise will define a single element for a secondary FEA Fatigue analysis, and configure plug-in Settings to

request exports and outputs for an element of interest.

Preparation:

The element at which the lowest life in Hours was reported during Exercise 2 was element number 61. This will be

used for a secondary post-processing analysis of only one element. Such an analysis may be desirable in order to:

1. Speed up delivery of exports and outputs at a known position, without calculating lives in the remainder of the

model
2. Limit log output from fe-safe/Rubber to ASCI| text file formats

3. Limit size of Output Files generated during the secondary analysis

Method:
Step 1. Define the Output File:

When the FE model was loaded, the Output File was automatically defaulted to a standard file name in the Project

Directory.
¢ in the Fatigue from FEA dialogue select the browse button J to the right of the Output File field.
e Change the output filename to: tensionholewithResults_ex03.csv

Nofte: Since only one element will be analysed a text format such as *.csv or *.fer is used to reduce output file size.

See the Appendices of the fe-safe User Manual for details of Output File fatigue results formats.
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Step 2: Define the List of ltems:

e in the Fatigue from FEA dialogue select the Exports... button ;

e The Exports and Outputs dialogue will appear, select the List of Items tab;

e In the field on the List of Items tab enter the instance and element number: [0]61

e Select the checkbox labelled Only analyse listed items:

< Exports and Outputs @

| Contours | Histaries I Warst Mode Histories | Log | List of Items Histaries for Items | Log for Ttems

This is a list of elements if your stresses are elemental or nodes if your stresses are nodal,

[0]61

(e.g. 1-57, 1024, 5567, ‘all' for all, 'none’ for none)

Add a . for a particular sub-item on an item (e.g. 6.1)

Add a : for a layer number {g.q. 6.1:2), use ¥ for nondayered items (e.g. 6. 1:X)

Prepend e or n for elements or nodes (e.q. nG, ea)

Prepend [ ] for an instance name (e.g. ["BOLT1-1"]e6. 1)All ids can be ranges using -, with optional range steps
(e.q. 10-100{10). 1:1-17(2) )

Only analyse listed items

Iﬂl *if applicable

oK ][ Cancel H Apply ]

Figure 1-34 Configure the List of Items to only analyse the listed items

e Click OK;

Copyright © 2016 Dassault Systemes Simulia Corp. Tutorial 1-31

fe-safelRubber™ Tutorial 2 Issue 3 Date: 02.09.16



The Fatigue from FEA dialogue will appear as shown:

Fatigue from FEA

Analysis Settings | Loading Settings

Group Parameters

Manage Groups... ]

Subgroup  Surface Finish  Material Algarithm

Default  Whole 1 TUT1 Plugin:Endurica:5urface

1| 1] 3
Other Options
Source File
C:\Tempidatatrubber{tensionwithhole. odb :]
Output File

Yrubberjjobstjob_01\fe-results|{i= =y g =y g0 =ik Ne- -

| Factor of Strength ... | FOS disabled

[ Probability ... ] Probability of failures disabled

[ Exports ... ] Items=61 for [Only analyse listed items, ]

[ Gauges, Inf Coeffs... ] Gauges disabled, Influence Coeffs disabled

W Analyse

Figure 1-35 Output File and Exports after Exercise 3 Definition
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Step 3: Configure the plug-in Settings:

e In the Fatigue from FEA dialogue, identify the Group Parameters table

e double-click the Algorithm column header to open the in Group Algorithm Selection dialogue box for all groups;

e  The Group Algorithm Selection dialogue will appear as shown:

-

« _ Group Algorithm Selection

General
Do not analyse
Analyse with material's default algorithm

Select an algorithm to be used

— e P - I PR,
Liser aigart Principalstrain:-Morrow

[fis]

@ Analyse using a plug-in algorithm

Plug-in Algorithm

=S

Surface

'H Settings I

Ok

] I Cancel

)

Figure 1-36

o select the Settings button, next to the plug-in algorithm (Surface);
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e The Edit Plug-in Settings dialogue will appear as shown:

o )

< Edit Plug-in Settings [
Mames Values

1  Threshold flag (D=always analyse, 1=only when exceeded] 0

2 Qutput load history on critical plane YES

3 Cutput rainflow count YES

4 Output plane dependence MO

5 Calibrate flaw size MO

6 Verify stress/strain MO

T Verify FCG rate law MO

& Ozone (maolar fraction) 0.0

9 Damage sphere discretisation M[phi] 5

10 Damage sphere discretisation M[theta] 16

Ok ] [ Cancel

Figure 1-37 Configure plug-in Settings to request load history and rainflow count

e Edit the value of Setting 2 Oulput load history on critical plane: YES
e Edit the value of Setting 3 Oulput rainflow count. YES

¢ Click OK to dismiss the Edit Plug-in Settings dialogue;

¢ Click OK to dismiss the Group Algorithm Selection dialogue;
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Step 4: Run the analysis:

fe-safe is now configured to run the analysis.

Press the Analyse button. A summary of analysis parameters is displayed,;

Check that the analysis is configured as described above, and then click Continue.

As the analysis is being performed, the following information is written to the analysis log file.

% Time Life-Hours
100 0:00:00 2.6@[0]61.1 266 of 266

The analysis log file has the same file name as the output file, except that the extension is . log, for instance:
<ResultsDir>\tensionholewithResults_ex03. log

This information is also displayed in the Message Log window and includes

Summary
Worst Life-Hours : 2.604
at Element [0]61.1
Analysis time : 0:00:00.260

Step 5: Reviewing the resulfs
The analysis log shows that the worst-case life for the whole model is:

1.335 Hours of the loading at the centroid of element 61.

Note: The List of ltems was used fo Only analyse listed items in this Exercise. This results in a very quick

seconaary fatigue analysis as show above, but the fatigue life results in Hours for the element have not changed

Step 6: Viewing the Exports and Outputs from the fe-safe/Rubber plug-in:

e Use the operating system to browse to the Results Directory

(e.g. C:\Temp\data\rubber\jobs\job_01\fe-results);

e Find the log file generated for load history on the critical plane

(e.g. tensionholewithResults_ex03CEDHISTORY . log);
e Find the log file generated for Rainflow Count (e.g. tensionholewithResults_ex03RAINFLOW. log);

e Inspect the log files in a text editor and plot histories an rainflow counts if desired
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2 Tutorial 2: Time-dependent Analysis of a single element with Exports

2.1 Introduction

This tutorial outlines how to perform a time-dependent rubber fatigue analysis using fe-safe/Rubber™. This tutorial

is based on the ASCII FE tensor format:
<DataDir>\rubber\TUT2.txt

211 Preparation

The tutorial uses an ASCIlI FE Tensor format. However, the same techniques can be applied to all FE formats for
which nominal strains and stresses can be reported. Results may differ while using other FE formats since the
ASCII file contains stress and strain solutions for only one element. Please see the Appendices of the fe-safe User

Manual for details on the Proprietary FE file format.

This tutorial assumes that the user has experience using fe-safe, thus detailed information on how to set up an fe-

safe analysis is not included in this tutorial. Please see Tutorial 1 for details.

e  Start fe-safe/Rubber™;
e The Configure fe-safe Project Directory window will be displayed;

e Select an appropriate Project Directory <ProjectDir> and Click OK.

General FEA and analysis options
e  From the Menu bar select Tools >> Clear Data and Settings...;
e The Clear Data and Settings dialogue will appear

e Select all of the Project settings and the Re-set file dialogues setting (all but the Re-set user settings

checkbox).

e Click OK.

Open the EnduricaMaterials (writable copy) database

If the EnduricaMaterials database is not shown in the Material Databases window, please see section 1.1.1

above.

Load the fe-safe/Rubber™ plug-in

If the fe-safe/lRubber plug-in is not loaded, please see section 1.1.1 above.
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22 Opening the sample FE model
The model for this tutorial is a one-element ASCII file. Displaying the contour is not useful in such cases.
Loading is applied for 1 second using 5 increments.

o Select the menu item File >> FEA Solutions >> Open Finite Element Model... and browse to the sample
file TUT2. txt from the directory <DataDir>\rubber.

e A prompt to pre-scan the file will be displayed. Click Yes.

e The Select Datasets to Read dialogue will be displayed

e Check the Quick selectitems for Stresses, Strains as shown
e click Apply to Dataset List to apply the selections

e select OK to load the datasets

« _ Select Datasets to Read @
Available positions: Quick select
Read groups from first model Stresses no description
Read geometry from first model Strains ME
Detect surface |:| Temperatures
|:| Forces
[ others

[ Last increment only

| Apply to Dataset List

Descripticn -
4 [ File [C\Temph Training'07e_RUBBERVABAQUS diabolo.odb]
4 @ Increment 0 (Time 0]
0 (1.0)5: #l(no description) Stress
£ (1.0) E: (NE) Strain
4 @ Increment 1 (Time 0.2)
0 (1.1)5: #l(no description) Stress
£ (11) E: (NE) Strain
4 l@ Increment 2 (Time 0.4)
0 (1.2) 5: #l(no description) Stress
£ (1.2) E: (NE) Strain
4 l@ Increment 3 (Time 0.6)
0 (1.3)5: #l(no description) Stress
£ (1.3) E: (NE) Strain
4 l@ Increment 4 (Time 0.8)
0 (1.4)5:#l(no description) Stress
£ (1.4) E: (NE) Strain -

m

Ok ] [ Cancel

Figure 2-1 Select all stress and strain datasets
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¢  When the model has finished loading, the Loaded FEA Models Properties dialogue box

o Ensure that the stress, strain and temperature units are psi, strain and deg.C, respectively, as shown:

e o

< Loaded FEA Models Properties @

[7] Do not ask me each time a new model is loaded

Stress Units

= -

SsPa)= |1 *5 (model)

Strain Units

strain -

e (strain) = |1 * & (model)

Temperature Units

deg.C -

T(dea.C) = |1 *T (model) + |0

Farce Units

Ibf -

Force (M) = |1 * Force (model)

Distance Units

in -

dim)= |1 *d (model)

C:/Temp/data/rubber, TUT2 bt

E Ok ; [ Cancel

Figure 2-2 Configure Loaded FE Models Properties

e click OK.

o Adialogue will prompt to edit element groups loaded from the model, click No.
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¢ You will see the following message regarding zeroes in datasets, this is normal

< Opening FEA Models

1 warning occurred!

Mo errors Warnings (1)

Dataset(s) contain all zeros: File [C:\TempYTraining07e_RIUBBER\ABAQUS \diabolo. odb]
1 Dataset 1: (1.0) 5 : #1(no description) Stress
Dataset 2: (1.0) E : (ME) Strain

Figure 2-3

e A summary of the open model appears in the Current FE Models window, showing the loaded datasets as

shown:

Current FE Models

517 s=psi, e=strain, t=deq.C, f=Ibf, d=in
4 ,.-"'d Datasets
> @ Increment O (Time Q)
» @ Increment 1 (Time0.2)
» @ Increment 2 (Time 0.4)
] @ Increment 3 (Time 0.6)
] @ Increment 4 (Time 0.8)
4 '@ Increment 5 (Time 1)
4 (J Dataset11: (1.5)5: #l(no description) Stress
$ Direct Range: 252 to 0
%5 ShearRange:0to0
* | Element Centroidal
(71 step=1, incr=5, time=1
# 1 elements
4 £ Dataset12: (1.5)E: #l{no description], (ME]) Strain
$ Direct Range : 446840%-b to -137930%-6
%5 Shear Range: 0"e-6 to 0%e-6
* | Elerment Centroidal
(°) step=1, incr=5, time=1
# 1 elements
E Assermnbly (Ernpty)

Figure 2-4 Current FE Models are displayed

Nofe: if the window does not appear as shown above, then expand the tree view to show more details.

e The model contains six stress datasets, six strain (NE) datasets. fe-safe also extracts element group
information from the ASCII FE file.

e If the correct number of datasets is not shown as above, use your right-mouse-button in the Current FE
models window to select Reload All Models

e Click Yes as needed until the Select Datasets fo Read dialogue is displayed as shown above.

e If the units of Stress, Strain and Temperature, do not appear as shown they can be changed by double-
clicking on the 517 icon in the Current FE Models window and modifying Properties
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2.3 Exercise 1: fe-safe/Rubber™ analysis with time-dependent effects

This tutorial should be read in conjunction with the fe-safe User Guide and the fe-safe/Rubber™ User Guide.

Objective:

To perform a rubber fatigue analysis based on a sequence of surface based centroidal stress and strain (NE)

solutions from FEA, with time dependent effects included.

Each increment represents the hyperelastic stress and strain solutions from FEA. Each stress and strain dataset

corresponds to a time increment (each increment is 0.2 seconds).

Analysis process:

For each elemental centroidal position:

The nominal strain (NE) and stress (S) are read from the FE model database into fe-safe.

The loading history is configured according to the sequence of stress and strain datasets and the length in
seconds specified in Loading Settings

The 6 components of the nominal strain tensor are calculated from the 3 in-plane nominal strain components,
and from the plane stress condition (e.g. the out of plane stress is exactly 0).

A series of material planes is generated based on the plug-in setting for damage sphere variables phi and
theta. Subsequent calculations will be repeated on each material plane, in order to identify the critical plane.
The local loading history is computed for each plane, giving the Cracking Energy Density as a function of time.
A rainflow counting algorithm is then used to identify each individual cycle (e.g. peak and valley) contained
within the entire local loading history.

A numerical integration of the crack growth rate law is made to determine the number of repeats (the life)
required to grow the initial flaw to its specified size at nucleation (see the fe-safe/Rubber™ Theory manual).
As a part of the computation, the crack growth rate contributions of individual cycles are summed to obtain a
total rate of crack growth per repeat of the entire loading history. The initial and final flaw sizes, and all crack
growth properties were specified as a part of the material definition.

Once the life has been computed for every material plane, then the minimum life is selected from among the
results and reported as the life of the individual item.

Output File containing Log Life and fe-safe Results Log file containing analysis configurations are automatically
generated

Any requested auxiliary outputs are written to their respective log files.
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Method:
Step 1. Define the loading:

As in Tutorial 1, Exercise 1, generate a single fatigue loading block, containing a sequence of stress datasets. The
load will represent a history between the initial increment (Increment 0, stress dataset 1 and strain dataset 2 at time
t=0.0 s) through the fifth increment (Increment 5, stress dataset 11 and strain dataset 12 at time t=1.0 s).

e In the Current FE Models window, select any stress dataset;

e Select the Loading Settings tab from the Fatigue from FEA dialogue to switch to the loading tree;
e Use your right-mouse-button to select Clear all loadings and click Yes;

e Use the Add button in the Loading Settings window to select Add... >> Dataset;

e Click OK when prompted

e Double-click on the Stress Dataset and using your keyboard, type the sequence 1-11(2)

¢ Inthe current FE Models window, select any strain dataset;

¢ In the Loading Settings panel, right-click on the stress dataset and select Add dataset;

e The strain dataset will appear as a branch in tree-view under the sequence of stress datasets.
e Double-click on the Strain Dataset and using your keyboard, type the sequence 2-12(2)

e Use the right-mouse-button to click the Elastic-Plastic Block and select Length in Seconds:

e Enter the length of the loading definition: 1.0

e The Loading Settings window will appear as shown:

Fatigue from FEA

| Analysis Settings | Loading Settings

Add...

[0 CA\Documents\fe-safe\projects\project_024ex01.Idf
4 Q Settings
Q Loading is equivalent to 1 Repeats
IZ1 Transitions On
4 |7 Elastic-Plastic Block
Length per repeat in seconds =1
4 (3 Stress Dataset1-11(2)
£ Strain Dataset 2-12(2)

Figure 2-5 Time-dependent dataset sequence loading

Nofe: if the window does not appear as shown above, then expand the tree view to show more details.

e Select the Analysis Settings tab from the Fatigue from FEA dialogue to switch to the Analysis Settings panel;
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Step 2: Define the subgroup option.
e double-click the Subgroup column header to open the Subgroup Selection dialogue for all groups.
e select Whole group;

e click OK.

o Step 3: Define the Surface Finish:

For all fe-safe/Rubber analysis the user-defined Kt value of 1 should be configured. This will ensure the effects of

surface finish aren’t applied to fe-safe/Rubber analyses.
e double-click the Surface column header to open the Surface Finish Definition dialogue for all groups

e select Define Kt as a value;

Enter User-defined Kt value of 1;

click OK.

Step 4: Select the Material:

For this exercise, a copy of the material dataset SBR_GUM will be created, and then modified to give it a lower

threshold parameter (fcgr:T0).

First create the new material:

e in the Material Databases window, use the left-mouse-button to select (highlight) the material SBR_GUM from

the list of available materials in the EnduricaMaterials_writable.dbase material database;

e select Material >> Copy Material to create a new material called CopyOfSBR_GUM, which will appear at the

bottom of the EnduricaMaterials_writable._dbase database;

e double-click the newly created material to rename it — change the name to TUT2.

Configure the material parameters for the LAKELINDLEY fatigue crack growth rate model:
e expand the TUT2 material to show its properties;

e selectthe TO field: fcgr : TO (kJ/m”2);

e double-click on the value field to edit it

o modify the value to: 0.04;

e All of the remaining material parameters should remain as-is

To define TUT2 for the whole component:
e highlight the material TUT2 in the EnduricaMaterials_writable.dbase database;

e double-click the Material header in the Groups Parameter box in the Fatigue from FEA dialogue - a Change

Material? confirmation dialogue box appears;
e click YES;

o the material name should appear for all groups in the Material column.
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Step 5. Select the plug-in Algorithm and configure plug-in Settings:
This exercise uses a plug-in algorithm. To define the plug-in algorithm for the whole model (i.e. all element groups):
¢ double-click the Algorithm column header to open the in Group Algorithm Selection dialogue box for all groups;

e select the Analyse using a plug-in algorithm option;

Nofe: If ‘Analyse using a plug-in algorithm’ is not an option, go back to Load the fe-safe/RubberTM plug-in above to

follow the steps to Load the plug-in.

e select the Plug-in algorithm drop-down box, and select Surface from the drop-down menu;

e select the Settings button, next to the plug-in algorithm;
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e  The Edit Plug-in Settings dialogue will appear as shown:

< Edit Plug-in Settings ==
Mames Values

1  Threshold flag (D=always analyse, 1=only when exceeded] 0

2 Output load history on critical plane MO
3 Output rainflow count MO
4 Output plane dependence YES
5 Calibrate flaw size MO
6 Verify stress/strain YES
T Verify FCG rate law YES
& Ozone (maolar fraction) 0.0
9 Damage sphere discretisation M[phi] 5

10 Damage sphere discretisation M[theta] 16

Ok ] [ Cancel

Figure 2-6 Edit plug-in settings

e Edit the value of Setting 4 Outout plane dependence: YES

e Edit the value of Setting 6 Verify stress/strain. YES

o  Edit the value of Setting 7 Verify FCG rate law. YES

e Click OK to dismiss the Edit Plug-in Settings dialogue;

e Click OK to dismiss the Group Algorithm Selection dialogue;

Step 6: Define the oufput file:

When the FE model was loaded, the Output File was automatically defaulted to a standard file name in the Project

Directory.
¢ in the Fatigue from FEA dialogue select the browse button J to the right of the Output File field.
e Change the output filename to: TUT2Results_ex01.txt

Note: Since only one element will be analysed a text format such as *.txt or *.fer is used to reduce output file size.

See the Appendices of the fe-safe User Manual for details of Output File fatigue results formats.
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Step 7: Define the Export options.

in the Fatigue from FEA dialogue select the Exports... button ;

The Exports and Oufputs dialogue will appear, select the List of ltems tab;
In the field on the List of Items tab enter the element number: 2827

select the Histories for ltems tab;

check the box next to stress fensors; in the Stress/Strain section

select the Log for ltems tab;

check the box next to Dataset stresses; in the Stress/Strain section

Click OK;

The Fatigue from FEA dialogue will appear as shown:

Fatigue from FEA

Analysis Settings | Loading Settings

Group Parameters

Manage Groups... ]

Default Whole 1 TUT2 Plugin:Endurica:Surface

1| 1

Subgroup Surface Finish  Material Algorithm In-plane residua

Other Options

Source File

Cutput File

Ci\Temp'datarubber \TUT 2Yjobsjob_01Yferesults\TUTZ2Results_ex01. txt

[ Gauges, Inf Coeffs... ] Gauges disabled, Influence Coeffs disabled

W Analyse

3
C:\Temp'datarubber \TLT2, bt :]

[ Factor of Strenath ... ] FQO5 disabled
[ Probability ... ] Probability of faiures disabled
[ Exports ... ] Items=2827 for [Plots of types;Tensors,Log exports of types:Datasets]

Figure 2-7 Output File and Exports after Exercise 1 Definition

Nofe: If the dialogue does not appear exactly as above, it can be re-sized so that the fields can be shown.
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Step 8: Run the analysis:

fe-safe is now configured to run the analysis.

e Press the Analyse button. A summary of analysis parameters is displayed,;

e Check that the analysis is configured as described above, and then click Continue.

As the analysis is being performed, the following information is written to the analysis log file.

% Time
100 0:00:00

Life-Repeats
47867@2827.1

1o0of1

The analysis log file has the same file name as the output file, except that the extension is . log, for instance:
<ResultsDir>\TUT2Results_ex01.log

This information is also displayed in the Message Log window and includes

Summary

Worst Life-Repeats
at Element 2827.1

Analysis time

Step 9: Reviewing the fe-safe Results log file

1 47867.07

: 0:00:00.180

¢ Use a text editor to open the log file and inspect the table marked DATASETS for Element 2827.1

¢ Note the details of the conversion from stress in units of psi in the ASCII FE file to MPa in the Safe Technology

fe-safe Finite Element Data (*.fed) folder:

DATASETS for Element 2827.1

DS# Units
psi
MPa

strain

uk

psi
MPa
strain
ukE

AR WWNNREP

xx or T
0.000e+000
0.000e+000
0.000e+000

0

5.850e+000
4.034e-002
-3.132e-002
-31321

yy
0.000e+000
0.000e+000
0.000e+000
0

4.760e+001
3.282e-001
8.538e-002

85380

XY - -
0.000e+000. ..
0.000e+000. ..
0.000e+000. ..

0

© R R

.760e-007. ..
.214e-009. ..
.828e-010. ..

0...

Note: the stress datasets shown in the log file may not be those used by fe-safe/Rubber. Exported Log for Items

come from the fe-safe User Interface as opposed to the fe-safe/Rubber plug-in algorithm.

e Find the List of plottable file(s) in the log file and copy the fill path to the Exported history for items

tensor file, e.g.:

C:\Temp\data\rubber\TUT2\jobs\job_01\fe-results\TUT2Results_ex01.txt_Element_2827.1.txt
o Retain the copied file path in the clipboard for later use in Step 10 below.
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Step 10: Plotting the History file
e Use fe-safeto open the Exported history by selecting File >> Data Files >> Open Data File...
e Select the exported history file identified above in Step 9

e The data file will be shown in the Loaded Data Files window:

Loaded Data Files

4 [ TUT2Results_exl.bet Element 28271 bt
Po sxx
By svy
Bo szz
Bo sxy
Po svz
Po sxz
Fo exx
PU ey
Po ezz
Fo exy
PU YL
Bo exz
PU Time

N Generated Results

Figure 2-8 Exported history shown in Loaded Data Files

Nofte: the stress histories shown above in Figure 2-8 Exported history shown in Loaded Data Files may not be
those used by fe-safe/Rubber. Exported Histories for Items come from the fe-safe User Interface as opposed to the

fe-safe/Rubber plug-in algorithm.

o Use the left-mouse-button and shift key to select the three components of strain (eXX, eYY, and eXY)

e Use fe-safeto plot the three plots in one space using the menu selection View >> Stack Plots.
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o A stacked plot will be displayed as shown:

Step 11:

o TUT2Results_ex01.tt Element 2827.1 tet:eXX TUT2Results 0Lt Ele.. | = | & |[s2|
DE 23 ED|EP A LA+ [T
0

-20000n
-40000r
-60000H
-80000n
-1000007
-120000

eXHUE

400000
350000
300000
250000
200000
1500007
100000

50000

e¥Y.UE

0.008
0.007
0.006
0.005
0.004
0.003
0.00Z
0.001

eXY.LUE

Samples

Figure 2-9 strain components on the surface displayed

Viewing the Exports and Oufputs from the fe-safe/Rubber plug-in.

Use the operating system to browse to the Results Directory
(e.g. C:\Temp\data\rubber\TUT2\jobs\job_01\fe-results);

Find the log file generated for the output of plane dependence, also known as a damage sphere
(e.g. TUT2Results_ex01DAMAGESPHERE . 10g);

Find the log file generated for the output of stress/strain verification setting
(e.g. TUT2Results_ex01VERIFYSTRESS. log);

Find the log file generated for the output the fatigue crack growth rate verification setting
(e.g. TUT2Results_ex01VERIFYFCGR. log);

Inspect the log files in a text editor and plot histories an rainflow counts if desired
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Exercise 2: Define temperature dependence with existing configurations

Objective:

This exercise is a continuation of Exercise 1. Continue using fe-safe without changing fatigue configurations.

This exercise will define an operating temperature for the entire model.

Method:

Step 1. Configure the temperature Settings

¢ In the Fatigue from FEA dialogue, switch to the Loading Settings tab

¢ Right-click on the Elastic-Plastic Block, and select Temperature from the context menu

e Enter 100 in the text field

Fatigue from FEA

Analysis Settings Loading Settings |

Add...

F X

3

4

[ C\Documents'fe-safe\projectsiproject 02\exL.Idf

4 Q Settings

Q Loading is equivalent to 1 Repeats

151 Transitions On

# [[7] Elastic-Plastic B

Length per
4 (F Stress Datas |"|||||||
£ StrainD 22
&

naC

E]
[ 9]
is|

(I

Add dataset

Add high frequency block
Add user time to block
Add time history

Add temperature dataset

Comment
Repeats

Scale

Length in seconds

Temperature
Duplicate block
Delete block

Collapse all
Expand all
Validate

Clear all loadings

Figure 2-10

e The Loading Settings should now look as follows
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Fatigue from FEA

Analysis Settings Loading Settings

Add...

[ C\Documents\fe-safelprojectsipraject_02\ex1.Idf
L Q Settings
Q Loading is equivalent to 1 Repeats
IZ1 Transitions On
4 |7 Elastic-Plastic Block
Length per repeat in seconds = 1
°C Temperature = 100
4 () Stress Dataset 1-11(2)
E Strain Dataset 2-12(2)

Figure 2-11

. Step 2: Define the oufput file:

When the FE model was loaded, the Output File was automatically defaulted to a standard file name in the Project

Directory.
¢ in the Fatigue from FEA dialogue select the browse button J to the right of the Output File field.
e Change the output filename to: TUT2Results_ex02.txt

Note: Since only one element will be analysed a text format such as *.txt or *.fer is used to reduce output file size.

See the Appendices of the fe-safe User Manual for details of Output File fatigue results formats.

Step 3: Run the analysis.
fe-safe is now configured to run the analysis.
e Press the Analyse button. A summary of analysis parameters is displayed;

e Check that the analysis is configured as described above, and then click Continue.

As the analysis is being performed, the following information is written to the analysis log file.

% Time Life-Repeats
100 0:00:00 774@02827.1 1of1

The analysis log file has the same file name as the output file, except that the extension is . log, for instance:
<ResultsDir>\TUT2Results_ex01.log

This information is also displayed in the Message Log window and includes

Summary
Worst Life-Repeats : 773.695
at Element 2827.1
Analysis time : 0:00:00.180
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25 Exercise 3: Define ozone dependence with existing configurations

Objective:
This exercise is a continuation of Exercise 1. Continue using fe-safe without changing fatigue configurations.

This exercise will define an operating temperature for the entire model.

Method:

Step 1: Configure the plug-in Settings:

¢ In the Fatigue from FEA dialogue, identify the Group Parameters table

¢ double-click the Algorithm column header to open the in Group Algorithm Selection dialogue box for all groups;
e The Group Algorithm Selection dialogue will appear as shown;

¢ select the Settings button, next to the plug-in algorithm (Surface);

e The Edit Plug-in Settings dialogue will appear as shown:

< Edit Plug-in Settings [
Mames Values
1  Threshold flag (D=always analyse, 1=only when exceeded] 0
2 Output load history on critical plane MO
3 Output rainflow count MO
4 Cutput plane dependence YES
5 Calibrate flaw size MO
6 Verify stress/strain YES
T Verify FCG rate law YES
8 Ozone(molar fraction) m
9  Damage sphere discretisation M[phi] 5
10 Darnage sphere discretisation MN[theta] 16
oK ] [ Cancel

Figure 2-12 Configure plug-in Settings to specify Ozone concentration

e Edit the value of Setting 9 Ozone (molar fraction). 0.02
e Click OK to dismiss the Edit Plug-in Settings dialogue;
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e Click OK to dismiss the Group Algorithm Selection dialogue;

o Step 2: Define the oulput file:

When the FE model was loaded, the Output File was automatically defaulted to a standard file name in the Project

Directory.
e in the Fatigue from FEA dialogue select the browse button J to the right of the Output File field.
e Change the output filename to: TUT2Results_ex03.txt

Note: Since only one element will be analysed a text format such as *.txt or *.fer is used to reduce output file size.

See the Appendices of the fe-safe User Manual for details of Output File fatigue results formats.

Step 3. Run the analysis.
fe-safe is now configured to run the analysis.
e Press the Analyse button. A summary of analysis parameters is displayed,;

e Check that the analysis is configured as described above, and then click Continue.

As the analysis is being performed, the following information is written to the analysis log file.

% Time Life-Repeats
100 0:00:00 563@2827.1 1of1

The analysis log file has the same file name as the output file, except that the extension is . log, for instance:
<ResultsDir>\TUT2Results_ex01.1og

This information is also displayed in the Message Log window and includes

Summary
Worst Life-Repeats : 563.308
at Element 2827.1
Analysis time : 0:00:00.180
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