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1. Introduction

FRANC3Dis a progran that inserts cracks or voi@spreexisting finite elementFE) meshes.
This manual describes the components of the graphical user int@fdbeof the program
specifically for Versior8. It also includesinderlying concepts and theomhere appropriate;
th e W Geide provides more details on concepts,taaffuture) TheoryReferencewill
provide moredetaik on theory A separate FRANC3D Command Language & Python
Extensions reference provides a listing of all the commamnds in batchmodealong withthe
corresponding Python functioasid a description of the Pythasercrackgrowth capabilities

There are far FRANC3D Tutorial documents that describe the program usage when combined
with the three supported commerci@ €odes: ANSYS, ABAQUS and NASTRANThere are
preliminary Tutorials for each of the three analysis codes to describe the interface between
FRANC3D and thenalysiscodes. A more generic Tutor@ 14 document describes additional
examplesimulations

There isalsoa FRANC3D Benchmark document that describes crack configurations for which
there are analytical or handbook solutions for stress intensity factors, @i&#)e FRANC3D
SIFs are compared to gevalues

To get started using FRANC3D, one can choose one qirélieninary Tutorials and follow the
steps. You can consult this &erence document for nedetails at any of the steps in the
tutorial. You should also try to reproduce the Benchmaddelsor choose your own modsfor
validation.

In this document, menu buttons, dialog or wizard panel titles, and buttons on these panels are
indicated bybold text. Fields, labels and selectable options inside the dialog or wizard panels
are indicated bynderlinedext. Model and file namewill be indicated byitalic text

2. General and 3D View Manipulation

An image of the maiFRANC3Dwindow is showrin Fig 2.0.1. Mostof thewindow consists of
a 3D graphicspacehat displays the current model.

When a model is first displayed, the 3D view is set such that the viewer is looking toward the

center of the model from a position in the positdirection. The distance from the viewer to
the model is set so that the full model is visible.

The3D view is changed by moving the mouse in the graphics window with the appropriate
combination of mouse buttons and keyboard keys. Thefferareasicfunctions for view
manipulation. A unique combination of mouse buttons and keyboard keys is defined for each of
the functions. The button and key assignments can be changed usbg\hev tab in the
Preferencesdialog box (described in Secti&m).
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Figure2.0.1 FRANC3D main window

The view functions & (usingthe FRANC3D default mouse and keyboard key assignments

Rotate(left mouse button, no keyboard keys): Mouse motion rotates the model on the screen.
The mouse can be moved in any direction. The axis of rotation is defined to be perpendicular to
the mouse motion and passes through the current center of rotation. The center of rotation is
defined as the horizontal and vertical center of the graphics window at a location midway
between the front and back clipping planes (described belbig.center of rotation can be
changed, Fig 2.0.2, using the Ctrl key and left mouse b(ttonith theRecenterbutton)

Pan (center mouse button or wheel, no keyboard keys): Mouse motion pans or drags the model
around the screen. The mouse can be moved in any direction, and the model moves in such a

way as if it were following the mouse.

Zoom/Spin(right mouse button, no keyboard keys): These areltgtnct typesof motion

activated by the same mouse key. If the mouse is moved up oritdamhappear as if the

viewer is getting closer or farther, respectively, from the modehelinouse is moved left or

right, the modelotates about an axis that is perpendicular to the plane of the screen and passes
through the horizontal and vertical centers of the window.
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Recenter

/ Point

Figure2.0.2 Recenter

Front Clip (center mouse button or wheel plus shift key): A cutforgclipping plane can be

moved parallel to the screen from the viewer toward the model. This can ke aipdway

the front of a model to see internal features such as cracks. Moving the mouse upward "pushes”
the clipping plane away from the viewer toward the model, cutting away the portion of the model
closest to the viewer. Moving the mouse downward "pulls” the plane away from the model and
toward the viewer.

Back Clip (right mouse button or wheel plus shift key): A cutting plane can be moved parallel to
the screen from behind the model toward the viewer. This can béousdgulaway parts of the
model that nght be making the view confusing (this is especially useful when the model is
displayed in "wireframe" mode without polygons). Moving the mouse upward "pushes” the
clipping plane away from the viewer. Moving the mouse downward "pulls” the clipping plane
toward the viewer, which will cut away the back portion of the model.

2.1View Controls

Theview controls boxalong the righthand side of thERANC3Dmain window provides
additional options for manipulating the view of thedel Fig 21.1.
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Figure 21.1 View controk sidepanel.

View options

Graphical Element TogglesGraphics in 3D display windowsnsist ofa combination of
markers, vectors, polygons, and text. The toggles in this box will turn theseoiteon off
independently.The surface meséind crack frontgan be turned on or off as well.

Named camera positionsthe list of named camera positions is displayed in the list box. There
should always be @esetview provided as the defauli) view. A crackview will be saved
automatically after a crack is inserted. Usamed camera positions can®evel to a fileand
Readfrom a file.

Preset ControlsThesepreset camera positiaoons provide quick access to preset views that
place the viewer along one of the Cartesian axes. The two icons on the right switch the view
betweerperspectiveandorthographic.

View Options: This button displays the dialog in Fig 2.1.1 this dialog, the&showAxesturns

the Cartesian axes display on or off. Dh#ferent Front/Back Colorturns the front/back

coloring on or off. By default, the front and back sidésurface are shaded differently. This

toggle is useful when looking at the crack surface, where thsuviaces coinciderheSet
Speedsliders allow one to control rotation, translation, zoom and spin speeds independently. The
Cutting Planesoptionallows one to define cutting planes normal to the global Cartesian axes.
These will cut away a portion of the model. These are independent from the front and back
clipping planes.
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B View Options x

Options
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Dismiss |

Figure 2.1.2View Optionsdialog.

Recenter This button displays th8et Rotation Center dialog, Fig 2.1.3. One can specify the
center of rotation interactively, using the dialog in Fig 2.&liék the Recenterbutton to display
this dialog.

A nodelD or Cartesian coordinates can be specifi€de Ctrl-key and leftmouse button is the
guickest way to set the rotation center.

In theSetcenter Viewdialog, Fig 2.1.4. The center of rotatisset by dragging the red boxes

left or right andup or down. The new centef rotationis the intersection of theorresponding
threelines.
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Figure 2.1.3 Set Rotation Center dialog.
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Figure 2.1.4SetenterView dialog.

Cancel Accept
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Capture: This buttondisplays theSave File Asdialog, Fig 2.1.5. The curreniew of the
model is captured and saved to a file. Eithgmgor jpg file can be saved.

Save File As

Za =y |1 Ansys ~|  Mew Directory

Directories X [ | Files in CAbruce\ansys\F3D_v71_models\BenchMarks\CornerCrackHolePlatelAnsys
= ci = )
= ] Autodesk
= bruce
=[] ansys
=] BMCBaS
=11 F3D_v71_models
=[] BenchMarks
& (1 AnisotropicThickPlateShear
2] ] AnisotropicThickPlateTension
(] CenterThruCrackPlate |
& (] CornerCrackBar -
=] CornerCrackHolePlate |
|
|
|
|

(1 Abaqus
s
# 1 EdgeCrackPlate
= ] InteriorEllipse
2] OffsetHolePlate
&[] Sneddon
] SurfaceHalfPenny
B gear
] test_cube_wb
1 ha3z |

File name I File type: |png file Files (*.png,*.PNG) j

Cancel

Figure 2.1.5 Save File As dialog.

The bottom of row of icons, Fig 2.1.6, allow one to do aboam, to take measurements on the
model surface, and to define front and back clipping planes.

T |4 )

Figure 2.1.6 Bottom row of icons: b@oom,measurementsnd clipping planes.

Box Zoom:This allows one to zoosm on a portion of the model by dragging a box, Fig72.1.
Press th®ox Zoom button and then,sing the left mouse button, click ahdld, thendragthe
mouseto create the bg»and then release the mouse button
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Zoom box

Figure 2.17 Box zoom used to zooiim on aportion of the model.

MeasurementsThis allows one to find the Cartesian coordinates of a point on the model
surface, or to find the distance between two points on the model surface, Fig&ih@the
left mouse button, click on the model surface to view the coordinates; click and heleéand
drag the mouse to obtain the distance between two points on the model surface.

eeeeeeeee

_ Length- 2 08366
i , First Point: (3.9891, 4.87965, 10.041)

LW’ Second Point: (6.07273, 4.687043, 10.0429)
Direction: (0.99999, -0.00442576, 0.000908115)

Figure 2.1.8 Surface measurement.
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Clipping: This icon displays th€lipping View dialog, Fig 2.1.9. The front and back clipping
planes can be moved by dragging the red boxes left or right. This is an alternative to the mouse

keyboard combinations described previously.
Display
™ Markers
¥ Wectors
¥ Polygons
IV Text

Clipping view

Cancel | Accept |

Figure 2.19 Clipping view dialog.

2.2 OpenGL Version

Click the FRANC3D nameplate, Fig 2.2.1, to display the OpenGL information dialog. Either
version 4.5 or version 1.1 will be used depending on the operating system and graphics card. The

version can be set in the Preferences (see Section 5.2.3).

Help

FRAMC3D
Yersion 8.7.0

Display Information Display

¥ Markers
using OpenL version 1.1 ¥ vectors
¥ Polygons
¥ Text

[T Mesh

T Ernnte

Figure 2.2.1 OpenGL display info.
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3. Menus

A summaryof the menusfrom the menu bar shown in F&0.1, is provided here. In general,
selecting a menu item leads to a wizardlialog.

TheHelp menu is described here, while all other menu optawadescribed in more detail in
Sectiors 4 throughl4.

3.1 Help

TheHelp menu,Fig 3.1.1,is on the faright sideof the menu baand has options for accessing
the FRANC3Ddocumentation either locallyf installed or onlinef r om FAEGés web
(http\\www.fracanalysis.com/software.htmlThe appropriate documentation will bisglayed

in a web browseif the files have been installed locally and the file path set. If the file path ha
not been set, the user is peated witha dialog box,Fig 3.1.2 and theappropriatepdffile can

be selected Alternatively, ifthe FRANC3D Websitemenu optioris selected F AvElbsge is
accessecand the appropriate documentation can be selected there

Help |

: Reference F1
i Commands/Pythan

| Tutorial for ANSYS Users
Tutarial for ABAQLUS Users
Tutorial for MASTRAMN Users
Tutarials #2-14

Benchmark Examples
User's Guide

FRAMNC3D Website

License Status

About...

Figure 3.1.1 Help Menu.
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http://www.fracanalysis.com/software.html

Please locate: FRANC3D V8.5 Reference.pdf

& & I[:I v8_docs j

Directories X | Files in D:w8_docs

= C [l extras

= D [Z1v85_training

Ccfg |FRANC3D V8.5 Reference pdf
&1 consulting
# (] data

& (] fac

&[] movies
=21 music
Ht
=]
& ] www
= EN

& Fa

= G\

[== VR

File name: IFRANCSD V8.5 Reference. pdf File type: I” Files (*.pdf,*.PDF) |

Cancel | Accept |
Figure 3.1.2 FRANC3D documentation file location dialog.

3.1.1 License Status

Thesecondast menu item displays thécense Statugdialog Fig 3.1.3, which shows the
current licensexpiration

License Status

FRANC3D Version 8.7.0

License expires in 205 days
an 31-dec-2025

Cloze |

Figure 31.3 Licensestatusdialog box.

3.1.2 About Dialog
The last menu item displays tAdout dialog, which contains the version number, the build

number and date, acknowledgements, and a list of supporting agencies, Fig 3.1.4. We also
appreciate the helgupport,and contribution®f our users.
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FRANC3D Version 8.7.0
Build number. 457
Revision date: Fri Jul 25 11:54:52 2025

Developed by Fracture Analysis Consultants, Inc.
(http:hwww.fracanalysis.com)

Partial funding provided by:

Air Force Research Laboratory
ATKIThiokol Propulsion
MASA Marshal Space Flight Center
Maval Air Warfare Center

This software uses the FOX Toolkit Library
[hitp:ihwww fox-toolkit.org)

Copyright (c) 2005-2025

Fracture Analysis Consultants, Inc.

Close |

Figure 3.14 FRANC3D Aboutdialog box.

3.2 File

TheFile menu is shown in Fig 3.2.1. Each of the menu items is listed below.

File Edit Cracks
Cpen... Ctl-C
Work Directory...
Close

Save As. .

Impaort...

Expoart...

Read Resulis...
Playback...

Quit Cil-0

Fig 3.2.1 File Menu.
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Open ...- Displays @ Open Fle dialog box that allowa usetto read &RANC3D restart file
seeSection 4.1

Work Directory ...- Displays a dialog box that allows a user to set the working directeey
Section 4.2.

Close- Closes the current model so that a new model can beraagborted see Section 4.3.

SaveAs ..: Displays aSave File Asdialog box, which allowsa userto save the current model to
aFRANC3D restart file; seBection 44.

Import ...T Allows a user to import an uncracked FE model fildefile types thatan be read
include: .cdb, .inp, .bdf. The cdbfiles are ANSYS database files in ASCII format. Ting .
files are ABAQUS input files. Thddf(or .nag files are NASTRAN database fileseeSection
45.

Export ...T Allows a user to export a FE model file. ANSY8hb, ABAQUS inp and
NASTRAN bdffile formats can be writtersee Sectiod.6.

Read Results.. - Invokes theRead ResultsFile dialog; seeSection 47.

Playback ..- Invokes thePlayback SessiorFile dialog,which allowsauser to read in a session
log file and reproduce the commarndshat file seeSection 48.

Quit - Closes the model and exits the prograee Section 4.9.

3.3 Edit

TheEdit menu is shown in Fig 3.3.1. Each of the menu items is listed below.

File | Edit Cracks Loads

LInit Conversian...

Preferences...

Figure3.3.1 Edit Menu.
Unit Conversion.. - Invokes theModel Units dialog box seeSection 5.3.

Preferences..- Invokes thePreferencesdialog box seeSection5.4.

3.4 Cracks

TheCracks menu is shown in Fig 3.4.1. Each of the menu items is listed below.
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Cracks Loads Analysis

Mew Flaw Wizard...
Flaw From Files...
Multiple Flaw Insert...

Compute SIF's...
Grow Crack...

Read Crack Growth...
Growi/Merge Cracks...

Edit Crack Geometry...
SIF's Along a Path...
SIF's For All Fronts...
J's For AllRings...

Figure 3.4.1 Cracks Menu.

New Flaw Wizard ..- Invokes theNew Flawwizard seeSection6.1.

Flaw From Files... - Invokes thd_ocate Flaw Filedialog described in Section 6.&llowed by
a subset of thBlew Flawwizard This optionallowsa usetto select a flaw description from a
file, or from multiple filesand insert it into the current modalote that one cannot insert a
crack into an alreadgracked model.

Multiple Flaw Insert ...Invokesthe Multiple Flaw wizard seeSection6.3.

Compute SIF's ..- Invokes he Compute SIF'swizard seeSection6.4. Note that
displacementfrom a completed analysisust be available for this option to be enabled.

Grow Crack ..- Invokes theCrack Growth wizard seeSection6.5. Note that displacements
from a completed analysisust be available for this option to be enabled.

Read Crack Growth .- Invokes theRead Crack Growth wizard seeSection6.6.
Grow/Merge Cracks .- Invokes theCrack Growth/Merge wizard seeSection6.7.
Edit Crack Geometry .- Invokes theEdit Crack Geometry dialog; see Section 6.8.
SIFs Along a Path ..- Invokes theSIFs Along a Pathdialog seeSection 60.

SIFs For All Fronts... - Invokes theSIFs For All Fronts dialog seeSection 610.

Js For All Rings...- Invokes thels For All Rings dialog; see Section 6.11.
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35 Loads

ThelLoads menu is shown in Fig 8.1. Each of the menu items is listed below.

Loads Analysis Fatigue  Fretting
. Crack Face Pressure/Traction...
Show Boundary Conditions...

Figure 35.1 Loads Menu.

Crack Face Pressure/Traction. - Invokes theCrack-Face Tractionsdialog seeSection7.1.
Show Boundary Conditions .-.Invokes theShow Boundary Conditionsdialog; see Section
7.2.

3.6 Analysis

The Analysismenu is shown in Fig 8.1. Each of the menu items is listed below.

Analysis Fatigue  Fretting

Static Crack Analysis...
Crack Growth Analysis...

Figure 36.1 Analysis Menu.

Static Crack Analysis .- Invokes theStatic Crack Analysiswizard seeSection8.1.

Crack Growth Analysis ..I Invokes theCrack Growth Analy siswizard seeSection8.2.

3.7 Fatigue

TheFatigue menu is shown in Fig 3.1. Each of the menu items is listed below.

| Fatigue Frefting Display Advanced

" Fatigue Life Predictions... T
View/Edit Growth Parameters. ..
Crack Front Fatigue Values...
Growth Rate File...

Figure 37.1 Fatigue Menu.
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Fatigue Life Predictions... - Invokes theFatigue Life dialog seeSection9.1.

View/Edit Growth Parameters.i Allows one to open a growth parameters file and then edit it;
see Section 9.2.

Crack Front Fatigue Values..i Displays a plot of the crack growth data; see Section 9.3.

Growth Rate File...7 see Section 9.4.

3.8 Fretting

TheFretting menu is shown in Fig 8.1. Each of the menu items is listed beldWote that the
Fretting menu is not turned on by default; it can be turned on in the Preferences dialog.

Fretting Display Advanced
Read model and results...
Import nucleation data...
Fretting crack nucleation...
Region color...

Figure 38.1 Fretting Menu.

Read Model and Results. - Invokes the~retting Model Import wizard seeSection10.1.
Import Nucleation Data... - Invokes theFretting Data Import wizard seeSection10.2.

Fretting Crack Nucleation... - Invokes the-retting Crack Nucleation wizard seeSection
10.3.

Region Color... - Invokes theRegion Colordialog seeSection10.4.

3.9 Display

TheDisplay menu is shown in Fig 3.9.1. Each of the menu items is listed below.
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Display Advanced

' View Response...
Create Animation...

Figure 3.9.1 Display Menu.
View Response .-.Invokes theView Responsalialog; see Section 11.1.

Create Animation ..- Invokes theAnimation dialog; see Section 11.2.

3.10 Single Crystal

TheSingle Crystalmenu is shown in Fig 3.10.1. Each of the menu items is listed below. Note
that the Single Crystal menu is not turned on by default; it can be turned on in the Preferences
dialog.

SingleCrystal Electrical Advanced
Resolved Slip System Ks_..

Resaolved Max Shear Direction Ks_..

View Crystal Orientations._.

Figure 3.10.1 Display Menu.

Resolved B System ks...- Invokes theResolvedSIF's wizard; see Section 12.1. Note that
displacements from a completed analysis must be available for this option to be enabled.

Resolved Slip System Ks Along a Pathsee Section 12.2.
Resolvedvlax Shear Direction Ks. - see Section 12.3.
Resolved Max Shear Direction Ks Along a Path.see Section 12.4.

View Crystal Orientations. - Invokes theCrystal Orientations dialog see Section 13.

3.11 Electrical

TheElectrical menu is shown in Fig 3.11.1. Each of the menu items is listed below. Note that
the Electricalmenu is not turned on by default; it can be turned on in the Preferences dialog.
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Electrical Advanced

Electrostatic Energy Release Rates...

—

]

Figure 3.11.1 Display Menu.

Electrostatic Energy Release Rates.see Section 13.1.

3.12 Advanced

The Advancedmenu is shown in Fig B2.1. Each of the menu items is listed below.

Figure 312.1 Advanced Menu.

Advanced

Edges Wizard...
Display COD Data...
Write Template Data...

Read User Extensions...
Plot CFT Stress File..
Edit Retained Modes. .
Contour Integral Diata..

EdgesWizard ...- Invokes theEdge Extraction wizard seeSectionl4.1.

Display COD Data... - Invokesthe Display COD Data dialog seeSection 4.2.

Write Template Data.. - Invokesthe Write Template Data dialog seeSection14.3.

Create Growth History.. - Invokesthe Create Growth History dialog seeSection 4.4.

Export Crack Data... - Invokesthe Export Crack Data dialog seeSection 4.5.

Read User Extensions. - Invokesthe Read User Extensionsvizard see Section4l6.

Plot CFT Stress File..T Displays mestbased crack face tractigreee Section4l?.

Edit Retained Nodes. i Invokesthe Edit Retained Nodesdialog see Section4l8.

Contour Integral Data...T Invokesthe Contour Integral Data dialog see Section 1.
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4. File Menu Wizards and Dialog Boxes
The wizards and dialog boxés theFile menu optiongredescribedn this section.
410penéea&xr |

TheFile Y Openmenu option allows the user to read a FRANC3fane: file, with fdb
extension TheRestart File dialog allows one to seleatfdbfile, Fig 4.1.1.

Restart file

<:i * I[:I crack_nonplanar j

Directories xl Files in D:\tmp\EditCrackTests\crack_nonplanar
= C\

4.
= D\ [ |nonplanar fdb

cfg nonplanar_: 004
[ | STEP_004.fdb

& ] consulting
# (] data

® [ fac
21 movies
# ] music
® (] tmp
=[] vB_docs
& 1 waw
= E:\

& F

=) G\
=V

File name: Inonplanar.fdb File type: |[FRANG3D Files (*.fdb,” FDB) |

Cancel | Accept |
Figure 4.11 Model File dialog box.

4.1.1 FRANC3D Restart.fdb) Files

FRANC3D reads the contents of tHdhfile along with readin@ny files that are referenced
insideit. The fdbfile is organized in blockwith each block having a title and version number.
The blocks and their content es@mmarizechere:

F3D_Vv8.7 (
UncrackedrE file name, type, and retained data.

)
HISTORY_SUMMARY (

Summary of the crack step file names.
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)
STATICMETA (

Analysis typeandinput and results file names.

)

FLAWSURF (

Description of crack geometry: surface patches, crack front vertices, and template parameters.
Note that this block can be extracted and saveddikéile.

)

CRACKFRONTIDS (

List of crack front identifiers.

)

TEMPLATENODES {

List of crack front mesh template node ids.

}

TEMPLATENODECOORDS {

List of crack front mesh template node coordinates.
}

SIF_COMP_PARAMS (

Stress intensity factor computation parameters.
)

GROWTH_PARAMS (

Crack growth model pameters.

)

TEMPLATE_PARAMS (

Crack front mesh template parameters.

)

CRACKFACENODES {

List of crack face nodes with the local normal to the crack surface.
}

EDGE_EXTRACT_PARAMS (

Edge extraction parameters.

)

MESH_PARAMS (

Meshing parameters.

)

CRACK_GROWTH_DATA (

Crack growth history data.

)

UNITS (

Model units for lengthstressand temperature.
)

SUBMODEL_NODE_MAP (

Node id mapping betweefdb and FE model input.

)
SUBMODEL_ELEM_MAP (
Element id mapping betweeifab and FE model input.

)
RETAINED_NODES (

List of retained node IDs.

)
SAVED_VIEWS {
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List of saved camera positions.

}

FRANC3D attempts to read all the filesferenced in thddbfile. If a file is missing, the user is
prompted todcate that file, Fig 4.2. Note thaFRANC3Dneed to accesthe original
uncracked=E model files as well as files associated with the current crack growth step

B Locate the file test.cdb [iE-J

Diredory:|[:| ansys_cube | o> 4 |°_’F|7 o, £

4. [ 1 test_STEP_005.cdb
[ full_scube [ test_sSTEP_006.cdb
CJloadsteps [ test_sSTEP_007.cdb
D small_cube_cutout.cdb

D small_cube_outer.cdb

[ test_cdn

[ test_STEP_001.cdb

[ test_STEP_002.cdb

[ test_STEP_003.cdb

[ test_STEP_004.cdb

File Name: |* OK |
File Filter: [Mesh Files (*.cdb,”.CDB) ~|  cancel |

Figure 41.2 LocateFile dialog boxfor finding missing files

4.2 Work Directory

TheFile Y Work Directory menu item allows the user to set a current working directory to save
subsequent analysis fileShedialog, Fig 4.2.1allows one taselect thedesiredfolder; press
Acceptonce the folder is highlightedrhis should be done first to ensure the session log and
other files are saved to this folder.
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Set the current working directory:

@ » I[:I F3D_test_suite

j Mew directory

Directories X | Files in EXNF3D_test_suite |
=CH Name TlType
& DA 1 AbaqusTests File Folc
S EA [ AnsysTests File Folc
i) F3D_test_suite 1 BenchMarks File Fole
&0 Temp 1 Extras File Folc
& FL [ FatigueTests File Folc
= G 1 MastranTests File Folc
S v 1 Tutorials File Folc
Cave3 File Fole
Caves File Folc
q | L|

Directory name: |E"\F3D_test_suite

Cancel |

Accept |

Figure 4.2.1 Set Working Direatpdialog box for setting the current directory.

43 Close

TheFile Y Closemenuitem closes the current modeithout quitting FRANC3D. If a model is
open and has not been saved,3hge Model Warning dialog, Fig 43.1, is displayed. If the
user wishes to save the model, @ancelbutton can be selected. Selecting@i€ button will

close the model without saving.

Save Model Waming

i Model has not been saved.
Select OK to Close.

Cancel |

Figure 43.1 Save Model Warning dialog.

3C



44 Save Ag

TheFile Y Save Asmenu itemcan be used to satlee FRANC3Drestart {db) file of a cracked
model if the user does no&wnt toperform anmmediateanalysis of the modelln addition to

the fdbfile, an FE analysis file willbe saved; the FE file type will be the same as the original
input file type. The user is prompted to enter thadb.file name, Fig 4.4.1and pres#&ccept

Save File As

@ P ID Temp j Mew directory

Directories Xl Files in EX\Temp
=
= D\
= E:\
[Z1 F3D_test_suite
S
& F\
= G\
=V

File name: Icubeiinit\a\icracl{ File type: |FRANC3D Restart Files (*fdb," FDB) ]|

Cancel Accept |

Figure4.4.1 SaveFile Asdialog.

Note that the files saved with t&ave Asoption can differ from the files saved with t8&atic
Crack AnalysisandCrack Growth Analysis options (see Section 8). TBave Asoption does
not write the merged locaracked + global FE file.

451 mport é

TheFile Y Import menu itemis used tamport uncracked FE models into FRANC3D. The
dialog shown in Fig 4.5.1 is presentethe user can choose: ilnport a complete mod@hto
FRANC3D, 2) import anddivide so that FRANC3D works on a local submodel3pimport an

already divided modelDepending on the radio button that is chosen, different dialogs will be
displayed next.
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Model Import Type

¢ Import a complete model.

& Import and divide into global and local models.
(highly recommended for large andior complex models)

" Import an already divided model.

Cancel | Bac | Mext

Figure 4.5.1Select Model Import Typdialog.

4.5.1 Import a Complete Model

The dialog shown in Fig 45is displayed. The user chooses the FE model AN&YS,
ABAQUS or NASTRAN using the radio button at the top. If ANSYS is chosen, the user can
also check th&xtra load filesox, if ANSYS load step files §## are to be imported as well.

If the ANSY SExtra load filesbox is checked, the dialog shown in Fig 8.5.displayed. The
user can select one or mosé#files. Use theShift or Ctrl key to select multiple file names.

Select Input Mesh File

Wesh File Type
@ ANSYS " ABAQUS  NASTRAN

I Extraloadfiles |)

Wesh File
G = [Dansy | =3
Directories x | Files in D:\data\F3D_test_suite\Tutorials\Cube Tutorial 1\Base\Ansys I
[ ] create_residual_mesh ;I [

@[] CT_Specimens
(] Cummins
(] Denso
# (] Ensco
=[] F3D_test_suite
(C1 AbagusTests
[ | AnsysTests
[ BenchMarks
(] EditCrackTests
(1 Extras
(Z] FatigueTests
(1 NastranTests
3 run
= (1 Tutorials
[ Crack Interface Tutori
1 Cube Load Cases Tu
B 21 Cube Tutorial 1
=[] Base
=0 Abaqus

. a@ Llll

]

D Ansys-EP-Cube.cdb

D Ansys_Cube.cdb

[ Ansys_Cube_GLOBAL cdb
[ Ansys_Cube_LOCAL cdb

File name: I

File type: [ANSYS (.cdb,” CDB)

Gancal |

pack | e |

Figure 4.52 Select Model to Import dialog.
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Select Extra Load Files

Extra Load Files

& = ID Ansys »| New directory

Directories X | Files in D:\data\F3D_test_suite\Tutorials\Cube Load Cases Tutorial 2\BaselAnsys
] CrackMerge |
(] create_residual_mesh
] CT_Specimens
] Cummins [ sum_ctsif
1 Denso [ sum_no_cfe sif
1 Ensco [ sum_with_cfe.sif
B[] FaD_test_suite J

(Z1 AbaqusTests
1 AnsysTests
(1 Benchmarks
(] EditCrackTests
[ Extras
(Z FatigueTests
(1 NastranTests
3 run
= (1 Tutorials
[ Crack Interface Tutori
=[] Cube Load Cases Tu
B Base
=[] Abaqus

. E@ Ll;l

File name: IAnsy’s_Cuhe 502 Ansys_Cube.s03 File type: IA\NSYS (*.5%.5% j

Cancel | Back I Next |

Figure 4.53 Select ANSYS Extra load step files dialog.

Once the FE model file has been selectedStiect Retained BC Surfacedialog is displayed,

Fig 4.54. Any surface that has boundary conditions will be highlighted in blue. These surfaces
can be selected using tBelect Allbutton, and the blue surfaces willdoenered. Node sefs
element surface setsd surfaces can also be displayed usingtiev Node SetsShow Surf
SetsandShow Surfaceduttons; these buttons allsetssurfaces without boundary conditons

to be retained.

Note that cracks cannot be inserted into or propagated into a surface mesh that has been retained.
If a surface has boundary catidns and a crack must be inserted into this surface, do not retain

the mesh facets on this surface; the boundary conditions will be transferred to the remeshed
surface. If a crack will not be inserted into a surface with boundary conditions, it is more

efficient andmore exacto retain the mesh so that boundary conditions are transferred directly.
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Select Retained BC Surfaces
Select Al | TERA
Unselect All | :; E::Oe:
¥ Polygons
W Text
- [~ Mesh
< g {reset) (d)
T
SisSuEdgeeaecs
.....-H.-Hll-' Save | Read
NN SNNERESgAE vane
ANyNASESastns RILIE
.. .' - - View Options
Show Mode Sets | u .. " Recenter |
Show SurfiSets J\x Capture |
__ ShowSurtaces | || 1|
Show Surfaces l___‘_'_\ ] @
Shift+Click to select surfaces Cancel | Back | Mext I

Figure 4.54 Select Retained BC Surfaces dialog.

4.5.2 Import and Divide Model

If the user chooses to import and divide, the first dialog that is presented is the same as that
shown in Fig 4.2. Once the model file has been selectedSiiemodeldialogis displayed,

Fig 4.55. There are options for selecting a portion or portions of the madelthese are
described in the subsections belo@nce a submode$ defined and croppegressNext, which
leads to theSelect Retained BC Surfacedialog (see Fig 4.5), if the submodel has boundary
conditions or setsurfaces.
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Define a Local Submodel

Cropping Options Display
« [0« [ W Warkers
Retainif: & One NodeIn C All Nedes In 2 fiedors
¥ Polygons
" Relative to a principal plane % Text
el
= e o [~ WMesh
0 I~ Fronts
" Plane normal and offset (reset) (d)
| o o o
0
J Save | Read
(" Plane from three points
caBa
Setea| ™ 2 [Setea| o Seeaf REREP
" Rubberband Box . - i i
lew options
Ll L . I
4 - - - 7 Recenter
@ Element-by-element Select | Unselect -
' ' Capture image
’ o RS T
c .'-'- i
¢ Retained From File "’."‘
Crop Reference Point .---
W Showelems [~ Show outline .""
r uy '
Q”
Zz

Ccancel Back |[ Nem

Figure 4.5 Definea LocalSubmodeMialog.

4.5.2.1 CroppingSelectionOptions

The first settingn theCropping Optionsllowmsone t o speci fy which O6si de
or box is selected. The topw of radio buttoms in Fig 4.56 letsone choose théeftdor &ightd

side (Fig 4.57); this isstraightforward to describe when using ghenaroptions below, but it

also applies teheother options. For instance, when usingRubberband Bgxhe selection

will be either inside or outside of thebberbandox depending on which radio button is

selected.

The secondow of radio buttos allows one to select elements with eitbaeor all nodesof the
element collectedFig 4.58 shows a case where the cutting plane isWwalf through the
elements; choosing the first option includes theseel@ments, while choosing the second option
discards the elemeniisat are cut.

Note that selected elements are colored red.

Cropping Options

« O ¢ [

Retain if & One ModeIn ¢ All Modes In

Figure 4.5 Cropping Options selection optiodslog.
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prespr—, 5 | prespr—,
Cropping Options: Drsslay. Cropping Options:
emem  Maikess cmEn
Retaint ¢ Ont Hodkin € AINodes i1 F v Retaint ¢ Ont Hodkin € AINodes i1
® Retahebo a pincpsl plane e ® Retahebo a pincpsl plane
e e n el e e n
omt [0 pueat| — omt [0 pueat|
© Plane nomal and oftset : © Plane nomal and oftset
T —— e T —
N L e N L e
" Rubbersand Box Miew Oplone. " Rubbersand Box
# Redanguiar € Cin Rocerler # Redanguiar € Cin
rzlummum_l : Caoun raumum_‘ -
- = T ies| - =
oo o] oo o]
 Resnsarones  Resnsarones
o] 1100 7| Ptesnce o] o] 1100 7| Ptesnce o]
7 Enowsams - Showate 7 Enowsams - Showate
I =how i I Eran ‘
_gonee | _poor |[Ted ]
prespr—, prespr—, 5 |
Cropping Options. Cropping Options. Drsslay.
Fmcm fmem  Markess
Retant & OnsModsIn € AINodES 1) Retan It C One NodE N (A NDGES I 7 vecwors
[ ——— ® Retahebo a pincpsl plane (it
e e n e e n Ll
e el e el /—
" Plana nomal and oftsst " Plane nomal and oftssf
s [ 888 s [ 888
o (s ] o (i s | et
 Prane o pres o  Piane vom pess o EaE
T | e | T T | e | T wwtrion
© Rusbanandom © Rusbanandom
scotor
’E'""'*'”'""""_I_l rz.mm_|_1 capre
T o
© ByElsment Group J € ByElsmien Groun J
© Retwngd From Fig G © Retwngd From Fig G
oup| 75 ] eknen o] oup| 75 ] eknen o]
7 Shomsiems [ Showitien 7 Shomsiems [ Showitien
r and zng g r ana zne ! v
-
_gonee | _poor |[Ted ]

Figure 4.58 Selection based drRetain if:®one node i6  aanldl 6n cealeetisn i n 6

4.5.2.2 Relative to a principal plane

The first croptypeallows one talefinea plane that is aligned with the Cartesian axes4/=§.

The plane can be offset from the origin, and
plane are selected. In this case and in all cases below, the radio buttons at the top (see Section
4.5.2.1)are set tahe defaults, which means lefide selection and oreodein, Fig 4.510.

{* Relative to a principal plane
C Xy =¥z O X

Offset I 45 Selec:tl

Figure 4.59 Relative to principal plane cropping option
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Define 3 Local Submodel o R |
Cropping Options Display
¢ mem  Markers
Retainit. @ One Nodeln C AlNodes in ¥ Vedtors
& Relative 10 a principal plane z::w“
CxvEvz O e
o ,T
en
f [ o[ o o
omsel [T 0 Seted] Save | Read
€ Prane from e points gggg
e e |
FWW : View Options.
& Al | Recenter | |
€ Elementoy-element - (oo capure | |
€ & teateria s || oy
© ByElement Group |
€ Retained FromFile o
crop| | 2| Reterence Point|
7 Show elems [~ Show outine.
I~ Show beam anid shell fe o refore u
[
Gancel Back Next

Figure 4.510 Selection based arffsetYZ principal plane and lefide selection

4.5.2.3 Plane normal and offset

The second cropypeallows one to define a plane that is normal to the unit vector defined by the
X, y and z coordiantes, Fig 413. The plane can be offset from the origin. Fig®2Shows a
plane that is normal to the vector (1,0,0), which is the same as the YZ principal plane in Section

45.2.2.

" Plane normal and offset
X Y £z

Normal:l 1 I 0 | 0
Offset: | 49 Selec:tl

Figure 4.511 Plane normal and offset cropping option.

Errmm— )
Cropping Options Dispiay
cmem 7 Markers
Retain#t & OneNoden C AlNodes In ¥ Vedors.
(‘R:m:a.w:m.wum :"’:W‘l
.'— | I~ Mesh
S rnn mm::ma - (reset) (d)
® Piane ne
x ¥ z
Normat; 1 0 0
ofet [~ 45 seled _Save | Read
€ Piane rom Mree points gggg
Sy e [ o
(‘Ruoo-;uamsu View Options
€ Rectangufat € Ci i | Recenter | |
€ Etement by-element -/ [nccecf __Canmne_| |
€ & tateria Seie| O, -sl| Oy
C Retained From File  o--
Crop| 1| 0| Reference Point]
¥ Show elems [~ Show outine.
I~ Sfow beam arid st 16 o cotire ).:\
|| | |

Figure 4.512 Selection based on a planermaland offset.
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4.5.2.4 Plane from three points

The third croptypeallows one to define a plane based on the selection of three points, Fig
4.513. The user presses tBelectbutton for each point, and then uses(ttresg cursor to pick
thepoint; three pointef a triangle define the plane. Fig 4%shows the secondtl(ie) point
that was selectddere Fig 4.515shows the resulting plane that was created by pickipgints
at x=5 coordinates; this the same as the YZ principal plane in Section 4.5.2.2.

i Plane from three points

Point1: Select| I 2: Select| M 3 Select| M

Figure 4.513 Planefrom three pointgropping option.

Figure 4.514 Second§lue) selected point used to define a plane

Cropping Options Display
¢ mem  Markers
Retain . © One NodeIn C All Nodes In  Vectors
€ Relative to a principal plane. : ::Iﬂ"l
X r;—‘ 2 I~ Mesh
: — - (reset) (d)
€ Plane normal and offset
[ [
et [T 45 seled] S| Fead |
& Prane from Bwee points gggg
Point1: Select|[l 2 Select| M 3 Select| M
€ Rubberband Box View Opions
h - Recenter
€ Element-by-slement | Capture
c O | o] Oy
© ByElement Group |
€ Retained From File
Cvnnl Reference Point|
¥ Show elems [~ Show outiine
R I
omot | oo |

Figure 4.515 Selection based onpane from three points

4.5.2.5 Rubberband box

The fourth crogtypeallows one to define a baxt cylinder, Fig 4.516. The useselects the
Rectangulapor Circularradio buttonpresses thBefine button and then uses the laftouse
button to drag the outline of a boxk cylinderon the screen, Fig 4% the rightside image in

Fig 4.517 s rotated to showhebox.
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* Rubberband Box
i Rectangular ¢ Circular Deﬁnel

Figure 4.516 Rubberband box cropping option.
[ T T - ETEEE e — e |
Cropping Options. Ouspiay. Cropping Options. Ouspiay.
L A Pl L A e
€ Retstve o 3 pincisl piane = € Retstve o 3 pincisl piane =
e 8 ] ’—Z::L s ] ’—Z::L
|“ ﬁﬁﬁ — | ﬁﬁﬁ o
e 2008l | | - Eama
el el el —= 0| e =
‘T”:“;.‘..T e = e =
:‘Elmupd-nmj_‘ S rsumu,--nm_|_1 EFE
LT P |
€ Retainad From Fla ;1 € Retsined From Fla ;[
o e P J
I
_goe | ot |[Hea ] _goe | ot |[Hea ]

45.2.6 Element by element

Figure 4.517 Selection based onractangularubberband box.

The ffth croptypeallows one to select (or unselect) individual elements, Figd&.5he user
presses th8electbutton and then uses the lefibuse button to select elements one at a time,
Fig 4.519. The default is to have all elements{sedected and th&electbutton atually turns
off the selection, while thEnselectbutton reselects the element.

& Elementby-slement Select| Unselect|

Figure 4.518

Elementby-element cropping option.

oo & - —— =
Cropping Options. Display
¢ Olcm  Markers
Retaint. @ One Nodeln C AlNodes in ¥ Vedors.
€ Relative to a principal plane z"’;m"'
C T e . I~ Mesh
® Pun m-\:;m - (reset) (@)
en
f 1 of )
ek [T 45 selen Save | Read
€ Plane from ee points ggg;
1. Sova|M - svoc| M 2 Sosm
(‘R»noo:nasaau : View Options.
& Rectanuula € Circutar| D] Recenter
@ Element-by-element [Seiect uuuual Capure |
€ By Materiai | O | By
 ByElement Group il
€ Retained From File  oiv-c
Grop| 1| 21| Reference Point]
I Show elems [~ Show outine
I Show beam te L L
A
I
_gance | _gacn [[en ]

Figure 4.519 Selection based on elemd-elementpicking.
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45.2.7 By material

Thesixth croptypeallows one to select elements based on the material id, F&.4.Bhe user

selectghe material id #afterpreseng the Selectbutton The model in Fig 4.21 has two

materialsand material 1 is selected

{* By Material

Selectl

Figure 4.5.9 By material id cropping option.

Cropping Options Display
cmcm@ F Markers
Retainif. & OneNodeln ¢ All Nodes In ¥ Vectors
€ Relative to a principal plane ¥ Palygons:
¥ Text
CxXy EYZ C I~ Mesh
Offset EEE —
(reset) (q)
€ Plane normal and offset
Noral ) ) 7
" — Save | Read
Seleot ;
 Plane from three points Z ‘:'1 [allie] @’E
Poit 2 ‘IW’ I Laje)
i
€ Rubberband Box ”;’W;’ View Options
@ Rectangular € Ciroula 'l{;“'lr’f’, Recenter
€ Elementby-element <z Select by Material ;’W; Caplure
# ByMaterial Seled] W 7, || Oy
€ ByElementGroup  Select Material 1 y
€ Retained FromFile £z [ material 2
Crop| Unce Reference Point
¥ Show el
I~ Show b
Cancel | Accept

Cancel Back

Figure 4.5.2 Selection based on material id

4.5.2.8 By element group

Theseverh croptypeallows one to select elements based on an element group name, Fig
45.22. The user selectbe labelafterpresing the Selectbutton. The model in Fig 4.52has

several element groups, one of which has been selected.

For ANSYS, element groupse defined byCMBL6datain the cdbfile, and for ABAQUS the

¢ELSETo6datain the

inp file defines the groups

* By Element Group

Figure 4.522 By element group label cropping option.
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Cropping Options Display
cOcm [ Markers
Retainif. & One NodeIn € All Nodes In g"mms
v Polygons
€ Relative to a principal plane
principal p W Text
™ Mesh

CxXy Y2 € Zx

Offset 0 [Seled]
(reset) (d)
€ Plane normal and offset
lect by Element Group

v z
Normal [} 0 | S

P
T o AT save | Read
Offset 0 [Seled] S ey o i ]
e [ "Cube2-1_get2" A ) BRDe
¢ Plane from three paints P A Tl
[ “Cube-2-1_all_elements” ..7’.:‘:..1‘-'.7‘;'1;1” (S alsE
Point 1 (Select|[ 1| 2: Select| | 2| Select [ -_Cube-1 Interface_s2" ..:L.Iimm’ o Optons
® R [ *_Cube-2 Interface_S1° ”M”f" F—
& Rectanguiar € Girouar Dene| w!;’!
. Cube-1-1_%et-1 WM Capture
Efement-by-slement igeled [ Cube-1-1_all_elements y =
€ ByMaterial [ setBCX [ B
& ByElementGroup  Seleci| [ set-BC-Y
¢ Retained FromFile  5rowse [] _Suri-Top_S6
crop| Unio| Redo| Reference Point [T all_elements
[ show elems [~ show outiine
I=| Sriowbeam and shell elements for reference
Cancel Accept

Cancel Back [

Figure 4.5.3 Selection based on element group label.

4.5.2.9 Retained from file

The final croptypea | | ows one to sel ect ed Emesarppressedthes f r o

Browse button to display the file selection dialog, Fig 4%.2his option is useful for re
selecting elements that were selected during a previous importtxftile is ASCII and
contains a list of element ida range of ids is specified using a dash. Fig 8 hdws the

selected elementhat were identified in thext file.

* Retained From File! Elrnwsel

Figure 4.5.2 Retained from fileeropping option.

Retained Elements File

N T

Directories X | | Files in C:\Temp\Cube\Ansys

= c = ) ]

(21 Autodesk [ Ansys_Cube_RETAINED bt

=1 bruce -] Ansys_Cube_RETAINED_ELENS bd]
(1 cygwingd

#(] Jane

Il | m 2 PerLogs

= 1 Program Files

1 Program Files (x6)

= 1 Python27

@ ] RegBackup

Il | =0 simuua

2 Temp
(1 AnisotropicThickPlateShear
(1 AnisotropicThickPlateTension
= 1 Brueggert
(21 CenterThruGrackPlate
® (1 ComerCrackHolePlate
(1 Cube

1 Abagus

# 1 Cube_test_rings
i ("1 Nastran |

| Filename: [ansys_Cube_RETAINED_ELEMS bt

File type: [Text File Files (.0t TXT) k|

il
Cancel Accept

Figure 4.5.8 Retained element id file selection dialog
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Cropping Options. Display
0 c i ¥ wmarkers.
Retain & One Nodein © Allbioges in ¥ Vedors
€ Relative 1o a principal plane g:’:wu
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- 2 : (resen) (a)
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Crop| Unts| Recc| Reference Point
7 Showelems [ Show outine
™ show bea e

ancsl Back

Figure 4.5.8 Selection based aglement ids provided imaASCII .txt file.

45.2.10 Crop, Undo and Redo

The three buttonsearthe bottom on the left side perform the actual cropping. Once the
selection has been made using ohthe options above, the selected elements=eped by
pressing th€rop button, Fig 4.5.2. The unselected elements are removed. The user can
Undo or Redothe cropping. Multiple selections and crops can be performgelquence

T [ ——
Display Cropping Options: Drselay.
et e e  Makees
e Relaint & Gne HodsIn T ANNodes n 4=
EE © R e ot ol F
Enel - - wen
@ a | G| —

© Plang nomma ang ofset
nnnnnn i i
BADE ©am g
DEnD © Plans Fom Bes points Emme
e r r
View Options € Rubberbend Box View Opdons
Racantes # Redangular £ acorter
=5 € Elemant-semant Caphue
T || € ey |
© oy cion
© RosneaFionF Sowd
o8] wnoo] - | Reterance P
5 Show e I~ o otion
L
Gt | gk ool | g

Figure 4.5.Z Crop button pressed to remove thesatected elements.

45.2.11 Reference Point

TheReference Pointbutton, next to th€rop/Undo/Redobuttons, allows you to specify a
reference point, using either a node id or Cartesian coordinates, for the center of rotation, Fig
4.5.28. The reference point is displayed using a red dot. Deulicle the (reset)(d) camera
position to reset to the default.

42



e BB g—
Cropping Options Display
& O c ip ¥ Markers
Relainit. & One Nodeln  AllNodes In 7/ Vectors
¥ Polygons
_ 7 Text
Yr AL o Reference Point [Cluesn |
- == resel @)
 Plane normal and offset
, ' By Coordinates: .’......
Nomat: [0 [T 0[] X ¥ z L7 ..."’ —
Offset 0 [Seled] I 10 I 10 I 10 a, ”‘ Aa"% QjTE
£ Plane from three points "’ DERRG
" By Mode: i’i View Options
Node I0: I 0 ’ _ Recenter_|
C
Cancel | " =l ®
|
L
Cancel Back

Figure 4.5.8 Reference Point dialog to set the rotation center

4.5.2.12 Show &msand Show outline

The Showelemsoption at the bottom turns on or off the display of element edges, Fi§.4.5.2
Forsome modelswvith many elements or with very refined meshes, the element edges can
obscure thelementselection. Urchecking tiis box turns offthe black element edge coloring,
which shouldmake the redolored elements more visibl&he Show outlineoption is useful
when selecting interior elements as it shows the exterior oufiitiree model

——— e - T
Disglay | Cropping Options
e emem
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z [N ——
T~ Mesh | o . E
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i i o ]
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‘ f
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_Goce | g |[hea ]| anen | _psox [pe ]

Figure 4.5.2 Show elems optian

4.5.2.13 Show beam and shell elements for reference

TheShowbeam and shell elemerdption at the bottom turns on or off the display of shell or
beam elements, Fig 43. Shell and beam elements cannot be selected; they automaireally

added to the global portion of the model.
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Gancel [ | Gancel ook |[ea |

Figure 4.530 Show beam and shell elements option.

4.5.3 Import Already Divided Model

If the user hasnodelfiles that have already been subdivided, the dialog shown in Fig 4.5.31 is
displayed, whiclallows the user to select tgobal and local model filesThese can be files

created by FRANC3[@asin Section 4.5.Por files created by the usasingthe FE analysis
softwmareTher e i s no option to select Aextra | oad
included in the local and global FE files.

Specify the Files

Mesh File Type
& ANSYS & ABAQUS  MASTRAM

Mesh File Names

Global File: I Browse

Local File: I Elrowsel

Cancel | Back | Iext

Figure 4.5.31 Select Global and Local files dialog.

46 Export é

TheFile Y Export menu item can be used to save the FE model data without saving the
FRANC3D fdbfile. The dialog shown in Fig 4.6.1 is presentd@ user selects the analysis FE
model type and enters the file namEhis option can be used to convert FE model files from one
type to anotherFRANC3D now passes as much of the original FE data through as possible,
thus it might only be the solid elements and nodes that are congertedtly.
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Enter a file name

Mesh File Type
 ANSYS & ABAQUS ¢ NASTRAN = Merge global and Ioeal portions

Mesh File
@ B |[:|Temp >|  Mew directory

Directories X | Files in E:\Temp
= CA

= DA

® (] cfg

# ] consulting
=[] data

® (] fac

® [ movies

& 1 music
(] tmp

# (1 v8_docs
& www

= EAN

o

& F

= G\

= KA

=2V

File name: [ANSYS_cubs_EXPORT in File type: JABAQUS Files (*.inp,” INP) R

Qancell Back | Finish |

Figure 46.1 Export ModelFile dialog.

4.7 Read Results

TheFile Y Read Resultsmenu item invokeshe dialogshownin Fig 4.7.1, whichallows the
user tochoose the amgsis results file to be read.

For ANSYS, the results filss a dtpfile, whichis created using the FRANC3D generated
ANSYSmacros. Thedtp file will contain displacements, temperaturethibse araot equal to
the referencéemperature andontact pressures on crack surfaces if such exist.

For ABAQUS, the results file will be atpfile, whichis created using the FRANC3D generated
ABAQUS Python script. Theltpfile will contain displacements, temperaturethose arenot
equal to the referendemperature andontact pressures on crack surfaces if such exist.

For NASTRAN,displacementesults will be contained inldASTRAN generatedochfile.
Temperatures and contact pressures are not included pctifde. Temperatures are based on

the applied temperatures. Contact pressures are not available, so NASTRAN users should not
rely on Mrintegral or VCCT SIFs if crack face contact is included in the analysis.

TheDo Map Result®ption is on by default. A usemightturn it off if they manually combined
the ANSYS local and globatdbfiles in ANSYS WorkBench to run the analydisis is the only
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known usecase for turning off the mapping. FRANC3D stores the node and element ID
mapping for the local cracked mesh in tfib file, and the FE analysiesults are mappdzhck
into FRANC3D based on this mapping.

Results File

@ = |C1Abaqus -

Directories X | | Files in EX\bruce\F3D_v71_modelsiTutorials\Manu Tutorial G\Abaqus
= [ {3
= D D manu_STEP_048_full.dtp
= E
= bruce
1 documents
1 f2d_exe
[ ] f3d_classic_exe
=1 F3D_v71_models
& (1 BenchMarks
=[] Tutorials |
(21 Gube Load Cases Tutorial 2 = ‘
1 Cube Tutorial 1
|
|

(1 Cubes Glued Tutorial 3
1 Dent Tutorial 10

1 Disk Tutorial 4

(1 Fretting Tutorial 7
=1 Wanu Tutorial &

1 Ansys
#1 Nastran
(1 Plate Tutorial 5
ﬁ Session Python Tutorials 8 and 9 ;I

File name | File type: }s Results(~.dtp,” DTP,fil,"FIL*.rpt,” RPT) ¥]
¥ Do Map Results

Cancel

Figure 47.1 Read results file dialog.

48 Pl aybacké.

TheFile Y Playback menu itemallows playback ofecorded session (log) files. Each time the
FRANC3D program i€xecutedasession##.lo@le is saved.This file records the commands
that the user executesingthe menus and dialogs. A sampég file might look like this:

OpenMeshMode{
model_type=ANSYS,
file_name='Cicubacube.cdb’,
retained_nodes_filesube RETAINED.txt'

)

InsertFileFlaw(
file_name='Cicubacube_05.crk’)

RunAnsysAnalysig
file_name="Cicubacracked_cube’,
flags=[QUADRATIC],
executable="GANSYS Indv121ansyshin\WINX64ANSYS150.exe’,
command=""CANSYS Indv12Nansysbin\WINX64\ANSYS150.exe"-b -p
struct-i "C:\cubacracked_cube.macreb "C\cubdcracked_cube.out™
license=struct)
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ComputeSif(
do_press_terms=trjie

CloseModel()

A complete description of the FRANC3D command language is providée IFRANC3D
Command Language RythonExtensionglocument

Selecting thé’layback menu item invokes thelayback Session Fil@ialog, Fig 48.1. The

user selects the desired session file and phesse#\ccept FRANC3D will read and execute
the commands from the session file.

playback session file

@ = 1 Abaqus -
Directories X | | Files in C\Temp\Cube\Abaqus
= o) =)
1 Autodesk [ session01log
@ 1 bruce [] session02log
= cygwinG4 D session03.log
1 Jane D sessionD4log
@ 1 PerfLogs [7] sessionD5log
[ Program Files D session06.log
[ ] Program Files (x86) D session07 log
@ [ Python27 [ sessionDalog
@ (1 RegBackup D session09.log
1 simuLIA =
=20 Temp

(C1 AnisotropicThickPlateShear
[ AnisotropicThickPlateTension
(21 Brueggert
(1 CenterThruCrackPlate
& 1 ComerCrackHolePlate
= (1 cube
-
(1 Ansys
(Z1 Cube_test_rings
("1 Nastran |

File name: I

Cancel |

File type: [Session Files (*log,"LOG) |

Figure 48.1 Playback session file selection dialog.
The Fatigue menu options currently do not support session log commands.
49 Quit - Ctrl -Q

The FileQuit menu itemexits FRANC3D. The Save Model Warning dialog (see Fig 8.1)
will be displayed if the model has not been saved.
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5. Edit Menu Wizards and Dialog Boxes
The wizards and dialog boxes for tBdit menu options are described in this section.

5.1 Unit Conversiorg

Selecting thédit Y Unit Conversion menu item invokes thiglodel Units dialog, which allows

one to set the FE rdel units for length, stresemperaturend time Fig 51.1. The units are

used to label plots, and they are important when defining the crack growth model where
additional material data is entered that is not typically part of the FE mokdeloriginal FE

units can be set whenever you import a new model, but the display units will be based on your
choice here.

FRANC3Dwill do unit conversionsshenmatchng the crack growth matial data withithe FE
modelresults to compute crack growdh fatigue cycles

Maodel units

Units used in FEM model Units used for display
* Sl units + Sl units
Lenagth: & mm T m  other Length: # mm  m  other
Stress: « MPa " Pa  other Stress: * MPa  Pa  other
Temperature: & C K other Temperature: & C K other
" US customary units " US customary units
i o r =
T T { T T =
. = . =
Units of ime: Units of time:
& sec  min ¢ hour ¢ day ¢ year ¢ other  sec © min © hour ¢ day ¢ year ¢ other

Cancel Accept

Figure 51.1 Model Unitsdialog.

If you consistently use the same set of units, those can be set in the Preferences, which is
described in the next section.

5.2 Preferenceg
Selecting théEdit Y Preferencesmenu item invokes thereferencesdialog whichallowsone

to set progranwide configurationsFig 52.1. These preferences are stored in a database that is
read wherFRANC3Dis started Some settings ight not take effect until the program is
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restarted so if you change settings, it is best to quit and restdm Preferencesdialog hagen
tabs,which aredescribed next.

General 1] General 2| Window | 3D View | Ansys | aBaqus |NASTRAN] Meshing | Adtesn | units |

Fallback Directory:

Help File Directory:

Available FE input:
Default FE input:

FE Input Checks:

FRAMC3D/RLM License:

Library File:

|crbruce

Browse

|C:\U5ers‘nbrun:e‘nDesktop‘.franch_vBD_docs

[~ Suppress directory box in file selection (speed access to network drives)

™ Double size graphics for high resolution screens

¥ AMSYS [ ABAQUS v MASTRAN
" ANSYS  ABAQUS  MASTRAN
™ Turn on DoCheck option for FE import

¥ Release license during FE analysis

MNASGRO user defined XML material library

Browse|
Browse|

Browse

Browse

Some settings might not take effect until the program is restarted.

Accept | Cancel

Figure 52.1 Preferences dialogith Generatab displayed

5.2.1 Generall Tab

In theGenerall tab, one can set the default warkdhelp file directorieqseeFig 52.1) and

other generic settings.

TheFallbackdirectory is the folder where the model files will be read from and written to by
defaultif a work directory is not set or if it is invalid. Theork directoryshouldbe set sing

File Y Work Directory .

TheHelp Filedirectory is thdop-level directory for thedocumentatiomlescribed in Section 3.1.
Documentation isccessed from thdelp menu.

TheSuppress directody opti on mi ght
drives/directories. If you find that FRANC3Bkessignificant amounts of time to list

files/folders when opening/saving, try turning this option on.

be

needed -fmountedser s
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TheDouble size graphiés opt i on mi ght witheavaryehigledesautiondysplay.s e r s

Turning this orwill double the size of the graphicso the user might have issues displaying
dialogsor plotsfor standard resolution displays.

TheAvailable FE Inputcheck box allows one to turn off GUI support for a FE progr&ior
example, if you will only be using ABAQUS, turn off ANSYS and NASTRAN to limit the
options when importing/saving/analyzing.

TheDefault FEInput adi o button sets the userod6és defaul't

model (see Section 4.5kor example , if you have both ANSYS and ABAQUS but mostly use
ABAQUS, you can set the default to ABAQUS to simplify impamd analysis

TheFE Input Checksption allows a user to check the FE model for potential errors/issues when
importing. Turning this option on willlterthe import dialodoy addingan extra optionFig

5.2.2 Press th€hoose Checkdutton to turn on/off specific checks, Fi@®R The options are
described irBection 5.4 ofth&ls er 6 s Gui de. I n general, one
checks, but if there are errors during crack insertion/meshingstrecan check the input FE

model for errors before sending a bug report.

Select Input Mesh File

Mesh File Type
" ANSYS ¢ ABAQUS  MASTRAM
S e e

(@ onFEInput Choose Checks | D

Mesh File

@ B |[:| Abagqus j
Directories X | | Files in E\F3D_v7_models\Benchiarks\Sne
=1 =G
= D [ ] snedden_uncracked.inp
= En [] sneddon_uncracked_unloaded.inp

=1 F3D_w7_models
1 AbagusTests
[C1 AnsysTests

Figure 52.2 Import dialog with FE Input Checks turned on.

Check Mesh Options
¥ Check for doubled nodes and elements:
¥ Check for doubled elements (using same nodes):
¥ Check for bad aspect ratio on element faces:

¥ Check for dangling (isolated) elements:

Cancel | Accept |

Figure 52.3 FE input checks.
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TheRelease liceng&e opti on al | ows o nAr@eade duringthe FE amafydis. t he |
Typically, before the FE analysis starts, FRANC3D will release its license so another instance of
the software can be used. If there are issues releasing and/or retrieving the license after the FE
analysis has finished, this option can be turned off.

TheNASGRO user defined XMimateriaé option allows one to specify axmlfile containing
NASGRO material dataAn .xmlfile can beexported from NASGROThe file can be used
during subcritical crack growth and fatigue life computations.

52.2 General 2 Tab

TheGeneral 2tab, Fig 52 .4, provides the option to disable the Fretting and Single Crystal
ments. Symmetry crack capabilities can be turned on/biffere areadditional settings for
savingtiming output and Pythorerunscripts.

Preferences

General 1 GEHETE”QI Window | 3D View | ANSYS | ABAQUS | NASTRAN| Meshing | AdvMesh Units

[~ On exit send timing information to the terminal
[ On exit send timing information to a file

¥ Send all warning and error messages to a file
v Turn on fretting menu and options

[ Turn on single crystal menu and options

™ Turn on electrical menu and options

™ Generate Python rerun scripts

W Turn on symmetry crack option

[~ Save crkfile at each growth step

Some settings might not take effect until the program is restarted. Accept Cancel

Figure 52.4 General 2 preferences tab

There are twaoptions forOn exit send timing; t he first sends i nfor mat
CMD) window, and the second sends information tovang.txtfile. If a user wants to

understand where time is speliring a crack growth simulatipthese options will provide

insight.
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TheSend all warning and error messagesfitea wi | | f3drwara eretxfiee when
running from the GUI.

TheTurn on fretting mené&  wi | | make the Fretting menu avail
menu. If you do not use the fretting module, you can turn it off.

TheTurn onsingle crystamenté  wi | | make the Single Crystal m
FRANC3D main menu. If you do not use the single crystal module, you can turn it off.

TheTurn onelectricalmene  wi | | make the Electrical menu av
menu. If you do not use the electrical module, you can turn it off.

The Generate Python rerun scrigsused to save Python scripts that are equivalent to the session
log commands.

TheTurn on symmetrycraék t ur ns on the option to fAinsertao
flaw insertion wizardseeSection 6.1.

TheSave.crkfile at each growth stép wi | | r e t cakifiles asathelcrach i prapagated.
Note that the FLAWSUREF block of data can be extracted fronfdbdile and saved as ark
file also.

5.2.3 WindowTab

In the Windowtab,onecan set the font and colors used in the graphical user inteviadews
Fig 5.2.5. TheGUI font Selectbutton will pop up a dialog box that allswneto selecfrom the
available fontsFig 52.6.

Clicking any ofthe color swatche&olored rectanglesyill bring upa dialog boxFig 52.7, that
allows oneto select a new color.

The GUI Equation Displayption lets one adjust the equation scaling and display. Different
graphics settings and monitors might display the equatiopkot labeldifferently. These
settings might help improve the display

The Startup Window Sizean be seby editing the width and height, or by selecting @harent
button, which will measure the current window and then update the numbers

Thedse OpenGL version 16tan be turned on to force the use of OpenGL 1.1 graphics.
Depending on the operating system and graphics card, OpenGL version 4.5 might not be
available or might not function correctly.

TheDefaults button restores all values tefault settings.
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Preferences

General 1 | General 2

GUI Font Select|
Border Color _
Base Color |:|
Background Calor |—| Defaultsl
Forground Color _
Selection Foreground I:I
Selection Background _
GUI Equation Display:
equation size scaling factor: m Yo

" gamma correct equations

Startup Window Size:

width: | 1050 height: | 800 Currentl Defaultsl

™ use OpenGL version 1.1

3D"u"iew| ANSYS | ABAQUS | NASTRAM| Meshing | AdviMesh Units

Some settings might not take effect until the program is restarted.

Accept | Cancel

Figure5.2.5 Window tab of Preferences dialog

-
Font Selection

Eamily: Weight Style:

I@Arial Unicode MS normal regular

{@Batang
@BatangChe
@DFKai-SB

I |@Dotum

mMotim™ha LI ;I

Character Set: Set Width: Pitch:

IAny j I.Any IAny j

Preview:

L

Scalable: [~

|
ABCDEFGHIJKLMNOPQRSTUVWXYZ

M abecdefghijklmnoparstuvwecyz

0123456789

Cancel | Accept

Figure 52.6 Font selection dialog.
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1| New Color liz-J

A

s,

(AnE B Bl B Gnini-l B 0 Bel B BBl B 0 Nl Bl

Figure 52.7 Color selection dialog.

5.2.4 3D View Tab

The3D Viewtab is used to set the combinations of mouse buttons and keyboard keys that are
used to invoke the view and select functidfig 5.2.8. One shouldensure that each function has
a unique set of buttons and keybe view manipulationare described in Section 2.

Preferences
General 1] General 2| Window ! :EI ansys | aBaaus | nasTRAN| Meshing | Adviesh | Units |
Button Key Modifiers IDUEIEEE
L MR W shift cntl alt Reverse Sense EackgroundCoIorl:I
Rotate ccocc o Vector Color _
Pan [ U e I I
Polygon Color l:l
Zoom [l el I o i i r
Marker Color _
Spin [ S O S I I
1strighight || |
Select [l i i S
4 s s anaHighignt [ ]
Group Select & O O C W W [ 3rd Highlight I:I
Front Clip [l I ol o 2 i r Line width: |—1
: Defaultsl
Back Clip [ S O G v I r
View Projection: © Perspective & Orthotropic Defaultsl
Some settings might not take effect until the program is restarted. Accept | Cancel

Figure5.2.8 3D View tabof Preferences dialog

The L, M, R and W correspond to the left, middle, right and wheel buttons of the mouse. Note
that the Ctdkey plus a left mouse button click provides a quick center of rotation selection.
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The Defaults button(next toView Projection restores all values to default setting&otate pan
zoomand thefront andback cliging options were described in Section 2.1. $bkectoption is
used by thélaw Editor (see Section 6.1.11).

In addition,the color settings in the Window tab, there are additi8baview colorgthat can be

set. Clicking any of the color swatches widting up a dialog box (see Figh7), which allows

one to select a new color. The line width can be set also; the default is 1, but this value can be
increased for thicker lines. The program camdstartedpr the model reread forekesettirgs

to take effect.

The Defaults button(next toLine width) restores aliew colorsto thedefault settings.

5.2.5 ANSYSTab

The ANSYSab allows the user to set default ANSYS analysis param€&igrs.2.9.
Configuration detailshatdo not change frequently, suchthe path to th&ANSYS executable
and the license typean be set hereThese values will thesippeartas default values for every
ANSYS analysis.

ANSYS Executablestoresthe path to the ANSYS executable program. Brmvsebutton will
pop up a file browsdhatcanbeusel to locate the progrankig 5.2.9 shows the ANSYS
executable for ANSYS 2021.

ANSYS Licensestoreshe ANSYS license type.Many ANSYS license strings have been

encoded here. If you have a license string that is not included, you can add your string to the
FRANC3D resource file. There id@nc3D.ini(or franc3d.rcfor Linux)f i | e i n t he wuse
home folder. This file can be edited. Look for the [f3d_ansys] lockchange the license

string:

[f3d_ansys]
executable="GiProgram FileBANSYS Ind\v192\\ansy$\bin\winx6A\ANSYS1P.exe"
license=ansys

JobNamea | | ows one to specify an ANSYS O6jobd name

TotalandDatabase Memorgptions allow ond¢o set the amount of memory that will be
requested othe ANSYS command line (s@NSYS documentation for details).

Number of Processors seltexplanatoryThe Use-dis option can be turned on for HPC license
installations and analyses.

Add to commandallowstheuser to add extra options to the ANSYS command line.

Include full path in file nameadds the path to any file narfoe the ANSY Sanalysidfiles
written by FRANC3D. Note that this option is usually needed if the analysis files are not all in
the same folder.
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Delete unnecessary analysis fil@®ws FRANC3D to delete ANSYS analysis files that are not
needed by FRANC3DThe ANSYS dband.rstfile are not deleted so thahecan use ANSYS
to visualize the model and resulfdote howeverthat hese two filexanbe regenerateoly
rerunning the analysis

Output resultallows one to limit the amount of output that is written to thefile. The default
is to save results for all nodes of the local cracked submodel pfmtitite last substep of each
load step

Preferences

General 1| General 2| Window | 2D View : "] aBrqUS | NASTRAN] Meshing | Adesh | Units

ANSYS executable: FS\ANSYS Incw242\ansys\binwinxG4\ANSYS242 exe = Browse

ANSYS license: |ansys -
Jobname: © none ¢ cdbname  specify jobname:
Total memaory: o Database memory: 0 (0lets ANSYS choose)

Mumber of processors: 1 ™ Use-dis: (‘ (‘ v

I Add to command: |
™ Include full path in file names

¥ Delete unnecessary analysis files
Qutputresults:  lastsubstep ¢ every substep

OQutputresults: ¢ full model & submodel ¢ template

Some settings might not take effect until the program is restarted. Accept Cancel

Figure5.2.9 ANSYStab of Preferences dialog

5.2.6 ABAQUS Tab
The ABAQUSab allows the user to set default ABAQUS analysis paramé&igrS.2.10
Abaqgis Executablestores the path to the ABAQUS executable program. Braese button

will pop up a file browser that can be used to locate the program. FaYikt®ws, choose the
abaqus.batfile from the ABAQUSCommandsolder.

Number of Processors seltexplanatory.

Include full path in file nameadds the path to any file narfo the ABAQUS files written by
FRANC3D. Note that this option is usually needed if the analysis files are not all in the same
folder.

Delete unnecessary analysis fil®ws FRANC3D to delete ABAQUS analysis files that are
not needed by FRANC3D. The ABAJS odbfile is not deleted so that a user can use
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ABAQUS CAE to visualize the model and resuli¢ote that lhis file can be regenerated by re
running the analysis.

Ask: 001l d job td? | (edsabledride ABAQUSprompt. w r i

Output resultallows one to limit the amount of output that is written to thefile. The default
is to save results for all nodes of the local cracked submodel pfatitire lastframe (substep)
of eachload step

ABAQUS releasé dlows one to specify the ABAQUS version, which will affect the Python
scripts that are generated to extract results fronothgfile. ABAQUS 2024 uses Python 3.

Preferences

General 1] General 2| window | 30 view | Ansys 5| nasTRAN| Meshing | Adviesh | Units

ABAQUS executable: [abaqus.bat Browse
Number of processors: |71

™ Include full path in file names

¥ Delete unnecessary analysis files

¥ Ask 'Old job files exist. Overwrite? (vin)

Output results: * lastframe  everyframe

Qutput results: © full model & submodel ¢ template

ABAQUS release:  Version 2023 (or older) & Version 2024 (or newer)

Some settings might not take effect until the program is restarted. Accept | Cancel

Figure5.2.10 ABAQUS tabof Preferences dialog

5.2.7 NASTRAN Tab

TheNASTRANab allows the user to set default NASTRAN analysis paramé&tigrS.2.11

NASTRAN Executablestores the path to the NASTRAN executable program. Brbese
button will pop up a file browser that can be used to locate the program.

Turn off GeomChechkllows one to turn off the GeomCheck option.
Crack front elementallows one to choose quargoint or midside node locations for the crack
front wedge element$lid-side nodes might be required for NX NASTRAN.
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Include full path in file nameadds the path to any file narfoe the NASTRAN files written by
FRANC3D. Note that this option is usually needed if the analysis files are not all in the same
folder.

Delete unnecessary analysis filg®ws FRANC3D to deletBlASTRAN analysis fileshat are
not needed by FRANC3D.

Output resultallows one to limit the amount of output that is written to et file. The default
is to save results for all nodes of the local cracked submodel portion.

General 1| General 2| Window | 3DView | ANSYS | ABAQUS NASTRAN| Weshing | Adwilesh | Units

NASTRAN executable: |nastran.exe Browse |
W Turn off GeomCheck

I~ Include full path in file names

W Delete unnecessary analysis files

Outputresults: & fullmodel ¢ submodel  template

Some settings might not take effect until the program is restarted. Accept | Cancel

Figure5.2.11 NASTRAN tabof Preferences dialog

5.2.8 Meshing Tab
TheMeshingtab allows the user to set defaméshing parameters, Fig2512

Number ofelementings in templatesets the number of rings; there must be a ring of singular
wedge elements and at least one ring of brick elements.

Number of circumferential elemeygets the number of elements per ring; there must be an even
number to compute the Wvitegral SIFs.

Progression ratisets the relative size of the rings.

Maximum aspectrate et s t he 6l engt hd of the el ements
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Max volume elementsets a limit on the number of volume elements FRANC3D can generate.

Max backtrack restartsets a limit on the number of FRANC3D volume meshing attempts. If
the volume meshing gets stuck, the program will backtrack and restarts.

Templateelemens sets the default template element type(s)

Use quartepointssets the default node position for crack front elements; applies to wedge and
collapsedconstrained brick elements.

Constrainbricks setsthe default brick element type for-diick templates

Do ooarsen crack moutiurns on/off the mesh coarsening along the crack méwothshallow
cracks or for cases where the user wishes to have a higher mesh density, this box can be
unchecked. The higher surface mesh density will result in a higher volume mesh density.

Do crack proximity refinemernurns on/off the local surface mesh refinenfentsurfaces near
the crack.

Do not coarsen more than uncracked ntasts on/off the option tdefinethe new surface mesh
densitybasedon the original surface mesh. In some cases, the default meshing algorithm creates
a surface mesh that is too coarse to capture curved geometry features. Turning this option on
produces a surface mesh that is niikethe original uncracked surface mesh density. Further
details can be found in Section @1.

Preferences

General 1| General 2| window | 3D view | ansys | aBaqus | NASTRAN

Mumber of element rings in template: 3 MNumber of circumferential elements: g
Progression ratia: 41 Maximum aspect ratio:

Maximum volume elements: 1000000 Maximum backirack restarts:

1] Aaviesh | units |

I

Template elements: * wedge+brick ¢ all brick  all tet
W Use quarter points: .
W Constrain bricks (for all brick):

W Do coarsen crack mouth

W Do crack proximity refinement

W Do not coarsen more than uncracked mesh

Volume mesh using: & FRANC3D ¢ ANSYS ¢ ABAQUS

ANSYS or ABAQUS volume meshing: [~ write files only

Some settings might not take effect until the program is restarted. Accept | Cancel

Figure 52.12 Meshingtabof Preferences dialog.
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Volume mesh usingllows the user to choose between FRANC3D, ANSYS and ABAQUS
volume meshing. Note that thax volume elementandMax backtrack restartsnly applies to
FRANC3D volume meshing.

ANSYS orABAQUS volume meshingwrite files onlyallows the user to write the surface mesh
and the commands to generate the volume mesh from the surface mesh to files without running
ANSYS or ABAQUS. This gives the user the option of sending the files to a different computer
or modifying the commands. During the meshing phase of crack insertion, FRANC3D will
prompt the user to save the surface nidst andthen wait for the volume mesh file.

5.2.9 Advanced Meshing Tab

The AdvancedVieshingtab allows the user to set default advanced meshing parameters, Fig
5.2.13. The options ardescribed in the dialog arade described more fully in tHERANC3D
Users GuideThe volume meshing algorithra described in journal articles; for example:

An Algorithm for Thredbimensional Mesh Generation for Arbitrary Regions with Cracks,
Cavalcante et al., Engineering with Computers (2001) 17915

Preferences

| units |

Surface Max Internal Element Ratio: 0 Ratio of the maximum element size allowed in the interior of
a surface mesh to the maximum element size on the boundary.

Surface Density Decay Ratio: Mominally the maximum size ratio between two adjacent

elements in a surface mesh.

i)

Surface Curvature Refinement Factor: 0,523 Ifristhe local minimum principal radius of curvature,
then the local maximum ideal element size will be

r* SurfCurvatureRefineFactor, or this is the maximum
secant angle an element will span for this r.

Surface Curvature Refinement Limit: 0,25 The maximum ratio between the nominal local element size
and a reduced size set due to local surface curvature.

Surface Crack Front Decay Ratio: 25 The ratio at which adjacent element sizes can increase
as one moves from a crack front to a nearby surface.

olume Optimal Sphere Factor: 5 Controls the size of the spherical region that the volume
mesher uses to look for existing nodes on the advancing front.

Volume Optimal Size Factor: Factor applied to the background oct-tree cell size to

determine the local optimal element size.

iy

i

ma
ra

olume Octree Refinement Factor: Factor applied to control local oct-tree refinement.

Some settings might not take effect until the program is restared. Accept I Cancel |

Figure 52.13 AdvancedMeshing talof Preferences dialog.
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A brief description of each field is provided in the dialog. Decreasing the values will usually
increase the mesh density.

5.2.10 Units Tab

TheUnitstab allows the user to set default units for the FE model and for display2Fid 5.
Theoptionsare the same as f&dit Y Unit Conversion; there is an extra option for changing
the label for the number ghsseshrough the load schedul&he passes are displayed in the
Fatigue Life dialog (see Section 9).

The FEM and displayunits can be overridden when importing a new FE model or when
displaying results.

General 1| General 2| Window | 3DView | ANSYS | ABAQUS | NASTRAN| Meshing | Adwiesh  Units |

Default FEM model units Default units for display
Sl units @ Sl units
Length: C mm C m & other Length: Cmm C m & other
Stress: " MPa C Pa (* other Stress: " MPa  Pa (* other
Temperature: © C K (¢ other Temperature: C C K & other
" US customary units " US customary units
& o) & «
£ = o « & ¢
« o ¢ (o
Units of time: Units of time:
& sec C min C hour C day C year ( other  sec C min C hour C day C year C other
Label for passes through load schedule:
¢ passes  missions C flights  duty cycles

Some settings might not take effect until the program is restarted. Accept el

Figure 52.14 Unitstabof Preferences dialog.

6. Cracks Menu Wizards and Dialog Boxes

The wizads and dialog boxes for tli&&acks menu options are described in this section.
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The process of crack insertion (either the initial crack or subsequent steps of crack growth)
requires geometric intersection of the crack surface with the model surface. The geometry for
bothsurfacess defined using triangular Bezier patches; this is briefly describechire Us er 6 s
Guidealong with a summary of the geometric approach to crack extenSiomface and volume
meshing is constrained byishunderlying geometry; this includes the crack front template mesh
described in Section 6.1.14.

6.1 New FlawWizard

The New Flaw wizard leadshe usethrough the process ofeatingand orienting a
parametrically diéned flaw. This wizard contairseverapanelshowever, normally onwiill
not see alpanels. Choices ithe panels determine which panaleshown next. The overall
flow is illustrated inFig 6.1.1. Note that thetlliptical andThrough boxegontainmultiple crack
shapes.

The individual wizard panels are described below.

Flaw Type
Y

Finite volume voids ’AZ‘ero volumecracks

Translations and Rotations
v
Crack front template mes

-

Figure6.1.1 New Flaw wizard flow diagram.

6.1.1 Flaw type panel

The first panetletermines th8aw type Fig 6.1.2; eithera crack (zero volum#taw), a notchpr
a void (finite volumdlaw) canbe inserted.

There isthe optionto save the flaw description to a fil&he default is to add the flaw to the
model without saving to adik) file. The secondadio button $ave to file and add flavallows
the user to save the flaw to a file aadttl it to the model. The third opti¢8ave to file only
saves the flaw to a file without adding it to the model.

62



The last two options provide support for interface and symmetry cracks. If the user is inserting a
crack that iembedded in a bnaterial interfacgethis box should be checked. The second option
will only be displayed ithefi gmmetry crack optionis turned on in the Preferences (see

Section 5.2.2). If the user is insertin@anmetrysurface crackthis box should be checked.

The crack types cannot be mixed; for example, you cannot insert a void and a crack into a model
at the same time. Multipléaw insertion is described in Section 6.3.

Flaw insertion

Flaw Type

& Crack (zero tip-radius, K's and J's)
" Noteh (finite tip radius, J's only)

" Void (cavity)

Flaw To File

@ Do not save to file
" Save tofile and add flaw
" Save to file only

™ Crack embedded in bi-material interface

™ Symmetry surface crack

Cancel | | Next [»

Figure6.1.2 New Flaw wizard first panalelectslaw type

6.1.2 Crack type panel
The current crackzero volume flaw}ypes include:

1) elliptical crack with one crack froiittop left icon in Fig 6.1,

2) throughthethickness crack with one frontbottom lefticon,

3) throughthe-thickness crack with two fronistop, second from the left,
4) long-shallow surface crack shapdottom secondrom the left

5) elliptical crack shape with two fronistop, third from the lef,

6) long-shallow interior crack shapebottom third from the lef,

7) curvilinearelliptical cracki top, fourth from the left,

8) userdefined crack bottom fourth from the leftor

9) userdefinedsurface mesbracki topright.
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The long shallow crack shapes can be used instead of long thin ellipses; they will produce better
template elements at the ends of the major aiie crack fronts are indicated by thicker lines.
Thedimension for theelectedcrack typeareshown in thesubsequerpanel

Flaw insertion

Crack Type

N
-/

Cancel |

Figure6.1.3 New FlawWizard crack (zero volume flaw) types.

6.1.3 Elliptical crack panel

Single front diptical cracksare defined by entering the seaxes lengthgéaandb), Fig 6.14.
Once values have been specifiedthe length of the axethe ellipse is displayed in the 3D
view window. The ellipse is display in itslocal orientation, which is ithe x-y planeand
centered at thglobal Cartesiarorigin.

The Advanced Geometrybutton allows one to add more boundary points, which might be
needed for high aspect ratio ellipsé&he associated dialog is described in Section 6.1.12. This
button is available for all crack shapes except for the twodefered cracks.

6.1.4 Singlefront Through-the-thickness crack panel
Singlefront throughthicknessedgecracks are specified using three lengthns ¢) and the width
(d), Fig 6.1.5. If set appropriately, the three lengths can be used to define a straight or a

guadratic shape crack front. The crack is displayed in its local orientation, which isin the
plane with one corner at the global Cartesian origin.
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Flaw insertion

Ellipse Crack Parameters Display
¥ Markers

¥ Vectors

a: 1
b: 1 - ¥ Polygons
g . © o
™ Mesh

\d ™ Fronts

Advanced Geometry (reset) (d)

View options

_View gtions |
Recenter
Capturs image

Capture image

Cancel | { Back | Mext [

Figure6.1.4 New FlawWizardelliptical crackparameters panel

Flaw insertion

Through Crack Parameters Display
% Markers

[ Vectors

a 1
b: 1.05 ¥ Polygons
® 1 . ¥ Text
c ™ Mesh
d: 2
Y ™ Fronts

diz di2

Advanced Geometryl (reset) (d)

Save | Read

SlELelE)
X LEER®

View options

Recenter

i

Capture image

et sl

Cancel I <| Back | Next [

Figure6.1.5 New FlawWizardsinglefront throughcrack parameters panel.

6.1.5 Two-front Through-the-thicknesscrack panel

Two-front throughthicknesscenter crackare specified usingix crack lengthgai f) and the
crack width(g), Fig 6.16. If set appropriately, theix lengthscan be used to define either
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straight or quadratic shape crack fofthe crack is displayed in its local orientation, which is in
thex-y plane with one mieide at thglobal Cartesian origin.

Flaw insertion

Center Crack Parameters Display

¥ Markers
v I Vectors
¥ Polygons
I Text
™ Mesh
™ Fronts

(reset) (d)

LLI]]

Advanced Geometry

\—/J View options |
Recenter |
Capture imagel

Cancel | ¢ Back | Next [» I

Figure6.1.6 New FlawWizardtwo-front throughcrack parameters panel.

6.1.6 Long shallow surface crack panel

Long-shallowsurface cracks are specified using the crack lef@thhe crack width{b), and a
corner radiugr), Fig6.1.7. This crack shape can be used in place of-agpect ratio elliptical
surface crackslhe crack is displayed in its local orientation, which is inxtyglane with the
globalCartesan origin as shown in Fig 671.
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Flaw insertion

Long Shallow Crack Parameters Display
¥ Markers

a 5
¥ Vectors

(reset) (d)

Advanced Geometry

Save | Read

BAR<
RIS

View options

| X Recenter
Capture image
; |

Cancel | <] Back | Next [

il

Figure6.1.7 New Flaw Wizard long shallow surface crack parameters panel.

6.17 Two-front Elliptical crack panel

Two-front elliptical (ring) cracks Fig 6.1.8,are defined by entering tloeitersemiaxes lengths
(aandb) and the inner serd@xes lengthsc(andd). The user also has the option of turning off
the crack front for either theuteror innerfront; this allows one to defe a circumferential crack

in the outer or inner wall of a pipe

Flaw insertion

Display

¥ Markers
¥ Vectors
- ¥ Polygons

Ring Crack Parameters

b —

&= |—1 @ 3 ¥ Text
|—1I ™ Mesh

d:
Y ™ Fronts

¥ Quter front ¥ Inner front
Advanced Geometry |(reset) (d)

Save | Read |
AN e
U L
View options
Recenter
Capture image

S =

Cancel | <] Back | Next [»

Figure 6.18 New Flaw Wizard twefront elliptical crack parameters panel.
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Once values have been specified for the axes, the ellipses are displayed in the 3D view window,
Fig 6.1.8. The crack is displayed in the local orientation, which is ir-yf@ane and centered

at the global Cartesian origin. Both outer axes must be larger than the inner axes to create a valid
crack.

6.1.8 Long shallow interior crack panel

Long-shallowinterior cracks are specified using the crack lengftaiid the crack corner radius
(n, Fig 6.1.9. This crack shape can be used in place ofdsigéct ratio elliptical interior cracks.
The crack is displayed in its local orientation, which is intlygolane with the global Cartesian
origin as shown in Fig 6.1.9.

Flaw insertion

Pseudo-Ellipse Crack Parameters Display
o I—G ¥ Markers
¥ Vectors
8 5 ¥ Polygons
I Text
a ™ Mesh
Y ™ Fronts

Advanced Geometryl (reset) (d)

R View options

( / Recenter
Capture image
D—xl | O

Cancel | < Back | Next [»

Figure 6.19 New Flaw Wizard long shallow interior crack parameters panel.

6.1.9 Curvilinear elliptical crack panel

Curvilinear elliptical cracks are specified by entering the s®ems lengthsa(andb) and the
Gurfacéradius (r), Fig 6.1L0. Once values have been specified, the ellipse is displayed in the
3D view window. The crack is displayed in its local orientation, which is in-thelane with

the global Cartesian origin as shown in Fig B)1Note that there are limitations on the
dimensions; you should not define a crack that has edges that overlap or intersect.
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Flaw insertion

Curved Ellipse Crack Parameters Display
¥ Markers
¥ Vectors

6
b: ,72 W Polygons
e ﬁl‘

r ‘ﬂ"‘ ¥ Text
™ Mesh
' I™ Fronts
Y
Advanced Geometry! (reset) (d)
Save  Read
X Lo R Y
LEH@
View options
Recenter
Capture image
e L) =

Cancel | < Back | Next >

Figure 6.110 New Flaw Wizard long shallow interior crack parameters panel.

6.1.10 Userdefined crack panel

The userdefined crack requires a set of points that defines the bagkdary Click on

View/Edit Points, Fig 6.1.11, to dispay adialog that allows onto enter the geometry points

Fig 6.1.12. Thefront columnin Fig 6.1.12 allowsoneto define points as crack front points

using a value of 1; nefront pointsareset to 0 Note that unless one is defining iaterior

crack, there should be at least one point on the crack boundary that is not a crack front point.
The frant points are displayeahd numbered correspondingthe listing shown in Fig 6.12.

Points must be consecutive around the boundary.

Onecan read the points from a filsing theRead From Filebutton The file should be a
simple ASCII txt file with the format

x y z flag
x y z flag
x y z flag

The Smooth Front Pointsption in Fig 6.111 allows the user to smooth andp@&ameterize the
crack front points. This allows for more uniform crack surface geometry

The boundary points are used with a surface triangulatgorithmto produce the interior crack
surface geometryEnoughnonfront points should be defined to produce a reasonable
triangulation of the interior regionThe Generate NonrFront button can be used to create xion
front points if none existNote that the first and last boundary point should not be repeated.

Some norplanarity is possiblehoweverthe usecamot define cracisurfaceinterior points
thereforethis cracktypeworks best for planar or neptanar cracks.

69



Flaw Insertion

User Defined Crack Points

View/Edit Points

Generate Non-Front
Save To File

[~ Smoath Front Points

# of points 66

(reset) (d)

Display

¥ Markers
IV Vectors
¥ Palygons
¥ Text

I~ Mesh

Save | Read |
Ll ha
SICL AR

View Options

Recenter
Capture
e

Cancel

| q Back |[ men p

Figure6.1.11 New Flaw Wizard serdefined crack panel.

User Defined Points

Number of Points: I BE

¥ | Z | front
] 3.64365 5.00084 10.13223 0
2 3.64288 5.00082 10.05432 1
3 3.64518 5.00079 9.98399 1
4 | 3.65080 5.00077 9.91044 1
5 | 3.66035 5.00074 9.53414 1
6 | 3.67245 5.00072 9.76527 1
7 3.68871 5.00069 9.69398 1
8 370967 5.00066 9.62080 1

Figure6.1.12 Userdefined crack points dialog.

6.111 Usermeshcrack panel

The usemmesh crack allows one to convert a surface mesh into a crack. ClRé&aohmesh
File, Fig 6.1.3, to display the file selector dialog, Fig 64.1FRANC3D can read ABAQUS
(.inp), ANSYS (cdb) and NASTRAN(.bdf) files containing planar or shell elements. The file
should contain a nod&sebd that defines the crack front, Fig 6.%.1After selecting the front
node set, sele&ccept, and the surface will be displayed, Fig 66L.1
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Flaw insertion

Display
¥ Markers

Read Mesh File ¥ Vectors

¥ Polygons
scale factor 1
I¥ Text
™ Mesh
™ Fronts

User Defined Crack Mesh

vser mesh
(reset) (d)

Save | Read
B 0B
T

View options
_Recerter_|

Recenter

Capture image

e | L5

Cancel | <| Back | Mext [>

Figure 6.1.B New Flaw Wizard usemesh crack panel.

User Crack Mesh Fllﬁ‘ xr
@ =y (21 Abaqus -
Directories X | | Files in C:\bruce\ansys\Abagus
= c 5| =R
1 Autodesk [ Abaqus-Cube.inp
=3 bruce [ ] Abaqus-Cube_GLOBAL.inp
E (] ansys [7] Abaqus-Cube_LOCAL.inp
ﬁ D double_cube_constraintinp
(] BMCB35 [ fretting_rig_parts.inp
(] gear [] originalFEModel.inp
(1 test_cube_whb

® (] hga2
hgd4
& (] Reprise
# (] cygwin64
# (1 GARMIN
& (] NVIDIA
# (] PerfLogs
(1 Program Files
(21 Program Files (x86)
Python27
(] RegBackup
® (3 sIMuLIA
& (3 Temp
(] Users |
File name: I File type I,Ahaqus Files (*.inp,*INF) E[

I~ Exira frontfile

Cancel Accept |

Figure 6.1.2 Usermesh crack mesh filgialog.

Select a Crack Front Group

Select Crack Front Group
front

[] Part-1-1_Set1

[T] all_nodes

Cancel | Accept |

Figure 6.1.5 Usermesh crack front component (or node set)



Flaw Insertion

User Defined Crack Mesh Display

I~ Markers
W Vectors

¥ Polygons
W Text

™ Mesh

(reset) (d)
view_1

Save | Read

scale factor 1

oaBa

W @

View Options
Recenter
Capture

O [ B

Cancel ‘ < Back | Next [»

Figure 6.116 Usermeshcracksurface

In addition to the surface mesh files, FRANC3D can also import STL files. Hiliag¢ypein Fig
6.1.14 is set tostl, then theExtra front filecheck box is activated. STL files contain a collection
of triangles. The extra front file allows the user to specify the vertex coordinates for the crack
front. The extra file is a simple ASCII txt file with lines of: x y z. FRANC3D will compare
the data in thextrafile with the STL file todeterminghe crack front vertices and edges.

Thescale factofield, in Fig 6.1.16, allows one to scale the usersh crack. This can be
especially useful for STL files that are saved using units of meters when the model is in
millimeters.

Chapter 6 of the Userds Gui dedefmederack shapes. addi t i

6.1.12 Advanced Geometry button

Selecting theAdvanced Geometrybutton on the predefined crack shapgkere it exists)eads
to the dialog shown in Fig.117.

There arewo buttons on the top menu b&efine andReset The cracksurface(triangular

patchespr theboundarygeometry is shown in the windovithe two througkcracks are the only
library flaws that use patcheseeFig 6.1.18.
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Bdry Refine

Reﬁnel Reset

Figure6.117 Crack Advanced Geodry dialog.

6.1.12.1 Refine

The Refine buttonincreaseshe discretization of the crack surfameboundarygeometry Fig

6.1.8 Although cracks notionally have an analytical geometdry. (elliptical or quadratic), they
aredefinedgeometrically by triangular cubiBezier patches. These patches only approximate
the analytical form. As the numbergdéometrypatches is increased, the approximation
improvesbutat the cost of additional processing time required to insedrdok TheRefine
button performs a refinement of the patchethe boundary points. ThResetbutton sets the
geometry back to the default setting.

Bdry Refine Flaw AdvGeometry

Reset Refine| Reset

Refine]

Figure6.1.18 Example of Refined geomety for the elliptical (left) and through (right) cracks
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6.1.13 Notchtypepanel
The currentotchtypes include:

1) thick ellipse’ toplefticon n Fig 6.1.19

2) thick throughthickness withhwo fronts T top middle,
3) thick throughthickness withonefronti bottomleft,
4) thick long-shallow surfacé bottommiddle, and

5) thick curvilinear ellipsé topright.

Flaw insertion

Motch Type

BE

==

diz diz

Cancel |

Figure 6.1.19 New Flaw Wizard notch types.

6.1.14 Thick (flat) elliptical void panel

Singlefront thick ellipsenotchesare defined by entering the seaxes lengthsalandb) and the
thickness, Fig 6.1.20. Once values have been specified, the thick ellipse is displayed in the 3D
view window. It is displayed in its local orientation, which is inxheplane and centered at the

global Cartesian origin.
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Flaw insertion
Thick Ellipse Crack Parameters Display
¥ Markers
a 1
l— ¥ Vectors
> 12 ¥ Palygons
thickness: E v ¥ Text
™ Mesh
Z ™ Fronts
Advanced Geometry (reset) (d)
Save | Read
(Bl Lal)
X NICL s
View options
Recenter
Capture image
T, ||
Cancel | <] Back | Next [ |

Figure 6.1.20 New Flaw Wizard elliptical crack parameters panel.

6.1.15 Twefront Through-thickness void panel

Two-front throughthicknessotchesare specified using six crack lengtlag (), the crack width

(a) and the thickness, Fig 6.1.21. If set appropriately, the six lengths can be used to define either
straight or quadratic shape crack fronts. The crack is displayed in its local orientation, which is in
thex-y plane with one migide at the global Cartesian origin.

Flaw insertion
Center Crack Parameters Display
¥ Markers
a: i
I ¥ Vectors
C 1 ¥ Polygens
- 7 IV Text
Y ™ Mesh
d: 1
™ Fronts
e: 1
reset) (d
. — (resel) (1)
g 10
thickness: 2
S Read
Advanced Geometryl ﬁa\% #
]
Ll
View options |
Recenter |
Capture imagel
|ty
Cancel | < Back | Mext [ I

Figure 6.1.21 New Flaw Wizard twioont throughcrack parameters panel.
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6.1.16 Singlefront Through-thickness void panel

Singlefront throughthicknessotchesare specified using three lengtlas (c), the width ¢l) and

the thickness, Fig 6.1.22. If set appropriately, the three lengths can be used to define a straight or
a quadratic shape crack front. The crack is displayed in its local orientation, which ig-yn the

plane with one corner at the global Cartesian origin.

Flaw inse rticn

Through Crack Parameters Display
¥ Markars

¥ Vectors

¥ Polygons
IV Text

c ™ Mesh
™ Fronts

di2 di2

thickness: B
(reset) (d)
Advanced Geometry, Y |

a:
b:
i

d:

L

Cancel | <] Back | Mext [» I

Figure 6.1.22 New Flaw Wizard singil®nt throughcrack parameters panel.

6.1.17 Long shallow surface void panel
Long-shallowsurfacenotchesare specified using the crack lengd, ¢he crack widthlf), a

corner radiusr] and the thickness, Fig 6.1.23. The crack is displayed in its local orientation,
which is in thex-y plane of the global Cartesian system.
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Flaw insertion

Long Shallow Crack Parameters Display
¥ Markers

IV Vectors

6
o 1 ¥ Polygons
- — ] y 7 Text

El

a:

™ Mesh

thickness: “
™ Fronts

Advanced Geometry! (reset) (d)

View options
Recenter
X Capture image

e Ll Y

Cancel I < Back I Mext [>

Figure 6.1.23 New Flaw Wizard long shallow surface crack parameters panel.

6.1.18 Curvilinear elliptical void panel

Curvilinear ellipticalnotchesare specified by entering the seaxies lengthsaandb), the
6surfaced radius (r) and the thickness, Fig 6
which is in thex-y plane with the global Cartesian origin as shown in Fig 6.1.24. Note that there

are limitations on the dimensions; you should not definetehthat has edges that overlap or

intersect.

Flaw insertion

Curved Ellipse Crack Parameters Display
¥ Markers

Y ¥ Vectors
¥ Polygons
IV Text
z I~ Mesh
' ™ Fronts

Advanced Geometry (reset) (d)

a:
b:
r

thickness:

L1

Save | Read

Sl lal)
D@

View options
Recenter
Capture image

= Hl@

Cancel | <] Back I Next [»

Figure 6.1.24 New Flaw Wizard long shallow interior crack parameters panel.
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6.1.19 Void type panel
The current void types include:

1) ellipsoidi top left icon in Fig 6.1.25,
2) userdefinedvolume mesh crack top right.

Flaw insertion

Woid Type

Canl_| gk [T

Figure 6.125 New Flaw Wizard void (finite volume flaw) types.

6.120 Ellipsoid panel
Ellipsoidal voids are defined by entering the three s@xei length(a, b, andc), Fig 6.1.26. The

void is displayed in the local orientation and centered ajltteal Cartesian origin.There are
no Afronto edges identified for an ellipsoid.
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Flaw insertion

Display

¥ Markers
I¥ Vectors
¥ Polygons
IV Text

™ Mesh

™ Fronts

(reset) (d)

X View options
Recenter
Capture image

F—le B

Ellipsoidal Void Parameters

Cancel | <] Back | Next [»

Figure6.1.26 New FlawWizard ellipsoidal void parameters panel.

6.1.2l Usermeshvoid panel

Usermeshvoidsare added by importing volumemesh. Click orRead mesh File Fig 6.1.2,
to display the file selector dialog, Fig 6.8.2FRANC3D can read ABAQUSIip), ANSYS
(.cdb) and NASTRAN (bdf) files containing volume elements.

Flaw Insertion

Display
T — ™ Markers
Read Mesh File, ¥ Vectors
¥ Palygons

scale factor I 1 W Text

™ Mesh

(reset) (d)
view_1

Save | Read

SR el
R L a

View Options

Recenter |
Capture |

User Defined Crack Mesh

Cancel | ¢| Back I Next [» I

Figure 6.1.Z New Flaw Wizard usemesh crack panel.
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For example, a cylinder model is selected, Fig 8,1aRd inserted into a cube to create a
cylindrical void. Theusermesh voidcan be translated into position relative to the model, Fig
6.1.30; the resulting model surface mesh is shown in Fig 6.1.3

User Crack Mesh File

@ B |[:| user_void =

Directories X | Files in D\data\F3D_v7_models_base\AbaqusTesisluser_void
] shaft Al
& (] shear D Abaqus-Cube.inp
21 shear_cft B ;
® (] shell_solid
1 siemens
21 sliced_bore
1 sliced_void
] sneddan_sifs
3 spring
1 submodel
] surface-Treatme
1 sym_press
21 T_fillet
[ tapered_shaft_t
] tie_mixed_mest
(2] transient_MaoVal
1 Trshr
21 two_interior
£ two_sym
(1 user_crack

sl

File name Icyl_vuid.inp File type: [Abaqus Files (*.inp,*INP) |
™ Exira front file

Cancel Accept

Figure 6.1.8 Usermeshvoid file dialog.

s

Flaw insertion

User Defined Void Mesh Display

[ Markers
¥ Veclors
¥ Polygons
I Text

[~ Mesh

[ Fronts

(reset) (d)

Save ﬂ
vabha
SICLSE

View options |

Recenter |
Capture \magel

DJ\H@l

scale factor I 1

Cancel | <] Back | Next [ I

Figure 6.1.2 Cylinder volumemesh.
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Flaw insertion
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1st Rotation

Axis & X CYC Z & Global

Angle (deg)
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Figure 6.130 Cylinder volume mesknserted into a cube.
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Figure 6.1.2 Cylindrical void in a cube.
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6.1.21 Symmetry crack surface select panel

If a user checks thBymmetry surface cradsox (see Fig 6.1.2), an extra dialog is displayed
prior to selecting the crack type, Fig @24.. Surfaces with symmetiyoundary conditions are
displayed in blue. The user should choose the surface using the Shift key and the left mouse
button (assuming default mouse settings are used). Kégkto continue defining the crack.

’w (reset) (d)
‘ ‘ ’ Save | Read
Resesieerr cans
N’ l,l,,ﬂ, DEE
R =
~’ “" Capture image
o[ I
ShiftClick to select symmetry crack surface cancel | ase | moip ]

Figure 6.132 Usermesh crack mesh file dialog

6.1.22 Flaw translation and rotationpanel

Once a flaw(crack notch,or void)is definedit must be translated and rotatetbithe proper
location relative to the unflawed body. Titew orientationpanel displays the flaw and the
modelin a 3D graphics window, along with controls to translate and rotate theFHig@.1.33.
Translations and rotations can be specified in the globalaocal coordinate system.

The translations move tlwgigin of the flaw. tis usuallysimpler to specify translatiorsd then
"zoom in" on the display of the flaw before specifying the rotations.

Up to three rotations about the (rotated) Cartesian axes can be specified. TEegerargles,
but the order of the rotation axesn be specified. hie rotations fothw a "righthandrule”
wherethe thumb points in the pdive direction along the axis and the fingeusl in the positive
rotation direction.

TheDefine Local Axesbutton allows the user to specify a local Cartesian system to aid in

placing the flaw; this is describedtime next subsection. The adjacenResetbutton clears any
local coordinate system and resets the original default crack translation and rotation.
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TheDisplaypanel on the right side haso additional options to display theocalandCrack
Axes

Flaw Insertion

Display

Flaw translation
™ Markers

global local =
v Vectors
X I 5 x I 0 ¥ Polygons
Y I s (] I 0 7 Text
z I 0 = I 0 ™ Mesh
™ Node Num

¥ Local Axes
I~ Crack Axes

Flaw rotations

1st Rotation

; (reset) (d)
Aulis XY CZ & clobal
Angle (deg) d0 C Local
2nd Rotation —— Save | Read
Als CX &Y CZ & Global @@@@
Angle (deq) 0 € Local & Q @ &
View Options
3rd Rotation
__ Reserter_|
Auds CXCY®Z @ Global Capture
Angle (deg) 0  Local
L.l
Redefine Local Axes | Reset
Cancel | <] Back | Next [» |

Figure6.1.33 New FlawWizard orientation panel.

6.1.22.1 Define Local Axes

TheRedefine Local Axes button displays a dialggrig 6.1.34, tha allows oneto specifya local
Cartesian coordinate syster8eeSection 6.5 of th&) s e r 6 sfor &lditiodakdetails on flaw

placement and local axes.

The Anchor at nod®ption allows one to specify a node ID, which will define the crack local
origin. One can specifilormal to Surfacer define the local xand yaxes. For the first option,
the surfacenormalat thespecifiednodein the modebefines the crack plane.

TheAnchor at poinnhormal to surfaces like the previous option, but the user must specify the
global Cartesian coordinates of the point on the surface

The Define by three nodesption allows one to specify three node IDs to define the origin and
crack plane.

TheDefine by three pointsption islike the previous option, but the user must specify the global
Cartesian coordinates of the three points.
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TheDefine by anglesption allows the user to specify the global Cartesian origin and three
rotations.

Define Local Coordinate System

- Anchor at node

MNode Mumber: 702 | Local x-axis: Local y-axis:
™ Normal to Surface X I ol |l x I 707
¥ I 0 Y I 707
z I 1 z I 0

r " Anchor at point normal to surface

X caard: I 0 Y coord: I 0 Zcoord: I 0

- {" Define by three nodes

node at origin: | ]
node in XY plane: | ]
T Define by three points
origin A axis point A plane point
I 1 X: I 0 X I 0
Y I 0 Ve I 1 't I 0
7 I 0 7 I 0 ¥ I 1
- {" Define by angles
arigin 1strotation Zndrotation 2rd rotation

X

:-::I—g g @ Oy O F frist: C X &Y O F Aris: CIH Y & Z
-T-;I—O Angle: I 0 Anale: | 0 Anagle: I 0

0

7

Cancel | Accept |

Figure6.1.34 New FlawWizard orientation vectors dialog.

6.1.23 Crack Front MeshTemplate Panel

For accurate stresstensity factor computationa pattern or "template” of elements with
controlledsizes and shapesptaced abouall crack fronts. The templatakes the form of

generalized cylindrical tubes of elements with¢heck fronts serving as the axef the

cylinders. Wedge shaped elements are placed immediately adjacent to the crack fronts. These
aresurrownded by ring®of brick elements, Fig 6.35.
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quarterpoint singular wedge
A‘ crackfront elements
tetrahedral eIemm\ “

for most of volume mesh | =~ .~ .+ |

z tlwo or }r

brick elements

pyramids provide compatibility
between bricks and tetrahedra

Figure 6.135 Crack front mesh element types.

Fig 6.1.36 shows theCrack Front Mesi emplatewizard panel withan elliptical surfacerack.

The template elements are displayed in the 3D graphics wisdperimposed on the flaw and

model geometry. Bgefault,only half of the template elemeraseshown. This allows one to

view the progression of element sizes as the elements transition from the crack front to the outer
boundary of the template. One can view the full template by turnimijisphayfull template

A notch front will have a template, similar to the crack front; a void will not have a template.

Flaw insertion

Crack front mesh template Display

Template radius: 0.1 ¥ Markers

I™ Display full templat | et
ispla) emplate

o P ¥ Polygons

Meshing paramslsrsl Configure Iamp\atel ™ Text
™ Mesh
™ Fronts

(reset) (d)

Save | Read |
BRla
QBB
View options
Recenter
Capture image
o [ s

i

Cancel | <] Back | Finish |

Figure6.1.36 Crack front mestiemplate panebanel isnotdisplayed forvoids.
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TheMeshing parametersbutton is used to specify surface and volume meshing parameters as
well as choosing the volume mesher (see Section 6.1.23.1)Cadtigure Template button
allows the user to adjust the template settings (see Section 6.1.23.2).

6.1.23.1 Meshing Parameters Dialog

TheMeshingParametersdialog Fig 6.1.37, has the same settingstas Preferencesmeshing
tab described in Sectiond53. The user can control aspects of sheface and volume meshing.
Section 7 of the Userds Guide provides addit]i

The first parameteMaximum Generated Elementsnits the total number of volume elements
that FRANC3D will createluring volume meshingrhe second parametédaximum Volume
Mesh Restartdimits the number of volume meshing restarfhiese two options only work
when FRANC3D is used for volume maslp FRANC3D uses aadvancing fronzolume
meshing algorithm; this algorithm can get stuck sometiméshanalgorithm is designed to
backtrack(i.e., remove elements) and restalft.the program fails to create a volume mesh after
several restarf®nemighttry volume meshing withNSYS or ABAQUS

The next twooptions allowthe user to condl surface mesh refinemenity on the crack surface,
using theDo coarsercrackmouthmeshoption, and2) on the model surfade areas where
adjacent regioboundaries are near, usiBg crack proximityrefinement The effect of théo
coarsercrackmouthmeshoption is shown in Fig 6.38.

The Do not coarsermore thanuncrackedneshoption modifies the surface meshing algorithm to
respect the original surface mesh density. Fig36.dhows an example where the option is
turned off (left panel) and then turned on (right panel).

FRANC3D, by defalt, is used to mesh the volummjt ANSYSandABAQUS can also be used
by selecting the appropriate radio butfonVolume mesh usirgy Note that the user must have
a licensed working copy of these programagetheir meshing algorithmsThe user can select
the ANSYSandABAQUS executable, using thdBrowse button,if not already set in the
Preferenceg(seeSection 4).

For ANSYSor ABAQUS: write files onlyallows the user to write the surface mesh and the
commands to generate the volume mesh from the surface mesh, withesit runningANSYS
or ABAQUS. This gives the user the option of sending the files to a different computer or
modifying the commands.

Fill inclusionsallows the user to create inclusions instead of voids.

86



Meshing parameters

Meshing parameters/options

Maximum generated elements: 1000000
Maximum volume mesh restarts: 9

¥ Do coarsen crack mouth mesh

I+ Do crack proximity refinement

I+ Do not coarsen more than uncracked mesh

Volume mesh using: & FRANC3D ¢ ANSYS © ABAQUS

Pwinx64\ANSYS232 exe

| ansys

h\CDmmands‘mabaqus_bat

For ANSYS or ABAQUS: T write files only

[ Fill inclusions
Cancel Accept

Figure6.1.37 Meshing parameters dialog.
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oni right panel.
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6.1.23.2 ConfigureTemplateDialog

The Configure Template dialog allows the user to adjust the defauttck front meshemplate

parameters, Fi§.1.40. The paametersare described below aritlistrated in Fig 6.141, which

shows a typical crossedion of a crackfront templateSect i on 7 of the User 6s
additional information.

Number of radiakingssets he number of rings of elements in the template.

Number of elementsircumferentialy ses thenumber of elements in the circumferential
direction around the crack front.

Radia pogressiorratio sets the relative width of the element (in the direction perpendicular to

the crack front) going from the crack front to the outer surface of the template. For example, a
ratio of 1 means that all the rings of elements will have the same width. For a ratio of 1.5, the
width of the elements in a ring will be 50% greater than the width of the elements in the next ring

as we approach the crack front.

Max axial/radial @pectratio controls the aspect ratio of the quadrilateral faces on the outer
surface of the template that will trigger 1:2 or 1:3 transitions in the outer ring of elements.

S
Configure template

Number of radial rings: 3 Display
W Markers
Mumber of elements circumferentially: g ¥ Vectors
Radial progression ratio: 1 ¥ Polygons
Max axialiradial aspect ratio: 2 IV Text
™ Mesh
@ Brick (and wedge) elements (K's and J's) ™ Fronts
V¥ Use quarter-point elements
(reset) (d)
+ Wedge elements at the crack front
" Collapsed brick elements atthe crack front
r
" Tetrahedral elements (J-integral only) Save | Read
™ Simple template intersections only eV e f?)
View options
Recenter
Capture image
C |t | Ry
Cancel Accept

Figure6.1.40 Configure crack frontemplatedialog.
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template radius

num rings =3
num circumferentialelems= 8
progression ration a/b = O

first ring
second ring

third ring

Figure6.1.41 Crack front template crossection.

Brick (and wedge) setsthetengplate /leménKtgpe to watge suiréuaded by
brick elements.
Use guartepoint elementsets the node position for the crack front elements; this
applies to wedge and constrairaick elements. If this option is tohecked, a midgide
node location is used.
Wedge elements at the crack fredis the crack front element as wedge.
Collapsed brick elements at the crack frees the crack front element as brick.
Allow crack front bluntingurns off the constrained nodfes crack front brick elements.

TetrahedraklementqJ-integral only sets the template element type tetattahedral elements.

Simpletemplateintersection®nly toggle allows the user to terminate the template inside the

model surfaces. For cases where the template will intersect the model surface at shallow angles
or at cornerskig 6.142, this option allows a crack to be inserted with template elements along

the bulk of the crack front, Fig 648. FRANC3D attempts to recognize instances where the
template will intersect model surfaces at poor angles and automatically uses this option as
needed.

Figure 6.142 Crack front mesh template intersecting model surface at an angle.
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Figure 6.143 Crack front mesh template pulled back from the model surface.

6.123.3 Configure Notch Front Templai#alog

The Configure Template dialog for notcheg shown inFig 6.1.44 the parameters are described

below.

| Configure template

Radialfcircumferential aspect ratio:

i

Radialflongitudinal aspect ratio:

Element Type: * Brick (andwedge) ¢ Tetrahedrons

I~ Simple template intersections only

- Specify radius and elements on arc
Reguested outer template radius: 0.0902853

Reguested number of element on arc:

r ¢ Specify rings and element on arc
Requested number of elementrings:

Requested number of element on arc:

- Specify rings and radius

Reqguested number of element rings:

111 T

|(reset} (d)

Requested outer template radius: | 0.0902853

Actual outer radius: I 0.0902853
Actual elements on arc: I 16
Actual number of rings: I

w

Display

¥ Markers
¥ Vectors
¥ Polygons
¥ Text

™ Mesh

™ Fronts

Save | Read |
BRb e
LE%H
View options |
Recenter |
Capture image |

O ||

Cancel |

Accept |

Figure 6.1.44 Configure notch front template dialog.

Radial/circumferential spectratio controls the aspect ratio.




Radial/longitudinal spectratio controls the aspect ratio.

Element type:
Brick (and wedge}ets the element type to brick and wedge.

Tetrahedronsets the element type to-#dit.

Simpletemplateintersection®nly toggle allows the user to terminate the template inside the
model surfaces.

Specify radius and elements on allows the user to set the desired outer template radius and
the number of elements on the arc (the circumferential dimension).

Requested outer template radéus

Requested number of elements onérc

Specify ings and elements on aatlows the user to set the desired number of element rings and
the number of elements on the arc (the circumferential dimension).

Requestesiumber of elemernings é

Requested number of elements onéarc

Specify ings andradiusallows the user to set the desired number of element rings and the outer
template radius.

Requestediumber of elemernings é

Requesteduter template radius

The actual values might differ slightly from the requested values depending on the notch
dimensions and the aspect ratio values. The dialog provides the actual values of template outer
radius and number of elements.

Actual outer radiusthe actual outer radius.

Actual elements on arthe actual number of circumferential elements.

Actual number of ringghe actual number of rings.

6.1.24 Flaw Insertion

After selecing Finish on the crackront meshiemplate pandisee Fig6.1.36), the flaw is
inserted into the body and the model is remeskedinformationbox is displayed to givthe
statusof operationsFig 6.1.45. The crack geometry is inserted into the model getoyfirst,
represented by th2oing geometric intersectionsstatus. Once the crack geometry has been
insertedtrimmed,and tied to the model geometsyrface andhenvolume meshingccurs If
using the FRANC3D volume meshinggtfinalvolumemesh is smoothed to improve the
element quality.
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Flaw Insertion Status

Doing geometric intersections. ..
Surface meshing...

Volume meshing...

Cancel

Figure6.145 Flaw Insertion Status dialog.

6.2 Flaw from Files

Theuser has the option of saving tilew to a crk file when defhing a new flaw (see Fig 62).
TheFlaw from Files menu option allows the user to reaae or morecrk files and inserthe
crack(s)into the model.TheLocate .ak flaw file dialog, Fig 6.2.1is displayed, which allows
the user to select one more.crk files. Use Citrl- or Shift-key to select multiple files. After
selectingAccept, theflaw is displayed witin the modelFig 6.2.2. A flaw can be translatgout
rotation is not allowed

SelectNext to definethe crack front template mesh; tiwvas describet Section 6.123.

The crk file contains triangular Bezier patches that define the surface and a description of the
crack front vertices. It also contains crack front template meshing parameters. This data is also
stored in the FRANC3D restaftibfile. As the crack grows, new geometragdedand this
information is saved in thédbfile. If needed, the FLAWSURF block of thieb file can be

extracted and saved ascek.-file (see Section 4.1.1).
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# ] Program Files
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Figure 6.2.2 Orient a flasirom-file dialog; only translatioms allowed.



6.3 Multiple Flaw Insert

TheMultiple Flaw Insertion wizard, Fig 6.3.1allowsoneto addmultiple cracks to a model
The user defireeach crack using tHeaw Insertion wizard panelsdescribed in Section 6.1
When allcracks have been defined, thean beadded to the modeaind/or saved to a file

The user starts by selectittge Add buttonin the dialog shown ifrig 6.3.1 Thisleads to e
flaw-insertion wizard panelsEither cracksr voidscan be added.

Once aflaw has been added to the listc@#nbe edited ordeletal by selecting the flaw name and
then selecting thEdit or Deletebutton. All the added flaws can be plesyed in the model, Fig
6.3.2 to ensure thaheydo nat ovelap or intersegtselect theDisplay button to show this
dialog. &lect theFinish button to return to the Multiple Crack Definition dialog.

The set ofadio buttos at the bottom of thdialog in Fig 6.3.Jallows one to:1) add the flaws to
the model without saving to a file, 2) add the flaws to the model after piraprfpr a file name
to save acrkfile, or 3) save the flaws to a file without adding them to the model.

If the flaws are just being adde@|ectAcceptto close the dialog and begin the process of crack
insertion and reneshing. The flaw insertion status windasdescribed in Section 624 is
displayed The Save File dialog is presented before the crack insertion process Htartsser
wants to save and add.

Note that mixing oflaw types is not currently supported; for example, you cannot add a
symmetry crack and a regular crack at the same time. Multiple symmetry cracks can be inserted
if the cracks fall on the same surface; multiple symmetry cracks on multiple planes will not have
the correct boundary conditions mapped onto the new mesh.

Multiple Crack Definition

Add | Edit Delete | Displa].rl

& Addwlo save © Add/save ¢ Save only

Cancel | Accept |

Figure6.3.1 Multiple flaw insertion- top level dialog.

94



Flaw Display

Display

™ Markers
¥ Vectors
¥ Palygons
v Text

[~ Mesh

(reset) (d)
view_1

Save | Read

Bl La =)
R Lol

View Options

_ view Optons |
Recenter |
_ Capure |

Cancel | | Back | Finish |

Figure 63.2 Multiple flaw insertioni flaw display window.

6.4 Compute SIFs

The user can compute and plot stress intensity factors (SIFs) after performing an analysis of the
cracked model; thAnalysis menu is described in Secti@n

SIFs are computed at m&ide nodes along the crack front.

6.4.1 M-integral, Displacement Correlatioror Virtual Crack ClosurePanel

The Compute SIFsmenu option brings up tH@omputeSIFs dialog box Fig 6.4.1 Eitherthe
M-integral DisplacemenCorrelation(DC) or Virtual Crack Closur¢VCCT) methodcan be
choserto compute SIEsThe M-integral methotlis usuallythe most accurateThe DC option
can beusedto check the Mintegral valuesThe VCCT method waadded primarilyfor cracks in

material interfaces.

Note that if you switch SIF computation method, that method will continue to be used until you
switch back.If you use the DC method to check the SIFs, you should recompute SIFs with the
M-integral before growing the crackf youwant to use the NintegralSIFs

! BanksSillset al, EFM 74, p 12931307.
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Compute 5IFs

Stress Intensity Factor Computation Method

* Interaction Integral / M-Integral (most accurate)  Advanced |

" Displacement Correlation (least accurate)

" Virtual Crack Closure Techigue (VCCT)

Cancel | Accept |

Figure6.4.1 Compute SIFs panallows one tahoose either Mntegal, DC or VCCT.

TheM-integralAdvancedbuttondisplays the dialog in Fig 6.4.2 left side The VCCT
Advancedbutton displays the dialog shown on the right side of Fig 6.1t fields in the
dialog are described below.

-
Advanced Parameters

)
| W Include Thermal Terms

Reference Temperature = I 0 Advanced Parameters

| [ Large Rotations (small strains) [~ Large Rotations (small strains)

? Cancel | Accept | j Cancel | Accept |

Figure 6.4.2 Compute SIRs-Integral and VCCTAdvanced Parameters dialog

Include Thermal TermsThermal terms can be included in theiegral computation. The
nodal temperarresshouldexist in the results databaaed the user should supply the reference
temperaturef not already given with the initidfE input file. These optionshould beset
automatically if there are temperatures.

Large Rotations The local crack front coordinate system is defined based on the deformed
configurationif this option is checkedhis is requiredvhenthere are large rigid body rotations.
This option is not set automatically.

6.4.2 SIF Plot Panel

Stressintensity factor digibutions are displayed in this dialdgig 6.4.3. The left side of the
dialog is a 3D graphics window that displays ¢heck inmodel. The right side of the dialog is a
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tab box that shows graphs of the computed streessity facto(SIF) distributions along the
crack front. The mode I, Il, and I8IFsare represented by thé, KIl andKIll tabs,

respectively

B Stress Intensity Factors (Interaction / M-Integral) - m] x
File Data Axes |
Display Analysis Load Step |1 ~| Sub Step |0 = Crack Front I vl Crack Growth Step I |
o e K| ok | ok Jdintegral] Tsr | Tavle | Expont |
Hntegral|  T-Str able o
¥ Vectors - -
[ Polygons Mode I Stress Intensity Factor
¥ Text 14.00
I~ Mesh
(reset) 13.60
(crack)
o i 1520 [
Save | Read 1250
M L. |-
e a2
DEH®
1240 [
View Options
Recenter ol
Capture
B L2, [+t | Oy 1160 I L L L
0.0000 0.200 0.400 0.600 0.800 1.000
x
A B
normalized distance along front

Figure6.4.3 SIF plot panel.

The Jintegraltab displays a plot of the tot@lastic)J-integral distribution (total energy release
rate not segregated into modal componenishtegral values from Mntegral and

Displacement Correlation will be slightly different as the cotapons are done differentlyThe
T-Strtab displays a platf the T-stress. Th&abletab shows a table of the SiBluesalong

with the parametric Iaion along the crack frofiN Coord; the crack front length is normalized
from 0 to 1, going fromA to B (shownin thewindow on thdeft).

TheExporttab allows onéo export the SIF dat® a file, Fig 6.4.4. The usercan specifithe

type of delimiters to use, the grouping of the data, and order of theTdagrogram initially
assigns one end of the crack front as A and the other end as B. The data is plotted along the
crack front, normalized by the crack front length, starting from pointgethe Create File

button to set the file name and save the data.
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Ki ki | ki |dntegrat|l Tstr Tabie | export | k| ki |k |sntegral] T-sr | Table | Expor

N Coord | Ki | Kl ‘ Kl |: Delimiters Options
10 | 0.0209 0.9083 0.0007 -0.0008 * Tabs  Spaces { Commas ™ Reverse Order
1 0.0627 0.8770 0.0003 -0.0011
2 | 01043 0.8554 -0.0001 -0.0014 Coniet
13 | 0.1459 0.8408 -0.0005 -0.0016 M KI
|4 | 0.1875 0.8303 -0.0009 -0.0017 = K
15 | 02292 0.8232 -0.0016 -0.0017 g
B 0.2709 0.8179 -0.0022 -0.0017
1 [ J-ntegral
17| 0.3127 0.8141 -0.0028 -0.0015
s | 0.3543 0.8117 0.0032 -0.0012 WS
19| 0.3859 0.8098 -0.0035 -0.0010 r
|10} 0.4375 0.8081 -0.0037 -0.0007 ¥ front coordinates
|11] 0.4792 0.8074 -0.0038 -0.0003 I~ front coordinate axes
112 0.5209 0.8074 -0.0038 0.0002
113 0.5627 0.8078 -0.0038 0.0006 Create File
|14] 0.6043 0.8095 -0.0035 0.0011
115] 0.6459 0.8116 -0.0031 0.0014
116 0.6875 0.8141 -0.0026 0.0015
17 0.7292 0.8180 -0.0022 0.0017
T | o

Figure6.4.4 SIF table tab (left panel) amkporttab (rightpane).

The dialog shown in Fig 6.8includes options to display SIF data for a model with multiple
load stepgand substeps), multiple crack fronts, amdltiple crackgrowth steps. The drep
down boxesbove the tabs providbeseoptions, Fig 6.45.

Export
Analysis Load Step |sum |w= Crack Front |1 = i A
1
| ; | tegral| T-str 1. ] 3
A 2 2
= : le I Stress Intej 3 [Factor 1
0
4 ‘7

38.50 \

Figure 6.45 SIF display dropdown selections for load step, crack front and crack growth step.

6.42.1 SIF Plot menu bar

The menu bar at the top left contains three entii@lg;, Data andAxes These are described
here. The same menu appears in other dialog panels with XY plots.

TheFile menuis showninFig6@&. TheEx port aasdExprg é ajstions hoing é

present the standard FRANCHie Save Agdialog (se&section 4.4). One can save eithmrg
or jpgimages of the XY plot. Th€loseoption closes the SIF display.
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File Data Axes

| Export as .png...

Export as jpa...
Close

Figure 6.46 SIF display panel File menu.

TheData menu is shown in Fig 6.4. TheSwap A-B option swaps the Yaxis and data in the
XY plot, Fig 6.48. Thel nf or mat iogtion disptayséhe dialog shown in Fig 6.4.

File | Data Axes
Swap A-B
Information Box...
Convert Units...

Figure 6.47 SIF display panel Data menu.

Analysis Load Step |1 vl Sub Step |0 vl Crack Front |1 =] Crack Growth Step |0 vl Analysis Load Step |1 Vl Sub Step I hd Crack Front |1 = Crack Growth Step I |

K | ki | ko |ddntegral] T-str | Table | Export | Ki | Wi | ki |ontegrall Tstr | Table | Export |
Mode I Stress Intensity Factor Mode I Stress Intensity Factor

14.00 14.00
13.60 |- 13.60
1320 | 1320 |

.\_Z' 1280 | MH ol
1240 1240 |
1200 | 12.00 |
11.60 P I T T T SIS S ET S S T S SN T AT S S N SR S S 1160 1 1 1 1

0.0000 0.200 0.400 0.600 0.800 1.000 0.0000 0200 0.400 0.600 0.800 1.000
A B B A
normalized distance along front normalized distance along front

Figure 6.48 Effect of the Swap A menu option.

Information Box

v Display information box

Position

cedcd
CE]Cc
clilcld ol

Cancel | Accept |
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Figure 6.49 Information box dialog.

Turning on theDisplay Information bo)adds a box of text to the XY plot, Fig 618, whichlists
the options used to compute SIFs.

Analysis Load Step I vl Sub Step IZ hd Crack Front I vl Crack Growth Step I i VI

K| ki | s |sntegrall T-str | Taole | xport |

Mode I Stress Intensity Factor
14.00

Interaction/M-Integral
Thermal terms

I I I I 1 I I L I 1 I I I I 1 I L I I 1 I I I I
0.0000 0200 0.400 0.600 0.800 1.000

normalized distance along front

Figure 6.410 Information box added to XY plot.

Convert Units allows one to change the units for the XY plot. The dialog described in Section
5.3 is displayed.

The Axesmenu is shown in Fig 6.411 TheFormat X Axis option displays the dialog shown in
Fig 6.4.2. One can define the axis limits agidd spacing. Th&ormat Y Axis displays the
same dialog with the label changedrtéd\xis. TheL a b e loian displays the dialog in Fig
6.4.13. One can change the plot title and axis labels; the syntax for defining the labels is
described in Appendix A.

File Data | Axes

Farmat X Axis .
Format Y Axis...
Labels. .

Figure 6.4.1 SIF display panel Axes menu.
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K Axis

Maximum: & Auto ¢ Fixed

Minimum: @ Auto ¢ Fixed

.

Majorlnit. & Auto ¢ Fixed 0

Minor ticks per major fick: I 5

¥ Major tick lines
™ Minortick lines

Cancel | Accept |

Figure 6.4.2 Format X Axis dialog.

Labels

Title: |ru1nde | Stress Intensity Factor

X Axis: |nnrma|ized distance along front

¥ Axis: ||K_I

Cancel | Accept | |

Figure 6.4.8 XY plot Labels dialog.

6.42.2 SIF Plotwith Simple Template Intersections

If Simple Template Intersectiofsee Section 6.21) is turned on, the template will not extend to
the model surface. The SIF plot is based on the template element nodes;ahdB, represent

the ends of the template and not the ends of the geometric crackfgéi4. Y. The

normalized crack front position (N Coord) is alssed on the templat&;andB always

represent N Coord values of 0 and 1. SIFs are computed at the elemsitamddes. In Fig
6.4.14, the first N Coord position is 0.0109 (and the last is 0.9869). This normalized position is
based on the cumulative template length betweandB.
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B Stress Intensity Factors (Interaction / M-Integral) - [m] X

Display Analysis Load Step |sum | Sub Step ’j Crack Front 'i‘ Crack Growth Step 'i‘
:z :1:;:9: K | Ky | K| 6 | Gu | G | Jeint | Tostr Table IE"WV‘]
| Polygons NCoord | Ki | Kl | Kl [4]
v Text KR 0.0109 26142 -0.0149653 0.0065658
¥ Mesh | 2 | 0.0328 25804  -0.0189232 0.0024414
—— 3 0.0547 25453 -0.0150717 0.0003612
(reset) [« | 0.0765 25.148 -0.0162345 0.0008516
(erack) | 5 | 0.0983 24895 -0.0217213 0.0034815
| 5 | 01223 24594  -0.0226454 00067779
| 7 ] 0.1485 24480 -0.0222525 0.0038967
S50 | MEs0 s | 0.1746 24.290 -0.0235860 00043361 —
Sl el | o | 0.2008 24128 -0.0186318 0.0012108
I Loy | 10| 0.2270 24015 -0.0148138 -0.0025608
— 11 0.2511 23.901 00209134 -0.0011709
_View Optons | |12 ] 02730 23811 00280849  -0.0019541
Recenter [ 13] 0.2949 23747 -0.0341389 -0.0001939
Capiure | 14 ] 0.3167 23697 -0.0369814 0.0005241
| 15 | 03385 23668 -0.0322212 0.0035991
L || Oy | 15 | 0.3604 23629 -0.02083858 0.0062244
| 17 ] 0.3844 23637 -0.0273411 0.0053070
| 12 | 0.4105 23626 -0.0188643 0.00555044[ﬂ
4] | 3

Figure 6.4.24 SIFs when Simple Intersection Template is turned on.

6.5 Grow Crack

When theGrow Crack menu option is selectethe Compute SIF'swizard isdisplayed first
(seeSection 6.4if the SIFs have not already been computed

TheCrack Growth wizardallows the user to specibigorithms and parameters to determine
the local direction and relae extension of crack growth.

The first panel in the wizardrig 6.5.1, allows one to specify the growth model tygabcritical
crack growthincludes fatigue, stress corrosj@md creep modelgQuaststéic crack growths a
simplified model that uses a simple povlaw to advance the crack franUserdefined crack
growthis active if the user has poefined Python extensionBython extensions adescribed
underthe Advancedmenu(seesectionl14.7). Growth parameters can also be read from a file
using theBrowse button.

Depending on the chosgnowth type different wizad panels will be displayedvhich allow he
userto chooseherules, modelsand parametef®r the crack extension and kink angle
computations
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Growth Type

& Subcritical crack growth (fatigue, SCC, creep, etc.)
" Quasi-static crack growth
€ User defined crack growth

Read growth parameters from file: Browsel

Cancel | Back | Mext

Figure 6.5.1. Growth parameters panel.

6.5.1Subcritical crack growth

Subcritical crack growth includes computation of both kink angle and extension along the crack
front. Cycles or time or a combination of the two are related to the amount of extension. For
each step of crack growth, there will be an averageber of cycles and/or time stored, which

will be used/displayed in the Fatigue Life dialog (see Section 9).

6.5.1.1Kink Angle Model

The first panel oSubcritical crack growtls shown in Fig 6.2. This dialog allows one to
specify the method for computing kink angle.

Kink angle model

@ Maxtensile stress (MTS)  max (K7 (6))

2 2
" Max shear stress (MSS)  max (\I/IE[:‘.I}[[K{[(E)] + (1}[”1{{[[(3)) )
 Generalized stress max (MTS MSS)

2 2
" Strain energy release rate max (K{(E)g + (1}[[1'{["[(8)] + (?}H[K{r[[(ﬁ)j )

" Planar gd=10

" Userdefined model

[ Kink angle limit Maximum kink angle (deq): I ]
Mon-proportional kink angle parameter | Mixed mode eta factors

& AK O K. '?u=| 1 '?m=| 1

Crack growth resistance

[~ Anisotropic toughness Setfoughness param e':e-el

Cancel | Back | Mext

Figure 6.52 Kink angle model panel.
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6.5.11.1 Max Tensile Stress (MTS)

The default for computing the kink angle is the maximum tensile stress (MTS) theory. The crack
kinks in the direction where tensile stress ahead of the crack front is maximized, Figh6.5.
each node along the crack front, the computed SIFs are used to determine the kigk angle

. oL 0 D U
— wEi - ,U'U
L W
y
1 qgé qg 3 2
S, =——cos’SK, cog? - ZK, sing“
qq 20 T 5 on QH

Crack tip

Figure 6.53 MTS kink angle theory.

6.5.11.2 Max Shear Stress (MSS)

TheMSS optionis usedwhen the crack growth is dominated by mode Il SIF and the material
allows sheadominated growth. The user can refer Rettitet al, Next generation 3D mixed mode
fracture propagation theomcluding HCH LCF interactionEFM 102 (2013) 114.

6.5.11.3 Generalized Stress

TheGeneralized Stressption determines the kink angle based on the maximum of MTS and
MSS. It should be used with care as it can lead to large kinks in the crack front that can be
difficult to insert/mesh.

6.5.11.4 Strain Energy Release Rate (SERR)

The SERR optiorcomputes a kink angle based on the growth direction that maximizes the strain
energy release.
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6.5.11.5 Planar
ThePlanaroption sets the kink angle to zerth.the user knows that the crack growth is planar,

this option will negate any numerical noise in the computed SIFs and force the crack to remain
planar. This is the only option available for symmetrgcls.

6.5.11.6 User Defined Model

TheUserDefined Modelwill be active for the usedefined Pythorextensions ithe kink angle
function is defined and selectesteSection 4 of the Commands & Python document.

6.5.11.7 Kink angle limit

Thekink angle limitcan beusedto limit the amount of crack turning for a step of growiar
partial crack front extension and large kink angles, this option can significantly improve the
crack growthinsertion/remeshing

6.5.11.8 Mixed Mode Eta Factors

Theh factors apply to the MSS and SERR computatioffse user must provide them

6.5.11.9 Crack GrowthResistance

Crack growth resistance can be either isotropic or anisotropic. Afrtisetropic Toughnesisox
is checked, th&et Toughness Parametersutton is activated, Fig 64.all the material
toughness valueshould be entered

Toughness Parameters

values

Kc 12
kKc 13
Kc 21
Kc 23
Kc 31
Kc 32
| param
n param

Cancel |

Figure 6.54 Anisotropic toughness parameters dialog.
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Currently, FRANC3D supports one anisotropic crack growth resistance model. Itis an
orthotropic model based on six principal material toughmwakges Thesevalues are illustrated
in Fig 6.55. Thee€'s are the material property axes, which, in general, will not be aligned with
the global Cartesian or the crack front coordinate systems. The first toughness subscript
identifies the material axis perpendicular to the crack plan¢h@nskecondubscript gives the
direction of propagation.

[
€2 £y 2
Keia ‘
&3 K e
e & J ; ; c21 1
i’z . E“"_r._
2 Keaz
Ko
i’l |'L"‘3 E’I
£’3 i"l

Figure6.55 Orientations for the six principal material toughnestsies

Kpas

Fig 6.56 shows the crackont orientation and defines tlaeandn vectors. x, y, andz are local
crackfront coordinate axes that, in general, are not aligned with the global Cartesian coordinate
axes. g is the local kink angle.

Figure6.56 Definition of the crackront a andn vectors.
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The crack orientation and kirsnglesensitive local resistance to crack growthy(g) is given
by

s a4 s oagl?
e~ -a2g &g
* oKir cKiE g
A N 1/2n
2,20 3 > o
Ki(a) =+1- & &2 58 + afg
ghij+  CRik= g

wherek;; and Ky are the principal toughnesalues(no summation on repeated indices),

and ny are the Cartesian components of @drendn vectors,andl andn (no subscript) are shape
parameters. Theshape parameters control the shape of the toughness envelope in the principal
planes. For example, F&5.7 shows the variation i3 as function ofj assuming that crack

front coordinates are aligned with the Cartesian coordinatesl sHage parameter has a similar
effect on the variation of the toughness between the principal planes.

06 4

02 { K3t6)
i
0.0 - -

0.0 0.2 0.4 0.6 08 1.0

K3

Figure6.5.7 The variation inK3 as function ofj assuming that crack front coordinates are
aligned with the Cartesian coordinates.

6.5.12 Subcritical GrowthUnits

SelectingNext in the dialogseenin Fig 6.52 leads to the Subcritical Growth Parameters dialog,
Fig 6.58. Note that yellow (warning) triangles indicate parameters need to be set before you
continue.



Subcritical growth parameters

A, Units used in FE model
Istress: unset length: unset temp: unset time: unset Change |

Crack growth load schedule

Mew schedule Read from file Wizard View/Edit Save to file

/1y, Crack growth rate model

MNew model | Read from file | View/Edit da ::‘J] View/Edit da ::':| Save to file I

Mixed-mode equivalent K

is R—('ql:i\' _ I{[ r j-{-c'ql:li‘.' _ \/j-{lﬂ_'_{_:(“j-{“j? +I::")‘[[[K-[[[j2

r" K-('ql:i\' _ I{R% _&[: 0 "ﬁ]]: I—

0
sign: ¢ fom Ky C Wom K C fom Ky © always positive © always negative

Effective delta K
& AKy = Ky — Ky O ARy = Ky — max (K, 0)

I Use load interaction model /Ay | Set/Edit parameters |

Integration options

¥ Accelerated counting ™ Constant K for time integration

Dynamic pairing metric

& AR ¢ da/dN I™ Simplified HCF/LCF pairing

Qancell Back | =

Figure 6.58 The Subcritical Growth Parameteliglog.

TheUnits used in the FE model should have already been set, but this dialog displays the units
and allows the user to change them if needed.

Select theChangebutton on the right side of thénits used in the FE modtd display the Units
dialog box, Fig 6.®8. EitherSl or US units can be chosen; if the FE units do not correspond to
the units shown, choo$ethen. Units of timeare independent.

Note that FRANC3D needs to match the FE units with crack growth rate units, which can be
different. By explicitly specifying the units used for the FE model and for the growth model,
FRANC3D can perform unit conversions automatically.

If otherunits are used, it is up to the user to make the units consistent between the FE model and
the crack growth ratenodel
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Specify the units used in FEM model

FEM model units
& Slunits

Length: ® mm © m  other
Stress: & MPa  Pa  other
Temperature: & C K other

S customary units

_____ r"' (:':
""" o (" & o
T « ot

Units of time:

@ sec  min © hour  day C year { other

cancel | pack |[ Finisn |

Figure6.59. TheUnitsdialog

6.5.13 SubcriticalLoad Schedule

A Crack Growth Load SchedufseeFig 6.58) does two main things. First, it defines a mapping
from the load steps defined in the FE model to the corresponding SIFs to predict crack growth
rates. Second, it defines the sequence these SIFs are applied.

6.5.1.3.1 Load Schedule: New Schedule

Select theNew Schedulebutton(seeFig 6.58) to display the_oad Scheduléialog, Fig6.5.10.
A load schedule is comprised of a collectioriaafd events Load events are organized in a iree
like structure. The root of the tree iSehedulesvent.

Initially, the upper part of the dialog (Fig 6.8)lshows oné&chedulesvent, which is thenain
root of thetree. A left click onthis event does two things: 1) it makes #ad button active, and
2) itraisesthe Repeatab in the lower part of the diald¢gght pane).



Load Schedule

Load Schedule

. Schedule:

Addl Ze'e".el Duplicate

e
: |e=
&
|8

4 Steps Repeatl Temperature

| 2] 8]

r Mo event selected

r Load event repeat count

{* Repeat count: I 1

" Repeat FOREVER

Cancel |

Cancel |

Figure6.5.10 The Load Schedule dialo

g.

Select theAdd button to display the Event Type dialog, Bi%.11. There areevendifferent

event types:

U Simple Cyclici a simpleDK = Kmax Kmin cycle, where th&max andKmin loadings are
proportional, s&min = R*Kmax, andR is given by the analyst.
U Non-Proportional Cyclid aDK = KmaxT Kmin cycle, where th&maxandKmin loadings
are not proportional (they come from different load steps) Rentmin/ Kmaxis

computed.

U Transienfi For a transient event, a list of analysis load stepssggs (frames), or a
combination are specified. FRANC3D will examaiéthe associate6 s selacd
KmaxandKminfrom among these to defidK = KmnaxT Kmin.

U Spectruni For a spectrum event, one or more load spectra are specified. A load
spectrum is a list of load multipliers used to define a sequen€e.pdndKmin values,

which are used to define a sequencBKd s .

superimposed.

| f

mul tiple

spectr a

U Hold Eventi The four load events defined above can include a hold (dwell) time. A hold

event allows one to define a hold time without any companion load cycling.

U Dynamic Pairing examines all SIFs and dynamically creates max pairs.
U Scheduld A schedule event can contain child events and allow dikestructure to be

constructed.
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Event type

Event Type:
¢ Simple Cyclic

" Transient
 Spectrum
" Hold Event
" Dynamic Pairing
" Schedule

Cancel I Accept |

Figure6.5.11 The event type dialog.

Note that some event types will not be active if there is onlysehef SIFs Non-Proportional
Cyclic andTransientypes requirenore than onéad stefor set of SIFs

If the Non-Proportional Cyclievent type is selected, the Load Schedule dialog is updated, Fig
6.5.12; andtheLoad Stepgab is automatically selected. The yellow triangles indicate that the
load steps associated whlhax andKmin must be specified. THeelect a load stefutton bring

up the dialog shown to the right in F8gh.12. For bothKmaxandKmin, the load stejs selected
from t-dewdpull st of | oad steps.

If there is only one sudbep (frame) fomload stepthe Load SubStepoption is unavailabldf
there are multiple substeps, the user can choose the substep as wall. scaling factor can be
defined.

Note that in the Select Load Step dialog, $uen Multiple Stepsbutton allowsKmaxandKmin to
be defined asthe sumoftdé s associ ated with two or more
multiplier).

Once the load steps f&maxandKmin have been selected, the Load Schedule dialog is updated as
shown in Fig 6.5.3.
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E|. Schedule:
. MNonPropCyclic. Km

| Add
dd

Delete | Duplicate | ﬂﬂgl:l l

Load SIEDSI Repeatl Temperatu rel Timel Staﬁcl Omerl

- Monproportional cyclic load event

K max load step:

/A% No load step selected  Select a load step | S —

K min load step:
Load Step: I-] vl

&Noloadstepseleded Select aload step | | Load sub-step: I.. vI
| Load multiplier: I 1

Cancel | Accept I l Cancel | Sum multiple steps | Accept |

Figure6.5.12 The Load Schedule dialog with a nrproportional cyclic load event added.
TheSelect a load stefputton displays the dialog on the right.

Load schedule

EI Schedule:
L . NonPropCyclic: Kmax(1),Kmin(2)

,_HIM Duplicate llilﬂﬂ

Load SteDSI Repsatl Tempsraturel Tlmel S‘latlcl Dmsr'

r Nonproporional cyclic load event

K max load step:
Step Sub  Load mult
1 — 1 Edill
K min load step:

Step Sub  Load muit

Cancel Accept |
Figure6.513 The Load Schedule dialog after lostépsselectedor Kmax andKmin.
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The Load Schedule dialog with tiiemperaturéab selected is shown in Fig 618, with
Temperature dependent crack growtiecked.

Load Schedule ' ‘

E|. Schedule:
. MonPropCyclic: Kmax(),Kmin()

Add | Delete | Duplicate | llil!l!l '

Load Steps | Repeat Temperature | Time| static| other|

r W Temperature dependent crack growth;

Use temperature from:

& Constant ¢ K. ¢ K. ¢ Kpq © Estemal

(" Interpolate between K . and K. temps

| Constant temperature: I 0

Cancel | Accept | I

Figure6.5.14 TheTemperature tab of the load schedule dialog.

Because predicting crack growth might invobeeraldifferent FE load steps, each of which
can have associated temperatures, it is not obvious what temperature to use when evaluating a
temperature dependent growth modghe following optionsare available

il
il

Constant a constant temperature, provided by the user, is assumed for all crack front
nodesand is used for evaluating temperature dependent growth models.

Kmin T the crackfront temperatures associated with the load step used for determining
Kmin areused.

Kmax1 the crackfront temperatures associated with the load step used for determining
Kmaxareused.

Knod T the crackfront temperatures associated with the load step used for determining
Khoid areused.

External i the crackfront temperatures are read from an independent set of analysis
results. This will be a mesh file (e.gnp file) and the associated results fieed., an
.odbor .dtpfile).
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1 Interpolate’ the crack front temperatures will be linearly interpolated betweelthe
andKmax temperatures using a ugenovided parameter that can vary between zero and
one, where zero is thénin temperature and one is tHeaxtemperature.

Note that ifKmin, Kmax Or Knhoid are specified to be computed from the sum of multiple load steps,
only temperatures from the first load step specified in the list of steps will be used to determine
crackfront temperatures.

The Load Schedule dialog with tii@ne tab selected is shown in Fig 6.5, With Time
dependent crack growttheckecthe hold time is added as part dflan-Proportional Cyclic
event.

Simple Cyclic, NorAProportional Cyclic, Transient, and Spectruogad event types all allow a
hold time. A hold time can also be specified as an indepehtiddevent.

Note that one might consider separate cyclic and hold events if, for example, the cyclic growth
rate and hold growth rates were to be computed for different temperatures. FRANC3D will
compute the crack extension for all the cyclic loading in an event before computing the extension
due to a hold time. If it is desired to have the time dependent growth computed first, that should
be done with a hold event that appears before the cyclic event in the load schedule.

TheHold FOREVERoption makes the hold time infinitely long. This could be used, for
example, if one wanted to simulate time dependent crack growth (e.g., stress corrosion cracking)
and keep the crack growth simulation going until a critical stress intensity factor was reached.

The Statictab is shown in Fi$.5.16. It allows the analyst to specify that tidérom a load step

(or sum of load steps) is to be added to Gtk andKmin. This will not change thBK, but it

will change the stress ratiB, for crack growth models sensitiveRo This could be, for

example, in situations where there is a stead

The static load can be defined as a crack face traction, with stresses read from external analyses
results €.g, .inp and odbfiles).

TheOthertab is shown in Fig 6.571 It allows one to define holK is treated if thémin
becomes greater théax.
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Load schedule

=l Schedule:
: MNonPropCyclic: Km 1K 2) time=2 Khold(1)

o] e e | (3 o

Load steps' Repeat' Temperature Tlmel Slalicl D1her|
r ¢ Time dependent crack growth

@ Holdtime: 20

¢ Hold FOREVER

Hold load steps:

Step Sub  Load mult

Cancel Accept |

Figure6.5.15 The load schedule dialog with the Time tab selected.

Load schedule

=l Schedule:
: . NonPropCyclic: Kmax(1) Kmin(2) time=20 Khold(

o] e e | (3 o

Load steps' Repeat' Temperalure"ﬁrne STHUCI D1her|
¥ Static load step

Step Sub  Load mult

[~ Use mixed non-proportional loading equations

= Modal ) WSERR Stress ratio: 03
Kic [ Klc: I 1 Alpha: 3
KicHKdllc: I 1 Closure f2 1

Cancel Accept |

Figure 6.5.6 The load schedule dialog with tB¢atictab selected.
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Load Schedule

E|. Schedule:
. MNonPropCyclic: Kmax(),Kmin()

Add | Delete | Duplicate | ﬂilgl:l

- Other crack growth options

Ko > Ko s @ Set AK=0 Swap Koo and Ko

I Cancel |
Figure 6.5.Z The load schedule dialog with thertab selected.

By default, a load event (load cycle, hold time, or combination) will be applied once. The
Repeatab allows the analyst to specify that the load event should be applied some finite number
of times. It also allows one to specify that the event will be repE&@&REVER.

All load eventsaret h e A ¢ hSchediileevent.f Whan the repeat count is set f&chedule
event, all the child events are repeated for the specified number of times. By organizing the
events into a trebke structure and setting repeat counts forSbbeduleand loading events,
arbitrarily complex load sequences can be defined.

These options, along with options set for the crack growth rate model, will determine when
FRANC3D will stop a crack growth simulation. Crack growth will always stop iKihe at any
point on a crack front reaches a critical value. It will also stop iDiéor all points on the

crack front fall belowthethresholdDK. In addition, if none of the load events in the load
schedule is set to repeat FOREVER, FRANC3D will make one complete pass through the load
schedule and then stop the crack growthrepeatF-OREVER is specified, FRANC3D will

continue to apply the corresponding load event (sequence of children events in the case of a
Schedulesvent) until one of the stopping criteria from the crack growth rate model is reached.

It is usually besto specify repeat FOREVER for the r@mhedule evenfFig 6.5.18 This

allows FRANC3D to more easily determine if an accelerated counting algorithm can be used
when computingycles
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& Jeooe

. MonPropCyclic: Kmax(),Kmin{)

! Add | Delete | Duplicate | llll!l:l l

Load Steps Repeatl e “1|:»3rature| Ti “1»3' Stati::' Ctherl

r Load event repeat count

Cancel | Accept | l
Figure6.5.18 Load schedule dialog with Repeat FOREVER selected for the schedule.

6.5.13.1.1 Simple Cyclic Event

If the user choosea Simple Cyclic load type (see Fig 6.5.1the lower portion of the Load
Schedule dialog appears as in Fig ®5.The user can specify a giv&tress ratio (Rand then
specify the load step (and substep if there is more than one) along with load multiplier. The

stress ratio will be used to compwKeain andDK values.

Load StEDSI Repeat' Temperature' Time| Staticl Dther'

r Simple cyclic load event

Stress ratio, R: I 0

Step Sub  Load mult

I —

Figure 6.5.9 Simplecyclic load evenbptions



6.5.13.1.2 Non-Proportional Cyclic Event

If the user choosesNon-ProportionalCyclic load type (see Fig 6.3.)1 the lower portion of the
Load Schedule dialog appears as in Fig®.5Theusermustspecify the load step (and substep
if there is more than one) along with load multipfiar Kmax andKmin; stress raticandDK are
computed from thesand kink angle is based @K or Kmax.

Load STEDSI Repeatl Temperaturel Timel Staticl Dtherl

- Monproportional cyclic load event

K max load step:

/1, Noload step selected  Selectaload step |

K min load step:

/A No load step selected  Selectaload step |

Figure 6.520 Non-proportionalcyclic load event options.

6.5.13.1.3 Transient Event

If the user chooses a Transient load type (see Fij1p,3he lower portion of the Load Schedule
dialog appears as in Fig @23. Theusermust specify the load steps (and substeps if more than
one) along with load multiplier, Fig 6227 left side. If multiple load steps are to be analyzed,
use theMultiple Steps button to select the load steps, Fig BA. right side. FRANC3D
computeghe Kmax andKmin valuesfrom all the selected load stepstress ratio anBK are
computed from thesandkink angle is based dbK or Kmax.

Load STEDSI Repeat| Temperature| Time | Static| Other|

- Transient load event

Load steps to search for Kmax and Kmin:

/4 Mo load steps selected  Selectload steps

Figure 6.521 Transient load event options.
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| Select load steps

|, Mumber of steps: I 2

| Select load step

Load Step: 1 -
[1 =] Sep | sup | Lk
. Load sub-step: I vI 1] 1 L 1
I Loadmultiplier:l 9 2 2 — 9
Cancel | Multiple steps | Accept | Cancel | Accept |

Figure 6.522 Transient load event load step selection.

6.5.13.14 Spectrum Event

If auser chooses a Spectrum load type (see Fi®,3he lower portion of the Load Schedule
dialog appears as in Fig @8. Theusermust specify the load steps (and substeps if more than
one) along with a load spectrum; multiple spectra can be used.

Load StleI'-'*SI Repeatl Temperaturel Timel Staticl Dtherl

- Spectrum load event

Load step and load spectrum:

/1, No load step selected

Use Multiple Spectra |

Select a load step |

& Mo spectrum Select a load specirum |

Figure 6.523 Spectrumoad event options.

A spectrum is defined as a series of load ranges. Associated with each load range is an optional
repeat count (the default value is one). One can also spdady multiplier that will be applied

to all values in the spectrum (e.g., to support th

e use of a normalized spectrum).

If only one load case is used in the analysis, and load rdragespecified valueSg,; and Siy;

the expressions used for computing 81E ranges

andR-ratio for range are

Swexi =S aw,i +1, Sini :Ssﬁvj +1



Kmax,i = Smax,i Kcomp Kmin,i = Sﬂin,i Kcomp
DK; =Kiaei = Kiing @Nd R =K i /K

wheresis the spectrum multiplieandt is the spectrum offset. THeK; and R are used to

compute the crack growth rate for stress ran¢famultiple load cases are being used there are
additional options for setting these values.

For variable amplitude loading, the crack growth raieed for computing the relative amounts
of crack growth for crack front pointare the average crack growth rates computed for one pass
through the spectrum. That is

.. da
da_ gmi(DKi,R,...)

dN n

wheredg/ dN is the crack growth rate computed for any given crack front paiain is the
number of load ranges in the spectrum.

The corresponding predicted kink anglaiseighted average kink angle computed as

. da
LAy OKUR ) G (K Ky Ky )

— =l

.. da
im(DK“R"")

where g, is the kink angle determined (implicitly) for rangesing one of the criteria
described irBection6.5.1.1

TheSelect a load steputton (in Fig 6.223) displays the dialog for selecting the load step (see
Fig 6.522).

TheSelect a load spectrunbutton first displays a dialog for selecting the spectrum file, Fig
6.524.

FRANC3D reads the data and displays it in a dialog, Fi@®i5left side, which allows one to
specify the delimiter and to ignore the first line if labaks present. The next dialog, Fig @5.
T right side, allows one to specify tMin, Max, andCountcolumns.
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Select a spectrum file

B kd |

@ II:I Abaqus_cload_dload

B

[ Abaqus_applied_disp
1 Abaqus_base
k=] Abaqus_cload_dload
1 Abaqus_user_defined
1 BMcB3s
1 gear
1 merge_cracks
1 test_cube_wb
1 Toyota
Z1 hg32
(21 has4
21 Reprise
21 cygwing4
21 GARMIN
3 nviDIA
21 PerfLogs
1 Program Files
(=1 Proaram Files (x86)

[ junkctd
[ junk bt
[ junk2 bt
[ junka bt
[ junk_STEP_001 bt
[ 7 junk_STEP_002 it
[ junk_STEP_003 tadt

[ junk_STEP_005 it
[ junk_STEP_006 tat

[ junk_STEP_004 bt
[ junk_STEP_007 bt

Directories X | | Files in C\bruce\ansys\Abaqus_cload_dload
= Ci =) [
1 Autodesk D Abagqus-Cube_RETAINED.bxt
=0 bruce ]
=1 ansys

File name: Ia\.ng_bq

File type: [text file Files (*.txt".TXT)

gaﬂcell Back | Next |
Figure 6.524 Select load spectrum file dialog.
Spectrum file delimiter Define spectrum file columns
Delimiters )
Select the Max and Min columns
(* Values separated by spaces or tabs .
" Values separated by commas Min > ij_
0.15 1.000000 64500
Data preview 0.575 1.000000 32350
- 0.15 1.000000 22610
™ Ignore first line of data | 0 it 1. 0onoon 21100
gégsiggggggggggg‘ | 0.575 1.000000 20590
: : 0.15 1.000000 29280
012 1T Deoonaazetn | 0.575 1.000000 15320
0.575[1.000000/20590 0.15 1.000000 15680
0.15 |1.000000[29280 i 0.575 1.000000 9570
0. 575[1. 00000015320 i 0.15 1 .000000 13000
0.15 ([1.000000/118680
0.575(1.000000/9570 | DGSEE %gggggg Sggg
0,15 (1.000000/13000 I : )
0 5751 nonoonlaenn | 0.575 1.000000 4850
0.15 (1.000000/9350 0.15 1.000000 BR00
0.575/1.000000(4850 0.575 1.000000 3600
0.15 |(1.000000/6600 0,15 1.000000 Cann
0. 5751 0000003600
05579 1ouowng 34z
0. 575(1. 0000003420 : :
0.15 |1.000000[5580 0575 1.000000 2950
0.575(1. 0000002950 0.15 1.000000 5460:'
0. 15 (1.000000/5460 ;I
Cancel | Back | Next o[ Zancel | Back | Finish I

Figure 6.525 Select load spectrum file dialog.
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Once the spectrum has been read, the Load schedule dialog appears as i186-iJ Ibeb.
Display button beside th8pectrumabel can be used to view the spectrum, Fig2g.5.

Load STEDSI Repeatl Temperaturel Timel Staticl Dther'

- Spectrum load event

Load step and load spectrum: Use multiple spectra |

Step Sub  Load mult
] B

Spectrum: Edit | Display |

Figure 6.526 Spectrum load event with load step and spectrum defined.

Load Spectrum I
"h__ .‘ €« I Specify Range =izt | 1 End | 0

| 0900

0.700

load

[ 0500

0300

{1 (1)1 ) PRI S R S B B A S
0.0000 1.000e+003 2.000e-+003 3.000e-+003 4.000e-+003

cycle

| Dismiss |

Figure 6.527 Spectrum display dialog.

The magnifying glass icons allow one to view a segment of the spectrum and the arrow icons
allow oneto move forwardor backward through the spectrurA.cycle range can be specified as
well, which can be faster than multiple levels of zoomiNgte that this dialog does not work
well with really large amounts of data.
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6.5.13.15 Hold Event
If the user chooses a Hold load type (see Fig B)hthe lower portion of the Load Schedule

dialog appears as in Fig &B. The user must specify the hold time and the load Stap.hold
time was described previously as part of the root scheske#eSection 6.53..

[Load Steps | Repeatl Temperature Timel Stati::l ';'therl

1 ¥ Time dependent crack growih

* Hold time: I 0 A

" Hold FOREVER
Hold load steps:

/I, Noload step selected  Select a load step

Figure 6.528 Hold load event options.

6.5.13.1.6 Dynamic PairingEvent

If the user choosesRynamic Pairindoad type (see Fig 6.51), the Load Schedule dialog
appears as in Fig 622. Once the event is added, selecs #vent (with deft click), and click
the Add button to display the dialog shown in Fig 8®. This dialog allows one to build up a
series of events within the Dynamic Pairing event.

Note that the repeat count for Dynamic Pairing eveatsonly be set to onelhe toplevel
schedule repeat count can be set to FOREVER to force the Dynamic Pairing event to be repeated

more than one time.
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Load Schedule

E|. Schedule:
8 |oynamic Pairing:

Add | Delete | Duplicate | ﬂilgl!l

Load Stepsl Repeatl Temperaturel Timel Staticl Dtherl

r Dynamic pairing event

Mo associated loads

Cancel |

Figure 6.5.8. Dynamic Pairing load event added to the root schedule.

Load Schedule

= Schedule:
l  |oynamic Pairing:

Event type

Event Type:

& Low Cycle Reversal
¢ High Cycle Const Amp
" Resonance Blossom

" Specirum
| ool “T ] 8] o]
LoadSIepsl ﬂl ﬂl tic| Other|

Dynamic pairing event

Mo associated loads

Figure 6.530 Dynamic Pairing event types.

There are four event types:
U0 Low Cycle Reversadl the load step associdteith anLCF eventis specified.

U High Cycle Const Amp the load step associated wiitbtha static and a vibratory load
step are specified
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U Resonance Blossointhe load step associated with a static load step and a vibratory load
step are specified along with several parameters, Figls.&ne must specify the
resonance frequency (in Hz), the radial acceleration or deceleration (in radfanisisec
is assumed to be constant throughout the blossom), the engine order (number of forced
excitations per rotation), and a critical damping ratio (dimensionless).

U Spectruni For a spectrum event, one or more load spectra are specified as described for
the Spectrum event in Section 6.3.14.

EI. Dynamic Pairing:

Add | Delete | Duplicate | 1'!'!'3'

Load SteDSIRepeatlTemperaturel Timel Staticl Dtherl

r Resonance crossing event

Frequency: I—D Hz

Radial Acceleration: I—D radians/sec'2
Engine Order: I—D

Critical Damping Ratio: I—U

Static load step

/4 No load step selected  Select a load step |

Vibratory load step

&No load step selected  Select a load step |

Figure 6.531 Resonance blossom parameters.

6.5.13.1.7 Schedule Event

If the user chooses a Schedule load type (see Figlh.th&¢ Load Schedule dialog appears as in
Fig 6.532. This allows one to build up a ssbhedule with any of the load types just described.
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Load Schedule

ElE

oo | veiee | ouprcts | | 8] as] =0 |

(load steps| Repeat| Temperature| Time | Etatic] Otfer]

r Load event repeat count

* Repeat count: I 1

" Repeat FOREVER

Cancel | Accept |

Figure 6.532 Schedule load event added to the root schedule.

6.5.13.2 Load Schedule Read From File

TheCrack Growth Load ScheduRead From Filebutton(see Fig 6.®8) allows one to read a
load schedule that was previously defined and saved to afiis.file contains only the load
schedule information. It is used in conjunction with$ase To Filebutton in Section 6.5.3.5.
It is an ASCII text file and should contain this déaté | o ¢ k 0

FATIGUE_LOAD_SCHEDULE
(
VERSION: 1
SCHEDULE (
X ®
)
)

6.5.13.3 Load ScheduleWizard

The Crack Growth Load Schedéizard button(see Fig 6.8) presents a series of dialog
boxes that leads you through the sbhgpstep process of creating the load scheduilee first
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dialog, Fig 6.533, shows thdypes ofload schedwsthat can be built using this wizard; note that
some event types are not included.

Schedule Type

Analysis code
% ANSYS (C ABAQUS  MASTRAN

Load schedule type

(¢ Simple proportional constant amplitude
¢~ Mon-proportional constant amplitude
" Simple cyclictransient

" Simple spectrum loading

" Simple SCC or creep crack growth

" SCC schedule from file

Cancel | Bac | Mext

Figure 6.533 Load schedule wizard first dialog.

The subsequent dialogs will depend on the selected schadrigype

6.5.13.4 Load Schedule View/Edit

TheCrack Growth Load Scheduldew/Edit button(see Fig 6.8) displays the previously
defined load schedula thedialog. The load schedule can be completely revised if needed.

6.5.13.5 Load Schedule Save To File
TheCrack Growth Load Schedu&ave To Filebutton(see Fig6.58) allows the user to save the

load schedule to a fileThis file contains only the load schedule information; it is used in
conjunction with theRead From Filebutton in Section 6.5.3.2.

6.5.14 SubcriticalGrowth Rate Model

The Subcritical Growth Parametedsglog (see Fig.58) requires that you setGrack Growth
Rate Model This is material dependent data that describes the crack growth rat@baselic
loading and/or time.

6.5.1.4.1 Growth Rate Model: New Modelz cyclic loading

Select theNew Model button to display the dialog shown in Fig 84. Cyclic loading and time
dependent growth rate models can be defined. The cyclic loading models are described first.



Growth model types

™ Create a cyclic loading growth rate madel
™ Create a time dependent growth rate model

Cancel | Back

Figure6.534 Thecrackgrowthratemodel ypedialog.

TheCyclic Loading Growth Modatlialog, Fig6.535, supports two general types of cyclic

gr owt h

thestress ratio effects are incorporated. Foria gad

ncl usi veo

mo@elos anip & i

model

mo d e based omow h e

t he

Ashapeo

curve (Paris, Sigmoidagtc) is selected independently from the stress ratio algorithm (Walker,
Newman Closurer Tablg. The inclusive models (two different versions of the NASGRO
eqguation) have stress ratio effebtslt into the model equations.

Cyclic loading growth model

& Paired growth rate and R-ratio functions

Growth rate model:
& Paris

" Bilinear Paris
" Sigmoidal

" Hyperbolic sine
" Table lookup

Stress ratio model:
& None

" Walker equation
" Mewman closure
" Table lookup

" NASGRO version 4 equation

¢ NASGRO version 3 equation
¢ Modified Hartman-Schijve model

= User defined made

Cancel |

Back | Mext

Figure6.535 The cyclic loading growth model.

ForthePariscrack growth rate modglor examplewith no stress ratio effects)d next dialog
allows you specify either a temperature dependent or independent modeh.36g If the
growth rate model is temperature indepengiiiig means that only one set of growth rate
parameters@ andm for the Paris model) are required.
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For temperature dependent models, different sgiam@imeters are specified for different
temperatures, and FRANC3D interpolates among these values to find the appropriate growth rate
for the crackfront temperature.

Cyclic loading growth model

& Temperature independent model

" Temperature dependent model

Qancell Back | Mext |

Figure6.536 The temperature independent model selected.

For a temperature independent Paris modelditleg shown in Fig.537is displayed. The
Model Labe] andDescriptionfields are optional. These might be useful if the model parameters
are stored in a file for later reuse.

The units must be specified. The units need not be the samesetis theFE analysis. If the

units are different, FRANC3D will automatically perform the necessary unit conversions.
However, FRANC3D assumes that the units used within the growth model description (or within
theFE analysis) are selfonsistenti.e.,C and Kc units must match.

Growth Rate Model

Paris growth model: Plot |
da/dN=C AK"
Model Label (Optional): |
Description (Optional): B
[
|
Units: |stress: MPa lenath: mm temp: C time: min Change |
|
C n Dkth Kc |
l 4e-11 3 1 1e+004 |
| cancel | Accept |

Figure6.537 Dialog for entering temperature independent Paris growth model parameters

Each growth rate and stress ratio madelescribed in the following subsections. The dialogs for
entering the growth rate model parameterdikeghat shown in Fig 6.87; differences will be
noted in each subsection.



6.5.14.1.1 Parismodel

The Paris growth rate mod@ee Fig 6.R7) is a power law model expressed as
dg/dN = C(DK¢f)"

The parameterg= and n must be specified along with values Ky reshol @Nd Keritical- I
DKo ¢ DKihreshole d&/dN is set to zero. bk g 2 (1- R)Kyitica UNStable crack growth is

assumed andg/dNis infinite.

Note that FRANC3D | abels the exponGandn, for the

values musbe entered foDKinreshold@NdKe. Specifyinga smallvalue forDKinresholdOr @ large
value forKc will effectively turn off the possibility that the crack growth simulation will stop due
to a belowthreshold or aboveritical condition.

6.5.14.1.2 Bilinear Parismodel

The Bilinear Paris modgFig 6.538, is an extension of the Paris model; it has two linear
portions when plotted on a log/log graph. The equation is:

da_FCi(DKe)™  DKeg ¢ DK’
AN {Cp(DKe)™  DKegt >DK”

f -
Cyclic Loading Growth Madel ‘

Bilinear Paris growth model: Blot |

*

da/ dN=C1 AK™! for AK < AK

*

da/ dN=C2 AK™ for AK > AK

Model Label (Optional): |
Description (Optional): -]
=
Units: |stress: unset length: unset temp: unset time: unset Ay change |
c1 | n1 c2 n2 pkin | Kc |
il

Cancel | Back | [ext I

Figure 6.538 Dialog for entering temperature independgitinear Paris parameters.
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The parameter€;, Cy, m, and ny, must be specified along with values oK eshol @nd
Kcritical- If DKeff ¢ DKthreshole da/dN is set to zero. IiJ<eff 2 (1- RKcritical’ unstable

crack growth is assumed anidydN is infinite.

6.5.14.1.3 Sigmoidal gclic loading growth model

The expression for the sigmoidal mgdely 6.539, is:

3 & ¢ a & &P
da =eBa DK e gD € DKefr @Q cr|t|cal
dN ((J;lethreshold' c eDKthreshoIdJ- c @ DKeff @
The parameterB, P, Q, D DKreshol. @nd K. must be specified.
Cyclic Loading Growth Model — angd amp _-_--_-_'-_"- —
| Sigmoidal growth model: Flot
P Q D
da.xm=exp(3}[mc.r.mm] [ln(!_*.KIAKm)] [hl(Kc.i&K)]
Model Label (Optional): |
Description (Optional): =]
=
Units: |stress: unset length: unset temp: unset time: unset Ay Change |
B | P Q D pkin | ke |
l
cancel | Back |[ en |

Figure 6.539 Dialog for entering temperature independg8igmoidalgrowth model parameters.

6.5.14.1.4 Hyperbolic Sinenodel
The expression for the hyperbolic sine moé&e 6.540, is:
log(da/dN) = C; silh(C[log( DK) +C3]) +C4

Theparameter€y, Cy, C3, C4, DKipresholr @and K¢ must be specified. Ibk o¢ ¢ DKyreshole
dg/dN is set to zero. lKyg 2 (1- R)Kriticar UNStable crack growth is assumed aladdN
is infinite.
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Cyclic Loading Growth Madel o el e G a— W a— - =

Hyperbaolic sine growth model: Elot |

log(da / dN)=C1 51&1]1(02[10_2}(.-’_\1() + cs]) +C4

Madel Label (Optional): |

Description (Optional): =l

=

Units: |stress: unset length: unset temp: unset time: unset & Change |
c1 | c2 c3 ca Dkin | ke |

Ml

cancel | Back |[ 1ed |

Figure 6.540 Dialog for entering temperature independent Hyperbolic sine growth model
parameters.

6.5.14.1.5 Table Lookupgrowth model

For a table lookup modeFig 6.541, a list of pk 4 and correspondingla/dN values are

specified. Linear interpolatias performedusinglog-values The following equation is used to
interpolate between valueandi+1:

log(DKefr /DK;) _ &da/dN, ;8
l0g(DK;+1/DK;)  OdgdN; ©

log(da/dN) =log(da/dN; ) +

In addition to the(DK .¢,da/dN) values, a value must be specified #gitjcq. The smallest
specified DK o is assumed to bBKhreshol- FOr DKo greater than the largest value specified
and DKo <(1- RKriticar the slope of the curve between the two highest specified points is
extrapolated. This is unrealistic for margsesso it is best to providepk .¢,da/dN) data that
extend past the critical values.

One can use theile button (in Fig 6.511) to import data from an ASCII txt file. The data is
displayed in a dialog, Fig 6427 left side, which allows one to specify the delimiter. The next
dialog, Fig 6.%427 right side, allows one to identify the coluafor DK andda/dN. Once data
has been read or entered, Biet button (in Fig 6.541) can be used to display the d&tay

6.543.

Note that data should be supplied in ascending order with resgait to
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Figure 6.541 Dialog for entering temperature independent Table lookup growth model.

Figure 6.542 Dialog forimporting Table lookup growth modelata
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